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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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REPORT I I 

INTRODUCTION 

The Brecki  n r i  dge P r o j e c t  i s  a pioneer endeavor i n v o l v i n g  the  engineering, 

construct ion,  and opera t ion  o f  a commercial f a c i l i t y  t h a t  w i l l  conver t  

23,000 tons per  day o f  run-of-mine, h igh -su l fu r  coal  i n t o  50,000 ba r re l s  

per  day o f  l i q u i d  hydrocarbons. These products w i l l  be equ iva len t  t o  

those p resen t l y  produced from crude o i l .  

The I n i t i a l  ~ f f o r t  o f  the pro jec t ,  now complete, was executed under 

Cooperative Agreement No. DE-FC05-800R20717 between the .  Department o f  

Energy and the Par t i c ipants ,  Ashland Synthet ic  Fuels, Inc., and A i rco  

Energy Company, Inc. The I n i t i a l  E f f o r t  produced a p r e l  iminary design, 

c a p i t a l  estimate, and economic ana lys is  o f  the commercial p lan t ,  as we1 1 

as a p lan  f o r  the  design, construct ion,  and opera t ion  o f  t h a t  p lan t .  The 

extensive an'd r igorous  a t t e n t i o n  given t o  environmental, socioeconomic, 

safety, and hea l th  considerat ions dur ing  the  I n i t i a l  E f f o r t  i s  i n d i c a t i v e  

o f  the h igh  p r i o r i t y  these issues w i l l  cont inue t o  receive throughout the 

1 i f e  o f  . t he  p ro jec t .  

The Breckinr idge Energy Company, a par tnersh ip  o f  several major corpora- 

, t ions ,  i s  being formed t o  f inance, own, manage, and share i n  the p r o f i t s  

o f  the  Brecki  n r i  dge Pro jec t .  

Report I 1  i s  intended f o r  t h e  reader who i s  p r i m a r i l y  i n t e r e s t e d  i n . a  

l e s s  d e t a i l e d  d iscussion o f  the coal l i q u e f a c t i o n  process and 

Breckinr idge f a c i l  i t y  than t h a t  presented i n  the eleven volumes of 

Reports I V  and V. 

This r e p o r t  presents an overview, h i s to ry ,  and the  Design Basis f o r  t he  

Brecki n r idge Project .  The overview sec t i on  describes the p r o j e c t  goals 

and b r i e f l y  in t roduces the  coal  l i q u e f a c t i o n  process. The r e p o r t  con- 

t i nues  w i t h  a d iscussion of the h i s t o r y  o f  the p r o j e c t  and the ~ - ~ o a l @  



liquefaction process from i t s  concept to  the proposed commercialization 
of the technology. Following th is  part  of the report are sections that  
describe the s i t e ,  the coal liquefaction process, and the Breckinridge 
Facility. The report concludes w i t h  a summary of the eleven reports that 
contain the del iverable documentation of the In i t ia l  Effort or  Develop-. 
ment Phase of the project. 
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1.0 PROJECT OVERVIEW 

The Breckinr idge P r o j e c t  has one predominate goal:  t o  cons t ruc t  and 

operate a commercial f a c i l i t y  t h a t  w i l l  conver t  23,000 tons per  day of 

run-of-mi ne, high-sul f u r  coal  i n t o  50,000 ba r re l  s per  day o f  hydrocarbon 

products equ iva len t  t o  those der ived from crude o i l .  To be successful, 

t h e  undertaking must meet the  f o l l  owing ob jec t ives :  

A f f o r d  inves tors  a f a i r  r e t u r n  on t h e i r  investment 

Help the  n a t i o n  achieve independence from fo re ign  o i l  
imports  and prov ide a bas is  f o r  replacement o f  decl i n i n g  
domestic reserves 

0 Have a p o s i t i v e  socioeconomic e f f e c t  on the  area i n  
which the f a c i l i t y  i s  loca ted  

1 .I RETURN ON INVESTMEIJT 

The Ureck in r i  dge P r o j e c t  i s  a f i r s t -genera t i on ,  cap i  t a l - i n t e n s i v e  fa- 

c i l i t y .  To prov ide a f a i r  r e t u r n  on investment, t h i s  f a c i l i t y  must be 

designed, constructed, and operated t o  achieve a maximum product ion o f  

h i  gh qua1 i ty products cons i s ten t  w i  t h  economic, environmental , and safety 

considerat ions. 

A1 though the  Breckinr idge P r o j e c t  w i l l  be a p ioneer f a c i l i t y ,  i t  w i l l  use 

' a process t h a t  has been under development f o r  more than twenty years. 

The process i s  based on thousands o f  hours o f  bench-scale and process 

development u n i t  development. The process i s  b a s i c a l l y  the  same as 

processes success fu l l y  used i n  commercial-scale p l a n t s  f o r  processing 

very heavy petroleum mate r ia l s  i n t o  commercial products. A 1 arge H-coal@ 

p i l o t  p l a n t  i n  Cat let tsburg,  Kentucky, has been success fu l l y  operated 

us ing  coal i n  a manner almost i d e n t i c a l  t o  t h a t  planned f o r  the commer- 

c i a l  f a c i l i t y .  This  p i l o t  p l a n t  w i l l  cont inue t o  be operated t o  r e f i n e  

da ta  which w i l l  be used i n  the design o f  the  commercial f a c i l i t y .  A 

considerable redundancy o f  para1 l e l  1 ines  and i n s t a l  l e d  spare equipment 



has been provided i n  the commercial f a c i l i t y  design to  insure a high 
re1 iabil  i ty  of production. Every precaution has been taken to forestal 1 
the d i  f f icul  t i e s  frequently encountered w i t h  f i r s t  generation faci l  i t ies .  
Special emphasis has been given to  equipment maintainability, and suc- 
cessful production a t  the e a r l i e s t  possible date a f t e r  completion of 
construction i s  confidently expected. 

By achieving fu l l  production a t  an early date and carefully control1 ing 

and minimizi ng the costs of engineering , construction, and operation 
wherever possible consistent w i t h  other project objectives, the project 

has a h i  gh probabil i ty of being an economic success. 

The analysis provided i n  Report - X, Economic Analysis - and Financial - Plan, 
includes a base case w i t h  sens i t iv i t ies  to  product pricing, onstream 
factor, capital  cost,  and coal cost. The sensi t ivi ty  analyses indicated 
that ,  w i t h i n  the l imi ts  of the variables tested, only product prices have 
a major impact on the prof i tab i l i ty  of the project. Since the base case 
forecast i s  judged t o  be conservative, any error  i n  the forecast i s  
expected to  resul t i n increased project profi tabil  i ty. 

The economic analysis i s  based on 1 U U  percent equity funding, since no 
other form of financing i s  presently available to  the project. However, 
i n  anticipation of securing project debt funding through the Synthetic 
Fuel s Corporation, the project sponsors have a1 so evaluated the economics 
on the basis of such leveraging. The analysis i s  based on tax law exis t-  
i ng prior to  passage of the Economic Recovery Act of 1981 . The resul t s  
of this comparison fo r  the base case are summarized i n  Tab1 e 1. 



TABLE 1 
ECONOMIC SUMMARY. 

(as spent dol lars)  

DCF ROE Net Present Value 
Percent Discounted @ 15 Percent 

100 Percent Equity Funding 12.1 $ - 456MM 

Debt Funding w i t h  $3 Bill ion 20.8 
Loan Guarantee 

The amount of capital  required to finance the project i s  so 1 arge tha t  a 
means of reducing the financial exposure of the participants i s  a cr i  ti - 
cal issue. The U. S. Government's guarantee of loans to  the maximum 
extent a1 1 owabl e i s ,  therefore, essential and other incentives are h i  ghly 
desirable. 

1 ,. 2 ENERGY INDEPENDENCE 

The significance of the Breckinridge Project i n  helping achieve domestic 
energy independence'can best be understood when viewed w i t h i n  the frame- 
work of declining crude o i l  reserves i n  the United States, the threat  and 
historical occurrence of 1 imi tation on imported suppl i e s  of crude oi 1 , 
and the requirements of the nation's transportation and industrial sec- 
tors  for  l i q u i d  fuels. 

A t  the present ra te  of consumption domestic crude oi l  reserves are 

estimated a s  being suff ic ient  for the next 20 years, w i t h  natural gas 
reserves being even smaller, i n  the range "of a 10 to 15 year supply. The 
United States normally imports about 6.0 mill ion barrels of crude o i l  and 
crude o i l  products on a daily basis, o r  about 40% of i t s  daily use. W i t h  

t h i s  level of imports the country i s  highly vulnerable to  any 1 imitation 
i n  i t s  supply of crude o i l ,  particularly since a very h i g h  percentage of 
our crude o i l  consumption i s  used i n  transportation and the generation of 
e lec t r ic i ty .  The threat  of any curtailment i n  supply will be magnified 



t o *  a1 arming proportions as import 1 eve1 s increase. Even though the 
import level has decreased recently, declining reserves and continued 
growth of the business sectors which use 1 i q u i d  fuels  will undoubtedly 
overcome this decline and create additional growth i n  the volume of 
imports., 

The cost of imported crude o i l  and products brought into the United 
States i s  estimated t o  be between seventy and one hundred bil l ion dollars 
per year and const i tutes  a major reason for  the change i n  the nation's 
balance of payments from a comfortable surplus to  an alarming defl'ci t i n  

the recent past. The Breckinridge Project will help reduce th i s  serious 
de f i c i t  by replacing the equivalent of about 700 mil 1 ion dollars per year 
of imported o i l .  While t h i s  i s  only on the order of one percent of the 
cost  of present crude oil  imports, i t  i s  a significant step towards a 
favorable balance of trade. 

A1 ternative energy sources such as nuclear and solar  power are mainly 
1 imi ted to  generation of e l ec t r i c i ty  or for  local ized heating purposes, 
whereas 1 i q u i d  synthetic fuel s derived from other materials can produce 

products, incl ud i  ng transportation fuel s ,  that  are repl acements for  those 
derived from crude o i l . .  Coal, o i l  shale, and t a r  sands are the only 
natural l y  occurring domestic raw material s which ex i s t  i n  suffici-ent 
quantit ies to  o f f se t  the energy equivalent of the large quantity of crude 
o i l  which i s  being imported. 

One approach to  repl acing decl ining crude oi l  reserves and offsett ing 
imported o i l  i s  t h e  conversion of coal into clean burning 1 i q u i d  fuels. 
Coal i s  one of the most abundant energy sources w i t h i n  the United States. 
The nation has more than a 300 year supply a t  the current rate of energy 
use. Coal 1 iquefaction ( the conversion of coal into 1 i q u i d  hydrocarbons) 
by means of the H-coal@ process i s  the basis of the Breckinridge 
Project. Construction of the project will consti tute a major buil ding 



block i n  the  establishment of a v i a b l e  synthet ic  fue ls  indust ry  i n  the 
United States when the p r o j e c t  s t a r t s  operat ions i n  1988. It w i l l  then 

be one of t h e  f i r s t  commercial f a c i l  i t i e s  t o  produce synthet ic  f u e l s  from 

coal i n  t h i s  country. 

The l i q u e f a c t i o n  o f  coal  i s  n o t  a new development; t h e  Germans success- 

f u l l y  operated p i l o t  p lan ts  i n  the 1920's and were a c t u a l l y  dependent on 

fuel produced i n coal  1 i que fac t i on  p l  ants f o r  operat ing t h e i r  a i r c r a f t  

dur ing  World War 11. Since the  war, several coal 1 i que fac t i on  p lan ts  

have been b u i l t  b u t  have n o t  been f i n a n c i a l l y  a t t r a c t i v e  commercial 

operat ions because o f  the compet i t ion o f  cheap and p l e n t i f u l  crude o i l .  

The tremendous p r i c e  increases imposed by the  OPEC nat ions i n  recent  

years  have m a t e r i a l l y  reduced the compet i t ive advantage of crude o i l .  

Wi th in t h i s  framework the  Breckinr idge Pro jec t  w i l l  meet several c r i t i c a l  

goal s towards making the United States energy independent, as i t  w i l l  : 

Contr ibute t o  a reduct ion i n  the ser ious fo re ign  
trade d e f i c i t  o f  the Uni ted States 

Const i tu te  a b u i l d i n g  b lock i n  the  establ ishment o f  
the count ry 's  synthet ic  f u e l  s  indust ry  

U t i l i z e  domestic raw mater ia l  which i s  i n  p l e n t i f u l  
supply t o  o f f s e t  the impor ta t ion  o f  a raw mater ia l  
w i t h  very 1 i m i  t ed  reserves 

1 . 3  SOCIOECONOMIC EFFECT 

Tlie f a c i l  i t y  w i l l  be b u i l t  i n  Breckinr idge County, Kentucky, and w i l l  

have a very p o s i t i v e  impact on an area which i s  considered t o  be econom- 

i c a l l y  depressed. Because of t he  depressed nature o f  t he  area, increas- 

i n g  the  socioeconomic bene f i t s  derived from the p r o j e c t  has been a 

primary o b j e c t i v e  and w i l l  cont inue t o  be a gu id ing  p r i n c i p a l  throughout 

the  1 i f e  o f  the pro jec t .  Many agencies, i n c l u d i n g  the  Commonwealth of 

Kentucky, have been ex tens ive ly  i nvol ved i n  +he p ro jec t .  



The project will produce a 1 arge influx of capital into the region and 
will create thousands of new jobs during i t s  construction and operation. 
In addition, hundreds of other jobs will be created in coal mining opera- 

. tions and in supplying support services t o  the faci l i ty  operations. 

Existing communities may be en1 arged, or new ones established, to accom- 
modate people associated w i t h  the work. New schools, health faci l i t ies ,  
en1 arged pol ice and f i r e  protection services, and expanded pub1 ic  uti 1 i -  
t i e s  will undoubtedly follow. service' and retail  fac i l i t ies  will be 
attracted t o  the area. A1 1 of these factors will enhance the qua1 i ty  of  

l i f e  I n  the region. 
. .. 

Environmental concerns are a major factor i n  socioeconomic considera- 
tions. The Breckinridge Project will be a good neighbor t o  the surround 
i ng communities. Besides the prosperity i t  will b r i n g  to the area, i t  
will be an excellent place to work. 

Every provision i s  being made t o  ensure the safety and health of employ- 
ees in the construction and operation of the facility. Extraordinary 

precautions have been taken to minimize the emission of gaseous, liquid, 
and sol id waste materials from the plants. The project will meet and 

usually f a r  exceed the regulatory provisions governing the operation of 
such facil i t ies .  





2.0 PROJECT BACKGROUND AND HISTORY 

The h i s t o r y  o f  the Breckinr idge P r o j e c t  i s  discussed i n  t h i s  sec t i on  

beginning w i t h  the  concept o f  o r i g i n a l  process through the steps. which 

have been taken t o  prepare i t  f o r  i t s  c u r r e n t  s t a t e  o f  readiness f o r  
commercialization. 

2.1 PROCESS COIJCEPTUAL IZATION AND DEVE LOPb1ENT 

The concept o f  the p r o j e c t  goes back more than twenty years t o  i nven t i on  

of  t he  ebu l l a ted  bed r e a c t o r  by Hydrocarbon Research, Incorporated 

(HRI). The ebu l l a ted  bed reac tor  was o r i g i n a l l y  developed f o r  the 

c a t a l y t i c  hydrogenation of heavy o i l  ex t rac ted  from A1 ber ta  t a r  sands.. 

This  o i l  i s  a very heavy bituminous mater ia l  conta in ing  a small 

percentage of f i n e  sand. I t s  treatment is', i n  c e r t a i n  respects, s i m i l a r  

t o  the hydrogenation o f  coal,  s ince a p a r t  o f  the reac t i on  product  i s  an 

i norganic ash o r  sand p a r t i  cu l  a te mater ia l  . The process o f  hydrogenation 

o f  heavy o i l s  i n  an ebu l l a ted  bed reac to r  t o  produce l i g h t e r ,  more usefu l  

' o i l s  i s  c a l l e d  the  H-Oil @ process; t h e  process o f  hydrogenation o f  coal  

t o  produce 1 i q u i  d hydrocarbon f u e l  s i s  c a l l  ed the  H-coal@ process. 

The H-0i I@ process has been used i n  commercial p l a n t s  s ince 1963 fo l l ow-  

i n g  the i n s t a l l a t i o n  o f  a 2,500 BPSD u n i t  i n  Lake Charles, Louisiana, 

which was used t o  process West Texas vacuum r e s i d  f o r  conversion and 

desul f u r i z a t i o n .  The uni  t was subsequently expanded t o  6,000 BPSD and 

used t o  desu l fu r ize  coker feed from sour vacuum residue. A l a r g e r  u n i t  1' 

was i n s t a l l e d  a t  Shuaiba, Kuwait, t o  produce d i s t i l l a t e  f r o m  28,000 BPSD 

of 9.3 A P I  vacuum bottoms. This p l a n t  has been h i g h l y  successful s ince 

1973. A t h i r d  commercial H-011 @ p l a n t  was i n s t a l  l e d  a t  Sal amanca, 

Mexico, i n  1973. This u n i t  was designed f o r  hydrocracking 18,500 BPSD o f  

a mix ture  o f  lube o i l  ex t rac t ,  p i t c h  from a so l ven t  deasphalt ing process, 

and vacuum residue. It i s  capable o f  r e c y c l i n g  vacuum gas o i l  t o  

e x t i n c t i o n  wh i l e  conver t ing  residuum t o  d i s t i l l a t e .  



I n  order  t o  convert  coal t o  an acceptable s u b s t i t u t e  f o r  petroleum, i t  i s  
necessary t o  accomplish three things. So l id  coal must be converted t o  a 

1 i q u i d  by breaking up the  l a r g e  molecular s t ruc ture ;  su l fu r ,  n i t rogen and 
oxygen contaminants must be e l  iminated; and ash must be removed. 

The ~ - ~ o a l @  process i s  designed t o  d i r e c t l y  meet the  f i r s t  two requ i re-  

ments. When coupled w i t h  a s o l i d s  removal system the process w i l l  

produce c lean 1 ow-sul f u r  petroleum subst i  t u tes  s u i t a b l e  f o r  most types of 

hydrocarbon-based f u e l  and chemical uses regard1 ess o f  the su l  f u r  col l tent  

of t he  coa l  used i n  the  process. 

I n  the H-coal@ process, coal  i s  pulver ized,  mixed w i t h  a 1 i q u i d  der ived 

from the process, then pumped i n t o  a reac tor  a t  3,000 pounds per  square 

i nch  pressure and a temperature o f  850 degrees Fahrenheit. I n  the  

reac tor  t h i s  s l u r r y  i s  combined w i t h  hydrogen i n  the presence of a 

c a t a l y s t  i n  what i s  known as an e b u l l a t i n g  (ag i ta ted )  bed. The 1 i q u i d  

product der ived f r o m  the process i s  then depressurized and f rac t i ona ted  

i n t o  gases, 1 iqu ids ,  and so l ids .  

The ebu l l a ted  bed reac to r  used i n  the  H-Coal@ process, shown i n  

Figure 1, uses an upf low s l u r r y  o f  f i n e l y  ground coal i n  o i l  and hydrogen 

t o  expand a c a t a l y s t  bed; d i s t r i b u t e  s l u r r y ,  gas and c a t a l y s t  evenly 

across the reac tor ;  and suspend the c a t a l y s t  p a r t i c l e s  i n  random motion. 

This permi ts  the  system t o  operate under e s s e n t i a l l y  isothermal 

condi t ions,  wh i l e  a l l ow ing  optimum c a t a l y s t  a c t i v i t y  through the 
ti 

continuous a d d i t i o n  and withdrawal o f  c a t a l y s t  dur ing  operation. The 

expansion o f  the c a t a l y s t  bed permi ts  a moderate amount o f  i n e r t  s o l i d s  

t o  be present  i n  the  feed, and the  isothermal bed e l im inates  the  need f o r  

quench points.  E b u l l a t i n g  a c t i o n  w i t h i n  the bed prevents dead spots and 

channel s from forming and makes vapor-1 i q u i d  r e d i s t r i b u t i o n  devices 

unnecessary. The ebu l l  a t i n g  bed i s  unique t o  t h i s  technology i n  t h a t  i t  

provides f o r  continuous operat ion wh i l e  p e r m i t t i n g  t h e  removal o f  a 



p o r t i o n  o f  t he  spent c a t a l y s t  and the a d d i t i o n  o f  f resh  c a t a l y s t  t o  

mainta in constant  conversion a c t i v i t y .  The f l e x i  b i l  i ty o f  the process, 

which has been demonstrated i n  the 1 aboratory, a1 so permi ts  the  use o f  

b i  tumi nous, sub-bi tumi nous, brown coal s, and 1 i gni te. Moreover, i t i s  

an t i c i pa ted  t h a t  e i t h e r  a syn the t i c  crude o i l  o r  power p l a n t  f u e l  can be 

manufactured as the pr imary product by simply a d j u s t i n g  the  s e v e r i t y  o f  

t r e a t i n g  i n  the  process. 

The v e r s a t i l  i t y  o f  t h e  ~ - ~ o a l @  process i s  ev ident  from the  range o f  pro- 

ducts. The syn the t i c  crude ( o r  syncrude) mode produces a1 1 d i s t i l  1 a t e  

products. These e i t h e r  can be u t i l  i zed  i n  e x i s t i n g  gas01 i n e  o r  f u e l  o i l  
markets o r  they can be upgraded t o  such products as j e t  f u e l ,  d iese l ,  o r  

petrochemicals. I n  the b o i l e r  f u e l  mode, t he  d i s t i l l a t e  products a re  

minimized and heavy f u e l  o i l s  are the main product. 

The designs of t h e  two opera t ion  modes are  s im i l a r ,  except f o r  the  

product ion o f  bdrogen.  I n  the syncrude mode the  heavy o i l  which conta ins 

ash i s  gas i f i ed  t o  produce the hydrogen int roduced a t  t he  beginning o f  

the process. I n  the b o i l e r  f u e l  mode the  heavy o i l  i s  f u r t h e r  r e f i n e d  i n  

a s o l i d s - l i q u i d  separat ion u n i t  t o  produce an ash concentrate which i s  

gasi f i e d  f o r  bd rogen  product ion. 

The Breckinr idge P r o j e c t  w i l l  be the f i r s t  commercial f a c i l i t y  t o  use the  

H-coal @ process. It i s  based on more than seventeen years o f  develop- 

ment, from bench-scale and process development u n i t s  through opera t ion  o f  

a r e l a t i v e l y  l a r g e  p i l o t  p lant .  HRI i n i t i a t e d  experiments on the process 

i n  1964 w i t h  r e s u l t s  s u f f i c i e n t l y  encouraging f o r  the O f f i c e  o f  Coal 

Research (OCR) t o  con t rac t  w i t h  them f o r  a two m i l  1 i o n  d o l l a r ,  3-year 

devel opment program i n e a r l y  1 965. 
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2.2 OFFICE OF COAL RESEARCH (OCR) PROGRAFl 

A l l  work under the OCR con t rac t  was i n  the  syncrude mode and was performed 

on two scales. The i n i t i a l  experiments were c a r r i e d  o u t  i n  a bench-scale 

u n i t  w i t h  a coal feed r a t e  capaci ty  o f  25 1 b/day. These u n i t s  had the 

advantage of low inventory,  quick start-up, r a p i d  achievement o f  

equ i l  i brium f o l l  owing changes i n  condi t ions,  and reasonably 1 ow opera t ing  

1 abor costs. 

The bench-scale u n i t  program operated f o r  over 8,000 hours i n  f i v e  

d i  f feren t tests.  These t e s t s  were as f o l  1 ows: 

I l l i n o i s  No. 6 Coal (6,000 hours). Several 
experiments were i nvol ved 

- C a t a l y t i c  cracker decant o i l  and anthracene 
o i l ,  feed s l u r r y  o i l s  which were no t  der ived 
from coal, were tes ted f o r  2,800 hours. The 
most s i g n i f i c a n t  resul  t was an improvement i n  
conversion when hydrogenated anthracene o i l  
was employed, probably as a resul  t o f  a donor 
so l  vent e f fec t  

- Space v e l o c i t i e s  o f  15 t o  45 l b / h r / f t 3  were 
evaluated 

- Process va r iab le  studies were conducted f o r  
1,200 hours. Temperatures o f  830°F t o  860°F 
and pressures o f  1 ,500 t o  3,000 p s i  were 
eval uated 

- The e f fec t  o f  vary ing residuum content  o f  
feed s l  u r r y  o i l  was tes ted f o r  1,000 hours. 
A vacuum c o l  umn was used t o  vary the  r a t i o  o f  
d i s t i l l a t e  t o  residuum i n  the s l u r r y  i n  order 
t o  demonstrate the e f f e c t  o f  t h i s  r a t i o  on 
y i  e l  ds 

- An a1 te rnate  c a t a l y s t  was s tud ied f o r  
1,000 hours. The n i c k e l  molybdenum c a t a l y s t  
a v a i l a b l e  a t  t h a t  t ime was found t o  be no 
b e t t e r  than standard c o b a l t  molybdenum 

- Eva1 uat ion  of o ther  process condi t i o n s  were 
performed 



o Wyodak Coal (1,550 hours). Yiel ds were determined 
and compared w i  t h  I1 1 inois  No. 6 coal 

e North Dakota Lignite (550 hours). A y i e ld  compari- 
son r u n  was made 

Utah D Coal. A shor t  y ie ld  comparison r u n  was made 

o Two-Stage Processing. A shor t  run was made which 
employed PDU vacuum tower bottoms i n  place of coal 
feed t o  determine i f  a two-stage operation 
s ign i f ican t ly  enhances coal and residuum conversion 

The flows derived from the bench-scale uni ts  were too small t o  sus ta in  
t he  continuous operation of product separation f a c i l i t i e s  t h a t  produce 
the s lu r ry  o i  1 recycle streams envisioned f o r  a commercial-scal e u n i t .  

In addition, i t  was very d i f f i c u l t  to  control bed expansion on t h i s  scale  
and an in ternal  screen was required i n  the bench-scale reactor. To over- 

come these  1 imitat ions,  a process development u n i t  ( P D U )  capable of 
feeding up t o  3 tons of coal per day was a lso  developed and operated. 

The PDU had several short  runs before mechanical problems, due primarily 
t o  the erosive nature of the coal -oil s lu r ry ,  were resolved. A 473-hour 
continuous r u n  on I l l i n o i s  No.,6 coal was then made, and the r e su l t s  
provided a basis  f o r  corre la t ing bench-scal e and PDU y ie lds .  

Because the r e su l t s  of the  f i r s t  18 months of the  contract  were highly 
successful, OCR requested that  HRI submit a proposal f o r  a 250 TPD p i l o t  
plant. T h i s  proposal was submitted on September 29, 1966. In 
September 1967, the contract  was cancel led due t o  lack of funds. 

2.3 INDUSTRIAL DEVELOPMENT WORK 

From October 1967 t o  March 1968, HRI continued development work w i t h  i t s  

own funds. In Ma'rch 1968, the Atlantic Richfield Company contracted w i t h  

HRI f o r  an enlarged research and development program. This program 



r e su l t ed  i n  s i g n i f i c a n t  p rogress  i n  H-coal@ process  development and was 

concluded i n  1970. 

Following conclusion of  t h i s  work, add i t i ona l  process  v a r i a b l e  s t u d i e s  i n  

t h e  syncrude mode were run  on severa l  c o a l s  i n  t h e  bench units a t  con- 

s t a n t  temperatures  and pressure.  Space v e l o c i t y  and s l u r r y  composition 

were va r i ed  t o  determine conversion and y i e l d s  f o r  t he  fo l  1 owing coal s: 

Pitts,burgh Seam - 1,400 hours of opera t ion  

Texas Ligni te  - 1,200 hours of  opera t ion  
$ 

m Black Mesa - 1,200 hours of  ope ra t i on  

Colorado - 1,400 hours of  ope ra t i on  

In 1970, a 400-hour r u n  was made on Aus t ra l ian  Gel l ionda le  brown coa l .  

This  proved t o  be a very r e a c t i v e  c o a l ;  conversions o f  ove r  80 percent  

were achieved,  with less than 20 percent  o f  t h e  y i e l d  being residuum 

bo i l i ng  above 975°F. 

In e a r l y  1971 t h e  b o i l e r  fue l  mode o f  ope ra t i on  was demonstrated i n  a 

716-hour bench u n i t  run on I l l i n o i s  No. 6 coal i n  a tes t  j o i n t l y  spon- 

sored by HRI and t h e  A t l a n t i c  Richf ie ld  Company. The t e s t  s t ud i ed  space 

v e l o c i t i e s ,  from 43.7 t o  187.2 l b /h r / f t 3 ,  p ressures  from 1,250 t o  2,250 

p s i ,  and temperatures  between 850°F and 875°F. The r e s u l t s  were used t o  
p r e d i c t  t he  cond i t i ons  needed t o  a r r i v e  a t  a product with acceptab le  

residuum and s u l f u r  conten ts .  An add i t i ona l '  2,000 hours on I1 1 i n o i s  No. 

6 coal confirmed these  p ro j ec t i ons  and t e s t e d  o t h e r  process  improvements, 

such a s  t h e  use of  hydroclones t o  produce a high-residuum/low-sol i d s  

r ecyc l e  s l u r r y  o i l  and the e f f e c t  of  using a more coarse ly  ground coal  

feed. 



HRI contracted w i t h  s i x  major o i l  companies i n  1972 and 1973 fo r  finan- 
c i a l  support to  accel era te  the development of the H-coal@ process t o  a 
point where commercial -scal e plants could be designed and buil t w i t h  

confidence. HRI a1 so conducted fu r ther  bench and PDU development work a t  
i t s  Research and Development Center and performed fur ther  engineering 

, s tudies  and evaluations. Under industr ia l  sponsorship, bench u n i t  
operations l a s t i ng  almost 3,000 hours were ca r r ied  out  w i t h  Wyodak coal 
t o  determine y i e ld s  and t o  t e s t  additional process features  such as  the 
use of coal dried w i t h  f l u e  gas and the  behavior of regenerated cata-  
l y s t .  A r u n  of over 500 hours was made on Big Horn coal t o  verify i t s  
s imi la r i ty  t o  Wyodak coal. 

.. ., 

The PDU was a l so  operated d u r i n g  t h i s  period f o r  almost 2,400 hours i n  

the  syncrude mode, which included 1,350 hours of operation on I l l i n o i s  
No. 6 coal and 1,050 hours on Wyodak coal. Recycl e s lu r ry  o i l  was 
provided by both continuous product fractionation and the batch use of 
hydrocl ones on the  reactor  product s lu r ry  . 

In summary, the bench-scal e u n i  t was operated f o r  1,600 days. Four 
bituminous coal s, four  sub-bi tuminous coal s ,  and three 1 ign i tes  were 
tes ted,  w i t h  I l l  inois  No. 6 and Wyodak coals being the principal coals 
used. The PDU was operated f o r  174 days using I?  l i no i s  No. 6 and Wyodak 
coal s i n  the syncrude mode. 

2.4 ERDA PILOT PLANT PROGRAM 

In 1974 HRI entered in to  a contract  (No. EX-76-C-011544) w i t h  the  Energy 
Research and Development Agency ( ERDA, now D O E )  f o r  fur ther  development 
of a program which would r e s u l t  i n  a large-scale p i l o t  pl ant  operation. 
This program had three phases. HRI continued the experimental work and 
PDU runs i n  Phase I and engineered a pi1 o t  plant .  Phase I1 was to  .cover 

the construction of the p i l o t  p lan t  and Phase I11 i t s  operation. 



Phase . I  began i n  1974 and had two ob jec t ives :  

e PDU confirmation o f  key design f e a t u r e s  w h i c h  
i nvol ved 

- Demonstration of re1 i a b l e  opera t ion  

- Resolution o f  any problems revealed i n  the 
PDU o r  engi neer i  ng programs 

a Detai led engineer ing  design of  a p i l o t  p l a n t  w h i c h  
would ope ra t e  i n  both the syncrude and b o i l e r  fue l  
modes, followed by procurement o f  equipment and a 
subcont rac t  w i t h  ASFI f o r  s i t e  p repara t ion  

The PDU design confirmation work was completed, w i t h  the 
f o l  1 owing resu l  ts: 

a An opera t iona l  demonstration i n  the b o i l e r  fue l  
mode which was an un in te r rup ted  run t o  a c a t a l y s t  
l i f e  o f  3,000 l b  c o a l / l b  c a t a l y s t  ( P D U  Run No. 1 )  

a An opera t iona l  demonstration o f  the b o i l e r  fuel  
mode a t  the high e x i t  gas v e l o c i t y  t h a t  would occur  
i n  the p i l o t  p l a n t  ( P D U  Run No. 2) 

a A demonstration of  the b o i l e r  fue l  mode w i t h  high 
residuum concent ra t ion  i n  t h e  r e a c t o r  ( PDU Run 
No. 3 )  

a A demonstration o f  the syncrude mode w i t h  high 
residuum concent ra t ion  i n  the r eac to r .  (PDU Run 
No. 4 )  

a Util i z a t i o n  of an on-1 i ne ,  cont inuous hydrocl one 
system designed t o  achieve a high residuum 
concent ra t ion  i n  the r e a c t o r  ( P D U  R u n  1-40. 5 ) .  This 
run was used a s  the b a s i s  f o r  process  design f o r  
the p i l o t  p l a n t  a s  we1 1 a s  the development phase of  
the Brecki n r idge  P ro j ec t  

a Demonstration i n  the syncrude node of  an on- l ine  
a n t i  so l  ven t  p r e c i p i t a t i o n  and settl i ng system f o r  
so l  id-1 iqu id  s epa ra t i on  

a Demonstration o f  improved r e a c t o r  i n t e r n a l  s 



The objectives of t he  PDU program were a t ta ined and the operabi l i ty  of 
the H-coal@ process was c l ea r ly  demonstrated. HRI concluded t ha t  the 

process was f ea s ib l e  fo r  scale-up t o  p i l o t  plant  s i z e ,  t h a t  the design 

basis  or iginal ly  proposed f o r  the p i l o t  .plant was adequate, and t ha t  no 
modifications were required. 

. Concurrent w i t h  the  1 aboratory program, de ta i  1 ed engi neeri ng and 
equipment procurement were completed and s i t e  preparation work was 

s t a r t ed  f o r  the  Cat1 et tsburg,  Kentucky, p i l o t  plant .  Environmental 
impact statements were prepared and permi t appl i ca t ions  f i 1 ed. 

In order t o  execute Phase I1  (Construction) and Phase 111 (Operations) of 
the P i l o t  Plant Program, ERDA (now D O E )  entered in to  a contract  w i t h  

Ashland Synthetic Fuel s ,  Inc. (ASFI) in  1976. ASFI was the management 
representative of a funding group which included the Commonwealth of 

Kentucky, t he  Department of Energy, the  Elect r ic  Power Research In s t i t u t e ,  

Standard Oil of Indiana, Mobil Oil Company, Conoco Coal Development Com- 
pany, and ASFI. The primary objective of the  undertaking was to  build 
and operate a p i l o t  plant  t o  convert 200 t o  600 TPD of coal in to  as  much 
a s  1800 BPD of coal-derived 1 i q u i d  hydrocarbons. 

. Badger Plants, Inc. was selected a s  the construction contractor t o  
ins ta l  1 the  pi1 o t  p lant  f a c i l i t i e s  adjacent to  the  Catlet tsburg,  
Kentuclgl, ref inery of Ashland Oil, Inc. Construction was i n i t i a t e d  i n  

' December 1976. Adverse winter weather i n  1977/1978 and i n  1978/1979 
delayed the work; however, operation of the p i l o t  plant  commenced f n  
January 1980, and coal was introduced i n to  the reactor i n  May 1980. 

Several successful continuous runs of durations up t o  130 days have been 
accompl ished a s  of the  date of t h i s  report  and the  v i a b i l i t y  of the 

process i s  c l ea r ly  establ i shed. The 2-year program planned f o r  Phase I1 I 
i s  shown i n  Table 2. 



The i n i t i a l  program o f  t h e  Cat le t tsburg  p i l o t  p l a n t  may be completed 

p r i o r  t o  commencement o f  the d e t a i l e d  design o f  the commercial f a c i l i t y .  

However, t h e  p i l o t  p l a n t  w i l l  cont inue t o  be operated and w i l l  p rov ide  

in fo rmat ion  t h a t  can be inc luded i n  the  f i n a l  design and u t i l  i z e d  i n  the 

equipment s e l e c t i o n  process. The purpose of t he  p i l o t  p l a n t  i s  n o t  t o  

prove process o p e r a b i l i t y  ( t h i s  was done a t  the  3 TPD PDU 1 eve1 1, b u t  t o  

prov ide an engineering da ta  base, an equipment t e s t i n g  f a c i l  i ty,  and 

conf i rm the y i e l  d  s t ruc ture .  The s i z e  selected f o r  the p i l o t  p l a n t  was 

l a r g e  er~uuyh t o  prOVlde unquestionable scale-up f a c t o r s  f o r  a commercial 

f a c i l i t y .  The p i l o t  p l a n t  program w i l l  a lso  prov ide the data requ i red  

fo r  t he  f i n a l  se lec t i on  o f  cons t ruc t i on  ma te r ia l s  and f o r  the  deter-  

minat ion  o f  r o u t i n e  maintenance and o p e r a b i l i t y  requirements. 

The 200 t o  600 TPD p i l o t  p l a n t  feed r a t e  may appear t o  be small compared 

w i t h  the 23,000 TPD feed r a t e  o f  a commercial f a c i l i t y .  However, the 

commercial f a c i l i t y  w i l l  have e i g h t  mu1 t i p 1  e t r a i n s  o f  p a r a l l e l  r eac to rs  : 
and associated equipment, and scale f a c t o r s  must be compared r e l a t i v e  t o  

the  r a t e s  a n t i c i p a t e d  i n  a s i n g l e  t r a i n .  Comparable s i zes  o f  equipment 

f o r  the ~ - ~ o a l @  p i l o t  p lan t ,  the commercial -scal e H-coal@ f a c i l  i ty , and 

t h e  Kuwait H-01 1 @ u n i t  a re  given i n  Table 3. The H-CoalC9 scal e-up 

f a c t o r s  f o r  equipment a re  a1 1 we1 1 w i  t h i n  sound engineering prac t ice .  

Downstream equipment such as exchangers and columns are o f  convent ional 

design. Furthermore, i t  should be noted t h a t  the  s izes  of the 

opera t iona l  Kuwait H-0i 1 @ un i  t and the  p l  anned H-Coal @ c o k e r c i  a1 u n i t  

a re  nea r l y  i dent i  c a l  . 
2.5 INITIAL EFFORT 

On A p r i l  1, 1980, t h e  Uni ted States Department o f  Energy, Ashland 

Synthet ic  Fuel s, Inc., and A i rco  Energy Company, Inc. executed a 

Cooperative Agreement f o r  an " I n i t i a l  E f f o r t "  t o  design a commercial-scale 



TABLE 2 

PILOT PLANT PHASE I11 TECHNICAL MANAGEMENT PLAN 

Space 
Duration, Velocity, 

. Year Months - 1 b/hr/ft Operation Phase Coal - 
1 3 - Pl ant Shakedown Oil (no coal 

3 3 1 Break-in 
operation 

Kentucky 

3 31 Syncrude Mode I l l i no i s  

3 3 1 Syncrude Mode Wyoda k 

3 0-78 Start-up in Kentucky 
Boiler Fuel Mode 

3 78 Boiler Fuel Mode I l l i no i s  

3 60 Intermediate Kentucky 
Mode 

3 4 5 Intermediate I l l  inois 
Mode 

TABLE 3 

EQUIPMENT SIZES FOR H-COAL@ AND H-OIL@ FACILITIES 

Item - Pi1 o t  Plant Comme rc i a 1 Kuwait Factor 

Reactor 5 f t  12 f t / t r a in  13-1/2 f t  2.5 

Heatertubes 4-1/2inch 7 inch 5 inch 1.5 

Charge pumps 100 GPM 600 GPM 1,200 GPM 5 

Hydrocl ones" 10 mm or i  f i ce 10 mm none none 
each or i f ice  each 



coal 1 iquefaction f a c i l i t y  using the H-coal@ process. This e f for t  i s  
now complete and the fol l  owing primary objectives have a1 1 been achieved: 

o Prepare a prel iminary design of a commercial-scale 
faci 1 i ty 

o Estimate the associated capital and operating costs 

Prepare an economic analysis of the commercial-scale 
faci 1 i ty 

0 Prepare a preliminary plan for  the detailed 
engineering, procurement, construction, and 
operation of the commercial -scal e faci 1 i ty 

Collect certain basel ine enviranmental data 

The participants engaged Hydrocarbon Research, Inc. (HRI) , Bechtel , Inc., 
and Dames & Moore as subcontractors to  perform the work. HRI developed 

the design for  the s ix  .plants involved i n  the reaction and primary 
separation processes. Bechtel was assi gned the primary responsi bil i ty  
for  designing the remaining pl  ants, preparing the capital cost estimate, 
preparing the project schedule, and developing the plan for  the 
engineering, procurement, and construction of the commercial -scal e 
facil  i ty . Dames & Moore col lected the necessary basel ine environmental 
data for  the s i t e  and conducted prel iminary soi l  s investigations. 

An ASFI project team directed and monitored the work of the three 
principal subcontractors. The team was a1 so responsible for  the 
operating cost  estimate, the economic analysis, the financial plan, the 
technical audit ,  the management and operating plans for  the project as 
well as the environmental, socioeconomic, safety and health aspects of 
the work. 

Bechtel engaged f ive major subcontractors to  execute certain highly 
specialized portions of the work. Roberts & Schaefer prepared the design 
for  the Coal Washing plant. Airco provided the design for  the Oxygen and 



Cryogenic Hydrogen P u r i  f ication p l  ants. Davy McKee designed the Stack 
Gas Scrubbing plant. U.O. P. provided a prel iminary process desi gn for  

the Naphtha Hydrotreating and Reforming plant as well as feedstock 
characterization data for  naphtha hydrotreati ng and reforming. Texaco 
provided the p.rocess information for  the Texaco partial  -oxidation 
gasif iers  i n  the Gasification and ~ u r i  fication plant. 

Concurrent w i t h  the In i t ia l  Effort, Ashland Synthetic Fuels, Inc. 

implemented the following ac t iv i t ies :  

Selected a specific s i t e  fo r  the commercial f a c i l i t y  
t h 6 t  has been dedicated to  the Breckinridge Project 
by the Commonwealth of Kentucky 

Investigated coal supply sources and in i t ia ted  
negotiations w i t h  suppl i e r s  

Conducted socioeconomic studies and he1 d impact 
m i  t i  gation discussions w i t h  o f f i c i a l s  and 1 eading, 
c i t izens  of communities near the f a c i l i t y  s i t e  

Submi t ted a prel iminary appl ication to  the Synthetic 
Fuel s Corporation for  a government 1 oan guarantee 

Ini t ia ted appl ications for  the major construction 
and environmental permi ts 

Reviewed financial and technical aspects of the 
project w i t h  potential partners 

Developed a d ra f t  partnership agreement 

These c r i t i c a l  and other ongoing ac t iv i t i e s  were a l l  selected to  support 
the primary objective of in i t i a t ing  engineering and procurement work on 
the Breckinridge Project i n  early 1982. 

Prior t o  execution of the Cooperative Agreement, ASFI developed a very 
comprehensive definit ion of the scope of work fo r  the In i t ia l  Effort that  
i ncl uded an itemized 1 i s t  of the engineering drawings, narratives, and 



other descriptive material s or "del iverables" tha t  were considered 
necessary to  document the effor t .  This definit ion was included i n  the 
Cooperative Agreement. 

The del iverabl es produced under the In i t ia l  Effort of the Cooperative 
Agreement - are presented i n  el even reports consisting of twenty-ei ght 
volumes. A summary of the reports can be found i n  Section 7.0 of t h i s  
report. 

The extensive development work performed over many years, bench-scale and 
PDU testing, the successful p i lo t  plant operation, and completion of the 
In i t ia l  Effort provide a firm and adequate basis for  proceeding 

immediately w i  t h  the commercial ization of the Brecki nridge Project. 
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3.0 SITE AlJD FACILITY DESCRIPTION 

3.1 SITE 

The Breckinridge Project s i t e  i s  located i n  Breckinridge County, 

Kentucky, along the Ohio River which forms the Kentucky-Indiana border. 
The s i t e  i s  about halfway between Louisvill e ,  ~entucky and Evansvill e ,  
Indiana. This area of west-central Kentucky i s  characterized by the 
alluvial plain of the Ohio River g i v i n g  way to  steeply roll ing h i l l s  on 
e i  ther side. 

The dominant topographic features of t h i s  portion of the Ohio River 
valley were formed by glacial ac t iv i ty  during the Pleistocene or glacial 
epoch. The s i t e  i s  located over a wide trench i n  the sandstone and shale 
bedrock that  was eroded t o  about elevation 260 feet*. The channel was 
then f i l l e d  w i t h  a1 luvial deposits of glacial sands and gravel and then 
overlaid w i t h  s i l t y  to clayey so i l s  of glacial origin. Some local ized 

minor deposits from flooding of the Ohio River has occured periodically 
since glaciation. 

The s i t e  covers 1600 acres, of which about 70% i s  devoted to  marginal 
farming operations. Heavy cropping of the s i t e  i s  not feasible due to  
poor soil  conditions. The balance of the s i t e  i s  covered by hardwood 
forest. The general s i t e  plan located a t  the end of th is  section shows 
some of the topographic features of the' s i t e .  

The Cannel ton Dam and Locks, located some 16 miles downstream, control 
the Ohio River water level a t  the s i t e  to  about 383 feet .  Progressing 
eas t  from the river,  the s i t e  r i ses  sharply to  about elevation 400 fee t  
a t  the top of the r iver  bank and then gradually to  elevation 415 f e e t  a t  
the branch 1 ine of the Louisville and Nashville Railroad, which i s  

generally parallel w i t h  the river. The land then dips and r i ses  

*All elevations are referenced to mean sea level datum. 



- 
again t o  a mean e l e v a t i o n  o f  415 f e e t  a t  Kentucky State Highway 144, 

which i s  para1 1 e l  w i  t h  the r a i  1 road. Much o f  the 1 and between the  h i  gh- 

way and the  r i v e r  bank i s  w i t h i n  the  r i v e r ' s  100 year  f l o o d  e leva t ion  o f  

409 fee t .  East o f  t he  highway the land i s  gen t l y  r o l l  i n g  and gradual ly  

r i s e s  t o  a h igh  p o i n t  o f  440 fee t .  Near the  eastern proper ty  1 ine, t h e  

, contour r i s e s  sharp ly  t o  above 600 feet. 

A small stream c a l l e d  Town Creek i s  located i n  the  southern p a r t  o f  t he  

s i t e .  The main body o f  the creek i s  in f luenced by the pool e leva t ion  of 

t he  Ohio River.  T r i b u t a r i e s  which are  genera l ly  d r y  rav ines  run away 

from the  main creek i n  a n o r t h e r l y  d i rec t i on .  

The p r o j e c t  f a c i l i t i e s  w i l l  be i n s t a l l e d  p r i m a r i l y  i n  the  area no r th  o f  

Town Creek and eas t  o f  the  highway. Some f a c i l i t i e s  such as water han- 

d l i n g  and t reatment  w i l l  be i n s t a l l e d  between the  r i v e r  and the  r a i l r o a d  

and w i l l  be s u i t a b l y  d iked from f loods. F a c i l i t i e s  an the r i v e r  inc lude 

water in take,  coa l  barge rece iv ing  docks, and the  product barge shipping 

dock. The nav iga t ion  channel o f  the Ohio River  i s  west o f  the  center  of 

t he  r i v e r  and presents no inter ference w i t h  f a c i l  i t i e s  located on the  

r i v e r .  Since the channel i s  f a i r l y  s t r a i g h t ,  the  r ' i ve r  a t  the docking 

f a c i l i t i e s  w i l l  tend t o  be sel f -c leaning.  The coal  hand1 i n g  f a c i l i t i e s  

w i l l  be l oca ted  on the no r th  p a r t  o f  the s i t e ,  the main processing 

f a c i l i t i e s  i n  the  middle, and tankage t o  the  south. Sol i d  waste disposal 

w i l l  be i n  an area loca ted  about 2 m i les  f r o m  the s i t e  proper. 

The waste disposal areas are located on the  Town and B u l l  Creek water- 

sheds, eas t  and southeast o f  the s i t e .  The major d i f fe rences i n  the 

topography as compared t o  the  main p l a n t  s i t e  are  t h a t  t he  t e r r a i n  i s  

steeper and the  bedrock i s  o v e r l a i n  by on ly  1 t o  5 f e e t  o f  s o i l  i n  

steeper areas and by 25 f e e t  o f  s o i l  i n  the  f l a t t e r  areas. Vegetation 

cover i s a1 so heavi er.  



Due t o  the a l l u v i a l  nature o f  t he  s o i l s  a t  the  s i t e ,  i t  i s  an t i c ipa ted  

t h a t  extensive s i t e  preparat ion work w i l l  be required. It i s  expected 

t h a t  several f e e t  o f  t h e  s i l t y  c l a y  s o i l  w i l l  be removed, replaced, and 

recompacted t o  a 1 eve1 adequate t o  support roads and minor foundations 

t h a t  are n o t  s e n s i t i v e  t o  sett lement. Major equipment and s t r u c t u r a l  

foundations w i l l  be s e t  on p i l i n g .  The f i n a l  grade o f  most o f  t h e ' f a c i l -  

i t i e s  w i l l  be between e leva t ion  415 and 420. 

3.2 FACILITY 

The Breckinr idge Pro jec t  f a c i l  i t y  cons is ts  o f  t h i r t y - s i x  d i s t i n c t  u n i t s  

which are i d e n t i f i e d  as "Plants"  throughout these reports. O f  these 

plants, s ix teen are i d e n t i f i e d  as "Process Plants", which are those 

d i r e c t l y  invo lved i n  the conversion o f  coal t o  1 i q u i d  products and the 

processing of those raw mater ia l  s  i n t o  marketable products. The remain- 

i n g  twenty p lan ts  are " O f f s i t e  Plants"  and "Ut i l i t y  Plants",  which are 

those essent ia l  t o  the  p r o j e c t  b u t  n o t  d i r e c t l y  invo lved i n  t h e  

1 i que fac t i on  o f  the coal o r  product ion and p u r i f i c a t i o n  o f  the products. 

Most of t he  Process P lants  and some o f  t h e  other  P lants  conta in  e i t h e r  

m u l t i p l e  1 ines  o f  p a r a l l e l  f a c i l i t i e s  which are i d e n t i f i e d  as " t r a i n s "  o r  

a group of p a r a l l e l  u n i t s  t h a t  are interconnected t o  a l l ow  operat ion o f  

selected u n i t s  o r  t ra ins .  This f l e x i b i l i t y  a l lows the  various t r a i n s  o r  

u n i t s  t o  operate independently o f  each o ther  and opt imizes the  on-stream 

f a c t o r  o f  the pro jec t .  A1 together, more than e igh ty  opera t ing  e n t i  t i e s  

can be i d e n t i f i e d  w i t h i n  the p ro jec t .  

A very complete process and mater ia l  f l ow  desc r ip t i on  f o r  each o f  the 

Process, O f f s i  te, and U t i l  i t y  Plants, i n c l  uding d e t a i l e d  process f l o w  

diagrams and o the r  p e r t i n e n t  data, i s  presented i n  Reports I V  and V. The 

purpose o f  t h i s  r e p o r t  i s  t o  g i ve  a more condensed desc r ip t i on  o f  t he  

pre l im inary  process design basis f o r  the  Process Plants, and t o  describe 

the  f low o f  ma te r ia l  i n  O f f s i t e  and U t i l i t y  Plants. The d iscussion of 



the plants also provides a description of key physical features. 
Reference to the Overall Block Fl ow Diagram Drawing 50-D-B-01 and the 

Overall Site  ~l ant Drawing 50E-A-l , may be helpful i n  fol l  owing the 
description. 





.o"b\91--11Por* .. P Yt Y I .Oil..** A- *DI 4 
9.-cr NO 4...C1. 

Y DW D9.O IOLCI. -.I -.g01 . ?.I *c*. O C t MI'--. ,- o - *L.. *TD O..W.rr IN- Chi 1 
ze-...*.ll, 

--k"- rcX""e Irrw .-rrcu 
- Cn-a r- 8, 

-I - -Y P II* .u.- *, .D 
~l*.I.n-"aPU'-Nl. --1. 

I 
-1 Om. 0-*--- %O I 

" . .. A 

1. - '.,L.,.. 
adz.- 

- &.-=-" **ow- 
0111- - orann. *mlkl" 

-N* 
-- -7 low 



-
 

- 
- 

-
-
 

P
rocess P

lants 



4.0 PROCESS PLANTS 

4.1 COAL RECEIVING AND STORAGE - PLANT 26 

The Coal Receiving and Storage p l a n t  con ta in s  most o f  the f a c i l i t i e s  f o r  
rece iv ing ,  unloading, t r anspo r t i ng  , and s t o r i n g  the 23,000 tons  o f  coal 
t h a t  i s  processed d a i l y  by t h e  p ro j ec t .  The design o f  the coal unloading 
f a c i l i t i e s  a l lows  f o r  r e c e i p t ' o f  coal  by either r a i l  o r  barge. 

Rail shipments a r e  received i n  u n i t  t r a i n s  of  approximately 100 c a r s  
each, con ta in ing  about  10,000 tons  o f  coal  p e r  t r a i n .  The t r a i n s  move 
slowly a c r o s s  'a series of  rece iv ing  hoppers. An automated t r i p p e r  opens 
the rap1 d d i scharge  g a t e s  on the r a i l  c a r s  and the coal drops i n t o  t h e  
hoppers by gravf ty .  The t r a i n  movement, c a r  spo t t i ng , .  and c a r  dumping 
a r e  automated s o  a s ' t o  r equ i r e  minimum ope ra to r  a t t e n t i o n .  A u n i t  t r a i n  
can be unloaded i n  4 t o  5 hours. The design b a s i s  a l lows f o r  an average 
o f  two and one-ha1 f t r a i n s  t o  be unloaded per day during two shifts. 

The rece iv ing  hoppers a r e  1 ocated below grade and a r e  equipped w i t h  

g r i zz l  ies. The coal i s  discharged from the hoppers through v i b r a t i n g  
f eede r s  on to  a 3,000 TPH conveying system which t r a n s p o r t s  the coal  t o  
the s t o r a g e  a r ea  feed conveying system. 

Barge shipments a r e  received i n  tows of twelve barges w i t h  each barge 
having a c a p a c i t y  o f  1500 tons  o f  coal .  Provis ion is made f o r  docking 
both f u l l  and empty barges. A work tug  moves the barges i n  and o u t  o f  
the unloading pos i t ion .  The barges a r e  unloaded w i t h  a bucket wheel 

unloader having a maximum capac i ty  o f  5,000 tons  per hour. In the 

unloading p o s i t i o n ,  the barges a r e  moved back and f o r t h  beneath the 

unloader under cont ro l  of  an opera tor .  The unloader scoops the coal  o u t  
o f  the barge and f eeds  i t  t o  a be1 t conveyor w i t h  a r a t ed  capac i ty  of 
5000 t o n s  per hour which d jscharges  i n t o  a surge bin. The unloading 
r equ i r e s  two passes  of the barge. The second pass  i s  a clean-up opera-  
t i o n  and t h e  r a t e  i s  much slower than i n  the' i n i t i a l  pass. The average 
unloading r a t e  i s  about  2,800 tons  pe r  hour o r  one tow pe r  sh.ift. 



The surge b i n  serves t o  control var ia t ions  i n  the unloading ra te .  A 

vibrat ing feeder feeds a conveyor which i n  turn transports  the coal t o  
the  coal storage area feed conveyor system a t  a r a t e  of 3,000 tons per 
hour. As previously mentioned, coal from the r a i l  o r  barge unloading 
fac i  1 i t y  i s transported by separate conveyor systems t o  discharge points 
on the coal storage area feed conveyors. The coal i s  then transported by 
e i t he r  of t he  two 3,000 TPH conveyors i n  t h i s  system t o  the coal storage 
area. The longest  conveyor r u n  i n  the e n t i r e  feed system is  about 2000 
feel;. Tr.dlep i ron magnets f o r  separating scrap iron and prnvisions for 
wei ghing and sampl i ng the coal a re  incl uded i n  the design of the coal 
conveyi ng sys terns. 

The coal storage area includes "1 ive" and "dead" storage. The 1 ive o r  
working p i l e s  contain some 90,000 tons each and occupy a rectangular area 
of some 48 acres t h a t  i s approximately 2300 f e e t  1 ang and 900 f e e t  wide. 
Three 1 ive p i l e s  a r e  used to  provide surge capacity between coal unload- 

i ng operations and the  coal washing operation. Since coal wil l  be 
received from a t  l e a s t  three d i f f e r en t  sources w i t h  d i f f e r en t  ash' con- 
t en t s ,  t he  1 ive p i l e s  can a l so  permit segregatfon by source, and, i f  
des i rable ,  each of the individual p i l e s  can be fu r ther  subdivided to  
per'mit segregation of coal from additional sources. Each . l i v e  p i l e  i s  
about 500 f e e t  long, 100 f e e t  wide, and 50 f e e t  high. 

The dead storage p i les ,  which occupy an i r regu la r  space of some 42 acres, 
a r e  intended t o  o f f s e t  in terrupt ions  i n  the del ivery of coal due to  
adverse weather conditions, f l  oods, 1 abor d i  f f i cu l  t i e s ,  and other  unusual 
occurrences. The dead storage pi1 e s  contain su f f i c i en t  coal t o  sustain 
the  plant  f o r  f i f t y  days. This amounts t o  about 850,000 tons of washed 
coal ,  o r  the equivalent of 1,250,000 tons of run-of-mine coal. The 
finished surfaces of the  p i l e s  a re  t reated t o  l i m i t  the penetration of 
a i r  and moisture and t h u s  reduce wind loss ,  degradation, and the 
possi b i l  i t y  of spontaneous combustion. The combined dead and 1 ive coal 
storage capacity i s  equivalent t o  approximately s i x ty  days of the 
requirements of the  f ac i l  i ty. 



The coal storage area feed conveyor can discharge to  e i ther  the stacker- 
reclaimers in the 1 ive pi1 e areas or to  auxil iary stackers i n  the dead 
coal storage area. Both types of equipment deliver the coal by means of 
adjustabl e incl ined-be1 t conveyors. The stacker-recl aimer reclaims coal 
by means of a bucket-type conveyor which i s  also inclined and adjustable. 

The reclaimer arm of the stacker-reclaimer recovers the coal from the 
1 ive p i les  and delivers i t  to  a be1 t conveyor system w i t h  a capacity of 
2,400 tons per hour. Coal i n  dead storage i s  reclaimed w i t h  mobi le 
equipment such as bulldozers and front-end loaders. When reclaiming, the 
coal i s  pushed t o  reclaim hoppers that  discharge back to  the bel t  
conveyor sys tem descri bed above. 

The be1 t conveyor system provides considerable f l  exi bil i ty. The coal 
from the 1 ive pi les  can be delivered to the Coal Washing plant, o r  can 
bypass tha t  plant and go to e i ther  the Coal Drying and Pulverizing plant 
or the Steam Generation- and Boil e r  Feedwater Treating plant. 

The plant design allows the Coal Washing plant to  operate on e i ther  a 
single grade of coal or on a blend of two or more grades, depending on 
the characteristics of the coal. If blending is  required, a portion of 
one of the 1 ive pi les  i s  converted to  a blending pile. By feeding the 
stacker-recl aimer a1 ternatively from the various segregated coal pi les ,  a 
blended p i le  i s  constructed of t h i n  layers of each of the grades being 
blended. When the reclaimer cuts through these layers transversely, i t  

del ivers a suitably blended product to  the coal washing f ac i l i t i e s .  Any 
prewashed coal that  i s  received can be segregated i n  the l i v e  pi les ,  
routed to  bypass the washing f a c i l i t i e s ,  or blended w i t h  other grades for  
further washing. Subject t o  the capacity of the coal washing faci l  i t l e s ,  
a l l  coal is washed as soon as possible a f t e r  i t  i s  received and then 

stored i n  e i ther  the 1 ive o r  dead piles. 
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4.2 COAL WASHING - PLANT 27 

The Coal Washing p lan t  i s  fed by run-of-mine coal which will be washed t o  
reduce i t s  ash and py r i t i c  sul f u r  content pr ior  t o  being fed to  other  
Process Plants. Three products a re '  generated - a 1 ow ash clean coal ,  a 

middlings coal t h a t  has a higher ash content and i s  used a s  bo i le r  fue l ,  
and a waste product consist ing of refuse. 

The plant  w i  11 be designed w i t h  three para1 l e l  t r a in s ,  each having a 
design throughput capacity of 600 tons per hour. Maximum capacity of 
each t r a i n  i s  700 tons per hour. The desired end products a re  16,500 TPD 

of clean dry coal and 1850 TPD of middl ing coal f o r  boiler  fuel .  

Plant coal feed is  provided by a feed bunker w i  tti a capacity of 2500 
tons. The bunker has several out1 e t s  discharging onto individual v i  bra- 
tory feeders which i n  t u r n  discharge onto separate plant feed b e l t  con- 
veyors. The bunkers are  435 f e e t  from the  main coal washing building and 
discharge coal onto the plant  feed conveyors just above grade 1 eve1 . The 
conveyors then r i s e  some 115 f e e t  t o  t h e i r  entry point a t  the top of the  
main building. 

The coal i s  fed onto a raw coal screen t h a t  separates the coal in to  3/8 x 
0 and 3 x 3/8 inch portions. The 3 x 3/8 inch portion i s  passed across a 
prewetting screen and then in to  primary heavy media vessels where the  
1 ow-ash coal (coal w i t h  a spec i f i c  gravity of l e s s  than 1.40) i s  f loated 
out,  washed on a screen, crushed t o  1-1/2 x 0 inch and fed to  the Coal 
Drying and Pulverizing plant  by conveyor. The heavier material from the 

primary heavy media vessel underflows t o  the secondary heavy media vessel 
where the m i  ddl i ngs (coal w i  t h  a speci f i c  gravi t y  of 1.4 t o  1 .6) are 
f loated out ,  washed on a screen and crushed to  1-1/2 x 0 inch and fed to  

the Steam Generation and Boiler Feedwater Treating plant  by conveyor. 



The underfl ow from the secondary heavy media vessel i s  screened and 

washed and the coarse refuse (material tha t  i s  3 x 3/8 i n  s i ze )  i s  then 
conveyed to a 500 ton truck loading b i n .  The b i n  discharges through 
vibratory feeders which dump the refuse into trucks fo r  disposal i n  the 
sol i d s  waste disposal area. 

The 3/8 x 0 inch fines from the raw coal screens are  screened and washed 
on desliming screens. The 3/8 inch x 28 mesh fraction from the desliming 
screens i s  separated from the re jec t  material i n  primary heavy media 
cyclones. I t  i s  then screened, washed, centrifuged, and fed by the clean 
coal conveyor to  the Coal Drying and Pulverizing plant. 

The underfl ow from the primary heavy media cycl ones i s  screened, washed, 
and the middl ings separated in the secondary heavy media cyclones. These 
f ine  m i  ddl  i ngs are then screened, washed, centri fuged, and discharged to  
the conveyor carrying the coarser middlings to  the Steam Generation and . 

Boil e r  Feedwater Treating plant. 

The 28 x 0 mesh material from the desliming screens i s  separated from the 
wash 1 iquor i n  primary and secondary hydroclones, fed to  f lotat ion cel l  s 
and f i l te red .  The f ine  coal i n  the primary hydroclone overflow i s  sepa- 
rated i n  cl assi f i e r  cyclones, washed, and centrifuged. Both coal s are 
then discharged to  the clean coal conveyor and transported to  the Coal 
Drying and Pul veri zi ng plant. 

The separated d i  1 ute heavy medi a s l  urry i s col 1 ected, centr i  fuged, and 
thickened before being reci rcul ated. Magnetite i s added t o  the thickener 
as  required to  adjust  the density of the heavy media. 

A thickener removes the refuse from the water used i n  washing the f ine 
coal s. Underfl ow refuse material from the primary and secondary heavy 
media cyclones i s  screened, washed, collected i n  sumps, and pumped t o  a 
mixing faci l  i t y  for  disposal. 
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The plant occupies an area of about 20-1/2 acres located between the 
cod1 i n g  towers and the Coal Drying and Pulverizing plant. The coal 
washing equipment i s instal  led i n  a mu1 t i  story building approximately 
160 f e e t  by 280 f e e t  and 80 f e e t  h i g h .  An adjacent service building con- 
ta ins  offices,  change &oms, a maintenance shop, e lectr ical  equipment, 
and similar f a c i l i t i e s .  Each of the three coal washing t rains  i s  a com- 
plete en t i ty  and can be operated independently. Each t ra in  occupies 
three bays of the b u i l d i n g  i n  one direction and eight bays i n  the other. 
A service bay i s  provided between adjacent trains.  The raw coal screens; 
the cl assi fyi  ng , primary heavy media, and secondary heavy media cycl ones; 
and the magnetite thickener overflow head tank are  1 ocated on the sixth 
f loor  of the b u i l d i n g .  The prewetting screens and primary heavy media 
vessels are mounted on the f i f t h  floor.  The small clean-coal screens, 
the secondary heavy media vessel , the coarse m i  ddl i ngs screen, the prj - 
mary rejects  screen, the small refuse screen, the small middlings screen, 
the magnetfte separators, and the magnetite b i n  are  located on the fourth 
f l  oor. The t h i r d  f l  oor supports the cl  ean-coal centri  fuges, the 
cl ean-coal f i 1 t e r ,  the three desl i m i  ng screens, refuse screen, coarse 
middlings crusher, and small middl i ngs  centrifuge. The top of the 
magnetite thickener a1 so extends through th i s  floor. The primary 

cyclones, the middl ings transverse conveyor, the cyclone magnetic 
separators, the vessel magnetic separators, and the magnetite thickener 
are located on the second floor.  

The ground f loor  contains the clean-coal, coarse refuse, and boiler fuel 
conveyors; two rows of sumps and tanks w i t h  pumps; a i r  compressors; the 
gl  and water tank; the vacuum pumps; and the f i l  t e r  blower. The 1 arge 
(1 30-foot diameter) s t a t i c  thickeners and the emergency pond are  located 
outside the building. 



4.3 COAL DRYING AND PULVERIZING - PLANT 1 

The c lean coal must be d r i e d  and pu lver ized p r i o r  t o  being s l u r r i e d  f o r  

t h e  reac t i on  process. These steps are accompl ished i n  the  Coal Drying 

and Pu lve r i z ing  p lant .  The end product o f  t h i s  p l a n t  i s  a pu lver ized 

coal con ta in ing ' l ess  than 2% moisture and w i t h  a cons is t  o f  99.5% passing 

a 28 mesh screen and 50% passing a 200 mesh screen. The p l a n t  conta ins 

e i g h t  t r a i n s  ( s i x  i n  operat ion and two spares) w i t h  a nominal capac i ty  o f  

16,500 TPD o f  coal on a d ry  basis. This provides adequate standby capac- 

i t y  f o r  the  s l u r r y i n g  operation. The p l a n t  operates on a continuous 
basis. 

The p l  ant' occupies an area about 1000 f e e t  by 600 f e e t  1 ocated adjacent 

t o  the Coal S lu r ry  Preparat ion p l a n t  between the coal. washing f a c i l i t i e s  

and the  bo i l e rs .  , The incoming feed conveyors del i v e r  the  coal  t o  any o'ne 

o f  e i g h t  elevated p u l v e r i z e r  feed bins. The b ins  are located i n  a row 

and each has a capac i ty  o f  500 tons. Coal can be de l i ve red  from e i t h e r  

the storage area o r  d i r e c t l y  f r o m  the Coal Washing p lant .  A weigh feeder 

beneath the  s i l o  c o n t r o l s  the  r a t e  o f  feed t o  a pu lver izer /d ryer  system. 

A pu lve r i ze r  i s  located beneath each b i n  and i s  swept by h o t  a i r  f r o m  a 
d i r e c t - f  i r e d  a i r  heater, a1 1 owing f o r  concurrent p u l v e r i z i n g  and drying. 

The h o t  a i r  and pulverize'd coal are p u l l e d  through'a cyclone by a main 

exhaust fan. The cyclone separates most o f  t h e  coal from a i r .  The a i r  

i s  then recycled t o  the  a i r  heater. A p o r t i o n  o f  the a i r  e x i t i n g  the 

cyclone i s  b led  through a bag f i l t e r  t o  atmosphere t o  prevent b u i l  d-up o f  

moisture i n  the c i r c u l a t i n g  a i r  stream. Each p u l v e r i z e r  system i s  ra ted 

a t  130 TPH. 

The pu lver ized coal t h a t  has been separated i n  the  cyclone o r  d i  s- 

charged from p l a n t  bag houses i s  fed  by an a i r  s l i d e  conveyor t o  a coal  
dus t  bunker. There are  f o u r  o f  these bunkers, each fed  by two of t h e  coal  

d ry ing  and p u l v e r i z i n g  1 ines. f l u i d i z i n g  pads i n  the bottom o f  each coal 



* 

dust bunker aid '  the flow of coal t o  three pneumatic pumps which are 
mounted beneath each of the bunkers. One of these pneumatic pumps i s  a 
spare; a diverter  valve enables i t  to  be substituted for  e i ther  of the 
other two i n  case of need. The pneumatic pumps del iver the coal t o  a . 

service bunker f o r  each of the eight downstream slurry t rains .  Diverter 
valves p e n i  t 'an individual pneumatic pump to  del iver coal t o  one of four 
downstream slurry t rains ,  w i t h  the resu l t  t ha t  each of the eight down- 
stream t ra ins  can be fed from two of the coal d u s t  bunkers, thereby 
providing the system w i t h  both surge capacity and f l  exi b i l  i ty. The 
service bunker feeds to the premixer through a weigh hopper which 
controls the feed ra te  both accurately and uniformly. The hopper also 
has provisions for  varying the feed ra te  as desired. 

A nitrogen compressor furnishes motivating gas fo r  the pneumatic pumps 
and the fluidizing pads i n  the bottom of each of the four coal dust 

bunkers. Nitrogen also serves to blanket the d u s t  bunkers and the 
downstream service bunkers. I t  i s  returned to  the compressor from these 
various points of usage a f t e r  f i r s t  passing through a baghouse and 

blower. The coal d u s t  bunkers are  vented through a baghouse mounted on 
each bunker. 

4.4 COAL SLURRY PREPARATION - PLANT 2 

In the Coal Slurry Preparation plant, the pulverized coal is  mixed w i t h  

recycled o i l  from downstream plants to form a slurry for  feed to  the 
H-coal@ Preheating and Reaction plant. There are eight t ra ins  i n  the 
Coal Slurry Preparation plant,  each of which operates independently of 
the others b u t  i n  ser ies  w i  t h  a t ra in of the downstream H-Coal @ 

Preheating and Reaction plant. 

The eight t r a ins  i n  the plant occupy an area about 260 f e e t  by 1,000 feet .  
The t rains  are  identical except that  they are arranged i n  opposite-hand 
pairs. Piperacks are  1 ocated across the feed end of the area and between 
each pair  of t ra ins .  The main equipment i s  mounted i n  a steel structure. 



Beginning a t  the  feed end o f  a  t r a i n ,  t h e  f i r s t  equipment encountered i s  

the a i  r-cooled prewett ing o i l  cool e r  mounted above the p i  perack. Past 

t h i s  f i n  fan are the  e levated pu lver ized coal surge b i n  and weigh feeder 

which are  a c t u a l l y  a  p a r t  o f  the preceding Coal Dry ing and Pu lve r i z ing  
6 

plant .  Beneath the  b i n  and feeder i s  the  coal  p rewet t ing  feed conveyor 

which runs h o r i z o n t a l l y  a t  an e leva t ion  of about 100 f e e t  above grade 

i n t o  the  s ide  o f  t h e  s l u r r y  vor tex mix tank. This mix tank  d e l i v e r s  the  

s l u r r y  i n t o  the s l u r r y  surge tank mounted i n  the next  bay, some 20 f e e t  

above grade. The s l u r r y  surge tank overhead condenser i s  mounted a t  t he  

upper e leva t ion  i n  the  l a s t  bay. The s l u r r y  surge tank overhead rece iver  

i s  mounted a t  about 40 fee t  above grade. The scrubber overhead rece ive r  
i s  located beneath the  surge tank. Pumps are mounted a t  grade between 

the s t ruc tu re  and the  piperack. The hydroclone overf low emergency coo le r  

, i s  located a t  grade outs ide  the  s t r u c t u r e  on the  s ide  away from the pipe- 

rack, and the  noncondensibles knockout drum i s  mounted a t  grade a t  t he  

end o f  the  s t ruc ture .  

The coal  f o r  each t r a i n  i s  discharged f rom'a  500 cubic f o o t  serv ice  

bunker a l t e r n a t e l y  onto one o f  two weighing devices. The coal i s  99.8% 

minus 28 mesh i n  size, conta ins some 2% moisture, and i s  a t  170°F. It i s  

m i  xed w i  t h  two recyc le  o i  1  streams recycled from downstream plants. One 

o f  these streams i s  hydroclone overf low from the H-Coal@ Recycle S lu r ry  

Preparat ion p l a n t  t h a t  contains unconverted coal  and residue ash i n  a  

heavy residuum conta in ing  o i l  a t  about 700°F. The second o i l  stream i s  a  

blend o f  vacuum tower overhead 1  i q u i d  product from the H-Coal@ Recycle 

S l u r r y  Preparat ion p l a n t  and f r a c t i o n a t o r  bottoms from the H-Coal@ 

D i s t i l l a t e  Separation p lant .  This second stream i s  f ree  o f  s o l i d s  and i s  

cooled as necessary t o  con t ro l  t he  temperature o f  t h e  c o a l - o i l  mixture. 

Sl u r r y  preparat ion cons is ts  o f  prewet t ing and mixing. The prewett ing 

occurs i n  a  t w i n  screw mixer  i n  which t h e  blended o i l s  from the  vacuum 

s t r i p p e r  and f rac t i ona to r ,  which have been cooled t o  130°F, are sprayed 
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on the pulverized coal as i t  i s  being turned over i n  the mixer. This 
mixture i s  then fed into a tank where i t  i s  mixed with the hydrocl one 
overflow-oil. Inside the tank there i s  an open-top vortex mixer i n  which 
the o i l  and coal a re  violently agitated by a high-speed agitator.  The 

,:, 
mixture forms a vortex, overflows the vortex section, and flows through 
the space between the inner and outer vessel and then out through a 
bottom opening which i s  connected to  the slurry surge tank. Cooled 
blended o i l  i s  sprayed around the top of the mixing tank and uncooled 
blended o i l  i s  sprayed on the walls of the tank to  wash down the d u s t .  

This op,eration washes the en t i re  contents from the mixing operation into 
a slurry surge tank which contains a top-mounted agi tator  and baffles to  
keep the mixture thoroughly' slurried. The surge tank is  vented to  a 

f i r e d  heater i n  t h e  H-coal@ Preheating and Reaction plant through a 
scrubber. where vapors are thoroughly contacted by the remaining portion 
of the hot blended o i l  from the vacuum tower and fractionator. This 
scrubbing o i l  drains into the slurry surge tank. 

Nozzles, equally spaced about the bottom of the slurry surge tank, feed 

the sl  urry to  three centri fugal s l  urry booster pumps which, i n  t u r n ,  feed 
the high-pressure reciprocating reactor feed pumps i n  the H-coal@ 
Preheating and Reaction plant. Two of the booster pumps operate i n  . 
parallel  and the t h i r d  i s  a spare. The pumps have suff ic ient  capacity so 

tha t  about one-third of the pumped slurry i s  returned to the slurry ,surge 
tank. This enables the reactor feed pumps to  take suction from a 

circulating stream and el iminates dead ends that  would permit the sol ids 
t o  s e t t l e  out of the slurry. 

The hot o i l s , i n  the slurrying operation f lash off any moisture remaining 
i n  the coal. The resulting coal and o i l  slurry contains about 38.5% 

solids of which 30% i s  fresh coal and the remainder i s  ash and other 
sol ids. 



In the H-coal@ process, a slurry of finely pulverized coal and recycl e 
o i l  i s  reacted w i t h  hydrogen i n  the presence of a catalyst  a t  h i g h  tem- 
perature and pressure to  produce 1 i q u i d  and gaseous products. The pri - 
mary process steps i n  the H-coal@ Preheating a n d  Reaction pl ant consist  
of raising the slurry to  reactor pressure, preheating the feed streams, . 

and reacting the feed. The plant has eight identical parallel t ra ins  
which are constructed i n  opposite-hand pairs. 

The H-coalB Preheating and Reaction plant occupies an area about 

1,000 f e e t  by 560 feet. Each t rain i s  served on a1 ternate xides by a 
u n i t  piperack and an access road. The f i r s t  equipment a t  the feed end i s  
a row of large positive displacement slurry feed pumps. The air-cooled 

exchanger for  the cooling medium of the pump transmissions i s  mounted ' 

above the piperack. Beyond the feed pumps is a large rectangular slurry 
heater and a vertical , cyl i n d r i  cal hydrogen heater. The boiler feedwater 
drum and the pumps that feed boil e r  feedwater to the convection coil s i n  
the hydrogen heater are located between the heaters and piperack. A 

transverse road used by trucks transporting fresh or spent ca ta lys t  i s  
encountered a f t e r  the heaters. The reactor structure i s  next i n  l ine.  

I t  i s  a heavy-walled cylindrical vessel mounted vertically i n  a steel 
structure w i t h  the reactor base some 64 f e e t  above grade. The structure 
above the reactor extends approximately 195 f e e t  above grade. This 
structure supports the various equipment used i n  charging and discharging 

the ca ta lys t  incl uding a catalyst  feed hopper, catalyst  w i  thdrawal and 
feed drums, as  well as a tank, pump, and exchanger for  the o i l  used as  'a 
transport medium i n  the transfer operation. Beyond the reactor structure 
i s  a heavy-wal led product separator, which is  mounted vert ical ly  

approximately 30 f e e t  above grade. In the same bay w i  t h  the product 
separator are f ive drums and two pumps used i n  cooling the two-phase 
product from the reactor product separator. In the next bay reactor 
e f f l  ient  exchangers are mounted near grade. A t  a higher level are  two 



waste heat boilers and the closed-1 oop hot o i l  exchangers. A1 so ,located 
i n  t h i s  bay i s  the intermediate-pressure slurry f lash drum of the 
H-coal@ Primary Separation pl ant which i s  described i n the following 
section. 

The coal and o i l  slurry i s  raised to  the reactor pressure by high-pressure 
reciprocating pumps. Each of the eight t ra ins  has three slurry feed 
pumps, two of which are operated i n  parallel  w i t h  the t h i r d  serving as  a 

spare. The feed pumps take suction from a slurry circulation lint! rrwm 

the Coal Slurry Preparation plant and pump the slurry through the slurry 
heater and into the reactor. The slurry feed pumps are driven by con- 
s tan t  speed motors through a variable speed hydraul i c  coup1 ing and a gear 
reducer. Before the slurry enters the preheater, a small stream of 
hydrogen i s  fed ?nto the slurry stream. This hydrogen stream serves to  
promote heat t ransfer  and to  improve flow characteristics of the stream i n  

the heater. The slurry heater i n  each t r a in  i s  a direct-fired box type 
w i  t h  an a i r  preheat system. The sl urry is  pumped through coil s i n  the 

radiant section. Further heat efficiency i s  achieved by generating steam 
i n  the convection section. The ou t l e t  slurry temperature i s  controlled 
somewhat below the reactor temperature so tha t  the heat of reaction 
generated in the reactor i s  balanced by the sensible heat absorbed by the 
slurry a f t e r  entering the reactor. 

The hydrogen feed stream i s  a combination of hydrogen recycled from the 
downstream separation of the reaction products and make-up hydrogen which 
i s generated i n  partial-oxidation gasif iers  i n  the Gasification and P u r i -  

f icat ion plant. The hydrogen for  the reaction i s  preheated by heat 
exchange w i t h  the reactor eff luent  vapor before being fed to  the hydrogen 
heater. The bdrogen heater i s  a f i red ,  ver t ical ,  cylindrical heater and 
the hydrogen i s  heated i n  i t s  radiant. section coils.  Thermal efficiency 



i s  improved by generating steam i n  co i l s  i n  the 1 ower portion of the con- 
vectSon section. Above the steam coil s are  additional co i l s  for  preheat- 
ing the boiler feedwater used to  generate steam i n  both the hydrogen and 
sl  urry heater convection sections. A boil e r  feedwater and steam sepa- 

rating drum i s  provided and the steam generated i n  the two heaters is  fed 
to  the 600-pound steam system. 

The slurry and hydrogen streams are fed to  the bottom of the reactor 
through separate nozzles. The reactor i s  charged w i t h  a bed of catalyst .  
The hydrogen and coal react i n  the presence of the recycled o i l  and cata- 
l y s t  a t  a temperature of 850°F and a pressure of 3,000 psi. The ebulla- 
ting e f fec t  i s  caused by the upward flow of the feed streams and by a 

recycle stream through the catalyst. An ebullating pump i s  mounted below 
the reactor and recycles l iquid from the top t o  the bottom of the reactor 
from where i t  passes up through the ca ta lys t  a t  a controllable rate.  
This upward flow a1 so expands the ca ta lys t  bed. Since the ca ta lys t  has a 
h i  gher s e t t l  i ng vel oci ty  than the coal or  the recycled sol ids  i n  the oi 1 , 
the ca ta lys t  bed can be expanded by control 1 i n g  the ebul la t ing pump rate  
until a1 1 of the ca ta lys t  is  suspended above the bottom of the reactor i n  
a constantly agitated, o r  ebullated, s ta te .  The height of the ebullating 
ca ta lys t  bed can be precisely controlled by varying the pump speed. 

The ebul 1 ation ef fec t  a1 1 ows intimate and repeated contact between the 
catalyst  and the reactants. This resul ts  i n  a smooth reaction i n  which 

there i s  very 1 i t t l e  temperature different ial  across the i-eactor as the 
exothermic heat of the reaction raises the coal slurry feed stream to the 
reaction temperature. 

A unique feature of the ebullated bed reactor i s  tha t  fresh ca ta lys t  can 
be added to the reactor and spent ca ta lys t  removed without interruption 
of normal operations. 



The reaction products, which contain only small t races  of c a t a ly s t ,  over- 
flow from the top of the reactor  t o  a product separator which operates a t  
e s sen t i a l l y  reactor  pressure. The gases and 1 ight  hydrocarbons flow from 
the top of the product separator and, a f t e r  heat exchange w i t h  the 
incoming hydrogen feed stream, a r e  fed t o  the  downstream H-Coal6 Primary 
Separation plant. The heavy o i l  which contains unreacted coal ,  ash, and 
other  sol ids  i s  a l so  fed t o  t h i s  p lant  a s  a separate stream. 

The system of e igh t  paral le l  processing t r a i n s  continues through the  
H-Coal@ Primary Separation plant  where the two reactor e f f l uen t  streams 
a re  fu r ther  separated by pressure 1 et-down and/or cool i n g  , fol  1 owed by 
flashing and separatlon. The seven main streams ex i t ing  from t h i s  plant 
and t h e i r  next des t inat ion a re  a s  follows: 

Stream #1 - h i  gh-pressure, hydrogen-ri ch gases t o  
the H-coalw Recycle Hydrogen Compression plant  

Stream #2 - h i  gh-pressure, hydrogen-rf ch purge gases 
t o  the  Gas Plant 

Stream #3 - medium-pressure hydrocarbon vapors t o  
the Gas Plant 

Stream #4 - 1 ow-pressure, h i  gh-temperature s l  urry to  
the H-coal@ Recycle Sl urry Preparation plant  

Stream #5 - low-pressure, high-temperature heavier 
d i s t i l l a t e  t o  H-coal@ Di s t i l l a t e  Separation plant  

Stream #6 - low-pressure hydrocarbon vapors t o  the  
Gas Plant 

Stream #7 - 1 ow-pressure, 1 ow-temperature 1 i ghter 
d i s t i  11 a t e  to  ' the H-Coal @ Disti l  1 a t e  Separation 
plant  

This p lan t  i s  e s sen t i a l l y  a continuation of the  H-coal@ Preheating and 
Reaction plant ,  and occupies an area of 1,000 f e e t  by 390 fee t .  The 



eight flash drums.involved i n  each t ra in  vary i n  diameter from 4-1/2 f ee t  
t o  9-1/2 f ee t  and i n  length from 13-1/2 f ee t  to  29 feet.  The two slurry 

flash drums are vertical  and a l l  others are horizontal. Beginning a t  the 
feed end of a t ra in ,  the f i r s t  equipment i s  the intermediate-pressure 
slurry flash drum mounted i n  the f i r s t  bay along w i t h  the final exchangers 
of the H-coal @ Preheating and Reaction plant. The 1 ow-pressure sl  urry 

flash drum i s  located i n  the second bay adjacent to  the piperack beyond 
which i s  a structure that  contains the reactor eff luent  vapor exchanger, 
the i ntermediate-pressure vapor/ hot d i  s t i  11 a te  exchanger, the 1 ow-pressure 
vapor/hot d i s t i l l a t e  exchanger, and the intermediate-pressure waste heat 
boiler. The f inal  reactor effluent vapor/hot o i l  exchanger of the H-coal@ 
Preheating and Reaction plant and the high-pressure warm flash drum are 
located a t  the ground level of t h i s  structure. The next four bays contain 
a structure supporting four overhead air-cooled exchangers. The f i r s t  

two of these bays contain the reactor eff luent  vapor condenser overhead 
w i  t h  the 1 ow-pressure warm flash drum beneath i t .  The intermediate- 

pressure warm flash drum and the high-pressure cold flash drum are  
located a t  grade. The 1 ow-pressure cold flash drum is  supported i n  the 
structure i n  the second bay and the intermediate-pressure cold f lash drum 

i s  mounted a t  grade. The third bay contains the reactor vapor eff luent  

condensate cooler overhead, and the sour water surge drum i s  mounted i n  
the structure beneath i t .  The l a s t  bay contains the intermediate- 
pressure warm flash condenser, the low-pressure gas cooler, and the wash 
water receiver. 

A tabulation of flash drums located i n  t h i s  plant i s  1 isted be1 ow. 

The high-pressure warm flash drum and the 
high-pressure cold flash drum tha t  handle the vapor 
stream from the reactor to produce streams #1 and #2 

The i ntermediate-pressure warm f l  ash drum and the 
intermediate-pressure cold flash drum that  produce 
stream #3 from the slurry intermediate-pressure 
flash vapors 



The i nternediate-pressure slurry flash drum and the 
1 ow-pressure slurry flash drum hand1 e only the 
l i q u i d  stream from the reactor and produce stream #4 

e The low-pressure warm flash drum and the low-pres- 
sure cold flash drum produce streams #5, #6, and #7 
from 1 ow-pressure s l  urry f lash vapors 

The vapor stream from the reactor i s  cooled to  550°F i n  an exchanger i n  
the H-coal @ Preheating and Reaction plant. I t  i s  separated i n  the 
H-coal@ Primary Separation plant by flashing i n  the high-pressure warm 
f lash drum. The vapor i s  then further cooled to  374°F by exchange w i t h  

the hydrogen feed stream which feeds the H-coal@ Preheating and Reaction 
plant. Following th i s  exchange the vapor stream i s  mixed w i t h  water to  
prevent precipitation of inorganic s a l t s  and i s  further cooled to  130°F 
i n  an a i  r-cooled exchanger. The stream i s  then flashed in a h i  gh-pres- 
sure cold f lash drum, and the vapor stream i s  spl i t  into streams #I and 
#2. 

The condensate from the high-pressure warm flash drum i s  cooled to  130°F 

i n  an a i  r-cooled exchanger and combined w i  t h  the reactor 1 i q u i  d stream. 
The condensate from the high-pressure cold flash drum i s  l e t  down to  
715 psi and fed to  the intermediate-pressure cold flash drum. 

The l iquid stream from the reactor i s  l e t  down in pressure to  735 psi and 
quenched w i  t h  the cooled condensate from the h i  gh-pressure warm flash 
drum described above. The quenched stream i s  then separated i n  the 
intermediate-pressure sl  urry flash drum. The resul t i n g  vapor stream i s  
cool ed t o  550°F by exchange w i t h  the downstream 1 ow-pressure, h i g h -  

temperature d i s t i l  l a t e  (stream #5), and then flashed i n  the intermediats- 
pressure warm f lash drum. The vapor from th i s  flash i s  cooled to 130°F 

i n  an air-cooled exchanger a f t e r  water injection to prevent deposition of 
inorganic sa l t s .  This.stream and the condensate from the high-pressure 

cold f lash drum i s  then flashed i n  the intermediate-pressure cold flash 
drum. The resul ti ng medi um-pressure hydrocarbon vapors constitute 
stream #3. 



The bottoms from the intermediate-pressure slurry flash drum are l e t  down 
t o  75 psi and fed t o  the 1 ow-pressure slurry flash drum. The low- 

pressure, high-temperature bottoms from this drum constitute stream #4. 
The condensate from the intermediate-pressure warm flash drum i s  l e t  down 

t o  60 psi and fed t o  the low-pressure warm flash drum. Condensate from 
the intermediate-pressure cold flash drum i s  l e t  down t o  50 psi and fed 
t o  the 1 ow-pressure cold flash drum. 

- 
I he vapor stream from the l'ow-pressure slurry flash drum i s  the second 
stream cooled by exchange with the 1 ow-pressure, hi gh-temperature d i  s- 
t i  11 ate (stream #5) whose temperature i s  thereby increased. The vapor 
stream then passes through a waste heat boiler where i t  i s  cooled t o  
450°F by generation of  150 psi steam. This stream and the 60 psi con- 

densate from the intermediate-pressure warm flash drum are then flashed 
in the low-pressure warm flash drum. The resulting condensate consti - 
tutes the 1 ow-pressure, hi gh-temperature, heavier d i  s t i  11 ate stream #5. 

The vapor stream from the 1 ow-pressure warm flash drum i s  cooled t o  130°F 
in an air-cooled exchanger and, along with the 50 psi condensate from the 
intermediate-pressure cold flash drum, i s  flashed in the low-pressure 
col d flash drum. The resul t i  ng streams constitute the 1 ow-pressure, 
hydrocarbon vapor stream #6, and the 1 ow-pressure , 1 ow-temperature, 1 i g h t  

d'istill ate stream #7. 

Water separation boots are provided on the three low-temperature flash 
drums and the low-pressure warm flash drum. Separated water i s  collected 

in the sour water surge drum and pumped t o  sour water tankage. Vapors 
flashed o f f  in this drum are vented t o  the overhead vent compressor i n  

the H-coal @ Distlll ate Separation plant. Water for the injection 
streams comes from the desal ter in the H-coal@ Distil 1 ate Separation 
pl  a n t  and i s stored i n a wash water receiver. Reciprocating pumps 
elevate .the water t o  high pressure. 



The s lu r ry  separated a s  bottoms from the low-pressure s lurry  f lash drum 

i n  the H-Coal @ Primary Separation plant  i s  pumped t o  the H-Coal 8 
Recycle Slurry Preparation plant. This plant  consis ts  of two independent 
and ident ical  t r a in s ,  w i t h  each t r a i n  serving four of the  e lght  upstream 
t ra ins .  The basic process i n  t h i s  p lant  uses hydroclones t o  separate the 
s lu r ry  i n t o  two streams. The overflow stream has a lower concentration 
of sol i d s  than the  underflow. The overflow is f l  ash-cooled and returned 
t o  the ~ - ~ o a l @  Preheating and Reaction plant  a s  par t  of the  feed s lurry  
o i l  make-up. The underflow is processed t o  recover the  more valuable 

hydrocarbon products before the residuum material and so l ids  are sen t  to  
the Gasification and Pur i f icat ion plant  as material f o r  hydrogen 
generati on. 

The two H-coal@ Recycle Slurry Preparation plant  t r a i n s  are  separated by 
a central  piperack. They are grouped w i t h  the e igh t  t r a in s  of the 
H-Coal@ Recycle Hydrogen Compression plant  and the  two t r a i n s  of the  
H - C O ~ ~ @  D i s t i l l a t e  Separation plant  i n  an area about 1,000 f e e t  by 
300 fee t .  

Each t r a in ,  beginning a t  the feed end, cons i s t s  of a .hydroclone feed con- 
t ro l  drum, a wdroclone underflow drum, and a hydroclone overflow drum, 

which a r e  a l l  ve r t i ca l .  Behind these drums are  the hydroclones. Next i s  

an access road followed by the atmospheric and vacuum f lash drums, both 
of which a r e  horizontal.  Beyond these drums a r e  the f i ve  vacuum f lash  
condensers followed by the vacuum f lash condensate drum and then a 1 ine 
of pumps which handl e the vacuum f lash  products. A 1 arge tank f o r  
handl ing the hydroclone overflow surge and i ts  pumps 1 i e  between the two 
t r a in s ,  and next t o  t h i s  tank i s  the atmospheric s t r ipper  and the  pumps 
f o r  the bottoms from th i s  tower. The f ina l  equipment i s  beyond a 
piperack and cons i s t s  of the  vacuum tower start-up heater  and i t s  
associated surge drum and pumps, and the vacuum tower and i t s  associated 
exchangers, drums, and pumps. 



The slurry from four of the upstream t ra ins  i s  delivered to the 
hydroclone feed control drum from where i t  i s  pumped to a bank of twelve 
hydrocl ones, two of which are spares. The hydrocl ones spl i t  the stream 
into h i  gh-sol ids and low-solids streams which are collected i n  the 
hydrocl one overfl ow and underfl ow drums. 

The slurry stream from the hydrocl one overflow drum is pumped to the 
hydroclone overflow atmospheric flash drum where i t  flashes to  a lower 
temperature. The flashed vapors are  sent to  the H-coal@  ist till ate 
Separation plant. The slurry flows to the hydroclone overflow vacuum 
flash drum where i t  i s  flashed to  an even lower temperature under 
vacuum. The cooled slurry from th i s  drum i s  pumped to the slurry mix 
tank in the H-coal@ Sl urry Peparation plant. A hydrocl one overflow 
surge tank i s  provided to  accommodate variations i n  the rates  of pro- 
duction and requirements of recycl e s l  urry. 

The vapor stream from the hydroclone overflow vacuum flash drum passes 
through two waste heat boilers and into a condensate drum. The 

condensate i s  sent to  the desalter flash drum i n  the H-coal@ Dis t i l la te  ' 

Separation plant. The vapor i s  condensed w i t h  a steam j e t  and the stream 
i s  sent to  the plant 's  desalter. 

Slurry from the hydroclone underflow drum i s  pumped to the upper section 
of an atmospheric s t r ipper  where i t  .is steam-stripped i n  a mu1 ti tray 
col umn w i t h  50 psi steam. The stripped bottom 1 iquids are then pumped to 
a vacuum tower. The vapor from th is  atmospheric stripper,  together w i t h  

vents from the hydrocl one feed, overflow drums, and underflow drums are 
sent to the fractionator flash drum i n  the H-coal@ Dist i l la te  Separation 
pl ant. 



The bottoms f rom the  atmospheric s t r i p p e r  are fed t o  the  upper chamber o f  

a vacuum tower. S t r i p p i n g  steam i s  fed beneath the bottom p l a t e  o f  the 

lower chamber o f  t he  vacuum tower. The s t r i pped  vacuum tower bottoms are 

pumped t o  the Gasi f i c a t i o n  and P u r i f i c a t i o n  p l  ant. The overhead stream 

i s  condensed and t h e  stream i s  sent  t o  the  desa l te r  u n i t  i n  the  H-Coal@ 

D i s t i l l a t e  separat ion p lan t .  

The vacuum tower i s  maintained under vacuum by a three-stage vacuum 

system. In te rs tage  condensers are  water-cooled. The thi d-stage 
condenser i s  vented through a water seal p o t  t o  the  f i r ebox  o f  t h e  feed 

preheater i n  the  H-coal @ D i s t i l  1 a te  Separation p lant .  The condensate 

f rom the vacuum tower j e t  system i s  pumped t o  the desa l te r  i n  the  

H-coal@ D i s t i l l a t e  Separation p lant .  A gas- f i red  s tar t -up  heater  i s  

provided f o r  t h e  vacuum tower. 

4.8 H-COAL@ RECYCLE HYDROGEN COFlPRESSION - PLANT 6 

The H-Coal@ Recycle Hydrogen Compression p l a n t  i s  the  l a s t  o f  f o u r  

consecutive p l a n t s  t h a t  con ta in  a se r ies  o f  i d e n t i c a l  para1 1 e l  t ra ins .  

I n  t h i s  p l a n t  most o f  the  gas produced i n  the  H-Coal@ Preheating and 

Reaction p l a n t  ( f rom which condensibles were removed i n  the H-coal@ 

Primary Separat ion p l a n t )  a r e  recompressed and recycled t o  the  H-Coal@ 

Preheating and Reaction p lan t .  The compressors merely recompress the gas 

t o  make up t h e  pressure drop i n  the  cycle. 
/ 

The p l a n t  p r i m a r i l y  cons is t s  o f  twelve compressors o f  which f o u r  serve as 
spares. The compressors are  e l  e c t r i c - d r i  ven, rec ip roca t ing  machines 

capable o f  boost ing the  i n l e t  pressure by 350 psi.  A compressor suc t ion  

drum p r o t e c t s  the  compressor i n  each l i n e  from any entrainment. 

The compressors o f  t he  H-Coalm Recycle Hydrogen Compression p l a n t  are 

1 ocated i n  four  compressor bui ld ings,  each o f  which serves two of t h e  

preceding t ra ins .  There are three compressors i n  each compressor house, 



one f o r  each t r a i n  and a common spare. The four compressor houses are 

located between the two hydrocl one s ta t i ons  o f  the  H-coal @ Recycl e 

S l  u r r y  Preparat ion p lan t .  The suc t ion  surge drums f o r  each o f  t he  two 

t r a i n s  are located between the p iperack and the bu i ld ing .  The a i r -coo led 

exchanger f o r  coo l i ng  the  excess compressed hydrogen t h a t  i s  being 

recycled t o  the suc t ion  drum f o r  con t ro l  i s  mounted above the piperack. 

A general desc r ip t i on  o f  t h e  o v e r a l l  hydrogen system may help t o  c l a r i f y  

the func t i on  o f  t h i s  plant.  The hydrogen requ i red  i n  the process i s  

der ived from three sources: replacement hydrogen t o  replace t h a t  which 

has been chemical ly consumed i n  the  reac t i on  process; a p u r i f i e d  hydrogen 

stream; and the  recyc le  hydrogen stream. (The combination o f  t h e  f i r s t  

two streams i s  c a l  l e d  make-up hydrogen. ) 

The p r i n c i p a l  source o f  replacement hydrogen i s  the  G a s i f i c a t i o n  and 

P u r i f i c a t i o n  p l a n t  where Texaco p a r t i a l  -ox ida t ion  gas1 f i  ers are employed 

t o  generate a synthesis gas from the  vacuum tower bottoms o f  t h e  H-coal@ 

Recycle S l u r r y  Preparat ion p lan t .  This syngas i s  subjected t o  s h i f t  

conversion and desu l fu r i za t i on  before being compressed t o  reac to r  

pressure. A minor source o f  replacement hydrogen i s  the Naphtha 

Hydrotreat i  ng and Reforming p lan t .  

The p u r i f i e d  hydrogen and the  recyc le  hydrogen are  p r i m a r i l y  der ived from 

the  vapor streams f r o m  the H-coal@ Primary Separation p lant .  These 

vapor streams are hydrogen-rich and con ta in  methane, ni trogen, and o the r  
noncondensibles which must be removed t o  prevent t h e i r  build-up. This i s  

accomplished by removing purge streams from the recyc le  gas and sending 

them t o  the Gas P lan t  a1 ong w i  t h  o the r  gas streams which were separated 

i n the H-coal@ Primary Separat ion, p l  ant. The noncondensi b l  es are 

l a r g e l y  removed i n  the Gas P lan t  and the  Cryogenic Hydrogen P u r i f i c a t i o n  

p l  ant. 



The purified hydrogen stream i s  mixed w i t h  the replacement hydrogen 
derived i n  the Naphtha Hydrotreating and Reforming plant, which i n  t u r n  
i s  mixed w i t h  the replacement hydrogen from the Gasification and 
Purification plant. The combined stream i s  then compressed to  reaction 
pressure i n  the compressor section of the Gasification and Purification 

- plant. 

:I 

T h i s  make-up stream flow i s  controlled by the pressure i n  the high-pres- 
sure cold f lash drum. .The make-up i s  mixed w i t h  the recycle hydrogen 

, stream from the recycle compressors, and the entirehydrogen feed stream 
is  preheated i n  the exchangers i n  the H-Coal@ Primary Separation and 
H-coal @ Preheating and Reaction pl ants. 

The H-coal @ D i  sti 11 ate  Separation plant receives d i s t i l  1 able material 
from the H-Coal@ Primary Separation plant and the H-Coal @ Recycle 
Slurry Preparation plant and fractionates i t  into narrower cuts for  
further treatment or  final products. L i g h t  naphtha and overhead vapor 
a re  sent to  the Gas Plant fo r  further processing t o  LNG and straight-run 
gas01 ine. The heavy naphtha cu t  i s  sent to the Naphtha Hydrotreating and 
Reforming plant. Middle d i s t i l l a t e  i s  sent to  storage for  shipment. A 

flush o i l  cu t  i s  sent  to  intermediate storage fo r  various flushing 

requirements i n  the plant. Some heavy d i s t i l l a t e  i s  sent to  storage as a 

product, although some is  stored i n  intermediate storage and recycled as 
required fo r  flushing and purging; the greatest  portion i s  recycled back 
to  the H-Coal @ Recycle Sl urry Preparation plant. 

The plant has two independent and identical t ra ins  which operate i n  par- 

a l l e l .  Each t rain i s  dedicated to  processing d i s t i l l ab le  material from 
four t r a ins  of the ~ - ~ o a l @  Primary Separation plant and one t ra in  of the 
H-CoalB Recycle Slurry preparation plant. The two trains  of the H-Coal@ 
Dis t i l l a t e  Separation plant are  located a t  the downstream end of the com- 
pressor bui 1 d i  rigs of the H-Coal @ Recycle ~ ~ d r o ~ e n '  ~ o m ~ r e s s i o n  plant. 



One t r a i n  i s  located on each side of the  central  access road t h a t  
traverses the reaction and separation area. 

The f i r s t  i tems of equipment i n  each t r a i n  a re  the  di rect - f i red 

f ract ionator  feed heater f o l l  owed by the f ract ionat ing tower, wh i  ch 
dominates the area. Each f ract ionater  i s  14-1/2 f e e t  i n  diameter and 167 
f e e t  high. After the tower are the f lush o i l  s t r i ppe r  and mid-dis t i l la te  
s t r ipper  mounted one above the other, followed by a piperack w i t h  the  
air-cooled exchangers i nvol ved i n  the operation of the f ract ionator  
mounted above i t .  A two-tiered s t ruc ture  which supports the other  drums 
and exchangers associated w i  t h  the f ract ionator  operation i s  next, w i  t h  

the f ract ionator  vent gas compressors mounted a t  grade near i t s  center. 
A1 so a t  grade near t h i s  s t ructure  a re  the waste heat boilers t ha t  are  
used t o  cool the  f ract ionat ion products a1 ong w i t h  the  middle and heavy 
d i s t i l l a t e  pumparound f ract ionator  feed exchangers. Above t h i s  equipment 
are  the f ract ionator  preflash drum, t he  f ract ionator  overhead receiver, 
the overhead coalescer,  and the f ract ionator  overhead trim condenser. 
The s t ructure  a1 so contains the f l  u s h  o i l  pumparound/f ract ionator  feed 
exchangers and the compressor aftercooler.  The compressor suction drum 

i s  mounted a t  an intermediate 1 eve1 i n  the  s t ruc ture  above the  compres- 

sors. The l a s t  i tems of equipment i n  the t ra in  are  the desa l te r  f l ash  
drum, the  desal ter ,  the  desal ter  wash/effl uent exchanger, and the 
f ract ionator  feed pumps. 

The principal feed materials  are  the 1 i g h t  and heavy condensate streams 
from the H-coal@ Primary Separation plant  and the hydroclone vacuum 
condensate from the H-coal @ Recycle Sl urry Preparation plant. Lesser 
feed const i tuents  include hot vapor streams and sour water from the 
vacuum tower, the  hydrocl one overfl ow vacuum system i n  the H-Coal @ 

Recycle Sl urry Preparation plant ,  as  we1 1 as  condensate from the s l  urry 
mix tank overhead condenser i n  the Coal Sl urry Preparation Plant. 



The 1 i g h t  condensate  and the hydroclone vacuum condensate a r e  mixed and 
f lashed  and then t r e a t e d  i n  a d e s a l t e r .  The s a l t - f r e e  hydrocarbons from 
the d e s a l t e r  a r e  preheated through a s e r i e s  o f  exchangers u t i l i z i n g  the 
pumparounds o f  middle d i s t i l  1 a t e ,  f l  ush o i  1 , and f r a c t i o n a t o r  bottoms. 
The preheated and d e s a l t e d  o i l  i s  then mixed w i t h  the heavy condensate 

- from the H-coal@ Primary Separat ion p l a n t  and the combined stream, a f t e r  

f l a s h i n g ,  i s  pumped through the r a d i a n t  s e c t i o n  o f  the f i r e d  f r a c t i o n a t o r  
f eed  h e a t e r  t o  the f l a s h  s e c t i o n  o f  the f r a c t i o n a t o r .  Co i l s  i n  the con- 
vec t ion  s e c t i o n  of the heater conserve heat by preheating thc combustion 
a i r  and supe rhea t ing  steam f o r  s t r i p p i n g  steam requirements i n  both the 
d i s t i l  1 a t e  s e p a r a t i o n  process  a n d - t h e  H-Coal @ .Recycle Sl urry Prepara t ion  
pl  an t .  

Each f r a c t i o n a t o r  has 48 t r a y s  of  d i f f e r e n t  types.  The vapor from the 

top  of  the tower is  cooled and t h e  l i g h t  naphtha i s  condensed and sepa- 
r a t e d  i n  the f r a c t i o n a t o r  overhead receiver. This  l i g h t  naphtha i s  
pumped through a c o a l e s c e r  and then s e n t  t o  the Gas P l a n t  f o r  f u r t h e r  
t rea tment .  A p o r t i o n  of the 1 i g h t  naphtha i s  re f1  uxed t o  the top  t r a y  o f  
the f r a c t i o n a t o r .  

The vapor s epa ra t ed  from the l i g h t  naphtha i n  t h e  overhead r e c e i v e r  i s  
combined w i t h  vapor from the sou r  water  surge  drum i n  the H-coal@ 
Primary Separa t ion  p l a n t  and f ed  through a knockout drum t o  the vent  gas 
compressor. The compressed gas  is  cooled and s e n t  t o  the mul t i s t age  
compressors i n  the Gas P lan t .  

Several t r a y s  lower i n  the f r a c t i o n a t o r  a heavy naphtha s t ream i s  w i t h -  

drawn and s e n t  t o  the Naphtha Hydrotreat ing and Reforming p lan t .  A por- 
t i o n  o f  this  s t ream i s  withdrawn a t  the f r a c t i o n a t o r ,  cooled i n  an a i r -  

cooled exchanger,  and re turned  t o  t h e  tower a s  r e f l u x  a few t r a y s  above 
i t s  withdrawal po in t .  A second s ides t ream i s  a l s o  withdrawn and 
re turned ,  . w i  thou t temperature change, t o  a 1 ower t r ay .  



Middle d i  st i  11 a t e  i s  withdrawn about. two t h i r d s  of the way down the tower 
and s t r i p p e d  w i t h  superheated steam before  being pumped through a waste 
h e a t  b o i l e r  and an a i r -cooled  exchanger t h a t  1 ower i t s  temperature  t o  
130°F before  i t  is  s e n t  t o  the middle d i s t i l l a t e  s t o r a g e  tanks.  
S imi l a r ly ,  f l u s h  o i l  i s  withdrawn p a r t  way up the tower, s t r i p p e d  w i t h '  

superheated steam, and then pumped through a waste hea t  b o i l e r  and an a i r -  
cooled exchanger t h a t  1 ower i ts  temperature  t o  140°F before  i t  i s  s e n t  t o  
the f l u s h  o i l  s t o r a g e  tanks.  Pumparound streams from the middle 
d i s t i l  1 a t e  and f l  ush o i l  draws a r e  heat-exchanged w i t h  the stream from 
the desal  ter ,  trim-cooled i n  a i  r-cool ed  exchangers and re turned  to- the 
tower two o r  three t r a y s  above the draw poin t .  The vapors from the two 
strippers a r e  re introduced i n t o  the  f r a c t i o n a t o r  on t h e  same t r a y  a s  the 

r e t u r n  f l  ow from the corresponding f eed  p rehea t  exchangers. 

The heavy d i s t i l l a t e  from the bottom i s  pumped through the heavy d i s t i l  - 
1 a t e / f r a c t i o n a t o r '  f eed  exchangers. The p a r t i a l l y  cooled s t ream from the 
exchangers is  cooled t o  180°F i n  a series o f  two waste hea t  b o i l e r s  and 
an  a i r -cooled  exchanger before  being d e l i v e r e d  t o  s to rage  tanks.  

A1 though this mater ia l  i s  a f i n a l  . . product ,  i t  is  a l s o  used a s  an .interme- 
d i a t e  f o r  f l u sh ing .  A s i d e  s t ream i s  taken before  the a i r -cooled  
exchanger and s e n t  t o  the H - ~ o a l O  Recycle S lu r ry  ~ r i p a r a t i o n  p l a n t  f o r  
use i n  prewett ing the coal and a s  a component o f  the r e a c t o r  f eed  s l u r r y .  

4.10 GAS PLANT - PLANT 7 

The Gas P l  a n t ,  i n conjunct ion w i t h  the Cryogenic Hydrogen Puri  f i  ca t i o n  
p l a n t ,  processes  the 1 i gh t e r  products o f  the upstream p l a n t s  t o  remove 
hydrogen s u l f i d e ,  s epa ra t e  1 i qu id  and gaseous products ,  and f u r t h e r  
puri  f y  some o f  the materi  a1 s. I t  is fed  w i  t h  bd roca rbon  s t reams from 
the H-coal@ Primary Separat ion,  H-Coal @ D i  s t i l l  a t e  Separa t ion ,  and 
Naphtha Hydrotreating and Reforming p lan ts .  I t  produces three f i n a l  

p roducts  which a r e  s e n t  t o  product  s t o r age :  propane, butane, and 1 i g h t  
s t r a igh t - run  gas01 ine.  I t  a l s o  produces e thane- r ich  fue l  gas f o r  the 



internal fuel gas system along w i t h  other streams tha t  require addi tional 
processing, such as: a hydrogen-rich stream tha t  i s  separated and puri- 

f ied  i n  the Cryogenic Hydrogen Purification plant; acid gas tha t  i s  sent 
. t o  the Sulfur plant; heavy naphtha tha t  i s  sent to  the Naphtha Hydro- 

. treating and Reforming plant; and a sour water stream tha t  i s  sent  to  the 
Y Sour Water Treating plant. 

tj* 

The Gas Plant has only one t rain;  however, t h i s  t ra in  has seven basic 

sections. These sections are: 

e Gas compression 

Acid gas scrubbing 

e Liqu id  and gas drying 

~ roduc  t fractionation 

e LPG sweetening 

e Naphtha sweetening 

Refrigeration 

The Gas P l  ant i s 1 ocated, between the Cryogenic Hydrogen P u r i  f ication 
plant and the Sulfur Plant. I t  occupies an area about 665 f ee t  by 
225 fee t .  A p i  perack extends down the center of the area. Beginning a t  
the feed end, the gas compression section is  on the l e f t  of a central 
piperack. I t  consists of the gas compressor and turbo expanders and the 
associated knockout drums, exchangers, separator drums, and pumps. Next 
i n  1 ine i s  the acid gas scrubbing section w i t h  the high-pressure and 

. low-pressure DEA absorber towers and the DEA regenerator w i t h  drums and 
exchangers associated w i t h  each tower adjacent to  that  tower. The a i r -  

cooled exchangers are  mounted above the piperack. The pumps are  mounted 
i n  a l i n e  just outside the piperack. The drying section i s  next, w i t h  

the gas and 1 i q u i d  dryers i n  1 ine a1 ongside the piperack' and the 



asociated exchangers and drums between and on each side of them. On the 
other ss'de of the piperack i s  the product fractionation section with the 
butane wash, propane wash, deethanizer, and the debutanizer towers in a 
1 ine. The towers are separated by exchangers and drums associated with 
the operation of each, foll owed by the n a p h t h a  spl i t ter  depropanizer w i t h  

i t s  related drums and exchangers. The light naphtha  caustic wash, Merox 

treatment, sand f i l te r ,  and sieve sweeteners are located next. Three 
air-cooled exchangers are mounted'above the piperack. Pumps are located 
adjacent t o  the rack on both sides. The refrigeration section i s  in a 
corner of  the p l a n t  near the product fractionation section. This section 
has two complete and independent trains. Each train contains a 
three-stage compressor, condensers, three wet and three dry drums used in 
producing the three levels of  refrigeration, and a surge drum. 

The various feed streams are f i r s t  brought t o  a nominal pressure of 
700 psi in the gas compression section. Low-pressure streams are corn- 
pressed t o  this pressure, whil e hi gh-pressure feed streams are expanded 
t o  reduce their pressure t o  operating 1 eve1 s. Streams a1 ready a t  the 
operating pressure bypass the ini tial compression or expansion steps. 
The streams also pass through knockout drums and separators t o  remove 
sour water and naphtha.  The gas i s  sent t o  the DEA absorber, n a p h t h a  t o  
the 1 iquid drying section, and sour water t o  storage or treating. 

The acid gas scrubbing section removes H2S and C02 by scrubbing feed 

gas with diethanolamine (DEA) .  This u n i t  contains two DEA absorbers, one 
that scrubs the high-pressure gas from the gas compression section, while 
the second scrubs a lower-pressure fuel gas stream from the downstream 
deethanizer. A common DEA regenerator serves t o  remove the acid gas from 
the DEA streams from both  absorber towers. The sweet fuel gas from the 
1 ow-pressure absorber i s  sent t o  the p l a n t  fuel system. Acid gas from 
the DEA regeneration i s  sent t o  the Sulfur Plant. The sweetened gas 
stream from the high-pressure DEA absorber i s  cooled. t o  60°F and 

' 



separated. The separated gas and condensate streams are then sent to the 
drying section as  separate streams. 

The drying' section has two feed streams, one gas and the other 1 iquid. 
The respective streams are dried i n  separate vessels packed w i t h  

activated a1 umina. The gas stream and part  of the 1 i q u i d  stream are the 

! resu l t  of cooling the gas from the DEA absorber to  60°F. The dried gas 
stream i s  fed t o  the butane wash column of the product fractionation 
section. The condensate resul t ing from the cool i ng fs mixed w i  ttl a 
naphtha stream from the second-stage separator i n  the gas compression 
section, dried, and sent  to  the deethanizer i n  the product fractionation 
section. 

The product fractionation section consists of a pretreatment and a 
fractionation section. The gas stream i s  preheated prior t o  sending a 
feed stream to  the Cryogenic Hydrogen Purification pl  ant. Downstream of 
this cut  the remaining gas i s ;  fractionated into l i g h t e r  products of 
propane, butane, l i g h t  naphtha, and heavy naphtha. 

The pretreatment section includes two absorbers that  t r e a t  the gas i n  

ser ies  ,by washing w i t h  butane i n  the f i r s t  absorber and w i t h  propane i n  

the second. T h i  s washing removes hydrocarbon compounds such as benzene 
tha t  migh t  freeze i n  the cryogenic exchangers. After washing, the 
hydrogen-rich gas from the propane wash column overhead i s  sent to  the 
Cryogenic Hydrogen Purification pl ant. The bottoms from the two 
absorbers a re  sent  to  the deethanizer along w i t h  dry unstabil ized naphtha 
from the drying section. 

The deethani zer produces a .sour, ethane-rich overhead product which i s  

sent  to  the low-pressure acid gas scrubbing section, where, a f t e r  
sweetening, i t  i s  sent to  the fuel gas system. The deethanized bottoms 
flow to  a debutanizer tower that produces a propane-butane overhead and 



a debutanized bottoms. The overhead stream i s  sent t o  the LPG sweetening 
section, and the bottoms t o  the n a p h t h a  spli t ter  column. After splitting, 
the heavy n a p h t h a  i s  sent t o  the Naphtha  Hydrotreating and Reforming 
plant, while the light naph tha  i s  sent t o  the naphtha sweetening 
section. The sweetened debutanizer overhead i s  returned t o  a 
depropanizer. The overhead from this column i s  spl i t  into two streams: 
one stream i s  sent t o  the upstream propane wash column as wash liquor; 
the second stream i s  sent t o  storage as LPG propane final product. 
Similarly, the bottoms stream i s  spl i t  into a wash 1 iquor for the 
upstream butane wash column and a stream t o  storage as LPG butane final 
product. 

The LPG sweetening section i s  fed by the debutanizer overhead stream of 

m i  xed propane and butane. This stream i s  sweetened in molecular sieve 
beds t o  remove hydrogen sulfide and mercaptans. The sweetened LPG i s  
then sent t o  the depropanizer in the prpduct fractionation section. In 

the product n a p h t h a  sweetening section, the l i g h t  naphtha product from 
the naphtha spl i t t e r  i s  treated in a 'caustic col umn and a Merox reactor 
and i s  then filtered before being sent t o  storage as LSR gas01 ine final 
product. 

The refrigeration section provides coolant for the product fractionation 
section and for the Gasification and Purification plant. Use of this 
low-level cooling allows for a design which improves operational 
efficiency of the plants. The low temperatures are achieved by expanding 
propane in exchanger shells while the stream t o  be cooled i s  traveling 
through the tubes. The vaporized propane from these refrigeration 
exchangers i s  recompressed and 1 iquefied, and the 1 iquefied propane i s  
returned t o  the exchangers. The three-stage propane compressors a1 1 ow 
three refrigeration levels: a low-temperature stage of -41°F, an 
intermediate temperature of -3"F, and a hi gh-temperature stage of 45°F. 
The three stages of refrigerant are circulated in separate systems. 



4.1 1 CRYOGENIC HYDROGEN PURIFICATION - PLANT 8 

The s ing le  t r a i n  Cryogenic Hydrogen P u r i f i c a t i o n  p l a n t  i s  fed by the  

overhead stream from the propane wash tower i n  the  Gas Plant .  This feed 

stream i s  a t  29°F and 645 psi.  It conta ins about 73% hydrogen mixed w i t h  

gaseous hydrocarbons, l ow-bo i l i ng  hydrocarbons, ni trogen, carbon monox- 

ide ,  and o t h e r  i n e r t s .  The compounds removed from the crude hydrogen 
%, 

stream a r e  methane, ethane, heavier  hydrocarbons, n i t rogen,  and carbon 

monoxide. The products f r o m  the  p l a n t  a re  a p u r i f i e d  recyc le  hydrogen 

stream con ta in ing  93% hydrogen, a p i p e l i n e  gas stream as a f i n a l  product, 

a medium Btu f u e l  gas stream, and a low-boi l  i n g  hydrocarbon stream which 

i s  re turned t o  the  Gas P lan t  f o r  f u r t h e r  processing. The p l a n t  i s  

designed t o  recover 98% o f  t h e  hydrogen contained i n  the feed stream. 

The p l a n t  cons is t s  o f  a warm 'sect ion w i t h  gas adsorber beds, a, cryogenic 

sec t ion  w i  t h  a c o l d  box, and compressors. The c o l d  box i s  a confined, we1 1 

i nsu la ted  box conta in ing  process equipment such as exchangers and separators 

t h a t  p u r i f y  the  hydrogen feed gas by stagewise condensation o f  i m p u r i t i e s  a t  
p rogress ive ly  1 ower temperatures, f rom 95°F t o  about -295°F. 

. The Cryogenic Hydrogen P u r i f i c a t i o n  p l a n t  i s  located between the Gas P lant  

and the  Naphtha Hydro t reat ing  and Reforming p lan t .  The p l a n t  occupies an 

area o f  about 670 f e e t  by 350 f e e t  and if. div ided  by's piperack extending 
' 

through the  equipment area. I n  a l i n e  on the  r i g h t  a re  t h e  l i q u i d  hydrocar- 

bon, i n e r t  gas, pipe1 i n e  gas, and n i t rogen  compressors. Beyond the  compres- 

sors i s  the  separator-exchanger c o l d  box. On the  o ther  s ide  o f  t h e  piperack 

are the th ree mol s ieve dryer  u n i t s  and the regenerat ion and o the r  equipment 

associated w i t h  t h e i r  operation. 

The feed stream en te r ing  t h e  warm end o f  t h e  p l a n t  i s  f i r s t  d r i e d  i n  mol 

sieves t o  remove res idua l  t races o f  water, carbon dioxide, mercaptans, and 

a w  o ther  ma te r ia l s  w i t h  h igh  f reez ing  p o i n t s  t h a t  might form so l  i d  deposi ts  

i n  the c o l d  exchangers and necessi tate f requent  deriming. There are three 

of these mol s ieve dryers  w i t h  two i n  operat ion wh i l e  the  t h i r d  i s  being 

regenerated . 



The cryogenic section separates the impure components from the crude 
hydrogen stream. This i s  a simple b u t  practical method of upgrading a 
hydrogen rick stream. A sharp hydrogen separation i s  possible because of 
i t s  extremely low liquefaction temperature, compared to the higher 
boil ing  points of the impurities. 

The feed stream from the warm section i s  fed to the cold box heat 
exchanger which cool s the gas, to  -140°F. The gas i s  then separated from 
the heavier hydrocarbons i n  a heavy hydrocarbon separator. The 
condensate 1 eaves the separator, i s  flashed to  30 psi ,  and enters  a 
1 iquid-vapor separator. The separated streams are returned to the 
exchanger, heated, and then recombined a f t e r  the warm end of the 

exchanger, which minimizes problems of distributing two phases inside 
exchanger passages. The mixed stream then leaves the cold box and i s  . . 

sent to  a three stage 2000 HP compressor, elevated i n  pressure, and sent 
to the deethanizer i n  the Gas Plant for  recovery and separation. E- 

b 

The gas stream from the heavy hydrocarbon separator flows to three heat . 
exchangers i n  ser ies  tha t  cool the stream to  -288°F. The stream is  then 
separated i n  a l i g h t  hydrogen separator. The overhead gas i s  a purified 
hydrogen gas containing a t  l eas t  93% hydrogen. I t  i s  f i r s t  sent back 
through the exchangers i n  reverse flow t o  rewarm i t  and then leaves the 
cold box and i s  sent,  a t  575 psi and 23"F, to  the make-up hydrogen com- 
pressor in the Gasification and purification plant for  use as  hydrogen 
feed fo r  the H-coal@ reactors. 

The plant has a nitrogen refrigeration system to supply i t s  refrigerant. 
This system consists of a six-stage, 5,000 HP compressor, intercoolers, 
aftercool.ers, and similar equipment. The nitrogen i s  circulated to  the 
various heat exchangers i n  the cold box. 



4.12 GASIFICATION AND PURIFICATION - PLANT 12 

The Gasification and Purification plant i s  a large and complex u n i t  i n  

which hydrogen and a medium-Btu fuel gas aye generated, purified, and 
compressed. I t  contains the following f ive  major sections: 

Gasification 

:( e Shif t  

Gas purification 

Hydrogen compression 

e Fuel' gas cool i n g  and treating 

The gasification section -has f ive t rains ,  four operating and one spare; 
the s h i f t  and acid gas removal sections each have three t rains;  the 
wdrogen compressor sections has f ive  t rains;  and the fuel gas cooling and 
treating section consists of a single train.  The vacuum tower bottoms 
and oxygen are the principal raw materials fed to  the plant. Compressed 
hydrogen and fuel gas are the plant 's  principal product streams. 

The Gasification and Purification plant i s  located between the H-Coal ? 
Recycl e Sl urry Preparation and the H-Coal @ Recycl e Hydrogen Compression 
plants. I t  occupies an area about 91 5 f e e t  by 600 feet.  A main piperack 

extends through the center of the area w i t h  several branch piperacks on 
e i the r  side. The fuel gas cooling and treating section and the 
gasification and s h i f t  sections are 1 ocated on one side of the central 
p i  perac k ;  the gas purification and hydrogen compression sections are 

' 1 ocated on the other. 

Starting a t  the central piperack a t  the s h i f t  section end, the f i r s t  
equipment items on the r ight  s ide are the three s h i f t  section trains.  
Each t r a i n  i s  oriented perpendicular to  the rack and consists of f ive  
vertical  vessels w i t h  the associated exchangers between them. The f i r s t  



three vessels are converters followed by the hot and cold shifted gas 
knockout drums. A branch piperack runs on one side of each train and the 
air-cooled exchanger for cool ing the hot gas i s  mounted above i t .  The 
three sh i f t  trains are foll  owed by the drums and exchangers that cool the 
syngas and fuel gas streams i n  waste heat boilers. 

The next equipment i s  a conveyor belt and loading system f o r  the 
collection and loading of  the solid waste from the gasifier trains into 
trucks f o r  disposal. The five gasifier trains are next. l hey a* 
ori ented perpendicul ar  to the central pi perack. The soot scrubber and 
lock hopper sludge drum are between the piperack and the gasifier; the 
slurry feed tanks and slurry booster and feed pumps are on the other side 
of the piperack. The balance of the fuel gas cooling and treating 
section i s  next. This consists of the H2S absorber and lean solvent 

cool er  a1 ong wi t h  the turboexpander and re1 ated exchangers. 

The three gas purification trains are located in rows on the other side 
of and perpendicular to the central piperack. The equipment in each of 
these trains occupies both sides of a branch piperack. On one side are 
four vertical vessels consisting of the H2S absorption tower, the C02 
absorption tower and two para1 1 el C02 strippers. Between the f i r s t  two 
towers i s  a 1 arge, horizontal , rich sol vent flash drum. The second tower 
i s  followed by the 1 ean sol vent hydraul ic turbine, the 1 ean solvent 
charge pump, and the bdrogen flash drum. Re1 ated she1 1 -and-tube 
exchangers are mounted adjacent t o  each tower. On the other side of the 
branch piperack are the recycle vapor compressor and turbine with three 
re1 ated knockout drums fol 1 owed by the horizontal , 1 ean sol vent presatu- 
rator and the large vertical H2S stripper. The small vertical vessels 
next i n  l ine are the stripper overhead knockout drum and the sulfur 
f i 1 ter. Re1 a ted she7 1 -and -tube exchangers are interspersed among the 
equipment. The air-cooled H2S stripper condenser i s  mounted above the 
pi perack. 



Most of the remaining area is  occupied by five hydrogen compressors and 
the i r  associated knockout drums and interstage cool ers. The compressors 

are  aligned i n  a row parallel to  the piperack near the plant 's  battery 
1 i m i  ts. The Selexol solvent sump and the solvent make-up storage tank 

- are 1 ocated on the other side of the compressors. The slurry equipment 
i s between the rack and the compressors. 

Slurry from the vacuum tower i n  the H-Coal@ Recycle Slurry Preparation 
plant i s  fed to  two agitated feed tanks i n  the gasification section. 
Centrifugal pumps c i rcu la te  t h i s  slurry to  the reactor feed pumps' . 

suction and back to  the tank to  prevent the sol i d s  from s e t t l  ing out. 
There a re  eight of these high-pressure reciprocating reactor feed pumps, 
one for  each reactor and three commom spares. The slurry is  mixed w i t h  

high-pressure steam and gasified w i t h  pure oxygen i n  a burner on top of 
the reactor. The combustion gases from the combustion chamber of the 
reactor are immediately quenched w i t h  water i n  a quench chamber be1 ow the 
combustion chamber. The gases co l lec t  i n  the upper part  of the quench 
chamber and flow to  a scrubbing tower where they are  scrubbed w i t h  

condensate from the downstream s h i f t  section. The raw syngas from the 
scrubber i s  sent to  the s h i f t  section. 

The sol i d s  resul t i  ng from the combustion are removed from the bottom of 
the quench chamber as  a water slurry through a lock hopper arrangement. 
The larger  sol i d s  a re  removed from the slurry by screening. The s l  urry 

passing through the screen i s  pumped to a c l a r i f i e r .  Two of these 
c l a r i f i e r s  serve the five trai,ns i n  the section. The solids from 
screening and the sludge from the c l a r i f i e r  are sent o f f s i t e  for  
disposal. The c la r i f ied  water is  recirculated to  the lower section of 
the scrubber. 

The water from the bottom section of the scrubber i s  pumped t o  the quench 
chamber of the reactor. A blowdown stream from above the bottom of the 



quench chamber i s  cooled by exchange w i t h  the  c l a r i f i e d  water and 

returned t o  the bottom sect ion  o f  t he  scrubber. This sidestream i s  then 

flashed t o  about 10 p s i  and the condensate fu r the r  cooled i n  an 

a i r -coo led exchanger and sent  t o  the c l a r i f i e r .  The vapor stream i s  a l so  

cooled i n  an a i r -cooled exchanger and the  r e s u l t i n g  condensate fed  t o  the  

c l a r i f i e r .  Flashed vapor i s  vented t o  the ac id  gas header. 

I n  the  s h i f t  section, t h e  raw syngas i s  spl  i t  i n t o  two streams w i t h  

about 20% being sent  t o  the fuel gas cool i n g  and t r e a t i n g  sect ion. 

The remainder i s  t rea ted  i n  th ree i d e n t i c a l  t r a i n s  cons is t i ng  o f  t h ree  

c a t a l y t i c  s h i f t  converters. I n  normal operat ion, the  raw syngas which i s  

a1 ready a t  re1 a t i v e l y  h igh  temperature and pressure i s  f u r t h e r  heated by 

exchange w i t h  the h o t  gas from the bottom o f  the f i r s t  s h i f t  converter.  
A gas-f i r e d  s tar t -up  heater, common t o  a l l  th ree t ra ins ,  i s  provided t o  

heat  the raw syngas feed dur ing  start-up. The heated gas i s  fed  t o  the 

top of t he  converter  and, i n  f lowing down through the  c a t a l y s t  beds, the  " 
carbon monoxide i s  converted t o  hydrogen and carbon d iox ide  by reac t ion  

w i t h  the  water '  vapor i n  the  syngas stream. This reac t i on  cont inues t o  

occur i n  each o f  the two succeeding converters, b u t  t o  a l esse r  degree 

as the  carbon monoxide concentrat ion i s  depleted. The reac t ion  i s  

exothermic and the heat  o f  reac t i on  must be removed between the  

successive stages. 

Between the  f i r s t  and second converters, t he  s h i f t e d  gas from the  bottom 

o f  the f i r s t  converter  i s  cooled by heat exchange w i  t h  the  incoming raw 

syngas. It i s  then cooled f u r t h e r  i n  the  tubes o f  a waste heat  b o i l e r  

which generates 900 p s i  steam. A f i n a l  coo l i ng  i s  e f f e c t e d  by exchange 

w i t h  the  feedwater t o  the  b o i l e r .  Before the cooled gas i s  fed  t o  the  

second stage converter,  a sidestream i s  taken, ra i sed  t o  a h igher 

pressure i n  a gas blower, and then recycled t o  the  feed stream en te r ing  

the top  o f  the f i r s t  converter.  This stream i s  u t i l  i zed  t o  moderate and 

c o n t r o l  the  e x i t  temperature from the  f i r s t  reactor .  Between the  second 



and 'third converters, the shifted gas i s  c0.01 ed i n a waste heat boiler 
. where 150 psi steam i s  generated. After 1 eaving the bottom of the t h i r d  

converter, the shif ted gas i s  cooled by exchange w i t h  u t i l i t y  water which 
has been part ia l ly  preheated i n  the fuel gas cooling and treating 

, section. Further cooling i s  effected i n  a waste heat boiler. The gas 
then passe,s through a hot knockout drum and is  then cooled by exchange 

:i' w i t h  condensate from the boiler system. I t  i s  cooled further by exchange 
w i t h  condensate from the downstream cold knockout drum, and then enters 
an a i r  cooler. Trim cool ing i s by exchange w i t h  cool ing  water. The gas 
then enters a cold knockout drum. 

The gas from the knockout drum i s  sent to  the gas purification section as 

' i t s  principal feed. This section has three identical t ra ins  i n  which the 
shifted syngas i s  scrubbed w i t h  Selexol solution i n  two stages. In the 

f i r s t  stage hydrogen sulf ide i s  removed, and ' i n  the second stage carbon 
dioxide i s  removed. The shif ted syngas i s  fed beneath the bottom tray of 
an H2S absorption tower. As i t  passes u p  the column, i t  is  contacted 
with lean Selexol solution which i s  fed above the top t ray  and the H2S 

i s  absorbed from the gas stream. The HpS-free gas from the top of the 
absorber i s  then m i  xed w i  t h  incoming 1 ean Sel ex01 to presaturate the 
solvent with C02. A portion of the hot, lean Selexol and gas mixture 
i s  cooled by a water exchanger and the mixture i s  fed to  the saturator 

drum. The gas i s  separated from the 1 ean Selexol i n  the saturator drum 
and i s  fed to  the C02 absorption tower. The lean solvent i s  sent to  
the top of the H2S absorption tower. 

The rich Selexol solution from the bottom of the H2S absorption tower 
i s  l e t  down i n  pressure i n  three stages. The f i r s t  let-down i s  through a 
hydraul i c  turbine which drives the Sel ex01 circulating pump. The stream 
i s  then flashed i n  a flash drum. The separated solution i s  l e t  down for  

the second time through a let-down valve, and flashed i n  a second flash 
drum.  the solution i s  l e t  down f o r  the. t h i r d  time through a let-down 



valve and, a f t e r  heat ing i n  two exchangers, i s  f ed  t o  the  top o f  t h e  

H2S s t r i p p e r  tower. The gases removed from the two let-down f l a s h  

drums are recompressed i n  a three-stage, tu rb ine-dr iven compressor and 

recycled back t o  the sh i f t ed  syngas stream feeding the  H2S absorber. 

The r i c h  so lvent  i s  s t r i pped  i n  the  H2S s t r i p p i n g  tower by heat ing  a t  

low pressure. Heating i s  provided by a steam-heated rebo i l e r .  The H2S 

passing overhead f r o m  t h i s  tower i s  cooled by an a i r -coo led exchanger. 

The culdensate i s  r e f l u x e d  t o  the tower and the  H2S-rich gas stream i s  

reheated by steam i n  an exchanger before being sent  t o  the Sul fur  Plant. 

The 1 ean so l  vent from the bottom o f  the  H2S s t r i p p e r  i s  cooled and 

pumped t o  the 1 ean so lvent  presaturator.  A s ide stream i s  fed  t o  the  

H2S absorber i n  the fue l  gas coo l i ng  and t r e a t i n g  sect ion. 

The sh i f t ed  syngas from the lean so lvent  p resatura tor  i s  fed  t o  the  C02 

absorpt ion tower. Before enter ing  the tower, the gas i s  cooled by 

exchange w i t h  co lder  gas from the top o f  t h e  downstream C02 s t r i ppe r .  

Fur ther  cool i ng i s  e f f e c t e d  i n  a' r e b o i l  er-type exchanger which vaporizes 

propane. The gas enters  the  C02 absorpt ion tower below a packed 

section. From the  top  o f  t h e  C02 absorber the  gas i s  fed  t o  a knockout 

drum. 

The r i c h  Selexol so lvent  from the bottom o f  the  C02 absorber i s  l e t  

down i n  pressure i n  two steps through a two-stage hydrau l ic  tu rb ine  which 

d r i ves  . the 1 ean so l  vent feed pumps. The exhaust stream from the f i r s t  

stage o f  the tu rb ine  f lows t o  the  hydrogen f l a s h  drum. The vapors are 

fed t o  the  fuel gas coo l i ng  and t r e a t i n g  sect ion. The r i c h  Selexol 

s o l u t i o n  f r o m  the hydrogen f l a s h  drum i s  cooled by propane i n  a rebo i l e r -  

type exchanger and then flows t o  the  second stage o f  t he  hydrau l ic  

turb ine.  It i s  next  fed  t o  a low-pressure f l a s h  drum on top o f  the  C02 

s t r i p p e r  and then t o  the top o f  the C02 s t r i p p e r  tower. The UI2 

s t r i p p e r  tower conta ins packing and one bottom tray. The C02 i s  



s t r i pped  o u t  o f  t h e  Selexol s o l u t i o n  by a i r  which i s  fed  t o  the  bottom o f  

the  s t r i p p e r  by a b l  ower. The a i r  i s  cooled by exchange w i  t h  cool i n g  

water before en te r ing  the  tower. The a i r ,  carbon d iox ide  from the top o f  

the  tower, and the  gas stream from the f l a s h  drum are combined, used t o  

; exchange heat  w i t h  t h e  incoming feed gas t o  the  C02 absorber, and then 

, vented t o  a stack. The 1 ean so lven t  i s  returned t o  the top  o f  t he  C02 

; absorber by the t u r b i n e  dr iven pumps. A s ide  stream i s  removed before 

the  pumps and pumped through an exchanger and a f i l t e r  t o  the  H2S 

s t r i ppe r .  

The hydrogen compression sec t i on  conta ins f i v e  two-stage rec iproca l  

compressors, f o u r  opera t ing  and one spare. Each compressor i s  d r i ven  by 

an 18,000 HP motor and pro tec ted by a knockout drum. An i n t e r c o o l e r  i s  

l oca ted  between each p a i r  o f  stages. The hydrogen-rich gas i s  fed  t o  the  

compressors from a knockout drum downstream o f  t h e  C02 absorber. 

Hydrogen-rich gases f r o m  the  Cryogenic I-lydrogen P u r i f i c a t i o n  p l a n t  and 

from the  Naphtha Hydro t reat ing  and Reforming p l a n t  a re  a l s o  f e d  i n t o  t h i s  

knockout drum. These combined streams are the  make-up hydrogen feed. 

The fuel gas p o r t i o n  o f  t h e  syngas stream t h a t  was taken ahead o f  t h e  

s h i f t  sec t i on  i s  sent  t o  the f u e l  gas coo l i ng  and t r e a t i n g  section. It 

i s  cool ed, washed w i t h  Sel ex01 t o  remove H2S, expanded t o  d r i v e  an 

e l e c t r i c  generator, and f i n a l l y  del i vered t o  the p l a n t  f ue l  gas header. 

This sec t i on  cons is t s  o f  on l y  one t r a i n .  The feed syngas i s  f i r s t  cooled 

by a waste heat  b o i l e r  t h a t  generates 150 p s i  steam and i s  then fu r the r  

cooled i n  a second waste heat  b o i l e r  t h a t  generates 50 p s i  steam. The 

cooled gas i s  f e d  t o  a knockout drum. The condensate mater ia l  i s  sent  t o  

t h e  quench water surge drum i n  the  s h i f t  sect ion. The gases are cooled 

f u r t h e r  and f e d  t o  a c o l d  f u e l  gas knockout drum. The condensate f r o m  

t h i s  drum i s  sent  t o  the c o l d  s h i f t e d  gas knockout drum i n  the  s h i f t  

sect ion. The gas i s  fed  t o  the  bottom o f  the  f u e l  gas H2S absorber and 

contacted w i  t h  Selexol sol  u t i o n  from the bottom stream o f  the  H2S 

s t r i p p e r  i n  the gas p u r i f i c a t i o n  sect ion. The r i c h  so lvent  removed from 

the  bottom of t h e  f u e l  gas H2S absorber i s  sent  back t o  j o i n  the  feed 

stream a t  the top  o f  the H2S s t r i ppe r .  
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The desu l fu r ized gas i s  heated i n  an exchanger, 1 e t  down through the  

f i r s t  stage o f  a turboexpander and j o i n e d  by the stream f r o m  the  hydrogen 

f l ash  drum i n  the  gas p u r i f i c a t i o n  sect ion. The combined gases are 

heated i n  an exchanger and expanded through the  second stage of the  

turboexpander. The exhaust stream from the  expander i s  fed  t o  t h e  fue l  

gas header. The turboexpander dr ives  a generator which generates 5128 KW 

of e l  e c t r i c i  ty t o  suppl ement the  p l  a n t ' s  e l  e c t r i c  power system. 

4.1 3 OXYGEN PLANT - PLANT 15 

The Oxygen P lan t  produces the  oxygen requ i red  f o r  product ion o f  hydrogen 

i n  the Gas i f i ca t i on  and P u r i f i c a t i o n  p lan t .  The p l a n t  a lso  produces 

n i t rogen  which i s  requ i red  f o r  blanket ing, purging, and o the r  uses. The 

capac i ty  o f  the p l a n t  i s  somewhat greater  than the  normal opera t ing  

requirements. The excess products w i l l  be 1 iquef ied  and s tored t o  

provide capaci ty  f o r  abnormal demands and t o  s to re  products f o r  sale. 

When oxygen o r  n i t rogen i s  requ i red  a t  a r a t e  i n  excess o f  t he  i m e d t a t e  ' .  

capaci ty  a t  which the p l a n t  i s  operating, e i t h e r  o r  both ma te r ia l s  can be 

withdrawn from the  l i q u e f i e d  storage and vaporized t o  meet the  e x t r a  

demand. I n  normal opera t ion  both ma te r ia l s  are suppl ied d i r e c t l y  f r o m  

the c o l d  boxes as gases. Oxygen i s  produced by th ree independent 

t ra ins .  A s i n g l e  t r a i n  o f  f a c i l i t i e s  i s  provided f o r  storage o f  l i q u i d  

oxygen, 1 i q u i d  n i t rogen  and by-product argon w i t h  equipment f o r  

vapor iz ing  the 1 i q u i  d oxygen and n i  trogen. 

The Oxygen P lan t  i s  located between the  Steam Generation and B o i l e r  

Feedwater Treat ing  p l a n t  and the Naphtha Hydro t reat i  ng and ~ e f o r n h  ng 
p lan t .  It i s  located i n  an area measuring 850 f e e t  by 450 fee t .  

Enter ing the area f r o m  the a i r  i n take  side, the a i r  in takes are l i n e d  up 

i n  a row and fo l lowed by a row o f  t h ree  a i r  compressors a1 te rna t ing  w i t h  

three oxygen compressors and the f reon un i t .  The next  row of equipment 

cons is ts  o f  t he  d i r e c t  coolers, c y c l e  n i t rogen  compressors, and t h e  

1 i q u i d  n i t rogen  tank. Fol lowing t h i s  i s  a piperack, w i t h  the th ree a i r  

separat ion u n i t s  i n  a row p a r a l l e l  w i t h  the rack. Each o f  these u n i t s  



has a 150-foot-high c e n t r a l  tower s e c t i o n ,  w i t h  s epa ra t e  s e c t i o n s  on each 
s i d e  con ta in ing  the r eve r s ing  exchangers. The argon p u r i f i c a t i o n  u n i t ,  
and the l iqu id  oxygen tank a r e  a d j a c e n t  t o  the towers. 

The Oxygen P l a n t  i s  a s tandard  commercial u n i t  and only a b r i e f  de sc r ip -  
t i o n  of i t s  func t ion ing  and equipment i s  provided i n  t h i s  r e p o r t .  Each 
o f  the three t r a i n s  has  a t h r ee - s t age  a x i a l  c e n t r i f u g a l  a i r  compressor 
which  t a k e s  i n  ambient a i r  through an i n l e t  f i l t e r  and d ischarges  i t  

through a d i r e c t  c o n t a c t  c o o l e r  t o  the a i r  s epa ra t i on  uni t .  '[he 

compressor i n  one t r a i n  i s  dr iven  by a 30,000 HP motor, while the o t h e r  
compressors a r e  steam driven.  The d i r e c t  c o n t a c t  c o o l e r  i s  a tower which 
c o n t a i n s  three t r a y s  where cool ing  water  de l ive red  t o  the t o p  c o n t a c t s  
the a i r  coun te rcu r r en t ly  , cool s, and washes i t .  

The a i r  s e p a r a t i o n  u n i t  c o n t a i n s  r eve r s ing  h e a t  exchangers i n  which the 
a i r  i s  cooled  t o  cryogenic  temperatures  by co ld  outgoing streams. It 

a1 s o  con ta in s  a high-pressure and a 1 ow-pressure d i s t i l  l a t i o n  col  umn, a 
crude argon co l  umn, o t h e r  exchangers and s e p a r a t o r s ,  a ni t rogen expander, 
1 iqu id  oxygen pumps, and hydrocarbon guard absorbers .  The r eve r s ing  h e a t  
exchangers have channel s f o r  a i r ,  n i t rogen ,  and oxygen w i t h  provis ion f o r  
in te rchanging  t h e  a i r  and n i t rogen  channels  on a tSnred c y c l e  b a s i s *  As 
t h e  compressed and cooled a i r  e n t e r s  the exchangers )and is  cooled down, 
water  and carbon d ioxide  f r e e z e  o u t  on the exchanger su r f aces ,  bu i ld ing  
up a rime which must be removed pe r iod i ca l ly .  Reversing the a i r  and 

n i t rogen  s t ream a t  i n t e r v a l s  causes  the waste n i t rogen  from the top  o f  
the 1 ow-pressure column t o  pass  through the rimed s e c t i o n s ,  me1 ti ng the  

. rime, and the water  and carbon d ioxide  i s  exhausted through the ven t  
, s tack .  Air l e a v e s  the revers ing  exchangers a s .  a s a t u r a t e d  vapor and 

e n t e r s  the high-pressure column i n  w h i c h  the sepa ra t i on  i n t o  oxygen-rich 
1 iqu id  ( a t  t h e  bottom) and pure ni troge,n vapor ( a t  the t o p )  - is made. 

The pure n i t rogen  vapor condenses i n  a condenser / reboi le r  surrounded by 
a pool o f  1 i qu id  oxygen l o c a t e d  i n  the bottom o f .  the low-pressure 



column. The condensing l i q u i d  n i t rogen  t rans fers  heat  t o  the  l i q u i d  

oxygen which vaporizes t o  form vapor b o i l  -up f o r  the  low-pressure 

column. The 1 i q u i d  ni trogen. stream spl i t s  i n t o  a r e f 1  ux stream f o r  the  

h i  gh-pressure co l  umn and a 1 i qui d n i  t rogen product stream which i s  

f lashed before proceeding t o  storage. 

Two oxygen-1 ean streams a re  removed f r o m  the middle sect ions of the  high- 

pressure column and subcooled t o  form r e f l u x  f o r  t he  top o f  t he  low- 

pressure column.  he oxygen-rich bottom l i q u i d  product f r o m  the  high- 8 

pressure column i s  subcooled i n  the  r i c h  1 i q u i d  subcooler, p u r i f i e d  i n  

the  r i c h  1 i q u i d  adsorbers, and sent  t o  the  low-pressure column. A 

p o r t i o n  o f  t h i s  stream i s  d i ve r ted  a f t e r  t he  adsorbers t o  the  crude argon 

condenser, where p a r t  o f  i t  i s  vapororized by condensing argon. 

L i q u i d  oxygen i s  taken from the bottom o f  t h e  1 ow-pressure column and 

subcooled before being sent  t o  storage. Oxygen vapor i s  a l so  taken from 

the low-pressure column, reheated i n  the  revers ing  exchangers, and sent . 

t o  the oxygen compressors as the pr imary oxygen'make-up gas. 

The bul  k of t he  n i t rogen  gas 'stream i s  vented up t h e  stack b u t  requ i red  

q u a n t i t i e s  are  sent  t o  o the r  p l a n t s  f o r  purging, blanket ing, and 

re f r i ge ra t i on .  A crude argon 1 i q u i d  stream i s  sent  t o  the  pure argon 

u n i t  f o r  r e f i n i n g  t o  the pure 1 i q u i  d argon product. Medium-pressure 

nitrogen warn1 and c o l d  gas streams are sent  t o  the  n i t rogen  l i q u e f y i n g  

u n i t  and returned t o  the  a i r  separat ion u n i t  as a 1 i q u i d  stream. 

The n i t rogen  r e f r i  gera t ion  u n i t  conta ins a six-stage n i t rogen  cyc l  e 

compressor d r i ven  by a 10,000 HP motor, two compressor/expanders, a 

freon u n i t ,  and a co l  d box conta in ing  mu1 ticompartment exchangers w i t h  

associated in te rcoo l  e rs  and a f te rcoo l  ers. This u n i t  provides r e f r i  g- 

e r a t i o n  f o r  the  a i r  separat ion u n i t  by expansion o f  compressed n i t rogen  

w i  t h  assistance f r o m  the f reon precool i n g  u n i t .  This penni t s  the  



production of 1 i q u i d  oxygen and liquid nitrogen when the cold box 
production exceeds the gasi f icat ion requirements. 

4.14 NAPHTHA HYDROTREATING AND REFORMING - PLANT 18 

The Naphtha Hydrotreating and Reforming plant consists of a single t ra in  
w i t h  a hydrotreating and reforming section. The heavy naphtha from the 
H coal8 Dis t i l la te  Separation plant and the Gas Plant i s  hydrotreated 
and reformed i n  this plant to  produce a s tabi l ized high-grade gasoline 
blending stock w i t h  a RONC of 105. UOP process and technologies are used 

i n  both the hydrotreating section and the reforming section. 

The Naphtha Hydrotreating and Reforming plant i s  located between the 
Oxygen Plant and Cryogenic Hydrogen Purification pl ant. I t  occupies an 
area about 350 f e e t  by 200 feet.  A piperack extends down the center of 
the area. On the r ight  side of the feed end are  the f i red  heaters of the 
hydrotreati ng section, fol l  owed by the two hydro t rea ter  reactors w i t h  

t he i r  exchangers, separators, and pumps. The hydrotreater recycle 
compressors a re  near the center of the area and beyond them i s  a h i g h  

structure containing the reforming reactor and the ca ta lys t  regeneration 
tower. The platformer f i red  heaters are a t  the f a r  end of the area. The 
hydrotreater s t r ipper  and the reformate s tabi l  izing equipment and the i r  
exchangers, separators, and pumps are  on the other side of the piperack. 
The platformer recycle compressor and i t s  exchangers, separators, and 
pumps a re  located beyond this equipment. 

The heavy naphtha i s catalyt ical ly  treated w i t h  hydrogen I n  two, stages I n 
the hydrotreating section. The f i r s t - s tage  reactor is  operated a t  the 
relat ively modest temperature of 350°F and serves to  saturate the 

unstable diolefins present i n  the charge stock. The freshly fractionated 
naphtha feed flows to  a surge drum which i s  gas blanketed to  minimize gum 

formati.on. The stream i s  then mixed w i t h  hydrogen, preheated to  reaction 
temperature by exchange w i t h  the products from the f inal  second-stage 



r eac to r ,  and f e d  t o  the f i r s t - s t a g e  r e a c t o r  o f  the hydro t rea t ing  
s ec t ion .  This  r e a c t o r  con ta in s  a c a t a l y s t  and the hydrogen r e a c t s  w i  t h  

the unsa tura ted  compounds t o  s a t u r a t e  them. 

The cond i t i ons  i n  the second-stage r e a c t o r s  a r e  more t y p i c a l  of hydro- 
t r e a t i n g  a s  the n i t rogen ,  oxygen, and s u l f u r  a r e  sp l  i t  o f f  and converted 
t o  ammonia, water ,  and hydrogen su l  f i  de ,  respec t ive ly .  The resul  ti ng 
organics  a r e  p a r t i a l l y  hydrogenated t o  naphthenes. The s a t u r a t e d  product  
from the f i r s t - s t a g e  hyd ro t r ea t e r ,  a1 ong w i  t h  added make-up hydrogen, i s  
heated by exchange w i t h  products  from the f i n a l  second-stage r e a c t o r  and 
then f u r t h e r  heated i n  a f i r e d  h e a t e r  and f ed  t o  the f i r s t  o f  two 
second-stage r eac to r s .  The products  from this r e a c t o r  a r e  then cooled by 
passage through a steam genera tor  which produces 600 ps i  steam. The 
p a r t i a l l y  cooled s t ream, a long  w i t h  added hydrogen make-up, then f lows t o  
the f i n a l  second-stage reac tor .  Fu r the r  cool i ng  o f  products from this 

r e a c t o r  i s  obtained by exchange w i t h  upstream feed  streams. 

The procluct s t ream i s  f u r t h e r  cooled i n  an a i r -cooled  condensor and flows 
t o  the r e a c t o r  products  s epa ra to r .  The sepa ra t ed  hydrogen-rich gas  j o i n s  
a make-up hydrogen gas  s t ream which is  compressed, and becomes make-up 
hydrogen gas  feed f o r  the var ious  r eac to r s .  

The separa ted  1 i qu id  s t ream i s  fed  t o  a s t r i p p i n g  column a f t e r  hea t  
exchange w i t h  the bottoms s t ream from the stripper. The s t r i p p i n g  column 
has a f i r e d  reboi 1 er t o  provide addi t i  onal heat.  The sour  1 i gh t  gases  
s t r i p p e d  i n  this column a r e  sent t o  the Gas P l a n t  f o r  add i t i ona l  
treatment.  The s t r i p p e d  1 iqu id  is s e n t  t o  the reforming sec t ion .  

In the reforming s e c t i o n ,  the s a t u r a t e d  and s t r i p p e d  product from the 

hydro t rea t ing  s e c t i o n  i s  reformed over  a platinum c a t a l y s t  i n  a three- 
s t a g e  r eac to r .  The feed  s t ream from the hydro t r ea t i ng  s e c t i o n ,  a long  
w i t h  recycl e hydrogen, i s  f i r s t  heated by exchange w i t h  the bottom 



product from the reforming reactor and then further heated in the f i r s t  
stage of a three-stage, direct-fired heater. I t  then enters the f i r s t  
stage o f  the reactor and passes through the three stages, being reheated 
in the second and third stages of the fired heater before passing t o  the 
second and third stages of the reactor. Freshly regenerated catalyst i s  
fed t o  the t o p  of the reactor and passes through the three reactor 

, catalyst beds in essentially p lug  flow. I t  i s  removed from the bottom of 
the third stage of the reactor and sent t o  the catalyst regeneration 
system. 

The product from the bottom of the third stage cf the reforming reactor, 
after cool i n g  by heat exchange with the entering feed stock, i s  further 
cooled in a i r  or water exchangers and separated in a low-pressure separa- 
tor. The separated hydrogen-rich gases are compressed and part i s  
recycled t o  the entering feed stock stream, while the remainder i s  sent 
to the hi gh-pressure separator along wi t h  the 1 iquids from the low- 
pressure separator. 

The gas and liquid feeds t o  the stabilization facil i t ies are cooled i n  
exchangers upstream from the high-pressure separator. Separator overhead 
gas i s  sent t o  the hydrotreating u n i t  and t o  the Gasification and Puri-. 
fication plant. The separator 1 iquid i s  heated by exchange w i t h  the 
bottoms stream from the debutanizer column and then f1 ows t o  the debu- 
tanizer. The bottoms stream from the debutanizer i s  spl i t ,  w i t h  the 
platformate stream being cooled and sent t o  stabilized reformate product 
storage. The other stream i s  pumped t o  a reboiler heater and sent back 
t o  the debutanizer. Debutanizer overhead gas i s  cooled i n  an a i r  
exchanger and then separated i n  an overhead reliever. The separated gas 
and a portion of the liquid are sent t o  the Gas Plant .  The remaining 

1 iquid i s  refluxed to the debutanizer column. 

A control led quantity of  catalyst i s continuously withdrawn from the 
bottom of the p la t forming  reactor through a lock hopper arrangement. The 

catalyst i s  1 ifted to a regeneration tower and returned t o  the reactor. 



4.15 SOUR WATER TREATING - PLANT 9 

The Sour Water Treat ing  p l a n t  cons is ts  o f  a s t r i p p i n g  and ammonia recovery 

sec t i on  and a dephenol i z a t i o n  sect ion. The s t r i p p i n g  and ammonia recovery 

sec t ion  has two i d e n t i c a l  t ra ins .  The dephenol izat ion sec t ion  cons is ts  o f  

a s i n g l e  t r a i n ,  a1 though the f i r s t  f o u r  towers operate i n  p a r a l l e l .  Sour 

water from throughout the  p r o j e c t  i s  t rea ted  i n  t h i s  p l a n t  t o  remove 

H2S, ammonia, and phenol ic compounds. Ammonia and the phenol ic compounds 

are recovered a s  marketable products. The water, a f t e r  s t r i p p i n g  and 

dephenol i za t i on ,  i s  sent t o  the Sewers and Wastewater Treatment p lant .  

The sour gases from the s t r i p p i n g  operat ion are f i r s t  t rea ted  t o  remove 

ammonia and then sent t o  the .Su l fu r  Plant.  United States Steel I s  PHOSN~@ 

process f o r  recovery o f  ammonia i s  used i n  the  s t r i p p i n g  and ammonia 

recovery sect ion. The technology developed by Jones & Laugh1 i n  Steel i s  

used i n  the  dephenol izat ion sec t ion  f o r .  recovery of t h e  phenol i c  compounds,. 

The Sour Water Treat ing  p l a n t  i s  adjacent  t o  the S u l f u r  Plant. It 

occupies an area about 130 f e e t  by 490 feet. A p iperack extends down the  

center  o f  the p lant .  Enter ing the  area from the feed end, the  two t r a i n s  

of t h e  s t r i p p i n g  and ammonia recovery sec t ion  extend along both sides o f  

the piperack. The two t r a i n s  are m i r r o r  images o f  each other. The 

dephenol izat ion sec t ion  occupies both sides of t he  piperack beyond these 

t ra ins .  

The four towers o f  each t r a i n  o f  t he  s t r i p p i n g  and'ammonia sec t ion  are 

located perpendicular t o  the cen t ra l  piperack. The s t r i p p i n g  tower i s  

f i r s t ,  fol lowed by the  ammonia tower, t h e  P H O S ~ I @  ammonia s t r i ppe r ,  and 

the ammonia f rac t i ona to r .  The re1 ated exchangers and, drums are 1 ocated 

adjacent t o  the towers. 

I n  the  dephenol i z a t i o n  sect ion, t h e  f o u r  e x t r a c t i o n  columns form a 1 i n e  

para1 1 e l  t o  the piperack. These are fo l lowed by the  so lvent  recovery 

c o l  umn and the  so1ven.t s t r i p p i n g  c o l  umn. The phenol c o l  umn i s  located 



oppos i t e  the so l  ven t  s t r i p p i n g  col  umn. The re1 a t e d  exchangers and drums 
a r e  near  their r e spec t ive  columns and the  pumps a r e  l oca t ed  i n  a 1 i n e  
p a r a l l e l  t o  the piperack.  

Sour water  i s  pumped t o  the s t r i p p i n g  and ammonia recovery s ec t ion .  The 
f e e d  s t ream i s  s p l i t  and heated by exchange w i t h  bottoms from the H2S 
s t r i p p e r  tower o f  the PHOSPM @ NH3 stripper tower. The s t ream is  then 
jo ined  by a s o u r  steam from the Gas i f i ca t i on  and P u r i f i c a t i o n  p l a n t  and 
f ed  t o  t h e  H2S s t r i p p i n g  tower. Acid gases ,  ammonia, and H2S a r e  
s t r i p p e d  from t h e  s o u r  water  by 50 ps i  steam and the s t r i p p e d  water  i s  
s e n t  t o  the dephenol iza t ion  s e c t i o n  f o r  f u r t h e r  p r o ~ e s s i n g .  

The  ammonia and H2S overhead vapor s t ream s t r i p p e d  from the sou r  water  
i n  the f i r s t  tower i s  s e n t  t o  the ammonia absorber ,  where t h e  vapor i s  
contac ted  coun te rcu r r en t ly  by a .  1 ean PHOSPM@ sol  u t i on  s t ream fed  i n  a t  
the top  o f  the tower. The ammonia i n  the feed  gas  i s  absorbed by the 
PHOSAM@ s o l u t i o n .  Make-up phosphoric a c i d  is  f e d  t o  the bottom o f  the 
tower. The HpS-rich a c i d  gas  passes  overhead and, a f t e r  cool ing by 
exchange, i s  s e n t  t o  the S u l f u r  P lan t .  The ammonia-rich PHOSPM@ sol  u t ion  
s t ream from the bottom o f  the absorber  is pumped through an exchanger 
which r ecove r s  h e a t  from the bottoms s t ream from the PHOSAFIQ c o n t a c t o r  
and then i s  f l a shed  i n  the PHOSAM @ contac tor .  Vapors re1 eased a r e  
r e tu rned  t o  the f eed  o f  the NH3 absorber .  

The r i c h  s o l u t i o n  i s  pumped through r PHOSAM@ NH3 s t r ipper-condenser ,  
and the preheated s o l u t i o n  then flows t o  the PHOSPM@ NH3 s t r i p p e r  
tower,  which o p e r a t e s  a t  el evated pressure.  This  stripper removes 
ammonia and gene ra t e s  lean  s o l u t i o n  f o r  r ecyc l ing  t o  the NH3 absorber.  
S t r i p p i n g  i s  by means o f  600 p s i  steam. The aqueous ammonia vapor passes  
back through the PHOSAMO NH3 s t r ipper-condenser  where i t  i s  p a r t i a l l y  

condensed and cooled.  The s t ream then  passes  through a drum i n t o  wh ich  a 
small  s t ream o f  c a u s t i c  is  metered. This  c a u s t i c  combines w i  t h  t r a c e  

amounts of a c i d  gases  t o  form s a l t s  which will pas s  through the ammonia 
f r a c t i o n a t o r .  



The aqueous ammonia i s  pumped to the ammonia fractionator where i t  i s  
fractionated into an overhead anhydrous ammonia product and a bottoms 
stream. The bottoms stream i s  recycled to  the H2S stripper.  The 
overhead stream i s  condensed i n  the ammonia fractionator condenser. Part 
of the condensate i s  returned to  the fractionator as refl  ux; the balance 
goes to  storage as ahon ia  product. 

The water tha t  was stripped of H2S and ammonia i n  the upstream H$ 
stripper i s  fed to  four extraction col umns operating i n  parallel i n  the 
dephenol ization section. The water f s contacted countercurrently by a 
proprietary sol vent tha t  extracts  the phenol i c  compounds. The r a f f i  nate 
(dephenol ized water) from the extractor columns i s  fed to  a solvent 
s t i  pp i  ng column where sol vent i s  removed by d i  s t i  11 ation. The overhead 
solvent is  condensed and decanted. The water stream i s  pumped back to  
the column while the recovered solvent i s  returned to  the extractors. 
The bottoms stream i s  sent to  the Sewers and Wastewater Treatment plant. 

The extract streams from the extraction columns are fed t o  a solvent 
recovery column in which the sol vent and extracted phenol s are separated. 
The overheads are condensed and returned t o  the extractors as recycle 
sol vent or pumped back to  the 'col umn a s  refl ux. The bottoms are sent  t o  
the phenols column where the solvent content i s  further reduced under 
vacuum. The overheads are condensed and returned to the solvent recovery 
column and to  the phenols column as refl  ux. The phenols product stream 
i s  cooled and sent to  storage. 

4.1 6 SULFUR PLANT - PLANT 10 

The Sulfur Plant has three para1 le l  and independently operating t rains .  

Two trains  will accdmdate  the full  demand of the project; however, a1 1 
three t ra ins  will operate a t  reduced capacity under normal operation. 

Sour gases from the Gas Plant, the Sour Water Treating plant, the 
Gasification and Purification plant, and the Stack Gas Scrubbing plant 



are treated i n  t h i s  plant t o  remove about 95% of the sulfur as a liquid 
product. The t a i l  gases contain the remaining sulfur  and are sent to  the 
Steam Generation and Boiler Feedwater Treating pl ant and incinerated i n  

the boil ers. The boiler flue gas i s  then processed i n  the Stack Gas 
Scrubbing plant, which recovers about 95% of the sulfur from the t a i l  

+ gas, bringing the to ta l  sulfur  recovery t o  about 99%. The design 
production ra te  of the Sulfur Plant i s  about 700 tons per day of molten 
sulfur.  

The Sulfur Plant i s  1 ocated between the Gas Plant and the Sour Water 
Treating plant. I t  occupies an area about 275 f e e t ,  by 170 feet.  
Beginning a t  the feed end, the four knockout drums and associated pumps 

. are grouped to  the r i g h t  adjacent to  a '  piperack. The three t rains  are 
arranged side-by-side along the piperack and occupy most of the remaining 
area. 

The f i r s t  equipment i n  each t ra in  i s  the large a i r  blower tha t  furnishes 
combustion a i r  t o  the reaction furnaces. There are four o f  these blow- 
ers ,  one for  each 1 ine and a common spare. The three reaction furnaces 
and the i r  coupled waste heat boilers are next, followed by the feed 
preheaters mounted adjacent to  the reaction furnaces. Beyond the reac- 
tion furnace and waste heat boiler equipment i s  a structure supporting 
the converters which are mounted side-by-side beneath the converters. 
Beyond the s tructure are three vertical reheat exchangers and the verti-  
cal t a i l  gas superheater. The sulfur p i  t - i s  located i n  a corner of the 
plant. 

Each of the feed gases to  the Sulfur Plant i s  fed t o  a separate knockout 
drum. The 1 i q u i  d separated i n  these drums i s  pumped back to  i t s  origi - 
nating plant. The gas i s  divided and fed to  the three trains.  Gas flow 
t o  two of the t ra ins  i s  by flow control while flow to  the third i s  by 
pressure control t o  adjust fo r  feed fluctuations. The gas fed t o  each 
t rain i s  sent t o  a feed preheater where i ts  temperature i s  raised to  
about 460°F by 600 psi steam. 



The sour gases are burned i n  a reac t i on  furnace a t  h igh  temperatures. 

The e x i t  gases from the furnace are cooled i n  a waste heat  b o i l e r  which 

generates 600 p s i  steam. The cooled gases then j o i n  bypass gases from 
the Stack Gas Scrubbing and the G a s i f i c a t i o n  and P u r i f i c a t i o n  p lants.  

The amount o f  gas which bypasses the  reac t i on  furnace i s  con t ro l  l e d  t o  

achieve optimum cond i t ions  i n  the downstream converters. 

The combined stream i s  fed  through a sequence o f  condensers, reheat  

exchangers, and converters. The converters are hor izonta l ,  c y l i n d r i c a l  

vessels conta in ing  c a t a l y s t  beds. The s u l f u r  compounds i n  the  gases 

are converted t o  s u l f u r  vapors i n  the converters and then condensed and 

removed as molten su l fu r .  Each condenser i s  cooled by preheated b o i l e r  

feedwater which i s  converted t o  500 p s i  steam. Molten s u l f u r  i s  con- 

densed and drained through a seal pot.  The preheaters are heated by 

600 p s i  steam. Each t r a i n  has two condensers w i t h  two passes, t h w e  

reheaters and th ree converters. Each o f  t h e  condensers has a seal p o t  
t h a t  dra ins i n t o  a s u l f u r  p i t  common t o  a l l  three t ra ins .  Molten s u l f u r  

i s  pumped t o  storage. The e x i t  vapor f rom the f i n a l  pass o f  t he  l a s t  

condenser i s  superheated w i t h  600 p s i  steam and sent  t o  the  b o i l e r s  fo r  

burning . 





5.0 OFFSITE PLANTS 

5.1 FLARE SYSTEM - PLANT 19 

The F la re  System p l a n t  cons is ts  o f  primary and a u x i l i a r y  f l a r e  systems. 

The p l a n t  provides f o r  safe c o l l e c t i o n  and disposal o f  overpressure r e l i e f  

discharges, and f o r  operat ional  and emergency vent ing  o f  f l  ammable vapors 

and 1 i qu ids  from the var ious process p l a n t s  and load ing f a c i l i t i e s .  

Each i n d i v i d u a l  process p l a n t  i s  provided w i t h  the  necessary f l a r e  headers 

t o  c o l l e c t  overpressure re1 i e f  valve discharges, operat ional  vents 
n 

(s tar t -up  and shut-down) , and emergency vents. These u n i t  headers t i e  

i n t o  the  appropr iate main f l a r e  headers which run down the cen t ra l  p ipe-  
' 

rack c o r r i d o r  and combine i n  the pr imary f l a r e  knockout drum. The 

re1 i e v i n g  f l u i d  i s  separated i n  the  knockout drum i n t o  a vapor stream 

t h a t  i s  d i rec ted  t o  the  f l a r e  where i t  i s  burned, and a 1 i q u i d  stream 

t h a t  f s c o l l e c t e d  and pumped back t o  s lop  tanks i n  the Tankage Plant.  

The two pumps (one spare) a re  automat ica l ly  c o n t r o l l e d  by l e v e l  cont ro ls .  

The primary f l a r e  system knockout drum i s  equipped w i t h  steam heat ing 

1 ances. These 1 ances are used t o  prevent  ma te r ia l  from f reez ing  dur ing  

winter .  

The primary f l a r e  c o l l e c t i o n  system cons is ts  o f  t h ree  f l a r e  headers: 

h i  gh-pressure, 1 ow-pressure, and 1 ow-temperature. The high-pressure 

header i s  connected t o  r e l i e f  valves w i t h  a s e t  pressure o f  300 p s i g  o r  

more, wh i le  the low-pressure f l a r e  i s  connected t o  re1 i e f  valves w i t h  a 

s e t  pressure under 3 0 0 ' ~ s i ~ .  The low-temperature f l a r e  header i s  con- 

nected t o  re1 i e f  valves t h a t  re1 i eve  1 i q u i d s  w i t h  a temperature below 
-20°F. The high-pressure header has a diameter o f  42 inches and t h e  

low-pressure header i s  30 inches. The 1 ow-temperature header has a 

diameter o f  8 inches and i s  fab r i ca ted  o f  s t a i n l e s s  s tee l .  It handles 

on ly  the cryogenic 1 i qu ids  from r e l i e f  valves i n  the Gas P l a n t  and the  
Cryogenic Hydrogen Pur i  f i c a t i o n  p l  ant. 



Two primary f l a r e s  measuring 42 inches i n  diameter and 360 f e e t  h igh are 

provided. Each s tack  has a ref ractory-1 ined t i p ,  conventional p i l o t ,  a 

f lame-front generator t h a t  provides i g n i t i o n  t o  the  p i l o t  gas burner 

l oca ted  a t  the  top  o f  each f l a r e  stack, and molecular seals t h a t  prevent 

a i r  from e n t e r i n g  t h e  system. I n  add i t ion ,  each primary f l a r e  system 

header i s  purged w i t h  fue l  gas. The f l a r e s  operate i n  para1 l e l  f r o m  the 

common knockout drum, b u t  normally o n l y  one f l a r e  i s  on l i n e  a t  any given 

time. The f l a r e s  fea tu re  smoke1 ess operat ion achieved by automat ica l ly  

c o n t r o l l e d  i n j e c t i o n  o f  steam t h a t  provides smoke suppression by prnmnting 

a more complete combustion f r o m  i n t i m a t e  m ix ing  o f  the f l a r e d  mate r ia l  and 

the  oxygen i n  t h e  a i r .  The two p;imary f l a r e s  are l oca ted  on the  east  

s ide  o f  Town Creek near the  base o f  the h i 1  1 s. 

The. auxi 1 i a r y  fl are system cons is ts  o f  separate c o l  1 e c t i  on systems and 

f l a r e  stacks a t  the  r a i l ,  t ruck,  and barge load ing f a c i l i t i e s .  Separate 

f l a r e  stacks are a l s o  provided f o r  hydrogen s u l f i d e  and s u l f u r  d iox ide  

releases f r o m  the  Sour Water Treat ing  p l a n t  and the Sul fur  Plant.  

The a u x i l  i a r y  f l a r e  stacks f o r  the  Sour Water Treat ing  p l  an t  and t h e  

S u l f u r  P l a n t  a r e  6 inches i n  diameter and 150 f e e t  high. They are pro- 

v ided w i t h  conventional p i l o t s  and f lame-f ront  generators b u t  requ i re  no 

knockout drums. The H2S and SO2 f l a r e s  are l oca ted  i n  the  v i c i n i t y  of 

t he  p l a n t s  they serve. The two f l a r e  stacks f o r  t he  1 oading s t a t i o n  are 

each 12 inches i n  diameter, 150 f e e t  t a l l ,  and are equipped w i t h  p i l o t s  

and fl ame-front generators. Each has a knockout drum w i t h  the  separated 

1 i qu ids  pumped t o  s lop  tanks. Both o f  the load ing area f l a r e s  are  smoke- 

l e s s  type. The t r u c k  and r a i l  load ing vent  f l a r e  i s  located between the  

two load ing  s ta t ions .  The barge load ing  vent f l a r e  i s  i oca ted  onshore 

near the  barge 1 oadi ng dock. 



5.2 TANKAGE - PLANT 20 

The Tankage p l a n t  performs three func t ions :  

Storage o f  f in ished products awai t ing  shipment 

Storage o f  in termediate products f o r  f u r t h e r  
processing 

Storage o f  purchased l i q u i d s  t o  be used i n  operat ions 

The p l a n t  conta ins  46 tanks and spheres o f  various sizes, n o t  i n c l u d l n g  

t h e  potab le  water and f i r e  water tanks. The tanks i n  t h e  processing 

un i t s ,  some o f  which are q u i t e  1 arge, are n o t  inc luded i n  t h i s  p lan t .  

Standard s i z e  A P I  tanks were selected whenever possible. Two tanks are 

provided f o r  each f i n i s h e d  product i n  order  t o  avoid having t o  run  down a 

and sh ip  from the same tank simultaneously. The storage tanks have d ia -  

meters o f  up t o  200 ' fee t .  A general h e i g h t  l i m i t a t i o n  o f  40 fee t  was 

imposed. due t o  the  a v a i l  ab le  s o i l  bear ing 1 oading condi t ions.  Large 

spheres w i l l  be supported by p i l es .  

I nd i v idua l  tanks are genera l ly  surrounded by d ikes w i t h  s u f f i c i e n t  volume 

w i t h i n  the d i ke  t o  s a f e l y  conta in  the e n t i r e  contents o f  the tank. How- 

ever, t he  f i v e  spheres and two re f r i ge ra ted  storage tanks are  contained 

i n  a common diked area. The caus t i c  and a c i d  tank areas are curbed. 

The tankage area i s  i r r e g u l a r  i n  conf igura t ion .  I t s  maximum dimensions 

are about 2,500 fee t  i n  e i t h e r  d i rec t i on .  Total  area devoted t o  tankage 

i s  about 90 acres. Several pipeways t raverse the  area. 

Product tankage i s  s ized f o r  30 days' product ion except f o r  anhydrous 

ammonia tankage, which i s  s ized f o r  60 days' product ion. T h i r t y  days' 



storage was sele.cted t o  even o u t  v a r i a t i o n s  i n  product ion and shipping 

rates.  More storage was provided f o r  ammonia due t o  i t s  seasonal demand. 

F i v e  days o f  pressure storage f o r  propane and ammonia i s  provided since 

both  o f  these products are shipped i n  pressurized conta iners a t  ambient 

temperature. The remaining storage i s  i n  r e f r i g e r a t e d  vessels maintained 
: a t  atmospheric pressure, as t h i s  i s  a more economic mode o f  storage. 

.i Space f o r  f i v e  days o f  sol i d  s u l f u r  storage has been al lowed i n  the  p l o t  

plan. 

The f i n a l  products f o r  which tankage i s  provided are: 

a Propane LPG 

a Butane LPG 

a LSR gas01 i n e  

a Gasol i n e  reformate 

a Middle d i s t i l l a t e  

a Heavy d i s t i l l a t e  

e Anhydrous ammonia 

a L i q u i d  s u l f u r  

0 Phenol s 

e L i  qu id  oxygen 

a L i q u i d  argon 

The 1 i q u i d  oxygen and l i q u i d  argon are  s tored adjacent t o  the  Oxygen 

P lan t  and are  n o t  located i n  the Tankage p l a n t  area. 

Propane LPG en te rs  t h e  p l a n t  ba t te ry  1 i m i t s  a t  -30°F from the  Gas P l a n t  

and i s  cooled i n  a r e f r i g e r a t i o n  u n i t  t o  -48°F before storage i n  r e f r i g -  

erated tanks a t  atmospheric pressure. Two 80,000-barrel cone r o o f  tanks 



provide 25  days o f  r e f r i g e r a t e d  s to rage .  The t anks  a r e  equipped w i t h  a 
r e f r i g e r a t i o n  u n i t  and a product hea te r .  Propane may a l s o  e n t e r  the p l a n t  
a t  100°F, bypassing the r e f r i g e r a t i o n  u n i t  i n  the Gas P lan t .  In this  
ca se ,  the propane is  s e n t  d i r e c t l y  t o  pressur ized  s to rage  and shipping.  
Product i n  excess  o f  shipments i s  r e f r i g e r a t e d  and s e n t  t o  the r e f r i g e r -  
a t e d  s torage .  Product propane taken from the r e f r i g e r a t e d  tanks  i s  heated 
t o  a shipping temperature  o f  100°F and s e n t  t o  pressur ized  s torage .  Two 
16,000-barrel spheres provide f i.ve days o f  nonref r i  gera ted  s torage .  Pro- 

pane product  loading pumps a r e  designed fbr 2,000 GM. 

Butane LPG i s  received a t  the b a t t e r y  limits a t  100°F from the Gas P lan t .  
Product butane i s  then s t o r e d  i n  three 43,000-barrel p r e s su r i zed  spheres  
providing 30 days '  s to rage .  Loading p;mps a r e  designed f o r  2,000 GPM of 
butane product.  

LSR g a s o l i n e  from the Gas P l a n t  i s  rece ived  a t  100°F and s t o r e d  i n  two 
61,000-barrel sphero ids  which provide the 30 days '  s torage.  Two 
3,500 GPM pumps a r e  provided f o r  product  1 oading. 

Gasoline reformate is  de l ive red  from the Naphtha Hydrotreat ing and 
Reforming p l a n t  a t  100°F and s t o r e d  i n  three 118,000-barrel t anks  which 
provide 30 days '  s to rage .  Each tank  i s  equipped w i t h  a f l o a t i n g  roof 
i n s i d e  a cone roof .  Product load ing  pumps a r e  designed f o r  3,500 GPM. 

Middle d i s t i l l a t e  from the H-Coal@ Distil l a t e  Separat ion p l a n t  e n t e r s  
the tankage b a t t e r y  1 imits a t  130°F and i s  s t o r e d  i n  three 208,000-barrel 
cone roof tanks  providing the 30 days '  s to rage .  Loading pumps a r e  
designed f o r  3,500 GFM. Steam c o i l s  a r e  provided i n  these t anks  t o  
maintain the product a t  a pumpable temperature.  

Heavy d i s t i l  l a t e  from the H-coal @ D i  sti 1 l a t e  Separa t ion  p l a n t  e n t e r s  the 
tankage b a t t e r y  limits a t  180°F and is s t o r e d  i n  two 89,000-barrel cone- 
roof t a n k s  providing the 30 days'  s to rage .  Loading pumps a r e  designed f o r  



3,500 GR1. Tank bottoln steam coil  s a re  provided t o  maintain the product 
a t  a pumpabl e temperature. 

Anhydrous ammonia from the Sour Water Treating plant  reaches the  battery 

l i m i t s  a t  100°F. The product ammonia i s  stored i n  two 4,000-barrel 

spheres providing ' f ive  days of storage. Additional storage cons i s t s  of 

two 45,000-barrel cone-roof refr igerated tanks w i t h  a storage capacity of 
55 days. These tanks a re  equipped w i t h  both a refr igerat ion u n i t  t o  cool 

the ammonia from 100°F to  -28°F and product heating equipment. Loading 

pumps a r e  designed f o r  2,000 GPM. 
i 

Molten su l fu r  i s  received and stored a t  300°F. Two 33,000-barrel cone 

.roof tanks provide. the  30 days ' storage. Tank temperatures are 

maintained by heating w i t h  steam c o i l s  which include four c o i l s  located 

a t  the bottom, two roof c o i l s ,  and two suction heaters. Pumps provide 

3,500 GPM 1 oading capacity. 

Phenols from the  Sour Water Treating plant  reach the  battery 1 i m i  ts a t  

100°F. Two 8,000-barrel ver t ica l  tanks provide 30 days of storage. Each 
tank has a f loa t ing  roof ins ide  a cone roof. Loading 'pumps a r e  designed 
f o r  2,000 GPM. 

Intermediate tankage provides temporary storage f o r  intermediate products 
t h a t  require addit ional  processing o r  wil l  be used i n  the Process Plants. 

This tankage provides f o r  the  uncoupling of some of t he  process units so 
t h a t  var ia t ions  i n  the  r a t e  of production o r  temporary stoppage i n  one 
u n i t  does not upset t he  operation of re la ted units. I t  a l so  provides f o r  
storage of  materials  produced i n  the  un i t s  and i s  used in termit tent ly  or  

a t  widely varying r a t e s  such a s  the  purge and f lush o i l s .  Tank s izes  



were based,on projections from p i l o t  p lant  operations o r  standard refinery 
practice. Intermediate tankage i s  provided fo r  the fo l l  owing material s: 

Raw heavy naphtha 

Vacuum tower bottoms 

Vacuum tower s ide  draw 

Sour water ' 

rn Dilute sour watgr 

e Dis t i l l a t e  f lush o i l  

Heavy f lush o i l  

L i g h t  s lop o i l  

Heavy slop o i l  

Wet slop o i l  

To allow f o r  turnaround i n  other plants,  ten  days' intermediate storage i s  
provided i n  two 65,000-barrel tanks >or feed to  the Naphtha Hydmtreating 
and Reforming plant .  This feed i s  made up of a bottoms stream from the 
naphtha s p l i t t e r  i n  the Gas Plant and a sidedraw from the main tower i n  

the ~ - ~ o a l @  Di s t i l l a t e  Separation p l a i t .  The tanks are  cone roofed w i t h  

an i n t e r i o r  f loat ing roof. Plant feed normally bypasses these tanks. TWO 

pumps are  provided. 

Vacuum tower bottoms from the H-CoalC9 Recycle Sl urry Preparation p l  ant  
nornally flow t o  the Gasification and Purif ication plant. Intermediate 

storage i s  provided fo r  emergency operation. The stored material from the  
vacuum bottoms stream is  .cut  w i t h  heavy flush o i l  to  maintain a lower vis- 

cosi ty. The mixture i s  then stored a t  300-400°F. i n  two 80,000-barrel agi-  
ta ted tanks w i t h  cone roofs. The tanks a re  heated by steam c o i l s  located 

a t  the top and bottom of each tank and fin-tube heaters located a t  t he  



suction nozzles. Pumps a re  provided t o  feed the vacuum tower bottoms to  
the process area. 

Intermediate storage i s  provided f o r  concentrated sour water fed t o  the 
Sour Water Treating plant. The concentrated sour water from the H-coal@ 
Primary Separation p lan t  i s  stored a t  100°F. Three 80,000-barrel tanks 
provide seven days of  storage t o  allow f o r  turnaround o r  unscheduled 
in terrupt ion of operations. Each tank has an o i l  skimmer and f loa t ing  
roof ins ide  a cone roof. Two pumps are provided and a compressor i s  

included t o  recover vapors escaping from the  tanks and t o  send the  
recovered vapors t o  the Steam Generation and Boiler Feedwater Treating 
pl an t  f o r  incineration.  

Dilute sour water i s  collected from the  Gas Plant ,  Naphtha Hydrotreating 

and Reforming pl ant ,  and the f i l  tered grey water tank i n  the Sol i d  Waste 
Management plant .  Intermediate storage i s  provided f o r  d i l u t e  sour water 
p r io r  t o  use i n  the H-Coal@ Primary Separation plant. Two 70,000-barrel 

tanks provide seven daysi storage of the  d i l u t e  sour water a t  100°F t o  
allow f o r  turnaround time. Each tank has an o i l  skimmer and a f loa t ing  
roof ins ide  a cone roof. Pumps feed the  di lu ted sour water t o  the  process 
area. 

D i s t i l l a t d  f lush o i l  from the  main tower i n  the  H-Coal@ D i s t i l l a t e  Sepa- 
ra t ion plant  i s  s tored i n  two 50,000-barrel cone roof tanks a t  130°F. The 

tanks a re  provided w i t h  bottom steam co i l  heaters t o  maintain pumping 
temperature. Three pumps a re  provided f o r  feeding 1 ow evaporator f l u s h  

valve f lush  o i l  t o  process plants f o r  instrument purging and other  uses. 

Heavy d i s t i l l a t e  from the H-Coal @ Dis t i l l a t e  Separation plant  i s  used fo r  
f l  u s h  o i l ,  pump warming, and c a t a l y s t  t ransfer .  A 50,000-barrel cone roof 
tank i s  provided t o  s t o r e  the  heavy d i s t i l l a t e .  A bottom steam co i l  heater 
maintai-ns pumping temperature. Two pumps supply heavy o i l  f o r  pump warming 



i n  Process  P l a n t s  and provide c a t a l y s t  t r a n s f e r  o i l  t o  handle .the heavy 
f l u s h  o i l  ' demands. A jockey pump is  provided t o  p re s su r i ze  the system. 

A sidedraw from the vacuum tower i n  the H-coal@ D i  s t i l l  a t e  Separa t ion  
p l a n t  i s  used f o r  the f l u s h  o i l  s e r v i c e s  r equ i r ing  o i l  w i t h  a high b o i l i n g  
point .  A 10,000-barrel  cone roof tank  provides  s to rage  capac i ty .  A bottom 

steam c o i l  i s  provided t o  maintain s to rage  temperature.  Three pumps 
t r a n s f e r  vacuum tower sidedraw t o  the process  a rea .  

The 1 i g h t  s l o p  tank  and heavy s l o p  tank provide s to rage  capac i ty  f o r  emer- . 
gency opera t ions .  Each cone roof tank  s t o r e s  25,000 bar re l  s. The 1 i g h t  
and heavy s l o p s  a r e  re turned  t o  the H-coal@ D i s t i l l a t e  Separat ion p l a n t  
a f t e r  normal p l a n t  ope ra t i on  i s  e s t a b l i s h e d .  Four pumps a r e  provided f o r  
pumping 1 i gh t  and heavy s l o p ,  two f o r  each se rv i ce .  

The wet s l o p  t a n k  provides  10,000 b a r r e l s '  s t o r a g e  i n  a cone roof tank  
t h a t  is  suppl ied  w i t h  an o i l  skimmer and a hea t ing  steam c o i l .  The wet 
s l o p  i s  s e n t  t o  the process  a r ea  by two pumps f o r  f u r t h e r  process,ing. 

The tankage provided f o r  s to r age  o f  purchased 1 i qu ids  used i n  t h e  pro- 
ce s s ing  u n i t s  is  comparatively small .  S i z ing  was based on f a c i l  i ties w i t h  
s i m i l a r  throughput volumes. Storage i s  provided fo r :  

a 50% c a u s t i c  

a 20% s a u s t i c  

98% s u l f u r i c  a c i d  

a 20% s u l f u r i c  a c i d  

a Neutral o i l  

Storage f o r  g lyco l ,  Sel ex01 , DEA, and o t h e r  mater ia l  s i s  1 ocated i n  t h e  
Process P l a n t s  and is n o t  d i scussed  i n  this sec t ion .  



Storage t a n k s  f o r  c a u s t i c  i nc lude  a 1 ,000-barrel  cone roof t ank  f o r  con- 
, c e n t r a t e d  (50  w t % )  c a u s t i c  so lu t ion .  This  i s  pumped t o  another  cone roof - 

t ank '  f o r  d i l u t i o n  t o  20%. The d i l u t e  tank  has a capac i ty  o f  400 bar re l  s 
and uses  a steam c o i l  t o  maintain s t o r a g e  temperature.  Four pumps a r e  
used, two f o r  t a n k  t r a n s f e r  and two f o r  t r a n s f e r  t o  the process  a rea .  

Concentrated s u l f u r i c  a c i d  and d i l u t e  s u l f u r i c  a c i d  a r e  s t o r e d  i n  a 
1,000- and a 400-barrel  v e r t i c a l  cone roof tank,  r e spec t ive ly .  Four pumps 
a r e  used t o  t r a n s f e r  the d c l d  t o  o t h e r  tanks  o r  t o  the prtscess area .  

A 10,000-barrel  cone roof t ank  - is  provided f o r  s to r age  o f  neu t r a l  o i l .  
Two pumps t r a n s f e r  the o i l  t o  the process  area.  

5.3 INTERCONNECTING PIPING - PLANT 21 

The In te rconnec t ing  Piping p l a n t  i nc ludes  the fue l  gas  blending and d i  s- 
tri but ion,  i n t e r connec t ing  process ,  and u t i l i t y  p ip ing  a s  well a s  most o f  
the p ip ing  o u t s i d e  the b a t t e r y  1 imi ts o f  o the r '  p l a n t s *  The f i r e  water  
and the f l a r e  system pip ing  i s  no t  included i n  this p l an t .  General ly ,  
a l l  p ip ing  i s  l o c a t e d  aboveground on racks  o r  s l e e p e r s  excep t  f o r  the 
water  d i s t r i b u t i o n  p i  ping, which is  underground. 

The u t i l  i t y  systems inc lude  the following: 

H i  gh-Btu fue l  gas  

Medium-Btu fuel  gas  

High so l  i d s  cool ing water  supply and r e t u r n  

Low so l  i d s  cool i ng  water  supply and r e t u r n  

C l  osed 1 oop cool i ng water  supply and r e t u r n  

e 50 ps i  steam 

a 150 p s i  steam 



600 p s i  steam 

900 psi steam 

50 psi condensate 

150 psi condensate 

600 psi condensate 

Instrument a i r  

IJ t i l i ty  a i r  

Potabl e water 

U t i l i t y  water 

Nitrogen 

50/150 psi boil e r  feedwater 

600 p s i  boi 1 e r  feedwa t e r  

The g r ea t e s t  density of piping i s  i n  the main pipeway which runs through 
the center  of the processing area. , I t  i s  a mu1 t i t i e r e d  s t ruc ture  and i s  
approximately 3,200 f e e t  long. A t  one end i t  i n t e r s ec t s  w i t h  a second 
major pipeway. This pipeway i s  smaller b u t  much longer, a s  i t  runs from 
the loading dock t o  the f l a r e  area ,  o r  about 6,300 fee t .  Secondary pipe- 
racks r u n  to  the cool ing tower. area,  the Coal Washing plant  and the coal 
hand1 i ng area. 

The l a rges t  u t i l i t y  pipelines a re  the underground l i n e s  running t o  and 
from the cooling towers. Lines from the low sol i d s  tower a re  54-inch, 

while those from the h i g h  sol ids  tower are  60-inch diameter. The 
54-inch l i n e s  r u n  to  the v ic in i ty  of the Steam Generation and Boiler o 

Feedwater Treating plant. The 60-inch l i ne s  r u n  along and under the  main 
p i  peway u n t i  1 reduced i n  s i z e  beyond the Gas Plant. The 1 argest  1 ine  on 

the  piperacks i s  the 42-inch steam header. The fuel gas mains a re  a s  



l a r g e  a s  36 inches ;  however, the process  1  i qu id  1 i n e s  a r e  a l l  12-inch o r  
small e r .  

T h i s  p l a n t  a l s o  i nc ludes  the fue l  gas  blending system. P l a n t  f u e l  gas  

is  a v a i l a b l e  from f o u r  sources ,  two o f  which a r e  c l a s s e d  a s  high-Btu gas 
while two a r e  medium-Btu gas .  Most u s e r s  w i l l  n o t  t o l e r a t e  q u a l i t y  v a r i -  

! a t i o n s  which might r e s u l t  i f  a l l  f o u r  s t reams were combined, s o  the d i s -  
t r i b u t i o n  system has been s p l i t  i n t o  a  medium- and a  high-Btu system. 
Gas-f ired equipment general  l y  has two sets o f  burners  corii~ected t o  eaeh 
system t o  a l l ow  maximum f l e x i b i l ' i t y .  

The s e p a r a t e  systems pass  through their r e spec t ive  mixing drums f o r  
.r blending. The medium-Btu mix.ing drum has a  draw-off connect ion t o  remove 

1 iqu ids .  The gas  i s  then s e n t  t o  i t s  d i s t r i b u t i o n  header. The high-Btu 

gas  drum i s  connected t o  o f f s i t e  na tu ra l  gas  f o r  use during s t a r t - u p  o r  
t o  a d j u s t  f o r  supply f l u c t u a t i o n s .  

The In te rconnec t ing  Piping p l a n t  c o n t a i n s  a  minimum number o f  va lves  and 

f i t t i n g s  s i n c e  the b a t t e r y  1 i m i  t s  o f  the i s o l a t i n g  va lves ,  b l i nds ,  and 
the 1 ike a r e  c l a s s i f i e d  a s  i n t r a p l a n t  piping.  

5.4 RIVER FACILITIES - PLANT 22 

The River Faci  1  i t ies  provide equipment f o r  unloading coa l  barges and 
loading  product  barges.  The coal unloading f a c i l i t i e s  a r e  a t  the up r ive r  
end of the p l a n t  s i te  while the product  load ing  f a c i l i t i e s  a r e  downstream 
n e a r  the t ank  farm. Provis ions  a r e  made f o r  docking both loaded and 
unloaded barges.  A work boat  moves the barges  a s  required.  

0 

The coal unloading dock i s  loca t ed  near  the c e n t e r  o f  the coa l  barge 
unloading f a c i l i t i e s  and ex tends  along the r i v e r f r o n t  f o r  some 5,300 feet. 

The coal unloading equipment i s  mounted on a  platform 32 feet  above the 



r i v e r '  s normal pool 1 eve1 i n  order  t o  accommodate the  26-f o o t '  v a r i a t i o n  

t h a t  can occur du r ing  f looding.  The p l a t f o r m  i s  supported by two 36-foot 

diameter c e l l  dolphins inshore and two 28- foot  diameter dolphins of fshore.  

The loaded barges are moved between the inshore and o f fshore  dolphins 

wh i l e  being unloaded by an overhead barge unloader. Three 28-foot d ia -  . 

meter c e l l  dolphins are a lso  provided a t  120-foot i n t e r v a l s  on each s ide 

and i n  1 i n e  w i t h  the  platform. These dolphins serve t o  breast  t h e  barges 

and provide mounting p o i n t s  f o r  the  winches and sheaves used i n  moving 

the  barges back and f o r t h  along t h e  dolphins. The work boat moves the  

barges i n  and o u t  o f  posit ion' .  

Beyond each end o f  t h e  dolphins, p i l e  c l u s t e r s  are provided a t  120-foot 

i n t e r v a l s  f o r  temporary t i e - o f f  o f  empty and loaded barges. F i f t e e n  

t i e - o f f  p i l e  c l u s t e r s  are provided upstream f o r  the  unloaded barges and 

twenty-two t i e - o f f  p i l e  c l u s t e r s  are provided downstream t o  accommodate 

the  loaded barges. Space i s  thereby provided f o r  f o u r  tows (12 barges t o  

a tow) o f  unloaded barges and f i v e  tows o f  loaded barges. 

A 15-foot-wide t r e s t l e  extends from the  onshore road t o  the  unloading 

p la t fo rm and a lso provides access t o  the dock. A separate t r e s t l e  sup- 

po r t s  the  conveyor b e l t  from the unloader t o  the  t r a n s f e r  house. A 

l i g h t e d  walkway connects the tops o f  the  dolphins w i t h  the p l a t f o r m  and 

provides access t o  the  barge hau l ing  winch, cable, and sheaves. Rubber 

fenders p r o t e c t  the faces o f  the do1 phi  ns where the  barges come i n  con- 

t a c t  w i t h  them. Mooring b i  t t s  are provided f o r  t y i n g  up t h e  barges. The 

r i v e r  bank w i l l  be 1 ined w i t h  stone b locks as necessary t o  p r o t e c t  the 

f a c i l i t i e s  from erosion. 

The 1 i qu ids  product  1 oading f a c i l  i ty i s  some 4,300 f e e t  downstream from 

the coal  unloading dock. The dock i s  supported by two 28-foot diameter 

c e l l  dolphins on 42- foot  centers. A se r ies  o f  guide p i l e s  extend away 

from the dock on both sides fo l lowed by two 28-foot dolphins, a p i l e  



, c l us te r ,  and a s i n g l e  p i l e  a t  var ious i n te rva l s .  A 15- foo t  wide road 

connects the  l oad ing  dock t o  shore. The t r e s t l e  support ing the  road a lso 

supports p iperacks f o r  product and u t i l  i ty p ip ing .  

Two load ing  barges a re  he ld  cap t i ve  between the  center  dolphins and f i r s t  

: outboard do lph ins  as permanent f l o a t i n g  sect ions o f  t h e  dock. A cab le  

$ and fender system secures the  barges and p ro tec ts  them. These barges 

support t h e  l oad ing  arms and a re  provided w i t h  guides t o  ensure proper 

p o s i t i o n i n g  i f  the  r i v e r  1 evel changes. F i  r e f i  g h t i  ng and o the r  equipment 

i s a1 so mounted on t h e  barges. Gangways w i t h  sel  f -1  evel l n g  steps provide 
3 .  access from the . t w i n  c e l l  s t r u c t u r e  t o  the barges. A ho r i zon ta l  gangway 

w i t h  handr.ail i n g '  i s  i n s t a l  l e d  between the  two capti'Ve barges. A con t ro l  

house i s  1 ocated on the'  p l a t f o r m  and conta ins communication equipment, an 

alarm panel, and c o n t r o l  board. Motor-operated j i b  cranes are i n s t a l  i e d  

on each s ide  o f  the p l a t f o r m  t o  f a c i l  i t a t e  cargo hand1 i n g  and maintenance 

operat ions. 

The dock arrangement permi ts  the  1 oading o f  two d i f f e r e n t  products i n t o  

separate barges a t  a time. Two o r  more barges abreast can a l so  be loaded 

w i t h  the  same o r  d i f f e r e n t  products. 

The product  1 oadi  ng system dncl udes p i  p ing  from the -.tankage area t o  the 

mari ne 1 oadi ng f a c i l  i t ies .  This p i p i n g  i s provided w i t h  safety shut-off  

valves t h a t  are p a r t  o f  t he  sa fe ty  system. Loading i s  accomplished by 

pumping t o  the  marine 1 oading arms a t  a maximum con t ro l  1 ed r a t e  o f  

5,000 BPH. The design provides a dedicated load ing l i n e  f o r  each product. 
- The, product  f l o w  from the  f i x e d  dock s t ruc tu re  t o  the  f l o a t i n g  l oad ing  

barges i s  accompl ished by the  use o f  a r t i c u l a t e d  j o i n t s  i n  the  load ing 

l i nes .  These j o i n t s  a l l ow  f r e e  v e r t i c a l  and ho r i zon ta l  movement o f  t he  

1 oadi ng barges w i  t h  f l u c t u a t i n g  d r a f t  and water 1 evel s. One f ree-standi  ng 

manually operated load ing  arm i s  provided f o p  each product. The inboard 

and outboard arms are  counter-wei ghted and balanced. I n s u l a t i n g  f langes 



a r e  provided i n  the 1 oading arms t o  e l e c t r i c a l l y  i s o l a t e  the barges from 
the 1 oading s t r u c t u r e .  

Propane and butane a r e  t r anspo r t ed  by pontoon-type barges  t h a t  have 
pressur ized  s t o r a g e  tanks  mounted on them. The barge capac i ty  is 
10,000 bar re l  s. Light s t r a igh t - run  (LSR) gasol ine ,  gasol  i n e  reformate,  
1 i g h t  d i s t i l l a t e ,  and heavy d i s t i l l a t e  a r e  loaded i n t o  double-skin barges 
ranging from 10,000 t o  30,000 b a r r e l s  i n  capac i ty .  Molten s u l f u r  i s  

loaded i n t o  double-skin barges provided with a h o t  o i l  hea t  exchange sys- 
tem. Barge c a p a c i t i e s  a r e  2000-2500 tons.  Berth a n a l y s i s  i n d i c a t e s  an 
ar , r ival  frequency o f  1.4 barge tows per day. Two be r th s  a r e  provided t o  
1 imi t wai t ing  time f o r  the barges t o  an accep tab l e  1 evel .  Barge tows 
c o n s i s t  o f  two 1 arge  o r  fou r  small barges.  

Util i t y  and vapor r e t u r n  systems inc l  ude: steam f o r  hea t  t r a c i n g ;  n i t r o -  
gen f o r  purging and ins t ruments ;  po tab le  water;  u t i l i t y  water ;  waste 
water ;  vapor recovery f o r  propane, butane and LSR gaso l ine ;  and vapor 

r e t u r n  f o r  gasol i n e  reformate. A l o c a l  blower pressures  the LSR gasol i n e  , 
vapor back t o  the p l an t .  Blowers f o r  recovery o f  propane and butane 
vapors a r e  l oca t ed  i n  the Rai l ,  Truck, and P ipe l ine  p lan t .  The gasol i n e  
reformate vapor i s  piped t o  a low-pressure f l a r e  w i t h  a knockout drum and 
condensate pump. Any s p i l l a g e  i s  recovered by vacuum t rucks  and re turned  
t o ,  the p l a n t  s i t e  f o r  d i sposa l .  Storm water  i s  c o l l  e c t ed  i n  a sump on 
t h e  load ing  barges and pumped t o  a c o l l e c t i o n  sump on shore.  A 

1,000-gallon fuel  s t o r age  tank i s  provided on the twin cell s t r u c t u r e  f o r  
fue l  supply t o  t he  suppor t  vesse l .  A f l o a t i n g  boom and skimmers a r e  pro- 
vi ded t o  con ta in  and remove any 1 i qu ids  sp i  11 ed i nto the r i v e r .  

The f i re  f i g h t i n g  system is  a wet system using r i v e r  water.  I t  i s  auto-  

mat ical  l y  a c t i v a t e d  by f i r e  d e t e c t o r s  1 ocated a t  c r i t i c a l  po in ts .  One 
main f i r e  water  pump and one jockey pump maintain minimum p re s su re  on t h e  
system. The f i re  p ro t ec t i on  system i s  supplemented w i t h  p o r t a b l e  1 i qu id  



foam u n i t s  1 ocated on the  1 oading barges. F i r e  water moni tors are 1 ocated 

on the c e n t r a l  p l a t f o r m  and on the mooring do1 phins. 

Area 1 i g h t i  ng and power d i s t r i b u t i o n  are provided. An e l e c t r o s t a t i c  

grounding system on the  cap t i ve  barges grounds the  s t a t i c  e l e c t r i c i t y  

from the load ing  barges. Flow r a t e  and storage tank l e v e l  i n d i c a t o r s  f o r  

, each product  are provided i n  the dock con t ro l  room. Product custody 

t rans fe r  i s  monitored by p l a n t  con t ro l  room instruments. The con t ro l  and 

alarm panel i n  the dock c o n t r o l  room conta ins f i r e  de tec t ion  instruments, 

f i r e  pump cont ro ls ,  and emergency shut-down cont ro ls .  Local dock secu r i t y  

and loose barge a1 arms and c o n t r o l s  are  repeated on the con t ro l  panel. 

The dock sent ry  and loose barge sa fe ty  shut-down system c loses product  

1 i n e  shoreside valves and a l so  shuts down the p l a n t  load ing pumps. Auto-, 

mat ic  shut-down i s  i n i t i a t e d  by any low-pressure s igna l  from pressure 

switches i n s t a l  1 ed a t  s t r a t e g i c  1 ocat ions on the product 1 oading 1 ines. 

5.5 RAIL, TRUCK, AND PIPELINE - PLANT 23 

Th is  p l a n t  provides shipping and r e c e i v i n g  capabi 1 i ty and conta ins the  

equipment, f a c i l i t i e s ,  and p i p i n g  needed t o  rece ive  o r  t ranspor t  products 

by r a i l ,  t ruck,  o r  pipe1 ine.  

,Products handl ed by t h e  t r u c k  f a c i l  i t i e s  i n c l  ude propane, anhydrous 

ammonia, mol ten  s u l f u r ,  and phenol s. The r a i l  f a c i l  i t i e s  handl e these 

p l  us butane, LSR gasol i ne, gasol i ne reformate, middl e and heavy 

d i s t i l l a t e s .  

The products are genera l ly  pumped from the  storage tank t o  the  1 oading 

po in t .  One pump d e l i v e r s  the  requ i red  r a t e  w i t h  the exception o f  propane 

and butane, which can be simultaneously loaded i n t o  two tank ca rs  o r  t o  a 

barge. A1 1 pumps a re  spared. Each product i s  piped by a separate 1 i n e  

t o  the  l oad ing  racks, then branched t o  d i f f e r e n t  l oad ing  nozzles so t h a t  



t h e  product can be 1 oaded from two o r  more bays. A 15-mi nute  1 oadi ng 
time i s  scheduled f o r  30,000-gallon tank c a r s  and 10,000-gallon tank  
t rucks.  Middle and heavy d i s t i l l a t e s  a r e  loaded a t  130°F, molten s u l f u r  
a t  300°F, and the remaining products a t  ambient temperature.  

The design and ope ra t i on  o f  t h e  equipment r e q u i r e s  spec i a l  a t t e n t i o n  t o  
a s su re  compliance w i t h  s a f e t y  and environmental regula t ions .  Hydraulic 
shock absorbers  a r e  provided f o r  sudden s h u t o f f s  and s t a t i c  n e u t r a l i z i n g  
devices  a r e  provided f o r  gas01 i n e  reformate,  middle d i s t i l  1 a t e ,  heavy 
d i s t i l  1 a t e ,  1 iqu id  s u l f u r ,  and phenol s. Heat t r a c i n g  and i n s u l a t i o n  a r e  
provided f o r  the heavy d i  s t i  11 a t e  and mol t e n  su l  fu r .  Vapor recovery 1 i nes 
a r e  pr0vide.d from the tank  t r u c k s  and tank  c a r  1 oading racks.  The 1 oading 
nozzl es have connect ions f o r  bleeds and dra ins .  Hand-operated block 
va lves  a r e  provided j u s t  upstream o f  the loading  nozzles  and a r e  acces- 
s i b l e  from the platforms. Connections f o r  n i t rogen  purge a r e  provided a t  
the loading nozzles  f o r  c e r t a i n  products.  

Railroad f a c i l i t i e s  provide f o r  the ope ra t i on  o f  the r a i l  t ank  c a r  
unloading, coa l  unloading, and r e c e i p t  o f  cons t ruc t ion  mater ia l  s and com- 
modities.  The r a i l  t ank  c a r  load ing  f a c i l i t y  is capable  o f  loading 
23 tank  c a r s  per day dur ing  two shifts.  Rail t rackage i s  s u f f i c i e n t  t o  
s t o r e  an a d d i t i o n a l  23 tank  ca r s .  Trackage f o r  coal c a r s  can accommodate 
one u n i t  t r a i n  o f  100 c a r s  being unloaded while another  u n i t  t r a i n  i s  
wa i t i ng  t o  be unloaded. Total l eng th  f o r  the r a i l r o a d  spurs  is approxi- 
mately 41,000 f e e t .  

The r a i l  t ank  c a r  loading platforms c o n s i s t  o f  a s t r u c t u r a l  steel frame 
w i  t h  g r a t i n g  and wal kways. Swing-down catwalks  w i t h  counter-wei gh t s  a r e  
used f o r  each loading s p o t  f o r  ope ra to r  a c c e s s i b i l  i t y .  The loading  p l a t -  
form i s  340 feet long,  4 feet wide, and 12  feet  high. The products a r e  
piped t o  s i x  1 oading bays. S t a i r s  a r e  provided a t  both ends of  the p l a t -  

form and a t  11 0-foot  i n t e r v a l  s. Standard loading  arms w i  t h  t e l e scop ic  



nozzles and swivel jo in ts  are  provided for  top-loading f a c i l i t i e s .  
Loading arms w i  t h  bottom-1 oadi ng hose connections are used for  volat i le  
products such as propane, butane, LSR gasoline, and anhydrous ammonia. 
The materials f o r  the loading systems are such tha t  the equipment i s  com- 
pat ible  w i t h  the shutoff pressures of the pumps. 

t3 The tank truck loading f a c i l i t y  i s  capable of loading four products and 
metering o r  weighing the products being shipped. The main tank truck 

loading f a c i l i t y  consists of a s teel  structure that  she1 t e r s  and contains 
a loading platform which i s  10 f e e t  long, 8 f e e t  wide, and 10 f e e t  high. 
One s e t  of s t a i r s  is  provided for  accessibil i ty.  A truck scale is  pro- 
vided fo r  weighing the empty o r  loaded trucks. The products are 1 oaded 
to the level marker provided i n  tank cars and by s e t  stop meters for  tank 
trucks. A1 1 trucks a re  weighed i n  and out. Top-loading nozzles are  used 
f o r  phenol s and mol ten sul fur. Nozzles w i  t h  bottom-1 oading hose connec- 
t ions are used f o r  anbdrous ammonia and propane. A separate truck 
loading s ta t ion  i s  provided a t  the Oxygen Plant t o  handle the cryogenic 
products. Another loading s tat ion i s  provided near the boilers to  load 
sol i d  sodium sulfate .  

Support fac i l  i t ies i ncl ude a f i r e  water system, i nstrumentation and a 
vapor recovery system. A sprinkler f i r e  water system i s  provided for  the 
tank truck loading rack which i s  automatically energized i n  case of f i r e ,  
covering the en t i r e  loading rack area w i t h  water. Fire hydrants, por- 
table  dry chemical f i r e  extinguishers and monitors are provided for  the 
tank car  loading rack. 

?,' 

Pressure indicators a re  provided a t  each 1 oading nozzle 1 ocation. Auto- 

matic excess flow shutoff control valves for  emergency shut-down i n  case 
of a broken hose i n  the 1 oading nozzles are used fo r  volat i le  products. 

Positive displacement meters w i  t h  total  izers  are provided fo r  each pro- 
duct. Digital counters w i t h  printout capabil i t y  a re  instal led a t  the 
loading locations. 



Vapor 1 i n e s  from loading f a c i l i t i e s  provide s e p a r a t e  vapor recovery sys- 
tems for  propane, butane, anhydrous ammonia, and LSR gasol ine.  The vapors 
a r e  piped t o  a compressor f o r  each s e r v i c e  and pressured back t o  the 

tankage area.  Vapors from gas01 i n e  reformate and phenols a r e  piped t o  a 
l oca l  f l a r e  system. 

The main 1 oading f a c i l i t i e s  a r e  1 ocated a d j a c e n t  t o  the highway nea r  t h e  
tank farm. 

The design o f  a pfpel  fne  f o r  expor t ing  s y n t h e t i c  na tu ra l  gas  (SNG) will 

be developed a t  a l a t e r  d a t e  i n  coopera t ion  w i t h  l oca l  gas  pipe1 i n e  
opera tors .  This p i p e l i n e  will be about  10  miles long. 

5.6 SITE DEVELOPMENT AND ROADS - PLANT 40 

The devel opment o f  the s i te  involves  the grading o f  approximately three 

square miles and the a d d i t i o n  o f  ba s i c  improvements such a s  roads,  
fencing,  d ra inage ,  load-bearing f i l l s ,  p i l i n g ,  and foundat ions.  

The general  s i te  will be graded t o  an average e l eva t ion  of about  420 feet 
above mean sea  l e v e l .  The su r f ace  s o i l s  a t  the s i te  a r e  highly organic .  
Beneath this, t opso i l  i s  a 6 t o . 1 8  f e e t  l a y e r  o f  s i l t y  a l l u v i a l  s o i l s  
t h a t  i s  under la id  by a sandy l a y e r  some 100 t o  130 f e e t  thick. The top- 
s o i l  will be s t r i p p e d  from the s i te  and s tockp i l ed  f o r  l a t e r  reuse  i n  
1 andscaping o r  d i sposa l .  The s i l t y  s o i l s  wil l  be removed and compacted 

a s  s t r u c t u r a l  f i l l ,  o r  s t ockp i l ed  f o r  o t h e r  use i f  their moisture  c o n t e n t  
i s  t oo  high. The sandy s o i l s  will be consol ida ted  through dynamic con- 
sol  i d a t i o n  o r  o t h e r  techniques a s  necessary t o  suppor t  the var ious  stwc- 
t u r e s  of t h e  f  a c i  1 i ty .  

As s i te  devel opment proceeds,  d ra inage  f a c i  1 i t ies  will be devel oped. 
This  s t a r t s  w i  t h  rough grading dur ing  the s i t e  work t o  keep runoff from 



ponding i n the working a r e a ,  and progresses  t o  excavat ion of d ra inage  
channel s and i n s t a l  1 a t i  on o f  cu l  v e r t s ,  ponds, headwall s , and underground 
storm sewers. 

Spread f o o t i n g s  and mat foundat ions will be used t o  suppor t  nominal loads;  

, however, pi1 i ng w i  11 be used f o r  heavy o r  settl ement-sensi t i v e  s t r u c t u r e s  
, and equipment. Both 50- and 100-ton capac i ty  endbearing p i l e s  will be 

used f o r  foundat ions.  

As the rough grad ing ,  i n s t a l l  a t i o n  of foundat ions,  and underground p i  ping 
work i s  completed, the a rea  will he f i n e  graded. This  c o n s i s t s  o f :  pro- 
v id ing  the c o r r e c t  f i n i s h  s lope  f o r  su r f ace  drainage;  f i n a l  shaping and 

s lop ing  o f  dra inage  d i t c h e s ;  and br ing ing  the roads,  parking l o t s  and 
' o t h e r  paved a r e a s  t o  their f i n a l  e l e v a t i o n  f o r  paving. 

Containment d i k e s  f o r  the tank  farm a r e a  and water  s t o r age  ponds w i t h  

3-to-1 s i d e  s l o p e s  will be cons t ruc t ed  from the mater ia l  t h a t  was 
excavated and n o t  reused i n  t h e  engineered f i l l  . 
P l a n t  roads  a r e  a s p h a l t i c  conc re t e  on a crushed 1 imestone base course  
placed on a compacted subgrade. Main p l a n t  roads a r e  24 f e e t  wide w i t h  

3-foot  shoulders .  Secondary roads have s iml ' l a r  c r o s s  s e c t i o n s  w i t h  widths  
app rop r i a t e  t o  t h e i r  usage. Parking l o t  cons t ruc t ion  i s  s i m i l a r  t o  the 
roads.  

A highway overpass  and a br idge  a r e  requi red .  The overpass  c r o s s e s  the 
e x i s t i n g  highway and r a i l  road and provides  acces s  from the main p l a n t  
a r e a  t o  ttie wastewater  c o l l e c t i o n  and t rea tment  a r e a  and the r i v e r  f a c i l -  
i t ies  on the west s i d e  o f  the highway. I t  has a l eng th  o f  approximately 
500 f e e t  and has  a r e in fo rced  conc re t e  deck supported by steel g i r d e r s .  



The overpass abutments and piers are supported on piles. The bridge pro- 
vides access across Town Creek, and has a total  length of approximately 
520 feet .  I t  i s  designed. to  carry the sol i d  waste disposal trucks and i s  
of simil a r  construction to  the h i  ghway overpass structure. 

Perimeter fencing and gates are provided to  r e s t r i c t  access. In addi- 

tion, certain areas w i t h i n  the plants are protected by fencing. 

5.7 BUILDINGS - PLANT 41 

The type of construction selected fo r  each building considers i t s  1 oca- 
tion w i  t h  respect to  potential hazards, importance to  plant operations, 
and i t s  function. The buildings are classif ied a s  types A, B y  C, D ,  o r  
administrative according to  the i r  major construction features. A total  
f loor  space of about 480,000 square f ee t  wil T be provided. 

Type A buildings house c r i t i ca l  ' equipment or instrumentation used for  the 

continuous operation of the plant. The structures are b las t  resis tant ,  

designed f o r  3 to  3-1/2 psi overpressure and are provided w i t h  a i r  lock 
entrancedexits.  Interiors are pressurized to  0.1 to  0.2 inches of water. 
Type A b u i l d i n g s  are steel framed w i t h  concrete walls and metal roof 
decking. The structural frame i s fireproofed w i t h  three-hour-rated mate- 
r ia l .  Interior walls are f i r e  coded plasterboard on metal studs or con- 
crete  block. Ceilings are provided i n  a l l  rooms except the mechanical 
equipment rooms. Type A buildings are provided w i t h  heating, a i r  con- 
d i  tioning, 1 i g h t i n g ,  e lectr ical  , p l  umbing, and sanitary systems. 

Type B buildings include the plant laboratory, wet a i r  oxidation labora- 
tory, reverse osmosis 1 aboratory , cafeter ia ,  medical b u i l d i n g ,  and the 
change house. The supporting structure i s  steel framed w i  t h  masonry wall s 
and metal roof decking. Structural framing i s  fireproofed w i t h  three- 
hour-rated material s. Interior wall s are f i r e  coded plaster  board, on 



metal s t u d s  o r  conc re t e  block. Cei l ings  ' a r e  i n s t a l l e d  i n  a l l  rooms except  
the mechanical equipment rooms. Type B bui ld ings  a r e  provided w i t h  

hea t ing ,  a i r  cond i t i on ing ,  1  i g h t i n g ,  e l e c t r i c a l  , p l  umbing, and s a n i t a r y  
systems. 

Type C bu i ld ings  s e r v e  a  number of d i v e r s e  func t ions  t h a t  a r e  gene ra l l y  
r e l a t e d  t o  ope ra t i on  o r  maintenance. These bu i ld ings  a r e  steel framed 
s t r u c t u r e s  w i t h  metal s i d i n g  and roofing.  When requi red ,  the bu i ld ing  
frame is  des i  gned t o  suppor t  cranes and monnrai 1 s. Roofing and s i d i n g  
a r e  f a c t o r y  , f inished.  The s i d e s  o f  compressor shelters ., a r e  on ly  
p a r t i a l  1  y covered. Metal sandwi ch panel s a r e  used where bui? dings 
r equ i r e  i n s u l a t i o n .  Off ice  a r e a s  a r e  heated and a i r  condi t ioned  by 
package u n i t s .  Type C bu i ld ings  a r e  .provided w i t h  1  i gh t ing ,  e l e c t r i c a l ,  
and pl umbing systems. San i t a ry  . - f a c i l  i t i es  a r e  provided only  when 
requ i red. 

Type D bu i l  dings i ncl ude t ransformer  houses and s t o r a g e  bu i ld ings .  They 
have masonry wall s and s t r u c t u r a l  steel framed roo f s  w i t h  metal decking. 
I n t e r i o r  p a r t i t i o n s  and wal-1 s are conc re t e  block. Finished ceil ings  a r e  
n o t  required.  ~ h e s e  bu i ld ings  a r e  provided w i t h  1  i gh t ing ,  e l e c t r i c a l ,  
and pl umbing systems. San i t a ry  faci ' l  f t i es  a r e  provided only  when 
requ i red. 

The admi n i s . t r a t i o n  bu i ld ing ,  which a1 so  c o n t a i n s  the computer room, i s  

i d e n t i c a l  i n  c o n s t r u c t i o n  t o  t h a t  of  Type B bui ld ings  excep t  t h a t  the 
e x t e r i o r  i s  f i n i s h e d  w i t h  b r i ck  veneer. 

5.8 SOL ID WASTE MANAGEMENT - PLANT 42 

The p r o j e c t  will produce an es t imated  8,700 t o n s  o f  a v a r i e t y  o f  so l  i d  
wastes  each driy . The management plan c a l l  s f o r  i d e n t i f y i n g ,  cha rac t e r -  

i z i n g ,  s eg rega t ing ,  and t r a n s p o r t i n g  the vari .ous t ypes  o f  so l  i d  was tes  t o  
either o u t s i d e  s a l e s  o i  t o  d i sposa l  sites. Major types  o f  waste s o l i d s  



include: coal refuse; slag, ash, and soot; f i l t e r  cake; and sludge. 

Most o f  the s o l i d  wastes produced i n  p lan ts  w i t h i n  the complex are 

dewatered w i t h i n  the  ba t te ry  1 i m i  t s  o f  t h e  p lan t .  Wastes w i l l  be t rans-  

por ted by trucks. The So l i d  Waste Management p l a n t  inc ludes g a s i f i e r  

s l a g  and ash dewatering equipment, as we l l  as i n c i n e r a t o r s  f o r  sludge, 

emulsion, and o i l y  water. 

Four i nc ine ra to rs  are provided t o  meet a maximum charge r a t e  o f  sludge 

from the complex. During normal cond i t ions  th ree w i l l  be i n  operat ion 

and one on standby. Each i n c i n e r a t o r  ' i s  designed t o  have a heat  re1 ease 

r a t e  o f  10 m i l l  i o n  Btu per  hour which' a l lows f o r  a water evaporat ion 

capaci ty  o f  2,600 t o  2,900 pounds pe r  hour. The charge r a t e  w i l l  be a 

func t i on  o f  the c h a r a c t e r i s t i c s  o f  the sludge feed. Auxi l  i a r y  fuel i s  
medi um-Btu f u e l  gas. 

O i  l y  and chemical s l  udges from var ious operat ions throughout the  complex 

are inc inerated.  Typical sources o f  waste sludges inc lude the API sepa- 

r a t o r  bottoms, DAF bottoms and. f l o a t ,  desa l te r  emu1 s ion c u f f ,  storage . 

tank bottom residues, o i l y  sewer manhole residues, and skimmings and 

dredgi ngs from ponds. 

S l  udges and emu1 sions are pumped t o  one o f  two i n c i n e r a t o r  feed tanks. 

M i  scel laneous s l  udges t h a t  develop as a resul  t o f  maintenance, house- 
keeping, o r  specia l  c l  ean-up operat ions are del  i vered t o  the  i n c i n e r a t i o n  

s i t e  by vacuum t ruck  and dumped i n t o  a below ground concrete sump. 

Pos i t i ve  displacement sludge pumps p e r i o d i c a l l y  t r a n s f e r  the  contents o f  

the sump t o  one o f  the i n c i n e r a t o r  feed tanks. The tanks are equipped 

w i t h  mixers t o  produce a homogeneous mix ture  t h a t  minimizes abrupt va r ia -  

t i o n s  i n  i n c i n e r a t o r  feed composition. 

The i n c i n e r a t i o n  i s  a batch operat ion and has b u i l t - i n  f l e x i b i l i t y  by 

v i r t u e  of the two feed tanks and f o u r  inc inera tors .  Normally, a l l  sludge 



streams are  routed to  one of the tanks. The thoroughly mixed contents 
a re  analyzed fo r  physical, chemical , and heating- value characteristics.  
After determining t h a t  the sludge i s  sui table  for  incineration, a pre- 
determined quanti ty  i s transferred to  the second tank from whi  ch a number 
of incinerators a re  charged, depending on the inventory of sludge on hand. 

The fluidized.-bed incinerators are capable of burning miscellaneous 
sludges, emulsions and suspensions of o i l ,  ash, soot, and coal dust i n  

water. Each incinerator u n i t .  i ncl ules a1 1 a s s o c i a t d  eq~ripment., silch a s  

the sludge feed pumps, a i r  preheat and fluidizing combustion a i r  blowers, 
intake a i r  f i l  t e r s ,  incinerator reactor, sand storage b i n ,  and material 
hand1 ing eguipment. Combustion gas from each incinerator i s  fed direct ly  

into the firebox of the coal f i red boilers. 

The gasif ier  plant normally produces about 1,500 tons of slag and soot 
per day. About 80% of this waste material i s  coarse slag tha t  is  screened 
from the r e s t  of the sol id waste a s  i t  i s  transferred as  water slurry to 
c l a r i f i e r s .  The sol ids  i n  the underflow from the c l a r i f i e r s  are referred 
to  a s  "ash" and the overflow as "grey water". (The water has a charac- 
t e r i s t i c  gray color derived from the f ine ash and soot i n  suspension.) 
The underfl ow sol ids from the cl  ar i  f i e r  are dewatered by a vacuum f i l  t e r  

. 

system into f i l t e r  cake which i s  then delivered to  the dewatered slag/soot 
b i n  by a conveyor. The dewatered ash i s  mixed w i t h  coarse slag i n  the 
b i n  before being trucked to disposal i n  a landf i l l .  

A portion of the c l a r i f i e r  overflow, called grey water blowdown, i s  
f i l t e red  i n  media and cartridge f i l t e r s  i n  series.  The treated water i s  
recycled t o  the hydrocarbon desalting process i n  the H Coal @ Distil l a t e  
Separation plant. The f i l t e r  backwash containing f ine  ash i s  sent back 
t o  the c l a r i f i e r  on an intermittent basis. 



5.9 LANDFILL - PLANT 44 

The L a n d f i l l  p l a n t  provides f o r  t he  co l l ec t i on ,  t ranspor ta t ion ,  and d i s -  

posal o f  sol i d  wastes generated by the pro ject .  Dewatering, storage, and 

1 oading f a c i l  i t i e s  are provided i n  the  appropr iate Process and O f f s i t e  

Plants. The f o l l o w i n g  paragraphs b r i e f l y  character ize the  wastes and 

descr i  be the  1 a n d f i l l  techniques and disposal 1 ocations. 

S o l i d  waste inc ludes ash, s o l i d  residue, dewatered sludge, trash, and 

garbage from the  operat ion and maintenance o f  t h e  f a c i l i t y .  Moisture 

content  i s  genera l ly  low enough f o r  the waste t o  be handled as a s o l i d  

mater ia l .  Most o f  t h e  waste i s  nonhazardous, i n c l u d i n g  t h e  coal  refuse, 

g a s i f i e r  ash and slag, b o i l e r  ash, water treatment waste, and miscel lane- 

ous f a c i l  i ty t r a s h  and garbage. A small p o r t i o n  i s  hazardous, such as 

the f l u e  gas d e s u l f u r i z a t i o n  by-product waste and the  wastewater t r e a t -  

ment's f i l t e r  cake and sa l t s .  Approximately 8570 tons per  day (TPD) o f  

nonhazardous and 130 TPD o f  hazardous waste are produced. Some nonhaz- 

ardous waste i s  mixed w i t h  the  hazardous waste t o  improve the  compaction 

proper t ies  o f  the hazardous waste. Consequently, the q u a n t i t i e s  of d ry  

sol  i d s  d i  sposed a t  the  nonhazardous and hazardous waste d i  sposal s i t e s  

are  8450 TPD and 250 TPD, respect ive ly .  S o l i d  waste i s  c o l l e c t e d  d a i l y  

t o  minimize onsi  t e  waste storage. A1 1 sol  i d  waste except m i s c e l l  aneous 

p l a n t  t rash and garbage i s  s tored i n  elevated b ins  and hoppers. 

The disposal s i t e s  w i l l  be prepared by c lear ing ,  grubbing, and removal 

o f  the s o i l  l a y e r s  having a h igh  organic content. Steep areas w i l l  be 

benched t o  provide s t a b i l  i ty.  F i l l  operat ions w i l l  begin a t  t he  upstream 

end o f  the hol lows and move downstream. A soil-cement s t a r t e r  d i k e  w i l l  

be constructed a t  the  toe  of each fill stage t o  provide s t a b i l  i ty and 

access and t o  a c t  as p a r t  o f  the  water r e t e n t i o n  system. 



Waste material i s  placed and compacted i n  layers. As the area i s  f i l l e d ,  
gentle face slopes and construction of benches on the face will provide 
erosion control. As f inish grade i s  reached, the areas are capped w i t h  

clay, covered w i t h  top s o i l ,  graded for  proper drainage, and revegetated. 
The disposal areas selected have for ty years of storage capacity. Capa- 

- c i t y  of the area is  designed to  f i l l  the watershed, avoid v is ib i l i ty  

, problems from adjacent lands, and maintain s table  slopes fo r  erosion 
control . 

The construction of the two disposal areas d i f f e r s  i n  several aspects. 
The hazardous waste disposal area has more gent1 e slopes, more frequent 
benches, and the f inal  clay cap will be thicker. I t  a lso uses interme- 
d ia te  cover material t o  minimize leaching. The non-hazardous area uses 
an impervious compacted clay l ine r  on the bottom and sides of the f i l l  

area. A thick graded gravel layer will be placed on top of th is  to  pro- 
vide drainage to  the low point of the area w i t h  i t s  collection pipes. 
The hazardous waste area uses a double-walled or sandwich impervious l i n e r  
w i t h  a leakage detection layer a t  the bottom consisting of a gravel layer 
and collection pipes. Over th i s  is a clean sand layer,  then a synthetic 
membrane 1 iner over1 aid by another sand 1 ayer, then a thick clay 1 ayer, 
and f ina l ly  a leachate collection system consisting of a graded sand and 
gravel 1 ayer w i t h  col 1 ect i  on pipes. 

Leachate management consists of collection of the leachate i n  ponds and 

returning the leachate to the wastewater treatment u n i t  through a pipe- 
l ine.  Depending on location, the transport of leachate i s  by e i the r  pump 

or gravity. The ponds have impemeabl e 1 iners and are constructed i n  

c e l l s  t o  allow f o r  maintenance. The hazardous area has several monitoring 
we1 1 s which moni t o r  the groundwater qua1 i ty . 

Runoff control during construction of the landf i l l  i s  primarily by peri- 
meter drainage ditches that  divert  runoff from adjacent areas away from 
the disposal area. Runoff from the working area i s  sent to  the collection 



ponds. As const ruc t ion  i s  completed and the  areas capped, surface r u n o f f  

f r o m  the. l a n d f i l l  i s  d i ve r ted  t o  the permanent drains. These dra ins  are 

a combination o f  permanent channels, downcomer p ipes on steep slopes, and 

energy d i s s i p a t i o n  st ructures.  

For ty-  t o  e igh ty - f i ve- ton  t rucks  haul the  waste t o  the  var ious s i t es .  The 

mater ia l  i s  spread by the t rucks and compacted by wheeled loaders. Tracked 

dozers w i l l  a s s i s t  w i t h  spreading and compacting the  waste. Motor graders 

mainta in the  roads and the f i n e  grading. 

Access roads are provided t o  both s i tes ,  and both s i t e s  are fenced. A 

common equipment serv ice  and maintenance area i s  provided a t  the  non- 

hazardous s i t e .  

5.1 0 TRANSPORTAT ION PLANT 

The Transportat ion P l a n t  provides the  mobi le equipment used i n  p l a n t  

operat ions. Over 140 items o f  equipment are required, i nc lud ing  l i g h t  

trucks, welders, f o r k  l i f t s ,  cranes, f i r e  trucks, ambulance, t r a i l e r s ,  

bul ldozers, compactors, and front-end loaders. L a n d f i l l  equipment i s  

inc luded. in  the L a n d f i l l  p lan t .  





6.0 UTILITY. PLANTS 

6.1 ELECTRICAL DISTRIBUTION - PLANT 30 

The p r o j e c t  requ i res  186 mW o f  e l e c t r i c  power when operat ing a t  ra ted  

capacity. About 50 mW i s  generated i n  the Steam Generation and B o i l e r  

Feedwater Treat ing  p l a n t  and some 15 mW i s  generated by pressure 1 et-down 

expanders i n  the Process Plants. The remaining e l e c t r i c a l  requirements 

are suppl i e d  by the  B i  g R i  ver  E l  e c t r i c  Corporat ion from two separate power 

systems, each o f  which i s  capable o f  supply ing the  e n t i r e  p r o j e c t  require-  
ments of 186 mW a t  161 kV. Each incoming power 1 i n e  from the  two power 

systems w i l l  be t i e d  t o  the two main substat ions i n  order  t o  provide each 
main substa t ion  w i t h  two sources o f  feed. The main substat ions are 

located a t  opposite corners o f  the processing area. Generally, each of 

the main substat ions feeds the  p l a n t s  on i t s  s ide  o f  t h e  main piperack. 

However, some o f  the mu1 ti p l  e equipment i tems i n  p a r t i c u l a r  p lan ts  are 

spl i t  between two substat ions t o  minimize the  e f f e c t  o f  f a i l u r e  o f  one 

source. 

Each main substa t ion  w i l l  del  i v e r  power t o  th ree sate1 1 i t e  substations. 

The f i r s t  main substat ion del i v e r s  t o  s a t e l l i t e s  located a t  the Gasif ica- 

t i o n  and P u r i f i c a t i o n  p lan t ,  adjacent t o  the  ~ - ~ o a l @  Recycle S l u r r y  

Preparat ion and H-coal @ Recycl e Hydrogen Compression p lants,  and near . 

the  Coal Drying and Pu lve r i z ing  p lan t .  The o ther  main substa t ion  

del i v e r s  power t o  sate1 1 i t e s  a t  the Oxygen, Steam Generation and B o i l e r  

Feedwater Treat ing, and Sul f u r  p l  ants. 

Each sate1 1 i t e  substa t ion  has two 34.5 kV t ransforyers.  One transformer 

i n each sate1 1 i t e  i s  connected t o  'a  separate incoming main. The secondary 

o f  each o f  these transformers i s  connected t o  a bus system t h a t  connects 

t o  the bus system o f  the  o ther  transformer through a manual ly 'operated 

t ie-breaker. I n  the  event o f  f a i l u r e  o f  e i t h e r  power source o r  a t rans-  

former, t h e  l o a d  on t h a t  transformer can be t rans fe r red  t o  the  o the r  



transformer and power source by closing the breaker. Each transformer i s  
sized to carry the fu l l  load. 

A t  each voltage step-down the secondary of the two transformers involved 
are  similarly t ied  together w i t h  busses and a manually operated tie-breaker 

to  provide r e l i ab i l i t y .  :* 

One of the main substation's feed transformers i s  rated a t  100 mVA and i s  

connected t o  a metal clad 34.5 kV switch gear through vacuum-type breakers 

i n  i t s  three sate1 1 i t e  substations. The power suppl ied a t  t h i s  34.5 kV 
1 evel to the indivi dual pl ants i s  stepped down to  4 ,q 60 and 480 vol tage 

pc, a s  required. Large drives are fed a t  13.8 kV through individual breakers 

and dedicated transformers from the 34.5 kV source. The other. main sub- 

s ta t ion feeds 50 mVA rated transformers with 13.8 kV secondaries connected 
t o  15 kV metal -clad swi tchgear u t i l  izing vacuum-type breakers. This 13.8 

kV level current i s  fed to  the individual plants where i t  i s  further 
stepped down t o  4, 160, and 480 vol t 1 evel s as  required. Large horsepower 
motors are  fed a t  13.8 kV through individual breakers and dedicated 
transformers. 

6.2 STEAM GENERATION AND BOILER FEEDWATER TREATING - PLANT 31 

The Steam Generation and Boiler Feedwater Treating plant i s  more complex 
than typical boiler plants since the plant a lso provides fo r  the disposal 

of the Sulfur Plant t a i l  gases, provides boiler feedwater for  the steam 

generating uni ts  in the Process Plants, and i s  the e l ec t r i c  generating 

f ac i l i t y  fo r  the essential e l ec t r i c  supply. The four main boilers are 
each rated a t  a continuous flow of 400,000 pounds per hour of 900 psi ,  

750°F steam. When a1 1 four boilers are  onstream, each will be operating 
a t  only three-quarters capacity. When one boiler i s  down the other three 

a re  sized to  meet the requirements of the project. The essential power 
i s  ~roduced by two 26.8 megawatt turbine generators. 



The Steam Generation and Boiler Feedwater Treating plant i s  1 ocated 
between the Oxygen Plant and the coal storage yard. The Stack Gas 
Scrubbing plant occupies part of the area between the main plant piperack 
and the boiler f ac i l i t i e s .  The combined 'plants occupy an area about 
850 f e e t  by 800 feet.  

The coal feed conveyors enter a 190-foot h i g h  structure tha t  houses the 
coal surge bi  n ,  gravime tri c feeders, b i n  feed conveyors, coal storage 
bins ,  and pulverizer feeders. The pulverizers are mounted a t  grade 
beneath the bins. This structure i s  several hundred f e e t  long. To the 
north i s  a l ine  of f l y  ash handling equipment, including the ash starage 
b in ,  dewatering bins, ash loading area, s e t t l i ng  tank and surge tank. 
The four boiler t ra ins  consisting of the boiler, precipitator,  and 
induced-draft fan are 1 ocated perpendicul a r  to  the structure. The boil e r  
t ra ins  are followed by the Wellman-Lord absorbers i n  the Stack Gas 
Scrubbing plant. Common stacks are centered beyond each pair of the 

absorbers. Each stack is  about 400 f e e t  h i g h  and i s  followed by the 
blowdown tanks, a piperack, part  of the water treatment system, the sus- 
pect condensate tank, associated pumps, receivers, f i l t e r s ,  and coolers, 
the boiler feedwater storage area, the sodium zeol i te  equipment, instru- 
ment a i r  compressors, and a control building. 

To the south of the structure i s  a piperack and a row of equipment, both 
para1 le l  w i t h  the structure. This row contains the demineralized water 

storage tank, the ion exchange units w i t h  the i r  associated caustic and 
acid tanks, and the demineralized water feed tank. The superheaters, 
turbine generators, switchgear building, boiler feed pumps, and deaerators 
complete the a rea ' s  equipment. 

The primary boiler fuel consists of midd l ings ,  which is  an intermediate 
grade of coal produced i n  the Coal Washing plant. Alternate boiler fuel 

i s  a blended coal. The middl ings  can be delivered direct ly  from the Coal 



Washing plant,  as  well as from the storage piles. Coal i s  delivered to 
the plant by one of two ful l  capacity be1 t conveyors that  operate inter-  
mittently a s  required t o  keep the bins fu l l .  

,. Each boiler u n i t  has two operating and one spare feed t rain consisting of 
a b i n ,  gravimetric feeder, and a pulverizer. The equipment i s  housed i n  

d., a gallery t o  control fugitive d u s t .  The b i n s  are  sized t o  hold a m i n i m u m  
of four hours' storage which allows each boiler to  operate for  a t  least  

e ight  hours without additional feed. The pulverizers gr'ind the coal 'to 
200 mesh. The coal i s  conveyed to  the furnace combustion chamber 
pneumati cal ly . 

The furnaces are a conventional balanced-draft design which includes 
i nduced-draf t and forced-draft fans, a preheater, superheater, economizer 
and an el ec t ros ta t ic  precipitator.  Preheaters remove heat from the f l  ue 
gas and heat the incoming primary a i r  and the secondary combustion a i r .  
The combustion heat i s  transferred through the boiler tube walls t o  gen- 
e ra te  high-pressure steam. Hot flue gases pass through the primary and 
secondary superheaters, and the economizers before exiting through the 
a i r  preheater. The f lue gas then passes through an electrostat ic  precip- 
i t a tor  i n  which particulate removal efficiency exceeds 99.8%. The f l  ue 
gas i s  then sent  to  the Stack Gas Scrubbing plant for  desulfurization and 
then to one of the two 400-foot double f lue  stacks. Tail gas from the 
Sulfur Plant i s  also incinerated in the furnaces. PSpeline gas is  pro- 
vided f o r  plant start-up. 

The boiler feedwater make-up and treatment system consists of three major 
subsystems, which include those for  treated boiler feedwater, suspect 

i condensate, and demineralized water. 

Treated r iver  water i s  routed to  a sodium me01 i t e  softening system con- 
s i s t ing  of three softeners w i t h  one operating, one on standby, and the 



other regenerating. Softened water i s  combined i n  a tank w i t h  condensate 
from the Sewers and Wastewater Treatment plant. If condensate i s  not 
avail able, the standby softener i s  used t o  provide additional capacity. 
The m i  xed stream i s sent to  the demineral i zer, w i  t h  a side stream t o  the 
suspect condensate subsystem when make-up i s required. 

The suspect condensate system is fed by various 50 and 150 psi condensate 
streams from process users, steam traps,  and such. The condensate i s  
cooled and placed in a storage tank where i t  is joined by condensate 
streams from blowoff tanks that  are  fed from various gland condensate and 
steam p i p i n g  low point drains. 

The combined stream passes through a system of three f i l t e r s  of the pre- 
coated leaf-type which use sol ka floc to  remove trace hydrocarbons. Two 
f i l t e r s  operate normally, while the t h i r d  i s  on regeneration or standby. 
The stream i s  then sent to the low-pressure deaerators. However, the 
f i 1 tered stream i s monitored for  tiydrocarbons and h i g h  conductivity and 
i s recycled to  the f i l  t e r s  or diverted to the 1 ow-sol i d s  cool i ng tower i f . ' . 

necessary. Softened make-up water from the sodium zeol i t e  system can be . 

added as make-up. 

The demineralizer subsystem i s  fed by softened water, condensate from 
various process plants, and steam turbine exhaust condensate. The mixed 
feed stream i s  then treated i n  ion exchange demineralizers consisting of 
four cation and four anion exchangers regenerated w i  t h  sodium hydroxide 
and sulfuric. acid. The demineralized water i s  stored for  use a s  feedwater 
for  the h i  gh-pressure deaerator. 

The plant has three deaerators tha t  use 50 psi steam to s t r i p  and deaerate 
the water. One of the deaerators serves the high-pressure feedwater sys- 
tem, a second the low-pressure system, while the third i s  a swing u n i t .  

The stream from the low-pressure system i s  s p l i t  into 600 psi and 150 psi 



streams, pumped t o  system pressure and distributed t o  various users. The 
stream from the high-pressure system is  pumped t o  900 psi and used as 
boiler feedwater or distributed t o  other users. 

The boilers operate a t  a nominal 900 psi and 750°F. Temperature control 
i s by a combination of i ntermediate superheater attemperation, t i  1 t i  ng 

. main burners, regulation of  excess a i r ,  and combustion controls. Pressure 
i s  regulated by a 1 oad-foll owing control system which maintains 900 psi 
throttle pressure t o  the turbines. Flow of water in the boiler i s  by 

natural circulation to and from the steam drum. Saturated steam from the 
drum flows through the primary superheater, the superheater attemperator 
and,  final l y ,  through the secondary superheater. During 1 ow-1 oad opera- 
tion a bypass circulates water through the economizer t o  prevent steaming. 

The 900 psig steam drives the turbine generators or i s  sent t o  process 
users. A backup supply of 900 psig saturated steam and a supply t o  the 
600 psig steam system i s  provided by use of a desuperheater or a let-down 
station and desuperheater, respectively. The 600 psig steam system nor- 
mally receives extractor steam from the.turbines and excess saturated 
waste heat steam which has been superheated in a gas fired superheater. 
The 600 psig steam suppl ies throttle steam t o  equipment drive turbines in 
the boiler plant and t o  other process heaters and turbine drives as well a 

as supplying the 150 psig system through a let-down station. The 50 psig 
steam system receives steam from drive turbine exhausts, flash drum vents, 
and the 150 psig system and distributes i t  t o  various users. 

Boiler blowdown and blowdown from other sources i s  routed t o  various flash 
drums, and flashed. Flash steam i s  vented t o  the 600 psig header, and 

the liquid i s  sent t o  waste treatment. 

The ash handling system i s  composed of the fly ash and bottom ash systems. 
The fly' ash hand1 ing system handles ash collected i n  the a i r  preheater 



and e l e c t r o s t a t i c  p r e c i p i t a t o r  hoppers. The ash  i s  conveyed pneumatical ly  
t o  a s i l o ,  and i s  then loaded i n  a t ruck  f o r  d i sposa l .  The bottom ash 
system handles ash  from the bottom ash  I~opper,  the economizer, and pul- 
v e r i z e r  r e j e c t s .  The mater ia l  i s  s l u i c e d  by e j e c t o r  pumps t o  t r a n s f e r  

t anks  and i s  then pumped t o  one o f  two dewatering bins .  Most of the ash 
settles t o  the bottom o f  the bin and t h e  water  is decanted and rec i rcu-  
l a t e d .  The s ludge i s  loaded i n t o  t r u c k s  and hauled t o  d i sposa l .  

6.3 STACK GAS SCRUBBING - PLANT 35 

The b o i l e r  f l u e  gases  from the e l e c t r o s t a t i c  p r e c i p i t a t o r s  and the t a i l  

gas from the Su l fu r  P l a n t  a r e  t r e a t e d  i n  the Stack   as‘ Scrubbing p l a n t  t o  
remove s u l f u r  d iox ide  before  being r e l ea sed  t o  the atmosphere through the 

s t acks .  The p l a n t  uses  t h e  Wellman-Lord process and has t h r e e  s ec t i ons :  
an absorp t ion  sec t ion ,  a c r y s t a l  1 i z a t i o n  s e c t i o n ,  and a regenera t ion  sec- 
t i on .  The absorp t ion  s e c t i o n  has f o u r  t r a i n s ,  one f o r  each b o i l e r ;  the 

regenera t ion  s e c t i o n  has two t r a i n s ;  and the c r y s t a l 1  i z a t i o n  s e c t i o n  con- . 

sists o f  a s i n g l e  t r a i n .  

As mentioned prev ious ly ,  the Stack Gas Scrubbing p l a n t  sha re s  a po r t i on  of 
the a r e a  occupied by the Steam Generation and Boil e r  Feedwater Trea t ing  
p l an t .  The fou r  t r a i n s  o f  the absorp t ion  s e c t i o n  a r e  l oca t ed  between the 
e l e c t r o s t i c  p r e c i p i t a t o r s  o f  the b o i l e r s  and the f l u e  gas  s tacks .  In 

e f f e c t  these u n i t s  a r e  a p a r t  of  the ind iv idua l  b o i l e r  t r a i n s .  The ven tu r i  

scrubber ,  mist e l imina to r ,  and absorber  a r e  l oca t ed  i n  a l i n e  p a s t  the 

e l e c t r o s t a t i c  p r e c i p i t a t o r s  of the regenera t ion  sec t ion .  The f o u r  evapo- 
r a t o r s  a r e  i n  a row p a r a l l e l  t o  the b o i l e r  t r a i n s  and the s t r i p p e r  i s  j u s t  
beyond the evaporators .  The d i s so lv ing  t ank  and the evapora tor  t ank  a r e  
on one s i d e  o f  the evapora tors ,  and the air-cooled condensers a r e  mounted 
on a rack over  the top  o f  the tanks.  The sodium s u l f a t e  c r y s t a l l i z i n g ,  

cen t r i fug ing  , and drying equipment is grouped towards the piperack which 
runs along the evapora to r - s t r i ppe r  1 ine.  The SOp compressors and r e l a t e d  . 

equipment a r e  contained i n  a bui lding.  



Each t ra in  of the absorption section t r ea t s  the f lue  gas from i t s  boiler 
t o  remove the sulfur  dioxide before the flue gas i s  sent to  the stack. A 

safety bypass l i n e  i s  provided from the incoming f lue  gas l i ne  to  the out- 
going f lue gas 1 ine so the absorption u n i t  can be bypassed i n  case of 
damper or  blower fai lure .  In normal operation, the incoming f lue  gases 
a re  boosted i n  pressure by a blower before entering a venturi-type scrubber 

, fo r  cooling and residual f l y  ash removal. The f lue  gases then pass through 
a mist eliminator t o  remove entrained 1 iquid. The gases are fur ther  washed 
and cooled w i t h  water sprays and then pass through mist-el iminator pads 
before entering the absorber. 

In the absorber the gases are contacted countercurre'ntly by a lean sodium 
sul f i  t e  solution fed to  the topmost of seven trays. Liquor is  recirculated 
over each of the bottom four trays. The sulfur  dioxide i n  the gases reacts 
w i t h  the s u l f i t e  to form bisulf i te .  The scrubbed flue gases from the top 
of the absorber are  reheated by the combustion products from a gas-fired 

heater before being vented to  the boiler flue gas stack. 

The bisulf i  te-rich solution from the bottom of the absorbers i s  pumped to 
a common precoated f i l t e r  where particulates are  removed. A second f i l t e r  

i s  provided to  a1 low fo r  precoating while the other i s  operating. The 
f i l t e red  1 iquor i s  fed to  the absorber product tank which is  sized for  
3 days' storage. The 1 iquor i s  pumped from t h i s  tank t o  the evaporator 
feed preheaters i n  the regeneration section. A side stream i s  sent to  the 
crystal l izat ion section as a purge to  prevent build-up of sodium sul fa te  
in the system. 

The f i 1 tered 1 i quor i s spl i t  i n t o  two streams. The f i r s t  stream i s evenly 
distributed to  each f i r s t - e f f ec t  evaporator where water and SO2 are 
evaporated using 1 ow-pressure steam. The second stream i s  evenly d i s t r i -  
buted to  the second-effect evaporators which are  heated by overhead vapor 
from the f i rs t -effec t ei~aporator and the sul f a t e  cry.stal1 imer. The s1 urry 



product i s  discharged from the evapora tors  t o  an  a g i t a t e d  d i s so lv ing  tank.  
A s i d e  s t ream o f  mother 1 iquor  is decanted from one of  the f i r s t - e f f e c t  
evapora tors  and sent t o  the downstream s u l f a t e  dryer .  S lu r ry  i n  t h e  tank  
i s  mixed w i  t h  cooled s t r i p p e d  condensate from the condenser system t o  
r ed i s so lve  s u l f i  te  c r y s t a l s .  Soda ash  s o l u t i o n  i s  added t o  rep1 ace sodium 
l o s t  t o  t h e  s u l f a t e  purge stream. Regenerated s o l u t i o n  from the d i s s o l v i n g  
tank  i s  pumped t o  the absorber  f eed  tank  a s  absorbing s o l u t i o n  which is  
a l s o  used i n  the vent  gas  scrubber  t o  recover  SO2. 

The vapors from the t o p  o f  the second-ef fec t  evapora tor  a r e  combined w i t h  

o t h e r  vapors and condensed i n  a i r -cool  ed exchangers. The condensate i s 
f ed  t o  t he  condensate s t r i p p e r  which handles  condensate from both sets of 
evapora tors  a s  well a s  o t h e r  condensates from about  the f a c i l i t y .  In the 

condensate stripper the condensate is steam s t r i p p e d  t o  remove SO2. The -.-. 

SO2-rich overhead from the s t r i p p e r  i s  cooled i n  a n  exchanger by cool i ng  
water. The cooled vapor f lows t o  the suc t ion  of  the primary compressors, , 

while condensate i s  re turned  t o  the s t r i p p e r .  S t r i p p e r  bottoms a r e  cooled 
and re turned  t o  the d i s so lv ing  tank. 

The f o u r  primary compressors o p e r a t e  i n  pa ra l l  el and se rve  t o  keep. the 

evapora tors  and the strippers under vacuum. The SO2-rich gases  from the 
primary compressors flow t o  a common suc t ion  drum and SO2 supe rhea t e r  
and then t o  three secondary SO2 compressors. These s ing l e - s t age  machines 
ope ra t e  i n  p a r a l l e l  and d e l i v e r  the SO2-rich gases  t o  the S u l f u r  P lan t .  

In the absorbers ,  the primary r eac t ion  i s  t h a t  of  SO2 r e a c t i n g  w i t h  the 

sodium s u l f i  t e  i n  the l e a n  absorp t ion  s o l u t i o n s  t o  form sodium b i s u l f i  te. 
In a secondary r eac t ion ,  some of the sodium su l  f i  te  i s  oxidized t o  sodium 
s u l f a t e  which'must be cont inuously removed t o  avoid build-up i n  t h e  system. 
This i s  accompl ished by tak ing  a s i d e  s t ream from the absorber  product  
1 i quor,  a f t e r  f i 1 t r a  ti on, and concen t r a  t i  ng i t i n  an evaporator  
c r y s t a l  1 i ze r .  



The sodium sul fa te  c rys ta l s  and' mother liquor are withdrawn from the crys- 
t a l l i z e r  and separated i n  ,a centrifuge. The crystals  are dried i n  a dryer 

heated by the combustion products from a fuel gas-fired heater. The dried 
sodium sul fa te  c rys ta l s  are stored i n  an elevated b i n  for  loading into 
trucks as a marketable product. The mother 1 iquor, together w i t h  a mother 

.;-. 1 iquor stream drawn from a special separator in the evaporator, are col- 
lected i n  an agitated storage tank and pumped back to  the absorber product 
tank for  recirculation. 

6.4 WATER SYSTEMS: RAW, POTABLE, COOLING - PLANT 32 

T h i s  plant includes the r iver  water treating and the cool ing tower sys- 
tems. A comprehensive project-wide water management plan has been devel- 
oped based on total  reuse of water and zero discharge to public water 
du r ing  normal operation. This zero discharge plan i s  not cost  effect ive 
and various discharge scenarios will be evaluated by the Operator prior 
to  the Engineering Phase. The water management plan and i t s  objectives 
are covered i n  detai l  i n  Report VII and will not be discussed here fur- 
ther. I t  i s  important to  note tha t  the plant i s  vir tual ly  inseparable 
from the Sewers and Wastewater Treatment plant. Practicallhy a l l  of the 
treated e f f l  uent from the wastewater system i s  used as  make-up i n  the 
water system. 

The t reat ing,  f i l  tering, and pumping faci 1 i t i e s  are 1 ocated next t o  the 

raw water pond and between the r iver  and r a i l  road near the corner of the 
s i t e ,  while the cooling towers and associated f a c i l i t i e s  are near the 
Coal Washing plant. 

The main elements of the plant are the: 

River water treatment sys tem 

e Cool i ng water system 

Cool i ng water s i  destream treatment system 



The principal source of fresh water for  the plant i s  the Ohio River. The 
r iver  water treatment system prepares the river water fo r  some of i t s  
direct-end uses (cool i n g ,  f irefighting, housekeeping) and for  secondary 
water treatment processes (boil e r  feedwater, process water). Water used 
for  drinking and sanitary f a c i l i t i e s  i s  obtained from onsite wells or  
river water that  i s  treated i n  a package potable water treating plant. 

The treatment of r iver  water consists of screening, cold 1 ime softening, 
sedimentation, clar i f icat ion,  pH adjustment, and f i l t r a t ion .  The system 
i s  designed to  t r e a t  up  t o  10,000 GPM of r iver  water. Normal flow ra te  

through the system will vary between about 5,700 and 7,000 GPM depending 
on rainfal l .  Rain runoff from building roofs and uncontaminated pl ant 
areas as well as certain treated process wastewaters will be used to  sup- 
pl ement r iver  water. 

The river water intake includes s ix  2500 GPM pumps (four operating and 
.two spares) that  are used to pump water from the r iver  to the reactor 
c l a r i f i e r  i n  the cold 1 ime softening and sedimentation section. Con- 
trol l'ed quantit ies of slaked dolomi t i c  1 ime, soda ash, sodium a1 uminate, 
and a polymer are added, i n  1 i q u i d  form, t o  the reactor c l a r i f i e r .  
Do1 omi ti c 1 i.me i s  used i n  the softening process to  raise the pH of the 

' water and precipitate cal c i  um and magnesium present as  carbonate hardness. 
I t  i s  expected that  some of the s i l i c a  will also coprecipitate as a mag- 
nesium s i l  icate complex. Soda ash is  added to  precipitate calcium as  
noncarbonate hardness. Sodium aluminate and a polymer are added to  aid 
se t t l ing  of the suspended solids along w i t h  the chemical precipitate 
generated by the softening reactions. The cl ar i  f i e r  e f f l  uent passes 
through a neutralizing basin where sulfur ic  acid i s  added to lower the pH 

to  approximately 7.0 i n  order to preclude post precipitation i n  the f i l t e r  
media downstream of the softener. Sul fur ic  rather than hydrochloric acid 
i s  used to  minimize chloride build-up i n  the cooling water system. 



About 600 GRI of c l a r i f i ed  r iver  water i s  f i l t e red  using anthracite 
f i l t e r s  and pumped as make-up to  boiler feedwater treatment. Sand i s  not 

used i n  these f i l t e r s  i n  order to  avoid dissolution of s i l i c a  which would 
be undesirable i n  boiler feedwater. The balance of the c la r i f ied  river 
water i s  f i l  tered using f ive anthraci te/garnet dual media f i l t e r s .  T h i s  

water flows to  the water storage pond where i t  i s  blended w i t h  clean or 
treated storm runoff. The f i l t e r s  are  backwashed w i t h  water from the 
u t i l  i ty  water/f i re  water storage pond. The backwash water, containing 
the f i l t e red  solids,  i s  returned to  the reactor c l a r i f i e r .  

Reactor c l  arf f i e r  underflow i s  sent to  a sump where i t  is pumped to two 
rotary vacuum f i l t e r s  for  dewatering. F i l t r a t e  i s  returned to  the reactor 
c l a r i f i e r  fo r  reuse. Sludge produced from treating coal storage p i le  
storm runoff i s  dewatered w i t h  the c l a r i f i e r  reactor underflow. A con- 

veyor system del ivers the f i l t e r  cake to  a b i n  where i t  is periodically 
1 oaded onto trucks tha t  transport i t to  the 1 andfi l l .  

Two conventional cool i ng water systems w i  t h  mechanical induced-draft 
cool ing  towers are  provided. One system circulates  water w i t h  a 
relatively low dissolved solids content and serves the Oxygen and Steam 
Generation and Boiler Feedwater Treating plants. The other systen~ ci  mu- 
l a t e s  water w i t h  re lat ively h i g h  dissolved solids content (4,000 ppm TDS) 
and serves the other Process Plants. The low-solids cooling tower i s  
designed to  provide 1,507 MM B t u / h r  cool i n g  requirement a t  a circulation 
ra te  of 124,000 GPF1. The high-sol ids cool i ng  tower i s  designed to supply 
the 1,335 MM Btu/hr cooling requirement of the Process Plants a t  a circu- 
la t ion  r a t e  of 150,000 GR1. 

The make-up water to  the cooling towers i s  a variable mix of treated r iver  
water and treated process wastewater. The make-up to the low-solids 

cool ing  tower i s  treated r iver  water p l  us treated wastewater. The total  
make-up requirement t o  this towerci s 4,520 GPM. , Treated wastewater will 



provide 2,050 GPFl i n  dry weather and 3,300 GPM i n  wet weather. The 
make-up t o  the h i  gh-sol i d s  cool i ng  tower c o n s i s t s  o f  approximately 1,500 
GR4 of blowdown from t h e  low-sol ids  cool ing  tower and t r e a t e d  r i v e r  water  
t o  make up the t o t a l  requirement o f  about  3,130 GPM. 

The cool ing water  t rea tment  r e q u i r e s  the use  o f  a d d i t i v e s  such a s  chlo- 
r i n e ,  i n h i b i t o r s ,  a c i d s ,  and d i spe r s ing  agents .  Chl o r i n e  is  added i n t e r -  
m i  t t e n t l y  f o r  b a c t e r i a  and a l g a e  con t ro l .  A s ides t ream o f  the 1 ow-sol i d s  
cool ing  water  supply is used t o  c a r r y  the ch lo r ine  t o  the tower basins .  
The c h l o r i n e  i s  introduced i n t o  the cool ing  water  system by a water  ejec- 
t o r  t h a t  a s p i r a t e s  the c h l o r i n e  and d i s s o l v e s  i t  i n  the water. Dosage 
cont ro l  i s  by pe r iod i c  wet a n a l y s i s  of  the cool ing water. 

A chromate-based co r ros ion  i n h i b i t o r  is used i n  both.  c i r c u l a t i n g  cool i ng 
water  systems. I t  i s  introduced i n t o  the 1 ow-sol i d s  system i n  the 

make-up water  and i s  c a r r i e d  over  t o  the h igh-so l ids  system i n  the blow- 
down which c o n s t i t u t e s  the bulk of  the make-up t o  the high-sol i d s  system. 
Control i s  by automatic  c o r r o s i v i  t y  con t ro l .  S u l f u r i c  a c i d  is  added t o  
con t ro l  pH and a d i spe r s ing  agent  i s  requi red  t o  minimize foul ing i n  both 
coo l ing  water  systems. The agen t s  a r e  added a s  an aqueous s o l u t i o n  by 
meteri ng pumps. 

A s ides t ream from the high-sol ids  cool ing  water  system i s  t r e a t e d  t o  
remove suspended and d isso lved  sol  i d s  f r o m  the c i r c u l a t i n g  cool i ng  water.  
This  permi ts  ope ra t i ng  the tower a t  high cyc l e s  of  concent ra t ion  and 
reduces the cool i ng tower make-up and bl owdown r a t e s .  The flow is  

d ive r t ed  from the h igh-so l ids  cool ing  water  tower r e t u r n  header and fed  
t o  the s ides t ream r e a c t o r  c l a r i f i e r  a1 ong w i t h  r ecyc l e  streams from the 
vacuum 'fi 1 ters and s ides t ream g r a v i t y  f i  1 ter  backwash sump. The r e a c t o r  

c l a r i f i e r  p r e c i p i t a t e s  calcium and s i l  i c a  and p a r t i c a l  l y  removes suspended 
s o l i d s .  Dolomitic lime i s  added t o  r a i s e  the pH and cause  p r e c i p i t a t i o n  
o f  magnesium. Additional l y  , sil i c a  is copreci  p i  t a t e d  w i  t h  magnesium 



hydroxide a s  a magnesium s i l i c a t e  complex. Sodium aluminate and polymer 
a re  added as  coagulants, a1 1 owing col 1 o i  dal par t ic les  to  agglomerate and 
s e t t l e  out. 

The overflow i s  gravi ty-fed to  the sidestream gravity f i l t e r s .  A system 
of five gravity sand f i l t e r s  operating i n  parallel is used. The f i l t e r s  

- automatically backwash on different ial  pressure mode; however, controls 
1 i m i  t backwashing to  one f i l t e r  a t  a time. F i l t e r  backwash water i s  col- 
lected i n  a below-grade sump and pumped back t o  the reactor c l a r i f i e r  a t  
a steady rate.  An agi ta t ing system i n  the sump keeps the sol i d  par t ic les  
suspended. The f i l t e red  water i s  collected and pumped to  the high-solids 
cool i ng tower. 

An underflow containing about 5% solids by weight i s  drawn from the bot- 
tom of the reactor c l a r i f i e r  into a below-grade sludge p i t .  The tank i s  
sized fo r  two hours of sludge retention and i s  equipped w i t h  a water j e t  
sl udge breaker. Abrasion-resistant progressing cavity pumps transport 
the sludge to  the vacuum f i 1 ters.  Three f  i 1 t e r s  are  provided, two oper- 
a t ing and one spare. F i l t r a t e  i s  pumped back to  the reactor c l a r i f i e r .  
A f i l t e r  cake, estimated to  contain 48% sol ids by weight, i s  discharged 
onto the sludge cake conveyor and transported to  an elevated sludge cake 
storage b i n  sized to  contain one day's production of sludge cake. Trucks 
transport the sol i d  waste t o  1 andf i l l  . 

The d i s t r i  bution system consists of underground p i p i n g  for  potable, 
u t i l i t y ,  high-solids, and low-solids cooling water systems. Potable 
water i s  pumped to  drinking fountains, cafeter ia  faci l  i t i e s ,  showers, and 
sanitary facil  i t i e s  from a storage tank. Pumps circulate the cool ing 
water 'through separate high-solids and low-sol ids underground piping 
systems t o  and from the i r  points of usage. Uti l i ty  water i s  pumped from 
the raw water pond t o  a header tha t  extends throughout the plants. 
Branch \l ines from t h i  s header t o  each plant carry the water to  i t s  use 
points. 



6.5 FIRE SYSTUIIS. - PLANT 33 

A comprehensive f i r e  water system i s  provided for  the general f i r e  pro- 
tection of the en t i re  f ac i l i t y ,  including steam blanketing and chemical 
f i r e  suppression systems for  selected f a c i l i t i e s  and equipment. Fire 
Sys terns provi de : 

Fire water to  Process Plants, coal handling, water 
and waste treatment, and tankage 

Fireproofing fo r  vessel supports, pipe racks, and 
such 

Sprinkler systems for  buildings, fo r  part  of the 
process equipment such as pumps or heat exchangers 
(depending on the location),  and for  the tank fSllSng 
rack 

Bl anketi ng steam for  compressor buildings and f i red 
heaters 

Halogen systems for  computer room and laboratory 

Nitrogen system for  sulfur  storage tanks 

Separate f i r e  control systems for  the 1 i quids 1 oadi ng and coal unloading 
docks are  included i n  the River Fac i l i t ies  plant. 

Fire protection and control systems for  a1 1 faci 1 i t i e s ,  structures,  and 
equipment of the project are designed i n  compl iance w i  t h  a1 1 federal , 
s ta te ,  and 1 ocal laws. They are also designed to  comply w i t h  a l l  appl i- 

cable codes and standards, recommendations of the National Fire 
Protection Associations, and the guide1 i nes of the Industrial R i  sk 
Insurers. 

The f i r e  water system i s  suppl ied from a f i r e  water storage tank 1 ocated 
near the tank farm and from the main raw water pond. Either source can 

supply 60,000 barrels, which i s  150 percent of the system's four-hour 
demand. 



Four main f i r e  water pumps, each rated fo r  3,500 GPFl a t  192 psi ,  del iver 
the water to  the distribution system. Two vertical pumps are located a t  
the new water pond. One i s  dual-driven by e l ec t r i c  motor or  turbine and 
the other is  driven by a diesel engine. Two horizontal pumps powered by 
similar dr ivers  del iver  water from the f i r e  water tank. 

Two vertical electric-drive f i r e  water jockey pumps, each rated for  
275 GFM a t  192 psi discharge pressure, a re  instal led a t  the raw water 
pond to maintain the pressure i n  the f i r e  water system. Either pump i s  
capable of producing 150% rated capacity a t  65 percent rated head, thereby 
a1 1 owing the second pump to  serve as a spare. 

Independent f i r e  water supply loops are provided around the coal handling 
area, the prccess plant area, and the tankage area. Each loop can be cut 
off without affecting the others. Branch headers extend from the main 
loops through the areas surrounded by each loop. The f i r e  water mains 

are coated and wrapped steel pipe and are  instal  led underground. Fire 
water i s  supplied to  f i r e  bd ran t s  and/or fixed monitors spaced a t  a 
maximum of 150 f e e t  around each plant. The monitors are 500 GPM units 
w i t h  adjustable fog/strai  g h t  stream t ips  and locking devices for  both 
hori zontal and vertical  adjustment. Fi re  hydrants have f l  anged connec- 
t ions w i  t h  ~ u t s i d e  independent shutoff valves for  hose connections. A1 1 
f i r e  hydrants are  self  draining. Each individual Process Plant has 
accessibi l i ty  to  a t  l e a s t  four firehose s tat ions complete with Rose stored 
on reels  and preconnected to  the f i r e  water system. 

Water deluge systems are provided f o r  the propane, butane, LSR gas01 ine, 
and anhydrous ammonia tankage, as  well as  for  a l l  areas of piperacks 
w i t h i n  25 f e e t  of heaters, pump bat ter ies ,  towers, and other major vessel s 
containing flammable material s. Sprinkler systems are provided a s  neces- 

sary i n  buildings, a t  the tank truck loading rack, coal unloading dock, 



s i l o s ,  b ins ,  and the coal conveyors. They a r e  a l s o  i n s t a l l e d  a t  a i r -  
cooled exchangers on piperacks i f  flammable mater ia l  i s  contained i n  

equipment immediately ad j acen t  t o  the piperacks.  

Dry chemical f a c i l i t i e s  inc lude  hand ex t ingu i she r s  i n  the o f f i c e s ,  ware- 
house, change house, l abo ra to ry ,  c a f e t e r i a ,  and 1 ike bu i ld ings  on the 

b a s i s  o f  a t  l e a s t  one ex t ingu i she r  f o r  every 2,500 square f e e t  o f  f l o o r  
a rea .  An average of f o u r  wheeled dry chemical ex t ingu i she r s  will be pro- 
vided f o r  each process plant .  

Low-pressure (50  p s i g )  blanket ing steam f o r  f i r e  f i g h t i n g  i s a v a i l  a b l e  i n  
t he  compressor bui 1 d ings ,  a t  exchanger and pump rows, h e a t e r  f i r e  boxes, 
and accumulator decks. Steam va lves  and 50-foot hoses a r e  l oca t ed  a t  
50-foo t i n t e r v a l  s a1 ong equipment rows and a t  100-foo t i n t e r v a l  s a1 ong 
piperacks.  

Storage t anks  w i t h  bottom i n j e c t i o n  foam systems a r e  provided f o r  products  
w i t h  less than 140°F f l a s h  points .  T h i s  inc ludes  a 1,000-gallon system 
f o r  l i g h t  and heavy s l o p  t anks  and a 3,000-gallon system f o r  gaso l ine  
reformate,  phenol s ,  and raw heavy naphtha tanks.  Mobile foam equipment 
inc ludes  a pumper equipped w i t h  a balanced p re s su re  foam propor t ion ing  
system t h a t  has a s o l u t i o n  pumping capac i ty  o f  1,500 GPM and a t r a i l e r  
equipped w i t h  a 500-gal lon tank, hose bed, p o r t a b l e  monitors,  and a 
bal anced-pressure foam proport ioning system. 

The chemical 1 aboratory and the computer room a r e  pro tec ted  by Halon 1301 
f i re  ex t ingu i sh ing  systems. The systems a r e  f u l l y  automatic,  energized 
by thermal d e t e c t o r s ,  and equipped w i t h  personnel alarms. 

A n i t rogen  f ire ex t ingu i sh ing  system is  provided f o r  the two s u l f u r  t anks  
i n  the tank  farm. The system i s  f u l l y  automatic  and energized by thermal 
de t ec to r s .  



Other equipment f o r  f i r e  fighting includes a i r  paks, flame resis tant  f i r e  
f i ghter sui t s ,  foam eductors, f i r e  hose, hydrant monitors, 1 adders, axes, 
and walkie-talkie sets .  Detectors and alarms are installed i n  a l l  
b u i l d i n g s  occupied by personnel. 

p 6.6 SEWERS AND WASTEWATER TREAlMENT - PLANT 34 

The goal of minimizing both water consumption and eff luent  discharge i s  
achieved by segregating wastewater streams and treating them to  the degree 

necessary f o r  reuse. Most of the water used I n  the proJect goes t o  attno- 

sphere i n  the form of harmless water vapor. A very small fraction of the 
water i s  associated w i t h  solid wastes that  are .disposed of i n  the landfil l  
operations. 

Individual systems included i n  the Sewers and Wastewater Treatment Plant 
i ncl ude: 

' Coal' storage p i l e  runoff treatment 

O i  1 y wastewater treatment 

Deoiled wastewater treatment 

Str i  pped/dephenol ated wastewater treatment 

0 Reverse osmosis for  process wastewater 

a Brine concentration and drying for  process wastewater 

a Reverse osmosis, brine concentration and evaporation 
wastewater from boil e r  feedwater treating and boil e r  
cool i ng tower bl owdown 

8 Sanitary sewage treatment 

The design of the coal storage p i l e  runoff treatment system i s  based on 
acidic  water i n  which bicarbonate a1 kal i n i  ty  i s  insignificant and hardness 
i s  noncarbonate. Soda ash i s  used i n  treatment and will ra i se  the pH and 



precipi ta te  calcium and magnesium a s  carbonates. If i t  i s  determined 1 a t e r  
t ha t  the runoff contains appreciabl e bicarbonate a1 kal i n i  t y ,  1 ime addit ion 
may be required. The treatment system consis ts  of c l a r i f i c a t i on ,  neutral- 
iza t ion and f i l t r a t i o n .  

The runoff from the coal storage p i les  i s  routed t o  a storm surge pond 
t ha t  a c t s  as  a flow and composition equalizer and feeds the treatment 
equipment. Some of the  heavier suspended so l ids  s e t t l e  out  a t  this 

point. From the surge pond the runoff i s  pumped t o  a reactor c l a r i f i e r  
where i t  i s  neutralized w i t h  soda ash and c l a r i f i e d  w i t h  the a id  of a 
polyelectrolyte. Set t led  sol ids  a re  w i  thdrawn as  sludge from the bottom 
of the  c l a r i f i e r  and pumped t o  the sludge dewatering fac i l  i t e s  a t  the  
r i ve r  water treatment plant. L i q u i d  e f f l  uent i s  puniped through two 
downflow, pressure-type, dual-media f i l t e r s  t o  remove residual suspended , 

sol ids .  F i l t e r  backwash water i s  returned to  the c l a r i f i e r  reactor 
i n l e t .  The surge pond s i z e  i s  based on a 10-year frequency storm 1 as t ing 
48 hours t ha t  resul ts i n  an estimated 7 m i l  1 ion gallons of runoff water. 
T h i s  will be processed a t  the 500 GPM design r a t e  i n  about 10 days. 
Provision is  made fo r  overflow to  the r i ve r  i n  case the storm runoff . 

exceeds the  10-year design storm. The surge pond will  be dredged 
periodical ly  . 

The o i l y  wastewater treatment system consis ts  of API gravity separation 
followed by dissolved a i r  f loata t ion (DAF). Sludges generated by the API 

separator and DAF un i t s  a re  disposed of by incineration.  Oil contaminated 
wastewaters from throughout the plant ,  including contaminated surface r u n -  
o f f ,  a re  collected by an underground sewer system. Normally, o i l y  waste- 
waters flow d i rec t ly  t o  the API separator. When design flow ra tes  are 

exceeded the  flow i s  diverted to  an o i l y  water surge pond. When d i r e c t  
flow to  the API separator f a l l  s below design, surge. water i s  pumped from a 
pond using non-emu1 s i fying pumps. The p.ond has a working volume of 
25 million gallons. I t  i s  equipped w i t h  baff les ,  and f loat ing booms are  
located near the  i n l e t  end t o  re ta in  f r ee  surface o i l  w i t h i n  a re la t ive ly  



small a r ea .  F loa t ing  o i l  skimniers and vacuum-equipped t r u c k s  will be used 
t o  skim o f f  o i l  be fo re  emptying the pond. The emergency overflow t o  the 
r i v e r  i s  l o c a t e d  under a b a f f l e  and a t  the oppos i t e  end o f  this  pond t o  
ensu re  no l o s s  o f  o i l  t o  the r i v e r .  

Unemul s i f i e d  o i l  i s  f l o a t e d  t o  the s u r f a c e  and skimmed o f f  i n  t h e  API 
s e p a r a t o r  while the heav ie r  o i l  s and o i l  -coated so l  i d s  se t t le  t o  the bot- 
tom. Skimmed o i l  i s  pumped t o  a s l o p  o i l  t ank  p r i o r  t o  reuse  while 

s e t t l e d  s ludges  are removed from the API s e p a r a t o r  and c o l l e c t e d  i n  a sump 
p r i o r  t o  being i n c i n e r a t e d .  Separa tor  e f f l u e n t  i s  pumped t o  the f l a s h  mix 

t a n k  where the  pH is  ad jus t ed  by either s u l f u r i c  a c i d  o r  c a u s t i c  soda and 
i t  i s  dosed w i t h  p o l y e l e c t r o l y t e  f l occu lan t s .  E f f luen t  from the f l a s h  mix 
t ank  flows t o  the f l o c c u l a t i o n  tank  where g e n t l e  a g i t a t i o n  speeds the 

coagula t ion  of  s o l  ids .  

From t h e  f l o c c u l a t i o n  tank,  the wastewater f lows by g r a v i t y  t o  two p a r a l l e l  
DAF un i t s .  Additional suspended so l  i d s  and f i n e  o i l  d r o p l e t s  a r e  removed 
i n  these u n i t s  by their at tachment  t o  r i s i n g  a i r  bubbles. The a i r  bubbles 
a r e  c r ea t ed  by in t roduc ing  a r ecyc l e  s t ream i n t o  the DAF t anks  which has 
been s a t u r a t e d  w i t h  a i r  under pressure .  E f f luen t  from the DAF u n i t s  flows 
by g r a v i t y  t o  the b io log ica l  t rea tment  system while both skimmed and 
s e t t l e d  s ludges  a r e  pumped t o  a l oca l  sump f o r  t r a n s f e r  t o  i nc ine ra t i on .  

The deoil  e d  wastewater  t rea tment  system c o n s i s t s  o f  an oxygen-activated 
sl udge t r ea tmen t  t o  remove biodegradable  organics ,  f o l  1 owed by dual-media 
f i l t r a t i o n  t o  remove suspended s o l i d s .  E f f luen t  from the o i l y  water  
t r ea tmen t  system i s  s e n t  t o  the oxygen-activated s ludge  system which con- 
sists o f  three a e r a t i o n  bas ins ,  each w i t h  two Merox a e r a t o r s ,  three c l a r i -  

fiers, and one s ludge  th ickener .  E f f luen t  i s  f e d  i n t o  the a e r a t i o n  bas ins  
i n  which o rgan ic  contaminants a r e  contac ted  wi th  recycled microorganisms 
and oxygen. The organisms use the biodegradable  organic  m a t t e r  a s  a source 
o f  energy and a s  food f o r  c e l l  growth. The suspension o f  organisms and 



wastewater i s  passed through a c l a r i f i e r  where most so l  i d s  se t t l e  out. .  
The bulk o f  these s e t t l e d  s o l i d s  o r  s ludge  i s  recycled t o  the f r o n t  o f  the 
a e r a t i o n  basins .  The remaining s ludge i s  removed t o  maintain a cons t an t  
microorganism concent ra t ion  i n  the bas in  and i s  thickened t o  3 percent  
s o l i d s  i n  the s ludge  thickener .  The concent ra ted  s ludge i s  s e n t  t o  the 
Zimpro wet ox ida t ion  un i t .  Thickener overflow i s  recycled t o  the f r o n t  of  
the a e r a t i o n  basin.  

Ef f luent  from the c l a r i f i e r  is f i l t e r e d  i n  a a n t h r a c i t e  ga rne t  dual -media 
pressure- type f i l t e r  t o  remove t h e  l a s t  t r a c e s  o f  suspended sol  i d s .  The 
f i l t e r  feed  i s  f i r s t  ch lo r ina t ed  t o  prevent  b io log ica l  growth i n  the 
f i l t e r s ,  and a polymer i s  added t o  improve performance. The f i l t e r e d  
e f f l  uent i s rou ted  t o  the 1 ow-sol i d s  cool ing tower make-up system. 

Following t rea tment  i n  the Sour Water Trea t ing  p l a n t ,  the s t r i p p e d  and 
e x t r a c t e d  process  wastewater will con ta in  1 arge quant i  ties o f  d i  s so l  ved 
organics  and inorganic  s a l t s .  These organics  a r e  those which  a r e  no t  

removed by the e x t r a c t i o n  process  f o r  phenol ics .  This  waste s t ream i s  
t r e a t e d  i n  a system c o n s i s t i n g  of wet ox ida t ion  and biophysical t rea tment  

(powdered a c t i v a t e d  carbon, o r  PAC) us ing  a c t i v a t e d  s ludge  t o  remove the 
organic  mat te r .  

The waste s t ream i s  c o l l e c t e d  i n  an equal i z a t i o n  tank  and s e n t  t o  a Zimpro 
wet ox ida t ion  uni t where d isso lved  and suspended organics  a r e  ox id ized .  
Three i d e n t i c a l  para1 lel t r a i n s  a r e  used. Wastewater i s  f i r s t  pumped t o  
system pressure  (1500 psi ) by a p o s i t i v e  displacement pump and then passed 
through a h e a t  exchanger where i t  i s  preheated by the ho t ,  ox id ized  e f f l u -  
en t .  The temperature o f  the feed  i s  r a i s e d  t o  a p o i n t  where the ox ida t jon  
react'ion will proceed autogenously i n  the r eac t ion  vesse l .  Oxygen requi red  
t o  suppor t  the ox ida t ion  r eac t ion  is compressed t o  system pressure  and 
bubbled through the 1 iqu id  phase i n  the r eac to r .  



* 

As oxidation progresses w i t h i n  the reactor, the heat of combustion raises 
the temperature of the reaction products to  530-540°F. The hot reactor 
eff luent  i s  passed through a waste heat boiler generating about 
50,000 1 b /h r  of 150 psig  steam. The par t ia l ly  cooled eff luent  is then 

passed through the feed preheater fo r  further cooling. The stream i s  
. depressurized to  atmospheric pressure a f t e r  cool i ng . The resul t an t  vapors 

g contain most of the hydrocarbons and are  scrubbed w i t h  cold water to  con- 
dense as much of the water vapor as possible and then vented to  the flare.  

In addition t o  the stripped-extracted sour water, the Zimpro wet,oxidation 
system w i  1 1 receive waste-activated s l  udge from the deoiled wastewater 
biological treatment system, the spent PAC and waste-activated sludge mix- 

ture  from the PAC-activated sl  udge system, and digested waste-activated 
sludge from the sanitary sewage treatment u n i t .  The spent PAC is  treated 
f o r  removal of i n e r t  sol ids  i n  the reactor and the regenerated carbon i s  
re turned t o  the PAC-acti vated s l  udge system. 

The eff luent  from the zimpro system is  sent to the PAC-activated sludge 
system where the par t ia l ly  oxidized wastewater i s  treated by an activated 
sludge process i n  the presence of activated carbon. The presence of 
powdered carbon a1 lows operation of the activated sludge system w i t h  h i g h  

concentrations of eas i ly  set t leable  m i  xed 1 i quor suspended sol ids.  

The Zimpro eff luent ,  returning sludge, and regenerated PAC i s  fed into 
f ive  aeration basins equipped with a total  of 30 pure oxygen aeration sys- 
tems of the Merox rotating active diffusers  type. Organics are biologl- 
ca l ly  degraded i n  the aeration basins. The eff luent  overflows from the 
aeration. basins i nto three cl  a r i  f i e r s  where spent PAC and waste s l  udge 
s e t t l e  out,. The c l a r i f i e r  overflow drains to  the f i l t e r  feed tank. Most 
of the se t t led  sol i d s  are recyiled to  the aepation basin. A small portion, 

which constitutes the net microorganism production, is  pumped to the wet 
oxidatfon system. This stream also contains the spent PAC which i s  regen- 
erated i n  the wet oxidation system. 



A reverse osmosis sytem i s  used t o  separate an aqueous sa l t  solution into 
two portions, one more dilute and the other more concentrated t h a n  the 
starting sol ution. The separation i s  effected by special non-porous mem- 
branes which permit the water t o  pass through the membrane more easily 
than the salt.  Pressure i s  used as the driv.ing force. The feedwater must 
be free o f  suspended solids t h a t  m i g h t  damage the membrane. Preparing the 
feed for reverse osmosis consists of filtration followed by chemical 
treatment. 

The effluent from the PAC-activated sludge system i s  spl i t  and pumped t o  

two f i l ters .  When a f i l t e r  i s  on backwash, the entire load i s  carried by 

the other f i l te r .  The wastewater i s  dosed w i t h  chlorine and polymer t o  
destroy any remaining microorganisms and t o  act as a f i l  tration aid. 

The effluent from the two media f i l te rs  i s  pumped through four cartridge ,. 

f l l  ters. When a cartridge i s  1 oaded with sol ids as indicated by a h i g h  

pressure drop, i t  i s  isolated and the cartridges replaced. Backwash from 
the media f i l t e r  i s  discharged t o  the PAC-activated sludge system where 
the sol ids utimately 1 eave the system w i t h  the clarifier underflow. The 
effluent pH from the cartridge f i l te rs  i s  adjusted t o  5 or 6 using sulfuric 
acid. .Following pH adjustment, the wastewater i s  dosed w i t h  a predeter- 
mined amount of sodium bisul f i  te and a polyphosphate solution. 

The chemically conditioned reverse osmosis ( R O )  feed i s  pressurized t o  an 
operating pressure of 400 t o  600 psi by high-pressure pumps and fed i n t o  
the RO membrane units that are arranged i n  an inverted pyramid array. 
Relatively pure water permeates through the membranes, while the brine 
becomes more concentrated. A number of parallel units and stages i n  series 

are designed t o  meet the flow and concentration requirements. The permeate 

or clean water from the system i s  sent as make-up t o  the low-sol ids cooling 
tower basin, while the concentrated brine i s  sent t o  the brine evaporation 
system. A brine concentration and drying system i s  used t o  process 



stripped and dephenol ized wastewater which has been treated by reverse 
\ 

osmosi s. 

Concentrated stripped and dephenol ized water from reverse osmosis units 
flows to a feed tank that  provides surge capacity. Wastewater i s  pumped 

t o  the vapor recompression evaporators through a ser ies  of feed preheaters. 
The feed i s  then deaerated and injected into the body of the evaporator. 

Brine i n  the body of the evaporator i s  continuously circulated by pumps 
through the respective heaters i n  the evaporators. The vapors are com- 
pressed i n  vapor compressors to  a pressure suff ic ient  t o  ra i se  the satura- 
t ion temperature about 8 degrees above the boiling temperature of the 
brine. The hot vapors condense on the steam side of the heaters providing 
heat'of vaporization for  the brine. The condensate i s  collected and con-. 
s t i  tutes the recovered water. 

Brine i s  continuously drawn from the evaporator and pumped to  the brine 
crystal 1 izer.  The crystal 1 i ze r  i s  essent ial ly  identical to  the evaporator 
except t h a t  i t  uses steam instead of compressed vapors as the heating 
medium. Generated vapors are  condensed and collected fo r  recycle to  the 
boi 1 e r  feedwater storage tank. Noncondensi bles are  removed from the system 
by a vacuum pump. 

Slurry i s  continuously drawn from the crys ta l l izer  and pumped to  the sol i d  

bowl centrifuge, which separates the 1 i q u i d  from the sol i d  phase. Granular 

s a l t  product i s  continuously discharged from one end of the sol i d  bowl 
centrifuge and stored, while the f i l  t r a t e  w i t h  some sol ids  i s  discharged 
from the other end. The f i  1 t r a t e  i s received i n a 1 iquor tank and pumped 

back to the crystal 1 i zer. 

The brine concentration and drying systems f o r  bl owdown water are .  designed 
to  process high total  dissolved sol i d s  (TDS) wastewaters and produce solids 



f o r  land disposal and water f o r  reuse i n  the  p lan t .  Wastewater conta in ing  

d issolved s a l t s  i s  evaporated us ing  vapor recompression evaporators. The 

r e s u l t a n t  condensate i s  reusable water. The concentrated s a l t s  are pro- 

cessed i n  a spray dryer  t o  produce dry sol  i d s  f o r  eas ier  disposal.  

There are two types o f  feedwater t o  the  evaporator, 'high TDS and low TDS. 

The h igh  sol i d s  are fed  d i r e c t l y  t o  the  evaporator. The low sol  i d s  are 

f i r s t  concentrated using reverse osmosis. The permeate o r  d i l  u t e  p o r t i o n  

i s  recycled t o  the  1 ow-sol i d s  cool i n g  tower wh i le  the concentrate i s  fed 

t o  the evaporator. The wastewater must be t rea ted  before reverse osmosis. 

The pretreatment cons is ts  o f  f il t r a t i o n  and chemical treatment t o  assure 

no s o l i d s  formation i n  the  reverse osmosis un i ts .  

Cool ing tower blowdown and b o i l e r  blowdown i s  c o l l e c t e d  i n  a tank. The ,., 

combined stream i s  pumped t o  two p a r a l l e l  f i l t e r s .  Chlor ine and polymer -.., 

i s  added t o  the f i l t e r  feed t o  c o n t r o l  b i o l o g i c a l  growth and promote f loc-  

c u l a t i o n  of suspended s o l i d s  f o r  b e t t e r  capture i n  the  f i l t e r  beds. 
F i l t e r e d  water f lows t o  a surge tank upstream o f  the RO system. Spent 

backwash from the  f i l t e r s  i s  returned t o  the  high-sol i d s  cool i n g  tower 's  

s ide  stream softener. 

The RO system i s  used t o  concentrate the  d issolved s a l t s  i n  the  f i  1 te red 

blowdown stream by a f a c t o r  o f  about four.  L iqu id  f r o m  the RO feed tank 

i s  pumped through c a r t r i d g e  f i l t e r  u n i t s  p r i o r  t o  en te r ing  t h e  suc t ion  

s ide o f  the high-pressure RO feed pumps. S u l f u r i c  ac id  f o r  pH reduct ion, 

sodium b i s u l f i t e  f o r  dech lor ina t ion  and sodium hexamethaphosphate as an 

a n t i  -p rec ip i  t a n t  i s  added t o  cond i t i on  the RO feed. Four mu1 t i - s tage  cen- 

t r i f u g a l  pumps feed the  two-stage RO modules. Each module cons is t s  o f  

16 pressure vessels i n  the  f i r s t  stage and 8 i n  the  second stage. Water 

recovery i n  permeate i s  about 75 percent. Recovered water i s  routed t o  

the low-sol i d s  cool i n g  tower as p a r t i a l  make-up. 



Sodium zeol i te  waste and demineralizer waste are combined w i t h  the R O  con- 
centrate i n  a tank upstream of the two vapor recompression evaporators. 
The two evaporator units further concentrate the wastes to  a brine slurry 
by evaporation and recover a h i  gh-qua1 i ty  d i  s t i  11 a t e  water product. The 

wastewater feed i s  pumped through three plate-type heat exchangers to  pre- 
,>, heat the stream above i t s  boil ing point. Dissolved C02- and oxygen are 

released i n  deaerators and the hot waste stream discharges into the evapo- 
ra tor  sump. Brine i s  circulated to  the top of the heat transfer plates . . 
and spread i n  a t h i n  film. Water evaporates from the brine film and the 
resultant vapor i s  compressed t o  ra i se  i t s  saturation temperature 6 to  8°F. 

B 

above the brine boil i n g  point. The compressed vapor i s  introduced into 
the internal section of the heat t ransfer  plates ana"condenses, thereby 
providing the hea t  required fo r  evaporation. The condensate i s  collected 
and pumped through the feed product exchanger to  the condensate storage 
tank ' i n  the Steam Generation and Boiler Feedwater Treating plant. Concen- 

t ra ted brine from the recirculation l ine  f s  sent to  the spray dryer feed 

tank. Water recovery is  about 92 percent. 

Concentrated brine from the two evaporators i s  pumped from a common agi- 
tated tank to  a spray dryer tower and introduced into a hot a i r  stream by 
an atomizing wheel. The hot a i r  contacting the drop1 e t s '  evaporates the 
water, leaving dry *sol i d  particles tha t  are collected i n  a product cyclone. 
Residual par t iculates  i n  the cyclone exhaust go through an induced-draft 
fan and'into the fabric f f l  ter collector.  Collected particulates are 

periodical ly  d i  scharged to the products sol ids 1 ine for  d i  sposal . The 
sol ids  are conveyed t o  a storage hopper from which they are loaded onto 
trucks f o r  transport t o  the disposal s i t e .  

1 

Sani tary sewage. from the various sani tary facil  i t i e s  throughout the complex 
i s coll ected i n an underground sewer network terminating a t  the central 

sewage treatment faci l  i ty  located between the r a i l  road tracks and the r iver  
bank. .Sewage 1 i f t  s ta t ions are  used t o  avoid excessively deep excavations. 



A t  the terminal  end o f  the sewer network i s  a f i n a l  l i f t  s t a t i o n  t h a t  
del i v e r s  the sewage t o  the aboveground t rea tment  p l an t .  

The s a n i t a r y  sewage t rea tment  p l a n t  i s a pre-engineered package u n i t ,  which 
i s  shop-fabricated,  knocked down, and reassembled i n  t he  f i e l d ;  i t  i s  a 
s tandard i n s t a l  1 a t i o n  used i n  many i ndus t r i a l  p l  a n t s  and small communities. 
I t  is  simple t o  o p e r a t e  and maintain and has three ope ra t i ng  modes 
i ncl uding s t e p  a e r a t i o n ,  c o n t a c t  s t a b i l  i z a t i o n ,  o r  extended ae ra t i on .  The 
package u n i t  i s  capable  o f  hand1 ing  considerabl  e v a r i a t i o n s  i n  incoming 
flow and waste s t r e n g t h  without  causing upse t s  o r  o f f - t e s t  e f f l u e n t .  The 
u n i t  has two aboveground concen t r i c  c i r c g l a r  tanks.  One i s  d iv ided  i n t o  
three compartments t o  form an a e r a t i o n  tank,  an aerobic  d i g e s t e r ,  and an 

e f f l u e n t  ch lo r ine  c o n t a c t  tank,  while ''the o t h e r  s e rves  a s  the sett l  ing  
tank. The s e t t l e d  eff l  uent  from the t rea tment  p l a n t  i s  c h l o r i n a t e d  and 
pumped t o  the i n l e t  o f  the a e r a t i o n  bas ins  o f  the deo i l ed  wastewater 
t rea tment  system f o r  addi t i o n a l  t rea tment . .  

San i t a ry  sewage t rea tment  f a c i l i t i e s  a r e  l oca t ed  near  o f  the o i l y  water  
surge pond. The evapora tor  system i s  loca t ed  near  the coo l ing  towers. 
Other t rea tment  f a c i l  i t ies  a r e  l o c a t e d  nea r  the r i v e r .  

6.7 INSTRU+lENT AND PLANT AIR SYSTEMS - PLANT 36 , 

The Instrument and P l an t  Air Systems p l a n t  inc ludes  a1 1 equipment and 
p ip ing  necessary t o  supply ins t rument  a n d . u t i l  i t y  a i r  t o  the p l an t s .  Air 

i s  de l fvered  a t  100 ps ig ,  100°F, and a dew p o i n t  of  -40°F. The equipment 
i s  loca t ed  i n  a por t ion  of the Steam Generation and Bo i l e r  Feedwater 
T rea t i  ng pl  a n t  near  the p l  a n t  cont ro l  house. 

Three 4,000 cfm packaged a i r  compressors supply both the instrument  and 
p l a n t  a i r  systems a t  125 psi. One o f  the compressors is  a spare.  Air 

f i l te rs  on the compressor suc t ions  remove d i r t  and d e b r i s  from the 



incoming a i r .  Interstage coolers, knockout drums and a f t e r  coolers are 
i ncl uded i n  the compressor packages. 

The two s e t s  of packaged a i r  dryers are  provided w i t h  the dryers i n  each 
s e t .  a1 ternating a t  being on 1 ine or  regenerated. The a i r  dryers employ 
heatless desiccant beds. Two a i r  f i l t e r s ,  one a spare, are instal led 
a f t e r  the dryers to  guard against dessicant breakthrough. 

The compressors and a i r  dryers are fu l ly  automatic and incorporate surge 
control , dewpoi n t  control , automatic regeneration, and automatic start-up 
of standby uni ts  i f  low pressure occurs i n  the header. 

After compression, drying, and f i l t r a t i o n ,  the a i r  i s  s p l i t  into two 
streams. One stream feeds the plant u t i  1 i ty a i r  header while the other 
feeds the instrument a i r  header. The maximum ut i l  ization i n  each system 
i s  about 4,000 cfm b u t  the piping a f t e r  the dryers and f i l t e r s  permits 

i 

e i the r  system to u t i l  i ze  a greater quantity i f  the other system is  not 
1 oaded. 

Independent 10-inch headers for  instrument a i r  and u t i l i t y  a i r  r u n  from 
the plant to  the pipeway. From the main headers, smaller subheaders are 
run to  the battery 1 i m i  t of each plant and the a i r  i s  further distributed, 

w i t h i n  the battery l imi ts ,  to the individual users. The headers are part 
of the Interconnecting PS p i  ng p l  ant. 

6.8 TELECOMMUNICATION SYSTEMS - PLANT 37 

The Telecommunication Systems plant includes the equipment and wiring for  
internal plant communication, 1 i n k i n g  plant data processing systems w i  t h  

o f f s i  t e  computing fac i l  i t i e s ,  and' fo r  communication w i t h  transportation 
carr iers .  The plant will i n i t i a l l y  serve the telecortununications require- 

ments during the  construction e f fo r t  and i s  designed w i t h  suff ic ient  



f l ex ib i l i t y  to  allow for  conversion to  final f a c i l i t y  operation. Master 
communications control and moni toring of a1 1 subsystems are provided for  
the faci 1 i ty operation phase. 

Reliabili ty i s  a prime factor i n  the design of the plant and i s  achieved 
through the use of sol id-state components, factory burn - in  of assembl ies ,  
use of redundant assemblies, a1 ternative t r a f f i c  flow routing and, where 
possible, automatic operation. Maintainabil i ty i s  achieved through modu- 
1 a r  organization of hardware assembl ies,  automatic faul t detection and 
alarm systems, standardization of components and procurement sources, and 
a spare inventory based upon mean-time-between-failure data and repair 
cycle time. Flexibili ty i s  achieved through the usage of central elec- 
tronic switching, she1 terized (transportable) fac i l  i t i e s ,  commonal i t y  of 
subassembl i e s  where possible, and adequate system capacity. 

The te l  ecommunication subsystems i n t h i  s p l  ant a re  descri bed be1 ow: 

a Computer remote access terminal. The terminal i s  
used for  gathering data between the jobsite,  the 
design of f ice  and fabrication yards, and the offices 
of the Operator. Computer data terminal c i rcu i t s  
fo r  1200/2400/4800 baud rates  are provided. The 
fac i l  i t i e s  fo r  1 ong distance transmission are 
required on a 24-hour basis d u r i n g  a l l  phases of the 
project. The quality of transmission for  the c i r -  
cui t s  i s  consistent w i t h  the requirements for  inter- 
connection w i t h  international c i r cu i t s  

a Facsimil e terminal. The facsimile terminal i s  for  
transmi tti ng drawings, graphics, and pictori  a1 
information between various locations 

a Fire alarm and pub1 i c  address (PA)  system. The sys- 
tem i s  integrated w i t h  the telephone and switching 
network. I t  serves only .the administration b u i l d i n g  

Medical emergency system and 1 i fe-si gns telemetry. 
These are provided i n  the ambulance, f i r s t  aid s ta-  
t ions and the medical building 



Intrapl ant page system and tel  ephones. The mu1 t i  - 
channel page party system i s  instal  led in a1 1 control 
rooms, operating equipment rooms, storage, shipping, 
and receiving areas, f l a re  areas, process areas, and 
substations. Permanently i nstal 1 ed d i rec t  dial  
telephones w i  11 be p l  aced i n  a1 1 operational areas 

Land mobile radio. The land mobile radio system 
includes communication between mobil e units and hand 
he1 d portable radios as we1 1 as  w i t h  base stations.  
I t  includes or supplements other systems serving the 
mobile vehicle u n i t s ,  plant operations and mainten- 
ance, f i r e ,  safety, security , the medical emergency 
system, and communication w i t h  ra i  1 road operations. 
The radio telephone service i s  used on an urgent 
basis to  provide automatically switched mobile radio 
telephone communications between s i t e  off ices ,  
residences, and vehicl es 

~ a r i  time mobile radio. The marine radio system 
operates between base, barges, and towboats 

Radio paging system. Pocket pager units are  used 
f o r  communication by the radio base s tat ion to  
selected personnel 

Security system. T h i s  system consists of s ta tus  and 
a1 arm reporti ng systems connected by mu1 ti pai r 
cables and i s suppl emented by 1 and mobile radio and 
by video moni tor i  ng systems 

Tel ephone service and PABX. The tel  ephone 
facil  i t i e s  provide dial switching service to f i l l  
the mobil ization requirements and 1 a te r  will be 
expanded t o  encompass the needs of the construction 
and operational effor ts .  Tel econferenci ng channel s 
are  included. The PABX system switches a1 1 inter- 
plant communications. In addition, the system 
swi tches construction and operation computer data 
t r a f f i c  and telex and facsimile t r a f f i c .  I t  a lso 
interconnects d i rec t  dial capabil i ty to the radio 
pagi ng system 

Telex service. The telex fac i l  i t i e s  are 'used to  
transmi t messages between jobsi t e ,  engineering desi gn 
off ices ,  and other off ice 1 ocations as  required 



Emergency power, i nterconnect i  ng cab1 es, and 
grounding. The ba t te ry  p l a n t  suppl i e s  standby emer- 
gency power t o  the  t e l  ephone, secur i ty ,  1 and mobi le 
radio,  and mari t ime mobi le rad io  systems and i s  
maintained i n readiness by dual ba t te ry  chargers. 
The outs ide  cabl e l a y o u t  cons is ts  o f  a l l  d i r e c t  
bur ied t e l  ephone cables and, computer cabl  es con- 
nec t ing  the j o b s i t e  system w i t h  a l l  work stat ions.  
Grounding i s  i n s t a l  1 ed as requ i red  

6.9 INERT GAS SYSTEMS - PLANT 38 

Ni t rogen i s  used as. the  i n e r t  gas f o r  the  p ro jec t .  Both pure n i t rogen  

and the waste n i t rogen  from the revers ing  exchangers i s  used. The n i t r o -  

gen compressor i n  the  Oxygen P l a n t  suppl i e s  most o f  t he  n i t rogen  requ i red  

f o r  purging. Two a u x i l  i a r y  two-stage compressors are provided t o  compress 

t h e  h i  gh-puri ty n i t rogen  requ i red  f o r  i n t e r m i t t e n t  use in .  the  molecular . 

s ieve dryers and LPG .sweetener. This p a r t i a l  r e l i e f  o f  the  load assures 

t h a t  the  n i t rogen  compressor can meet the  purge gas requirements o f  t h e  

pro jec t .  ~ h d  two auxi  1 i ary  compressors operate independently of the  

n i t rogen  compressor. 

The 1 ow-pressure n i t rogen  requirements f o r  t he  a i r  s l i d e s  are met by a 

blower which ra i ses  the pressure o f  a p o r t i o n  o f  the  waste n i t rogen stream 

from the revers ing exchangers t o  12 p s i .  

O f  the th ree n i t rogen  headers one 1 ow-pressure, low-puri  t y  header runs 

from the  blower t o  the  Coal Dry ing and Pu lve r i z ing  p l  an t  and suppl i e s  

n i  tro'gen f o r  the a i r  s l ides.  A second header runs from the two a u x i l i a r y  

n i t rogen compressors t o  the  s ieve dryers i n  the  Cryogenic Hydrogen Pur i -  

f i c a t i o n  p l a n t  and the LPG sweetener i n  the Gas Plant. The t h i r d  header 

runs from the n i t rogen  compressor o f  t he  Oxygen Pl,ant t o  the  main pipew:y. 

Branch headers are run t o  the p l a n t s  r e q u i r i n g  purge gas. The headers 

are i n  the  Interconnect ing P ip ing  p lan t .  



6.10 PURGE AND FLUSH OIL SYSTEtblS - PLANT 39 

Purge and f l u s h  o i l s  a r e  used throughout the p r o j e c t  f o r  f l u sh ing ,  guard 
s ea l  s, i nstrument purgi ng, equipment warming, ca s ing  cool ing , and simil a r  

s e rv i ce s .  D i f f e r en t  grades of o i  1 a r e  requi red  f o r  d i f f e r e n t  s e rv i ce s .  
This  p l a n t  i nc ludes  va r ious  drums, pumps,. hea t e r s ,  c o o l e r s ,  and f i l t e r s ,  
a1 1 o f  which a r e  phys i ca l l y  l oca t ed  w i th in  the b a t t e r y  1 imi ts o f  o t h e r  
pl  a n t s  i n  the compl ex. 

There a r e  f i v e  systems f o r  handling the s e r v i c e s  w h i c h  are a s  follows: 

H i  gh-vol a t i l  i t y  pump s e a l  and instrument  f l  ush o i l  

LOW-vol a t i l  i t y  pump s e a l  o i l  

Glycol f o r  cool ing  

Neutral o i l  f o r  s e a l s  

a Heavy f l u s h  o i l  f o r  pump warming, f l u sh ing ,  purging, 
and quenchi ng 

The neu t r a l  o i l  and glycol  a r e  purchased from commercial sources.  The 
vacuum d i s t i l  1 a t e  i s  suppl i e d  from the vacuum tower i n  the H-Coal @ 

Recycle Sl urry Prepara t ion  p l a n t .  The d i s t i l l a t e  and heavy f l u s h  o i l s  
a r e  taken from f r a c t i o n a t o r  towers i n  the H-coal@ Distil 1 a t e  Separat ion 
p l  a n t .  Tanks a r e  provided i n  in te rmedia te  s to rage  f o r  a l l the o i l  excepr 
g lyco l ,  which i s  s t o r e d  i n  drums. 

O i l  from the d i s t i l l a t e  f l u s h  o i l  t ank  i n  the in te rmedia te  s to rage  a r e a  

i s  pumped through a precoa t  f i l t e r  and d i s t r i b u t e d  a s  h i g h - v o l a t i l i t y  
pump sea l  o i l  and ins t rument  f l u s h  o i l .  The system has provis ion  f o r  
u 

hea t ing  and surge  s t o r a g e  o f  the o i l  used i n  the e b u l l a t i n g  pumps. The 

d i s t i l l a t e  f l u s h  o i l  p ip ing  downstream o f  f i l t r a t i o n  i s  s t a i n l e s s  steel 
t o  avoid plugging the small va lves  used i n  meter ing and a l s o  t o  ensu re  a 
c l e a n  supply o f  f l  ush f o r  the ebul l a t i n g  and charge pump requirements.  



The f l u s h  o i l  header design pressure  i s  250 p s i g  s o  t h a t  on ly  the high- 
pressure  u s e r s  r e q u i r e  independent charge drums and pumps. 

The l o w - v o l a t i l i t y  s e a l  o i l  is  s t o r e d  i n  the vacuum tower s i d e  draw tank  
i n  t h e  i n t e rmed ia t e  s t o r a g e  area.  The o i l  is  pumped through a precoa t  
f i l t e r  t o  a l l  inboard s e a l s  o f  pumps r equ i r ing  a low-volat i l  i t y  s e a l  o i l .  
The vacuum-distil l a t e  s e a l  o i l  p ip ing  downstream o f  f i l  t r a t i o n  i s  a1  s o  
s t a i n l e s s  steel t o  ensure  a c l ean  supply o f  s e a l  o i l .  Vacuum-distil 1 a t e  
s e a l  o i l  i s  used i n  a p p l i c a t i o n s  where the lower boi l  i ng  d i s t i l l a t e s  
would vapor ize  i n  the pump cas ing  and cause  c a v i t a t i o n .  

Glycol cool i ng  i s  furn ished  by two n e a r l y  i d e n t i c a l  systems. Each 
involves  a s to r age  tank loca t ed  wi th in  the u n i t s ,  p i  ping, c i r c u l a t i n g  
pumps, and an a i r -cooled  exchanger. One system s e r v i c e s  the S lu r ry  

Preparat ion,  H-coal @ Preheat ing and Reaction, and H-Coal @ Primary 
Separat ion p lan ts .  The o t h e r  system s e r v i c e s  the H-coal @ Recycle Sl u r ry  
Prepara t ion ,  Gas i f i ca t i on  and P u r i f i c a t i o n ,  and H-CoalB D i  s t i l l  a t e  
Separat ion p lan ts .  These systems provide a cool i ng  medium f o r  s l u r r y  
pump pedes t a l s ,  s e a l  housings,  bear ing ca s ings ,  and 1 ube o i l  cool ing. 
The glycol i s  pumped from the s to rage  tank  t o  the air-cooled exchangers 
f o r  cool ing before  i t s  r e t u r n  t o  the tank. Glycol s o l u t i o n  o f  50 w t %  i s  
used. The glycol s o l u t i o n  i s  brought t o  the p l a n t  s i t e  i n  55-gal l on  
drums and unloaded d i r e c t l y  i n t o  the holding drums. 

The neu t r a l  o i l  system u t i l  i z e s  o i l  s t o r e d  i n  the in te rmedia te  tankage 
a rea .  This  o i l  i s  pumped t o  e i g h t  3,000 ga l lon  day t anks  and i s  heated,  
r a i s ed  t o  a h igher  p re s su re  by a p o s i t i v e  displacement pump, and fed  t o  
the ebul l a t i n g  pumps. The o i l  is  a1 s o  routed t o  a surge  tank equipped 
w i t h  a hea t ing  c o i l  i n  the Gas i f i ca t i on  and P u r i f i c a t i o n  p lan t .  I t  is 

pumped from t h e . s u r g e  tank t o  the s e a l s  of  the vacuum bottom.pumps t h a t  
feed  the gas i  f i ers. The stream i s f i l  t e r e d  a f t e r  the pumps, cooled i n  an 

a i r -cooled  exchanger, and re turned  t o  the surge  tank. 



The heavy d i s t i l  1 a te  f l  ush o i l  f o r  pump warming i s  pumped from the  heavy 

f l u s h  o i l  tank i n  the  intermediate tankage area t o  surge tanks i n  the 

H-CoalG9 Primary Separation, H-coal@ Recycle Sl u r r y  Preparation, and 

G a s i f i c a t i o n  and P u r i f i c a t i o n  plants. The two surge tanks i n  the  H-Coal 8 

Primary Separat ion P l a n t  each serve f o u r  o f  t h e  e i g h t  processing t r a i n s .  

The o i l  i s  pumped from each o f  the tanks and heated i n  an exchanger. It 

. then flows t o  t h e  suc t i on  o f  t he  s l u r r y  pumps and back t o  the  surge tank. 

Contaminated o i l  i s  pumped t o  the p re f l ash  drum i n  the  H-Coal @ D i s t i l l a t e  

Separat ion p l  ant.  

The h e a v y - d i s t i l l a t e  f l u s h  o i l  i s  a l so  used f o r  f lushing, purging, and 

emergency temperature c o n t r o l  ; however, separate p i  p'i'ng i s provided f o r  

t he  var ious services. A header from the primary pumps i n  the  intermediate 

product  s torage area del i v e r s  the  heavy f l u s h  o i l  t o  a1 1 process areas 

t h a t  requ i re  the  o i l  f o r  low-volume, i n t e r m i t t e n t  app l i ca t i ons  such as 

' l i n e  f l u s h i n g  and reac to r  c a t a l y s t  t rans fer .  A second header i s  main- 

ta ined  a t  under 120 p s i  pressure by jockey pumps and provides o i l  t o  the  

Coal S l u r r y  Preparation, H-Coal @ Preheating and ~ e a c t i d n ,  H-Coal @ P r i  - 
mary Separation, H-Coal @ Recycle Sl u r r y  Preparation, and Gas i f i ca t i on  

and P u r i f i c a t i o n  plants. The system i s  kept  i n  a constant  s t a t e  of 

readiness. The o i l  i s  a l so  used as a f l u s h i n g  stream f o r  s l u r r y  1 ines 
du r ing  shut-down operat ions, d i l u t i n g  vacuum bottoms being pumped t o  

storage, and as back-up coal  reac to r  feed f o r  instances i n  which normal 

reac to r  feed i s  in ter rupted.  





7.0 SUlMARY OF REPORTS 

Prior to execution of the Cooperative Agreement, ASFI developed a very 
comprehensive definition of the scope of work for the "Initial Effort" 
that included an itemized 1 i s t  of  the engineering drawings, narratives, 
and other descriptive materials or "del iverabl es" that were antici pated 
as being required to document the effort.  This scope of work was included 
in the Cooperative Agreement. The "del iverabl es" produced during the 
Inf t fa l  Ef for t ,  are presented in twenty-eight volumes of eleven reports; 
this Breckinridge Project Design Basis i s  the second report.. The contents 

of the other ten reports are briefly summarized below. An index of 
reports and volumes i s  a1 so included w i t h  the Table of Contents of this 
report. 

REPORT I - EXECUTIVE SUIMARY 

This report presents an overview of the Breckinridge Project and summar- 
izes the resul t s  achieved during the Ini t ia l  Effort o r  Development Phase 
of the project. 

REPORT I I I - SPECIFICATIONS 

This report contains the design, engineered equipment, and material speci - 
fications prepared f o r  the Initial Effort and i s  presented in two volumes. 
These speci fications are grouped i nto: general specifications that  cover 

. basic procedures and other project wide matters; standard equipment speci - 
fications that establish basic design, fabrication, inspection, and cer t i -  
fication standards for major equipment; and standard specifications for 
equipment, bul k material s,  and services for the basic requirements. 
Unique specifications relating to a specific process or offsi te  plant are 
also included i n  this  report. 



0 

', 
The speci f i c a t i o n s  are numbered and 1 et tered.  The 1 e t t e r s  descr i  be the 

type o f  spec i f i ca t i on .  The twenty one "A"  spec i f i ca t i ons  de l ineate  

p r o j e c t  procedures and descr ibe such matters as standards f o r  P & I D  ' s, 

responsi b i l  i t i e s ,  document c o n t r o l  and numbering, basic .design standards, 

and procurement standards. Twenty-three standard equipment speci f i c a t i o n s  

cover pressure vessel s, tanks, compressors and o the r  equipment and are 

covered by t h e  1 e t t e r  designat ions "C" through "K"  and "Y. " Fortyone 

standard se rv i ce  s p e c i f i c a t i o n s  cover p ip ing,  concrete, and o the r  bu lk  

accounts and are  designated by l e t t e r s  "L" through "X ."  The standards 

def ine code requirements, ma te r ia l  and workmanship standards, t e s t i n g  

requirements, and s i m i l a r  i tems t h a t  can be appl l e d  t o  a l l  equipment o r  

serv ices  o f  the category. These spec i f i ca t ions ,  i n  combination w i  t h  data 

sheets f o r  i n d i v i d u a l  i tems of equipment o r  services, serve as t h e  basis 
f o r  quotat ions and es t ima t ing  the c o s t  o f  i n d i v i d u a l  equipment i tems. 

A sec t i on  o f  unique s p e c i f i c a t i o n s  f o r  t h ree  of t h e  p l a n t s  conta ins t h i r t y  

s p e c i f i c a t i o n s  prepared due t o  the advanced s t a t e  o f  design o f  the  p lan ts  

o r  t h e  uniqueness o f  t h e  equipment. 

REPORT I V  - PROCESS UNITS 

The seven volumes o f  Report I V  present  the  design and engineering data 

developed f o r  t he  s i x teen  Process Plants. These volumes present i nforma- 

t i o n  such as the  design basis, d e t a i l e d  process descr ipt ion,  a 1 i s t  o f  

chemical s and ca ta l ys ts ,  u t i l  i ty balances, process f l ow  diagrams, and an 

equipment 1 i st. Data sheets descr ib ing  equipment duty requirements, and 

sketches o f  vessels and tanks are presented as we l l  as p l o t  plans, e lec-  

t r i c a l  sing1 e 1 i n e  drawings, and process and i nstrumentat ion diagrams. 

Each volume conta ins an appendix w i t h  an o v e r a l l  s i t e  p lan  and a l i s t  of 

symbols used on P&ID8s. Each volume has an i n t r o d u c t i o n  and reference 
sec t i on  t h a t  1 i s t s  a1 1 o f  the I n i t l ' a l  E f f o r t s  reports, fo l lowed by a 

t a b l e  o f  contents  f o r  t he  p a r t i c u l a r  vo l  ume. 



REPORT V - UTILITIES AND OFFSITES UNITS 

Report V presents the design and engineering data f o r  the Ut i l i t y  and 

Of fs i te  P lants  i n  a manner almost i d e n t i c a l  t o  t h a t  used f o r  the  Process 

Plants o f  Report I V .  It conta ins f o u r  volumes. 

REPORT V I  - PROJECT MANAGEMENT PLAN 

This r e p o r t  presents the  management p lan  f o r  execut ion o f  the  engineering, 

procurement, construct ion,  and operat ion o f  the Brecki n r idge Project.  It 

presents a p r o j e c t  overview and describes each phase o f  t h e  work and i t s  

object ives.  The p r o j e c t  schedule i s  discussed i n  d e t a i l .  The p r o j e c t ' s  

development phase i s  reviewed along w i t h  i t s  i n t e r r e l a t i o n s h i p  t o  subse- 

quen t work. 

The work requ i red  t o  execute the  p r o j e c t s i s  discussed r a t h e r  ex tens ive ly  

i n c l u d i n g  management concepts such as organizat ion o f  the  work; the 

" p l  anning requ i red  t o  perform the  work i n  a l o g i c a l  and e f f i c i e n t  manner; 

a desc r ip t i on  o f  the tasks t h a t  must be accomplished and the  methods by 

which they w i l l  be achieved; and the  techniques and programs which w i l l  

be used t o  con t ro l  the work. Manning l e v e l s  f o r  each 'segment o f  t he  work 
are a1 so presented. 

REPORT V I I  - ENVIROMIENTAL, SOCIOECONOMIC, SAFETY AND HEALTH 

Report V I I  presents the  r e s u l t s  o f  a c t i v i t i e s  i n  the  environmental, socio- 

economic,. safety and heal t h  aspects o f  t he  Breckinr idge Pro jec t .  These 

e f f o r t s  were the sub jec t  o f  major emphasis throughout the preparat ion of 

the  design and engineering data. I n  addi t ion,  t h e  environmental and 

socioeconomi c aspects were the sub jec t  o f  extensive s tud ies  by independent 

consu l t ing  firms. The f i r m  o f  Dames and Moore was engaged t o  e s t a b l i s h  

basel ine environmental data a t  the  s i t e .  They were a lso commissioned t o  

make an archaeological survey. Watkins and Associates was re ta ined  t o  

survey the  socioeconomic aspects o f  the  surrounding area. 



Report V I I  i s  presented i n  f o u r  volumes. The f i r s t  volume conta ins an 

i n t r o d u c t i o n  and background sect ion,  a desc r ip t i on  o f  the  ' s i t e  se lec t i on  

process, and an overview of regu la tory  requirements. This i s  fo l lowed by 

th ree sec t ions  t h a t  descr ibe the plans f o r  a i r  q u a l i t y  management, water . 
. q u a l i t y  management, and s o l i d  waste management. The second volume con- 
. t a i n s  the  base l ine  data prepared by Dames & Moore. Cu l tu ra l  and socio- 

economic in format ion i s  presented i n  Volume 3. The sa fe ty  and hea l th  
aspects o f  the p r o j e c t  a re  t rea ted  i n  the f i n a l  volume and describe 

organ iza t ion  and admin is t ra t ion ,  government and i nterna l  requirements, 

s a f e t y  i n  design, f i r e  and explos ion p ro tec t i on  and organizat ion, hazard- 

ous con t ro l  s  and p r o t e c t i o n  system, i n d u s t r i a l  heal th, t r a i n i n g  and 

mot iva t ion ,  s a f e t y  compl iance, acc ident  i nves t i ga t i on ,  and c r i t i c a l  

safety and heal th i tems r e q u i r i n g  a d d i t i o n a l  study, 

REPORT V I I I  - CAPITAL COST ESTIMATE 

' Report V I I I  presents t h e  Cap i ta l  Cost Estimate. A f t e r  an i n t r o d u c t i o n  Q 

and statement o f  ob jec t i ves  f o r  t he  report ,  the  est imate basis sec t ion  

describes t h e  methodology used i n  t h e  prepara t ion  o f  t h e  estimate. This 

inc ludes methods used f o r  es t imat ing  major equipment, bul  k mater ia l ,  and 
subcontract costs. The r e p o r t  describes the  bas is  f o r  determining d i  r e c t  

l a b o r  manhours and the  c'ost o f  t h a t  d i r e c t  labor ;  t he  method o f  a r r i v i n g  

a t  t h e  cos ts  of spare par ts ,  sales taxes and f i e l d  i n d i r e c t s ;  and the  

bas is  o f  determining home o f f i c e  manhours and the r e l a t e d  costs. The 

determinat ion o f  c o s t  o f  engineering by o the rs  i s  a l so  explained, as are 

the  methods used i n  a r r i v i n g  a t  es t imat ing  allowances and fees. 

, The c a p i t a l  c o s t  summary sec t ion  conta ins tabu la t i ons  o f  t h e  o v e r a l l  c o s t  

o f  the  p r o j e c t  and a p lant-by-p lant  summary o f  the costs. The p l a n t  sec- 

t i o n s  inc lude a b r i e f  desc r ip t i on  o f  t h e  i n d i v i d u a l  p lants,  a d iscussion 

o f  special  es t ima t ing  considerat ions and a d e t a i l e d  est imate on a p lan t -  

by-pl ant basis. F i n a l l y ,  t h e  d e t a i l e d  est imate o f  major equipment cos ts  

i s tabujated . 



The accuracy of t h i s  estimate i s  considered t o  be we1 1 w i t h i n  the  1 imi t s  
of the - + 20% specified Sn  the Cooperative Agreement. 

D 

REPORT IX - OPERATING COST ESTDIATE 

Report IX presents the  Operating Cost Estimate. The introduction discusses 
the factors  t ha t  determine these cos t s  and i s  followed by a section t ha t  
discusses the bases and methods used i n  preparing the  estimate f o r  operat- 
ing costs. A section on annual operating cos t s  presents the estimated 

cos t s  of operations i n  the f i r s t ,  second, and t h i r d  years  when throughput 
i s  below rated capacity, and f o r  the fourth and subsequent years of opera- 
t ion a t  f u l l  throughput. A section on organization fo r  p lant  operations 
presents the overall organization char t  f o r  operation and maintenance, and 
contains deta i led organization char ts  f o r  the laboratory, operations, 
environmental -heal th-safety , admini s t r a t i on ,  and maintenance groups of the 
operating s t a f f .  T h i s  report  a l so  contains the  overall material balance, 
the annual c a t a l y s t  and chemicals cos t  estimate, the estimated annual cost  
of fue l ,  lube o i l ,  greases, e t c .  f o r  ro l l ing  stock, and a tabulation of 
the estimated annual cos t  of local taxes and insurance. 

REPORT X - ECONOMIC ANALYSIS AND. FINANCIAL PLAN 

Report X I s  divided in to  sections covering marketing analysis ,  an economic 
analysis  and the f inancial  plan. The forecasting methodology and key 
assumptions are  f i r s t  described i n  the marketing analysis  section. The 
base case i s  then developed w i t h  a discussion of the  world energy outlook 
and the energy demand, supply, and prices i n  the United Sta tes ,  f o l l  owed 
by i nformation on regional demand and supply. Marketi ng opportunit ies 
f o r  the Brecki nridge products are  examined, c i t i n g  the product character- 
i s t i c s ,  markets and potential  customers and analyzing the  possi b i l  i t i e s  
a s  t o  market share and product values. The report  then reviews the 
e f f ec t  of natural gas decontrol o r  long-term disruption in supply of 

crude o i l  on project  economics and the  a l t e rna t ive  of producing feed- 
stocks f o r  petrochemical s. 



The economic ana lys i s  sec t i on  se ts  f o r t h  the  assumptions made i n  'the 

ana lys i s  i n c l u d i n g  product p r i c ing ,  i n f l a t i o n ,  c a p i t a l  and operat ing 

costs, and t a x  issues. It presents a discounted cash f low analysis, 
requ i red  product  p r i c i n g ,  and a s e n s i t i v i t y  analysis. Supporting 

schedules, i ncl  ud i  ng product  va l  ues, opera t ing  costs, and capi  t a l  cos ts  

are presented. 

The F inanc ia l  Plan addresses the  organ iza t ion  o f  t h e  j o i n t  venture and 

the  presenx s ra tus  u f  egoti ti at ions w i  t h  prospect ive p a r t l c l  pants. The 

requirement f o r  funds and t h e  sources of those funds i s  out1 i r~ed fo l lowed 

by a d iscussion o f  p lans f o r  repayment o f  borrowed funds. Tabulations o f  

cash f low and base case c a p i t a l  s t r u c t u r e  r i s k  are 'presented. 

REPORT X I  - TECHNICAL AUDIT 

Report X I  i s  a techn ica l  review o f  t h e  I n i t i a l  E f f o r t .  It i s  presented 

i n f i v e .  vo l  umes w i  t h  three p r i  n c i  pa l  sect ions cover i  ng engi neer i  ng 

compari sons, c r i t i c a l  design areas, and suppl ementary design data 

requirements, . 

The f i r s t  two volumes discuss the  process t rade-o f f  and techn ica l  uncer- 

t a i n t i e s  s tud ies  t h a t  were made on a p lant-by-p lant  basis. They present 

the  bas is  f o r  s e l e c t i o n  o f  processes, choice of operat ing condi t ions,  and 

both general and spec i f i c  decis ions a f f e c t i n g  design and engineering 

considerat ions. Some o f  t h e  mater ia l  i s  i n  the  form o f  conference and 

t r i p  repo r t s  and o t h e r  po r t i ons  are more formal repor ts  o f  s p e c i f i c  

studies. The mate r ia l  i s  most ly  l i m i t e d  t o  the  basic Process P lants  and 

does n o t  i nc lude  the  standard o f f s i  t e  and u t i l i t y  p lants.  



, . 
The C r i t i c a l  Design Areas volume i s  a p lant-by-p lant  compi lat ion o f  design 

and engineering features t h a t  requ i re  f u r t h e r  o r  more d e t a i l e d  study f o r  

safety considerat ions, unusual operat ion condit ions, o r  f o r  process o r  

mechanical probl ems which m i  ght  develop dur ing  s tar t -up  o r  emergency 

shutdown. It inc ludes such th ings  as ma te r ia l s  o f  f ab r i ca t i on ,  coa l  par- 

t i c 1  e size, pressure letdown valves, i n t e r f a c e s  between un i t s ,  and equip- 

ment design de ta i l s .  Deta i led  design o f  these features was n o t  w i t h i n  

the  scope o f  the  Phase Zero work. Nevertheless, many o f  the features 

were g iven some study and t h i s  sec t ion  summarizes a l l  such considerat ions 

and ind i ca tes  fac to rs  t o  be inc luded i n  f u r t h e r  work. 

The f i n a l  two volumes o f  Report X I  con ta in  a p lant-by-p lant  ana lys i s  o f  

the adequacy o f  the data basis f o r  the d e t a i l e d  design and engineering 
work. It sets  f o r t h  the  add i t i ona l  design data t h a t  i s  considered neces- 

sary f o r  each p l a n t  and ind i ca tes  how t h i s  data w i l l  be obtained, i .e., 

from p i l o t  p l a n t  operations, o the r  coal  processing plants, o r  o the r  com- 

merc ia l  i n s t a l  1 at ions.  Some subjects covered inc lude coking o f  vacuum 

tower i n t e r n a l  s, CO conversion i n  the  reactor ,  g a s i f i e r  r e f r a c t o r y  1 i f e ,  

NH~CI  deposit ion, letdown valve serv ice  pe r iod  extensions, quench cool  - 
i n g  f o r  temperature excursions, coking i n  h o t  separators, and mate r ia l s  

o f  f a b r i c a t i o n  i n  areas o f  cor ros ion  and erosion. 




