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3.9  UTILITY SUPPOET SYSTEMS 

The proper and e f f i c i e n t  operat ion of  the CKT g a s i f i c a t i o n  plant 

requires  the fo l l owing  u t i l i t y  and o f f s i t e  support systems in  

addi t ion  to the process un i t s  described in Sect ions  3 .2  through 3 .7 .  

Utilities 

o Plant and Potable Water System (Unit 84) 

o Cooling Water System (Unit 81) 

o Steam, Condensate, and Boi l er  Feedwater System (Unit 82) 

o Firewater System (Unit 83) 

o Plant and Instrument Air (Unit 85) 

o Sewer and Saulta~y Drain (Unit 86) 

o Auxi l iary  Steam Ceneration (Unit 87) 

O f f s l t e s  

o Main Process  Flare an~ R e l i e f  (Unit 91) 

o Fly Ash Removal and Storage (Unit 92) 

o Slag Removal and Storage (Unit 94) 

This s e c t i o n  w i l l  descr ibe  the u t i l i t y  and o f f s i t e  support systems 

e s s e u t i a l  to the operat ion of  the p lant .  

3 . 9 . 1  Plant and Potable  Water System 

The block f low diagram shown in Figure 3-11 schemat ica l ly  represents  

the d i s t r i b u t i o n  of  the average d a i l y  water use for the p lant .  

Potable water i s  required for  driuking water supply and sani tary  

serv ices  inc luding  showers. City o f  Phi lade lphia  - Water Department 

supply i s  the e x c l u s i v e  source of  potable  water.  Al l  plant water 

requirements are supplied from the o n - s l t e ,  Delaware River water 

treatment system. 
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The process f low diagram shown in Figure 3-12 schemat ica l ly  

represents  the plant  makeup water treatment system (Unit 84).  A l l  

f low rates  shown are based on normal two Eas~ f l er  operation at 

100 percent design capac i ty .  Plant water i s  drawn from the Delaware 

River.  An intake s tructure  i s  provided w~th a bar screen to remove 

s t i c k s ,  leaves  and other  large debris from the water .  This debris  

i s  c o l l e c t e d  in a dumpster and removed as t rash .  Travel l ing  water 

screens are provided to  remove smaller p a r t i c l e s  down to 

approximately 3/8 inch s i z e ,  and are . p r o v i d e d w i t h  an automatic 

screen backwash system. Backwashed debris  i s  d i rec ted  to a 

dewateriug chamber - the water being drained back to the i n t a k e  

s tructure .  River water pumps convey water to  the r e a c t o r / c l a r i f i e r .  

Three 50 percent des ign  capacity  pumps are provided,  two operating 

and one spare.  

Chlorine so lu t ion  i s  i n j e c t e d  in to  the common r i v e r  water pump 

dlscharEe header, g iver ,  water enters the center  w e l l  of  the 

r e a c t o r / c l a r i f l e r  where i t  i s  mixed with r e c l r c u l a t e d  sludge and 

coagulant.  Water proceeds through a f l o c c u l a t i o n  zone where a 

f l occu lant  (or coagulant aid)  i s  added. The water r i s e s  up through 

the sludge blanket for  c l a r i f i c a t i o n .  The c l a r i f i e r  overflow feeds  

the gravity  f i l t e r s  for  removal o f  any f i n e  m a t e r i a l .  The f i l t e r s  

are provided with an i n t e g r a l  backwash system. A f i l t e r e d  water 

storage tank i s  provided to hold approximately 30 minutes supply at 

design f low. Three 50 percent design capac i ty  f i l t e r e d  water pumps 

supply the process p l a n t .  

N • . .  

F i l t e r e d  water d i r e c t l y  from the f i l t e r s  i s  fed by gravi ty  to the 

process coo l ing  water system. Al l  other plant  s e r v i c e s  are suppl ied 

by the f i l t e r e d  water pumps. F i l t e r e d  water i s  provided to the a i r  

separat ion plant coo l ing  water system, to the CKT g a s l f i e r  quench 

system, to the CKT wash water system, to the b o i l e r  feedwatermakeup 

demiueral izet  system, to the Stret ford p lant ,  to  the r iver  water 

ch lor ine  e j ec tor  and to  the various in -p lant  users  such as the water 

and wastewater treatment makeup chemical tanks .  
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3.9.2 Coolln~ Water System - Process  Plant 

The process f low diagram shown in  Ylgure 3-13 represents  the coo l ing  

water system (Unit 81) for  the process p lant .  A c i r c u l a t i n g  water 

system i s  provided to supply coo l ing  water users  in  Unit 30-GKT coa l  

g a s i f i c a t i o n  p lant ,  Unit  72-GKT wash water system, Unit 42-Stret fozd  

p lant ,  Unit 44 -Ni t t e tu  p lant ,  Unit 62-product gas compression, plant 

a i r  compressor and other  smaller  use seEvice areas .  

A t h r e e - c e l l  mecha~£col draft  coo l ing  tower with  i n t e g r a l  c o l d ' w e l l  

and h o t - w e l l  i s  provided to normall~ d i s s i p a t e  approximately / 

220 m i l l i o n  Btu per hour.  Hot water return (llOOF summer 

temperature) i s  d e l i v e r e d  from the hot w e l l  to the top o f  the 

coo l ing  tower. Water i s  cooled by evaporation o f  approximately 

2 .5  percent o f  the c i r c u l a t i n g  f low to  y i e l d  85oF water ( s u ~ r  

cond i t i ons )  at the co ld  w e l l .  Makeup water from Unit 8 4 ( P l a n t  and 

Potable  ~ k e u p  Water System) i s  automatical ly  added to  the cold w e l l  

by l e v e l  contro l .  Steam blowdown a lso  serves  as makeup wa~er to the 

c i r c u l a t i n g  system. Pour process  cold w e l l  pumps are provided, 

three  operating aud one spare ,  to  supply coo l ing  water to  the 

ind iv idua l  users throughout the process p lant .  A l l  coo l ing  water i s  

normally returned to the coo l ing  tower with the except lon  of  10 g.~n 

used for  polymer dosing in  Unit 72 and i n t e r m i t t e n t  f lows  used f o r  

s e a l  pots ,  quick s e a l  va lves  and the gas holder  s e a l  in  Unit 30. 

Makeup water for  the c i r c u l a t i n g  water system i s  t rea ted  ~elaware 

River water which has been screened,  c l a r i f i e d  and f i l t e r e d .  

Cooling tower blowdown i s  regulated v ia  a c o n d u c t i v i t y  c o n t r o l l e r  

such that the normal operat ing  cyc les  o f  concentra t ion  i s  6 .0 .  At 

6 .0  concentrat ions ,  the c i r c u l a t i n g  water i s  g e n e r a l l y  balanced 

( i . e . ,  does not e x h i b i t  corros iveness  or sca le - fo~mlng  t endenc i e s ) ,  

or has a s l i g h t  s~a le - formiug  tendency. A s c a l e  i n h i b i t o r  feed 

system is provided for maintaining a sllgh~ ~esldual inhibitor 

concentration to prevent scale deposition 6n.lheat transfer surfaces. 

i 
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compression and let down to supply intermed£ate pressure steam at 

515 pelf, I00 pelf, and 50 psig levels for process users. The 

auxiliary boilers generating 150 psig steam, supplements lower steam 

l e v e l s  as  r e q u i r e d .  

H.P.  s a t u r a t e d  s team at  925 p s l g  and 537oF ~is genera ted  i n  t h e  

g a s l f l e r  was te  h e a t  b o i l e r .  Over 80 p e r c e n t  o f  the  H.P.  s team i s  

fed to  t h e  a i r  s e p a r a t i o n  p l a n t  a£r  compressor t u r b i n e .  The 

r e m a i n i n g  H.P.  s team i s  l e t  down to  i n t e r m e d £ a t e  p r e s s u r e  l e v e l s .  

The 515 p s i g  s team i s  used in  the  product  gas d e h y d r a t i o n  r e b o i l e r  

and t h e  100 p s i g  steam i s  used in  t h e  N i t t e t u  steam e j e c t o r .  The 

50 p s l g  s team i s  used i n  the  S t r e t f o r d  s u l f u r  ~ e l t e r ,  for  s team 

t r a c i n g p  and i n t e r m l t t e n t l y  for  t h e  S t r e t f o r d  s t a r t - u p  h e a t e r .  G~s 

d e h y d r a t i o n  r e b o i l e r  c o n d e n s a t e  i s  d e - p r e s s u r i z e d  in  a f l a s h  drum t o  

r e c o v e r  a p p r o x i m a t e l y  20 p e r c e n t  o f  the  c o n d e n s a t e  f low as s team,  a t  

the  50 p s i g  l e v e l .  I n t e r m e d i a t e  s team p r e s s u r e  l e v e l s  o f  100 p s i g  

and l e s s  are  supplemented as n e c e s s a r y  by s team g e n e r a t e d  i n  the  

auxiliary boiler. 

Low p r e s s u r e  s a t u r a t e d  s t e a ~ . a t  28 p s i g  and 272OF i s  g e n e r a t e d  i n  

the  g a s l f l e r  j a c k e t .  About 8 p e r c e n t  o f  the  L.P.  steam i s  u t i l i z e d  

as r e a c t a n t  steam i n  the  g a s i f i c a t i o n  p r o c e s s  and about  16 p e r c e n t  

i s  u t i l i z e d  in  the  d e a e r a t l u g  b e a t e r .  A smal l  p o r t i o n  o f  t h e  L .P .  

steam i s  used for  space  h e a t i n g ;  however~ the  m a j o r i t y  o f  the  L.P.  

steamj a p p r o x i m a t e l y  75 p e r c e n t ,  i s  used  to  power the  p r o d u c t  gas 

compressor  t u r b i n e s .  The 28 p s i g  s team i s  superhea ted  i n  a h e a t  

exchanger  b e f o r e  b e i n g  d e l i v e r e d  to  the  gas compressor t u r b i n e s  ( n e t  

o £  25 p s i g  to  compressor  t u r b i n e s ) .  

Under normal  o p e r a t i n g  c o n d i t i o n s ,  85 p e r c e n t  or more o f  t h e  t o t a l  

steam g e n e r a t e d  i s  r e t u r n e d  as c o n d e n s a t e  f o r  b o i l e r  f e e d w a t e r .  

Condensate  pumps are  prov ided  a t  t h e  c o n d e u s e r s  for  bo th  t h e  produc t  

gas compressor  t u r b i n e s  ~ . d  the  a i r  s e p a r a t i o n  p l a n t  compressor  

t u r b i n e s  to  convey  condensa:ce to  t h e  c o n d e n s a t e  s t o r a g e  t a n k .  Three 

50 p e r c e n t  c a p a c i t y  main c o n d e n s a t e  Pum. PS convey  c o n d e n s a t e  to  the  

• /  
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deaerat lng  hea ter .  Cycle l o s s e s  are made up by d e ~ i n e r e l i z e d w a t e r  

fed from the demineral ized water s torage  tank.  

Makeupw~ter for b o i l e r  feedwater i s  t rea ted  Delaw$!e River water 

~ i c h  has been screened,  c l a r i f i e d ,  f ~ l t e r e d  and d ~ i n e r a l i z e d .  Two 

50 percent dem~neralizer t ra ins  each c o n s i s t i n g  o f  a carbon f i l t e r ,  

c a t i o n  exchanger,  and anion exchanger are prov ided .  One t ra in  

normally operates ,  whi le  the second i s  being regenerated and placed 

i~  the standby mode. With 85 percent o f  the t o t a l  generated steam 

returned as condensate,  one demlueral lzer  traiD operates  at 

approximately 25 percent capac i ty .  The demineral izer  tra ins  are 

s i zed  such that in  emergencies ,  when contaminated condensate i s  

dumped, a l l  b o i l e r  feedwater for one g a s i f i e r  unit  can be suppl ied 

by demineralized makeup water u t i l i z i n g  both t r a i n s .  Near zero 

so l ids :wkter  qua l i ty  i s  s p e c i f i e d  for g a s i f i e r  steam generation and 

d i c t a t e s  the BFW treatment phi losophy for  pH contE~l  and oxygen 

sca~englng.  Chemical feed systems are provided to feed a~nouia 

s o l u t i o n  for pH contro l  and hydrazine s o l u t i o n  for oxygen 

, /  ~scaveng~ng. An emergency phosphate solution feed system is provided 
~/ o 

~' ~n the event of BFW contamination. 

For maximum f l e x i b i l i t y ,  e s p e c i a l l y  during weekend operat ion ,  three  

5 0 p e r c e n t  capac i ty  L.P. b o i l e r  feedwater pumps end three  50 percent  

capac i ty  H.P. b o i l e r  feedwater pumps are provided to  convey b o i l e r  

feedwater to  the r e s p e c t i v e  L.P.  and H.P. steam drums in the 

g a s i f i e r  units. 

3 . 9 . 4  

3.9.4.1 

Other Plant Utility Support Systems; 

Firewater System (Unit 83) 

A separate  f i r e  water p r o t e c t i o n  system i s  provided for  the 

gasification facility. The fire protection system consists of two 

f i r e  water pumps (One e l e c t r i c  driven and one d i e s e l  driven), a f i r e  

water jockey pump, a f i r e  water storage tank, and an underground 
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3.9.4.2 

3.9.4.3 

, i "  

piping  loop serving f i r e  hydrants around each major plant  

f a c i l i t i e s .  

I 

During normal operat ion ,  r i v e r  water i s  the primary source o f  supply 

to the system. A d i e s e l  driven booster  pump, taking suc t ion  from a 

35,000 ga l lon  storage tank, represents  an a u x i l i a r y  source o f  f i r e  

p r o t e c t i o n .  The storage tank i s  fed from the c i t y  main. The f i r e  

water system pressure i s  maintained at a minimum of  125 ps ig  by the 

f i r e  water jockey pump. 

plant and Instrument Air (Unit 85) 

The g a s i f i c a t i o n  plant requires  instrument a i r ,  plant a ir  and a 

supply o f  n i trogen for  purging equipment. 

During normal operat ion ,  u t i l i t y  a ir  compressors supply a i r  at  

125 ps ig  for  plant and instrument a ir  s e r v i c e s .  The a i r  dried to a 

dew point  o f  -40oF in a f u l l y  automatic des iccant  type dryer.  

Sewer and Sanitary Drains (Unit 86) 

Sanitary sewer wastes from the g a s i f i c a t i o n  f a c i l i t y  w i l l  be 

d i r e c t e d  to the City o f  Phi lade lphia  sani tary  sewer system. In 

a d d i t i o n ,  excess  g a s i f i c a t i o n  wash water (net condensate)  from the 

Wash Water Treatment Unit (72) w i l l  a l s o  be discharged into  the 

Phi lade lphia  sani tary  sewer system for treatment,  in  l i e u  o f  o n - s i t e  

b i o l o g i c a l  treatment.  The normal exces s  wash water f lowrate  i s  

72 gpm, whi le  the design f lowrate  i s  150 gpm. 

T i e - i n  into  the Phi lade lphia  san i tary  sewer system for  the Rivers ide  

s i t e  s h a l l  be at  Beach Street  in  accordance with the c i t y  

r e g u l a t i o n s .  A f low monitor and sampling chamber s h a l l  be 

constructed for the exces s  wash water stream in accordance to c i t y  

r e g u l a t i o n s .  
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3 . 9 . 4 . 4  

3.9.5 

3.9.5.1 

Storm water from the g a s i f i c a t i o n  f a c i l i t y  w i l l  normally:be 

discharged d i r e c t l y  into  the Delaware River.  Storm drainage s h a l l  

be d iverted  around coal  and ash p i l e  s torage a~:eas to prevent i t  

from being contaminated. 

Storm draiuage from the process area,  where the p o t e n t i a l  e x i s t s  for  

chemical leaks or s p i l l s ,  s h a l l  be routed to a runoff  monitor£ug 

pond before  discharge .  A valve  s h a l l  be provided in the pond 

discharge l l n e  to be c losed  i f  an a c c i d e n t a l  leak or s p i l l  i s  

de tec ted .  

Auxi l iary  Steam Generation (Unit 87) 

A 20,000 lb per hour water-tube package b o i l e r  is provided for  back- 

up steam generating capacity for the gasification facility. The 

boiler will not u~rmally operate but will provide 150 pslg saturated 

steam for steam trac ing ,  space hea t ing ,  and other c r i t i c a l  s e r v i c e s  

during plant  shutdowns, s t a r t - u p s ,  or turndowns. The b o i l e r  i s  

designed to  acconnnodate the f i r i n g  o f  e i t h e r  medium-Btu producer 

gas,  i f  a v a i l a b l e ,  or fue l  o i l .  Fuel o i l  w i l l  be used during 

s tart -up or shutdown when mediu~r- Btu gas i s  not a v a i l a b l e .  

Plant Offsite Support Systems 

Main Process Flare and R e l i e f  (Unit 91) 

A main process  glare and r e l i e f  system i s  required for the 

gasification plant to vent medlum-Btu gas during emergency 

shutdowns. The process f l a r e  i s  a l s o  required to vent producer gas 

during reduced consumer demand per iods .  The amount o f  producer gas 

vented can be minimized, however, by maintaining good co . - -unicat ion 

between the g a s i f i c a t i o n  plant and the consumers. Normally, the 

gasification plant is turned down prior to an anticipated consumer 

producer gas cut-back.  
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The malu process  w i l l  be s ized  to accouxaodate a t o t a l  plant 

emersency shutdown at  the 20 b i l l i o n  Btu per day r a t e .  The main 

process f l a r e  system includes  the fo l l owing  items: 

a. Flare s t a c k ,  

b. Guyed supports ,  

c .  Flare  burner t i p  and f l a r e  s tack a l l o y  s e c t i o n ,  

d. Burner a n c i l l i a r l e s  such as p i l o t  and i g n i t o r  tubes ,  

e .  Flame front  generator:panel  for  p i l o t  i g n i t i o n ,  

f .  Molecular s e a l  to  prevent a i r  d i f f u s i o n  back in to  the 

f l a r e  system, and 

g. Flare knock-out drum and pump for  condensate e o l l e c t l o n ~  

A minim~n diameter f l a r e  stack of  30 inches i s  required to 

accownodate a t o t a l  g a s i f i c a t i o n  plant blowdown. The f l a r e  s tack 

for  the GKT plant  i s  e levated  50 f e e t  above grade to minimize the 

danger of  hlgh heat  radfat lon  from the f l a r e  flame to personnel  in  

the area. The high glare  e l e v a t i o n  a l s o  a ids  the d i spers ion  o f  

combustfon gases in to  the atmosphere. The  diameter o f  the s a f e t y  

c i r c l e  (440 Btu per hour per f t  2 rad ia t ion  ~nCens~ty) for a 

20 5£11~on Btu per day flame would be approximately 280 f e e t .  

Outside the s a f e t y  c ~ r c l e  g a s i f i c a t i o n  plant  personnel  could remain 

for an i n d e f i n i t e  period during a major plant  b lo~downwlthout  a n y  

heat radlat~on d i scomfort .  

R e l i e f  headers to  the f l a r e  system are provided at  several  po ints  

wi th in  the g a s i f i c a t i o n  p lant .  The f o l l o w i n g  t e l l e r  headers are 

recommended for  the g a s i f i c a t i o n  £ a c i l l t y :  

a. Upstream o f  GKT gas ho lders ,  

b. Downstream o f  GKT gas ho lders ,  

c .  Downstream o f  Stret ford D e s u l f u r i z a t i o n U n i t ,  and 

d. Producer gas l i n e  e x i t i n g  bat tery  l i m i t s .  

For the f l a r e  s tack  a molecular s e a l  i n s t a l l e d  immediately below the 

f l a r e  t~p i s  reconnneuded to prevent atmospheric a i r  from e n t e r i n g  

3-52 

! 

.- 

~i~  ~--- 

~ r  I 

i / i  •• ~• ;!  • ,  

/ 

" i • /  ~ 

/ 

H 



// 

~ r ̧̧  

N 

// 

: i 

.2  

the f l a r e  stack.  The use o f  a molecular s e a l  a l so  reduces the 
amount of  nitrogen required for  stack purglng.  

:Fly Ash Removal and Storage (Unit 92) 

The main purpose o f  the f l y  ash removal system i s  to remove f l y  ash 

sludge generated in the Wash Water Treatment Unitj on a continuous 

b a s i s .  The 50 percent moisture f l y  ash cake discharged from the 

rotary vacuum f i l t e r s  i s  conveyed to the coal  feed pulver izer  for 

recyc l e  or to a temporary storage enclosure for  d i s p o s a l .  The 

conveying system i s  designed to recyc le  a maximum o f  50 percent o f  

the f l y  ash cake to the coal  pu lver i zer s .  I f  the cake i s  not 

r ecyc l ed ,  the th ta l  f l y  ash produced i s  conveyed to  s torage .  

The amount and composit ion of  f l y  ash discharged from the 

g a s i f i c a t i o n  plant v ia  Unit 92 i s s h o w n  below for  the non- recyc le  

and the  50 percent r e c y c l e  cases:  

Non-Recycle Case  50Z Recycle Case 

Flowrate~ ~pd 345 202 

Composltion, Wt. percent  

Carbon 30.93 26.46 

Ash 19.07 23.54 

Water 50.00 50.00 

One f l y  ash conveying system i s  required to serve both g a s i f l e r s .  

Both rotary vacuum f i l t e r s  discharge f l y  ash cake onto a b e l t  

conveyor which e l e v a t e s  the mater ia l  to a mater ia l  d i v i d e r .  One 

stream i s  d irected to a covered enclosure for  s torage and the other 

stream i s  d irected for  r e c y c l e  to the coal" p u l v e r i z e r . "  The recyc l e  

system comprises f i v e  h a l t  conveyors.  The s torage  system comprises 

four be l t  conveyors and a tr ipper:  they are in tegrated  together to 

a l low material  to be depos i ted  on a s e l e c t i v e  b a s i s ,  over the e n t i r e  
plant area of  the e n c l o s u r e .  
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3.9.5.3 

In  the  s t o r a g e  system, the  f l y  ash m a t e r i a l  w i l l  be removed by a 

f r o n t  end l o a d e r .  The f r o n t  end loade r  t r a n s f e r s  the m - t e r l a l  onto 

a b e l t  conveyor  which conveys the  m a t e r i a l  to  a t r u c k / r a i l c a r  l oade r  

s t a t i o n  o u t s i d e  the 5 u i l d i n  E. The b e l t  conveyor e l e v a t e s  the  f l y  

ash and d i s cha rges  in to  a surge hopper  ou t s ide  the b u i l d i n g  above 

the r a i l  t racksp  for  r a l l  or t r u c k  removal .  The hopper d l scha rEes  

by means o f  r o t a r y  feed v a l v e .  

SIaE Removal and Storage (Unit 94)- 

The main purpose o f  the s l a  E conveyiuE and s to rage  system is  to  

remove, on a cont inuous b a s i s ,  s laE produced by the  GKT g a s l f i c a t i o n  

u n i t .  The s l ag  is  t r a n s p o r t e d  from the  GKT un i t  to  a s l a g  s t o r a g e  

e n c l o s u r e .  Subsequent ly ,  the  s leE i s  removed from t h i s  e n c l o s u r e  on 

a ba t ch  bas i s  and depos i t ed  in  e i t h e r  a t ruck  or r a i l c a r .  The 

amoun~ o f  s l a  E Eenerated v a r i e s  w i th  the  f l y  ash r e c y c l e  r a t e ;  i t  i s  

33 tpd a t  0 pe rcen t  r e c y c l e  and $8 tpd a t  50 percen t  r e c y c l e ,  

r e s p e c t i v e l y .  The E a s i f i c a t i o n  s l ag  has the fo l lowing  

c h a ~ a c t e r i s t l c s :  

Bulk D e n s i t y ,  l b / f t .  3 

Mois ture  Conten t ,  WtZ 

Maximum P a r t i c l e  Size ,  i n .  

75 

15 

l /4  

One s l a g  conveying system i s  r e q u i r e d  to  serve both  g a s i f i e r s .  

Each g a s i f i e r  w i l l  d i scharge  s l a g  onto  a b e l t  conveyor .  The 

m a t e r i a l ,  c a r r i e d  by these  two conveyor s ,  o p e r a t i n g  in  p a r a l l e l ,  i s  

d e p o s i t e d  onto  a common conveyiuE system which e v e n t u a l l y  d i scha rEes  

i n t o  a covered  s to rage  e n c l o s u r e .  The common convey ing  sys tem 

comprises  fou r  b e l t  conveyors and a t r i p p e r .  They a re  i n t e E r a t e d  

t o g e t h e r  to  a l low m a t e r i a l  to be d e p o s i t e d ,  on a s e l e c t i v e  b a s i s ,  

over  the  e n t i r e  plan a rea  o f  the  e n c l o s u r e .  
~ ..:~... 

The s l a g  m a t e r i a l  w i l l  ba removed from s to rage  by a f r o n t  end 

l o a d e r .  The f r o n t  end loade r  d i s c h a r g e s  the  s l ag  onto  a b e l t  
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3 .10  
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c o n v e y o r .  T h e  b e l t  c o n v e y o r  t h e n  f e e d s  a s c r e w  c o n v e y o u  b y  m ~ a n s  o f  

a transfer chute. The screw conveyor transfers slag into a surge 

hopper a b o v e  the rail tracks lot"tall or .truck removal. 

LA~OE, RAW MATEEIALS, AND UTILITY RE~ULREMENTS 

Summarized in Table 3-5 is the labor, raw materials, and uCillcy 

requirements for the operation of the PGW coal gasification plant. 

The operatin E labo~ requirement is based on the estimates shown in 

Table 3-6 for each indlvidual unit or area. 
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TABLE 3-5 

ANNUAL RAW HATERZALSt UTZLZTY1 LABOR 2 AND BY-PRODUCT SU~n~ARy(1) 

( P ~  Coal Gasi f icat ion Plant, 20.58 x 109 Btu/day) 

0n-Stream Factor 0.8 

Raw Rster ia ls  

As Received Coal 
Stretford Chemicals(2) 

E l e c t r i c i t y  

Wate._._£(3) 

329,376 ton/year 
104,420 1b/year 

136,761MW~lr/year 

City Water 
River Water Consumed 
Sanitary Sewer Discharge 
River Wate~ Used and Returned 

3 . 2 1 2 ~ g a l / y e a r  
308.732~fl~gal/year 

34.106 ~ g a l / y e a r  
101.120 ~ g a l / y e a r  

$tea.._~m ~one 

0peratln~ Labor 

B_~-P~oducts(4) 

14man:~shift 3 sh i f t s /day  
plus 3 men/shift  I sh i f t /day  

Slag  
Y l y A s h  
M o l t e n  S u l f u r  

N o t e s :  

14,016 ton/year 
58,984 ton/year 
7,972 ton/year 

(1) 50% f ly  ash recycle case 
(2) Stretford chemicals at $6 .45/ lb .  Approximately ten addit ional  u t i l i t y  

chemicals are required for treatment of makeup water, coollug water, 
bo i l er  feedwater and wastewater at an annual cost o£ $482,000. 

(3) City Water $1.05/1000 gallons 
River Water consumed $0.06/1000 gallons 
Sanitary Sewer Discharge $0.60/1000 gallons 
R i v e r  Water Used and R e t u r n e d  $ 0 . 0 0 0 6 / 1 0 0 0  g a l l o n s  

(4 )  S l a g  and f l y  ash d i s p o s a l  c o s t  a t  ~ 4 - 6 / t o n  
S a l e a b l e  m o l t e n  s u l f u r  c r e d i t  a t  $ 1 1 0 - 1 2 5 / t o n  
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TABLE 3 - 6  

OPERATING LABOR RE-~UIRRMR~ITS . 

(PGW Coal Gasification Plantj 20.58 x I~9 Btu/day) 

Men/Shlft 

Coal Handling 

Coal P r e p a r a t i o n  

GKT G a s i f i c a t i o n  

Oxygen P l a n t  

S t r e t f o r d  & ~ t t e t u  Z n c i n e r a t i o n  

Gas Compression.=& Dehydratiou 

Uater Treatment 

Utilities 

A u x i l i a r y 3 o i l e r  

o f g s l t e s  -~ ash  & s l a g  hand l ing  

3 

1 

5 

2 

1 

1 
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4.1 

PLANT DESIGN 

This section p r o v i d e s  on o v e r a l l  d e s c r i p t i o n  of the  p l a n t  d e s i g n  and 

the operational character i s t i c s  o f  systems and equipment. For 

reference,  design drawings are provided in Appendices D through G, 

and the equipment l i s t  i s  provided in Appendix J. 

PLANT DESCRIPTION 

The PGW Coal G a s i f i c a t i o n  P l a n t  i s  t o  be l o c a t e d  on the  R i v e r s i d e  

l n d u s t r l a l  Tract  a lon  E the  Delware R i v e r  i n  P h i l a d e l p h i a .  The p lane  

w i l l  p r o c e s s  1 ,128  tons  per  day o f  bit tuninous c o a l  and w i l l  produce 

a p p r o x i m a t e l y  20 b i l l i o n  Btu per  day o f  f u e l  gas hav ing  a h i g h e r  

heating value o£ 290 Btu per standard cubic foot .  

The coal w i l l  be delivered by unit  train to the Port Richmond Coal 

Yard and into the plant v ia  in-plant  locomotion. The coal w i l l  then 

be p u l v e r i z e d ,  d r i e d ,  and fed  to  the  GKT G a s i f i c a t i o n  P r o c e s s  in  

which i t  i s  e n t r a l n e d  w i t h  steam and oxygen .  The gas  t h a t  i s  

produced w i l l  pass  through c l e a n - u p  s t e p s  ~o remove both  

p a r t i c u l a t e s  and hydrogen s u l f i d e .  The c l e a n  gas  w i l l  be compressed 

to  35 p s l g  and dehydrated  'for d l s t r l b u t l o n  to  i n d u s t r i a l  u s e r s  o f  

the  g a s .  

The plant i s  designed to be environmentally acceptation. The process 

produces no phenols or tars ,  and waste water i s  e i ther  treated for 

discharge to the river or i s  acceptable for discharge to the 

Philadelphia sewer system. Solid waste from the plant,  such as ash, 

w i l l  be ! a n d f i l l e d ,  and pure  m o l t e n  s u l f u r  w i l l  be marketed  as a .  

ccmmodity,  

The gas  produced by the  p l a n t  w i l l  be d i s t r i b u t e d  v i a  a d e d i c a t e d  

d i s t r i b u t i o n  sys tem to  f o u r  major i n d u s t r i a l  r e c i p i e n t s .  I t  i s  

t h e i r  i n t e n t  to  burn the  gas  as  a b o i l e r  f u e l ,  d i s p l a c i n g  No. 6 f u e l  

o i l  • 
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4 .1 .1 .1  

4 . 1 . 1 . 2  

Risk Assessment 

Techno log i ca l  Risk 

As stated previously ,  process s e l e c t i o n : c r i t e r i a  for th is  project  

was based upon the requirement to use commercially proven processes .  

As described in Section 1.3o4, the GKT g a s i f i c a t i o n  process and the 

S t r e t f o r d  d e s u l f u r i z a t i o n  process  are c~mmercla.~ processes  t h a t  meet 

these  c r i t e r i a .  Second genera t lou  processes  weze avoided for  t h i s  

p r o j e c t  as were any support systems tha t  could  b~:~. cons idered 
unconven1:ional or unproven. ': ~: " 

I t  i s  a n t i c i p a t e d  t h a t  o p e r a t i o n a l  performance w i l l  be guaranteed by 

process  and equipment s u p p l i e r s .  The terms and c o n d i t i o n s  o f  

process  guarantees  d i f f e r ,  but they  are g e n e r a l l y  s u f f i c i e n t  to 

miulmlze technological  r i sk .  The oxygen plant and desul fur izat lon 

processes  are assured o f  performance based upon past  exper ience  and 

e s t a b l i s h e d  t e c h n o l o g y  appl ied  to an o p e r a t i n g  s p e c i f i c a t i o n .  

The heat  and m a t e r i a l  balance provided by GKT for  t h i s  p r o j e c t  were 

based upon au a n a l y t i c a l  e v a l u a t i o n  o f  g a s i f i e r  performance u s i n g  

the coa l  a n a l y s i s  provided.  The model used £n tha t  a n a l y s i s  was 

derived from GKT opera t ing  e x p e r i e n c e .  Upon i n i t i a t i n g  d e t a i l e d  

d e s i g n ,  a commercial s ca l e  t e s t  w i l l  be conducted,  u s i n g  the  c o a l  

s e l e c t e d  by PGW. The r e s u l t s  o f  tha t  t e s t  w i l l  serve as the  b a s i s  

for f ina l  plant design and l eve l  o f  Eas i f ier  production to be 

guaranteed by GKT. 

Plau~ Availability 

In d e s i g n i n g  the  p lant  for  base load o p e r a t i o n ,  i t  i s  recognized  that  

a l l  systems are to  be o p e r a t i o n a l  or w i l l  not  i n t e r f e r e  wi th  

cont inuous  p lant  o p e r a t i o n .  I t  i s  fur ther  recogn ized  t h a t  the  

complex i ty  o f  the  process  and the  interdependence  o f  the  var ious  

systems,  u n l e s s  addressed,  can lead to  s i g n i f i c a n t  down time because 

-2 . 
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o f  minor mechanical interruptions. For this reason,.a sparlnE 

philosophy was incorporated into the plant design that ensures 

maximum a v a i l a b i l i t y .  

! 

P l a n t  sparing was incorporated  in to  the des iSu beyond the 

g a s i f i c a t i o n  system and the oxygen plant  ( t h e s e  items are d i s c u s s e d  

l a t e r  i n  t h i s  s e c t i o n ) .  The  a p p r o a c h  t a k e n  w a s  t o  e n s u r e  c o n t i n u o u s  

availability of equipment relevant Co the production of the produc~ 

gas. The ~ollow~n E is a h ' E ~ e f  discussion of the levels or 

redundancy in each process area. More detailed discussion is 

provided in Section &.3. 

m 

Coal Handling - Minimum redundauce requi~ed as system i s  used 

for s i n g l e  s h i f t  opera t ion  on ly .  

Coal PulVer izat ion  - Dual pu lver i zer s  rated at  95 percent  

availability. Provisions in budget for third pulverizer 

pending more detailed review. 

- P u l v e r i z e d  C o a l  C o n v e y i n g  - S t a n d b y  c o a l  pumps  o n  a l l  t r a i n s .  

Strat ford  D e s u l f u r i z a t i o n  - Centr i fugal  boos t er  compressor i s  

dupl i ca ted .  Al l  pumps in t h i s  system that  c i r c u l a t e  S tre t ford  

s o l u t i o n  are d u p l i c a t e d .  Liquid su l fur  pump i s  d u p l i c a t e d .  

- Gas Compression - Two steam-drlven compressors for  normal plant 

~ p e r a t i o n |  t h i r d  e l a c t r ~ c a l l y - d r l v e n  u n i ~  f o r  s t a n d b y .  

- W a s t e w a t e r  T r e a t m e n t  - A l l  u m j o r  pumps a r e  d u p l i c a t e d .  

- Plant  Water System - Supply pumps and i n l e t  screen are 

d u p l i c a t e d .  Water c i r c u l a t i o n  and main treatment pumps are 

dup l i ca ted .  B o i l e r  feed and condensate pumps are dup l i ca ted .  

- P lant  Air System - Compressor and f i l t e r  are d u p l i c a t e d .  

4-3  
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Redundant e l e c t r i c a l  power ~s p r o v i d e d  by three  l i n e s  from 

P h i l a d e l p h i a  E l e c t r l c  Co. T w e n t y - f o u r  hour load can be m a i n t a i n e d  

with  the  l o s s  of  one l i n e .  This i s  d i scussed  in  more d e t a i l  in  

S e c t i o n  4 . 4 .  

The GKT G a s i f i c a t i o n  Process  i s  a dual  t ra in  process tha t  i s  not  

redundant.  The process  can be expected to have 95 percent  

a v a i l a b i l l t y  with p e r i o d i c  maintenance on weekends and a 20 to  

30 day annual  turnaround.  The p r o c e s s  i s  des igued  for  c o n t i n u o u s  

f e e d s t o c k - t y p e  o p e r a ~ i o n  and has demonstrated  commercial  o p e r a t i o n  

on ~hat l e v e l .  

The oxygen p lant  i s  cons idered to be a s t a t e - o f - t h e - a r t  de s ign  with 

a v a i l a b i l i t y  approaching 98 percent .  The p lant  i s  comprised of  dual  

t r a i n  co ld  boxes and a back-up c a p a b i l i t y  of  24 hours product ion  

with one stream down, 12 hours product ion  with t o t a l  p lant  

shut-down. 

In summary, the plan~ has been designed to permit the h ighes t  

pos s ib l e  a v a i l a b i l i t y  short of  t o t a l  redundauce. A c c o r d i n g l y ,  an 

availability of 93 percent has been estimated for the plant. 

Operat£onal Considerations 

The g a s i f i c a t i o n  p lant  i s  des igned to operate as a baseload gas 

producer.  However, the  use ra te  o£ the  customers i s  expected  to  

vary from i00  percent  during the week to 50 percent  on ~eekends .  

The p lant  i s  des igned to fo l l ow  the  load by a combiuation o f  

pressure  c o n t r o l ,  gas holder  volume, and g a s l f i e r  product ion .  The 

c o n t r o l  methodology i s  d i scussed  throughout  Sec t ion  4 .3  and in  

S e c t i o n  4 . 4 . 6 .  

The g a s l f i e r  i s  capable of  turndown to  70 percent  of  c a p a c i t y  w i t h i n  

a few minutes .  Shut-down of  one g a s i f i e r  and turndown of  the  a c t i v e  

g a s i f l e r  would r e s u l t  in  p lant  turndown to 35 percent ,  i f  requ ired .  

4 -4  
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Restart of a Easlfler that has been kept hot by the sta=t-up burner 

will take about 30 m~nutes. Restart of a cold Easifier takes about 

I0 hours. It is expected that weekend shut-downs of one Easifier 

will be to a "keep hot" conditlon~ and every three months~ cold 

shut-down for routine boiler maintenance. 

SITE WOE~ 

Site P r e p a r a t i o n  

G e o t e c h n i c a l  

The s i t e  i s  underlain with old shipyard f a c i l i t i e s  and rubble f i l l .  

The conditions at any s p e c i f i c  locat io~ are unknown and are expected 

to be ex~remely variable .  Since a comprehensive subsurface 

invest iEation/~as not made, certain assumptions were made so the:  
f o u n d a t i o n s  c o u l d  be d e s i g n e d .  

P i l e  f o u n d a t i o n s  were  c o n s i d e r e d  u n a c c e p t a b l e  b e c a u s e  o f  the  b u r i e d  

s t r u c t u r e s  and wubble  f i l l .  T h e r e f o r e ,  t h e  method used  i n v o l v e d  

o v e r - e x c a v a t l n s ;  t h a t  i s ,  r e m o v i n g  a l l  t h e  r u b b l e  and e x i s t i n g  

s t r u c t u r e s  to a depth of  give feet  below the bott~ns of  a l l  the new 

structures and f ive  feet  on a l l  s ides ,  then b a c k f i l l i u  E with clean,  

s e l ec t  f i l l .  The f i l l  would be compacted to provide a f i r~  bearing 

s u r f a c e .  The foundations were a l l  s ized to create a r e l a t i v e l y  low, 

2,000 pounds per square foot ,  maximum bearln E pressure at the bottom 
s u r f a c e  o f  the  f o u n d a t i o n .  Because  o f  t h e  o v e r - e x c a v h C i o n ,  t h i s  

p r e s s u r e  w i l l  be d i s t r i b u t e d  o v e r  a l a r E e r  a r e a ,  c r e a t i n  E a much 

s m a l l e r  surcharEe  on t h e  e x l s t l n E  s o i l  ~or f i l l .  ~ t  was assumed t h a t  

t h e  u u d e r l y £ n E m a t e r i a l  can c a r r y  t h i s  low s u r c h a r E e .  

Site Improvements 

The site improvements, grading, roads, drainage, and fencing were 

provided to create a funct ional  and sage f a c i l i t y .  Paved roads were 
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4.2. .2  

4.2.2.1 

4.2.2.2 

provided to  a l l  the areas o f  the f a c i l i t y  t o  d i scourage  t r a f f i c  from 
going through the areas o f  outdoor ,  grade-  supported equipment.  
Grading and drainage were provided to  keep the equipment areas  dry 
and carry the runof f  to  the Delaware River for d i s p o s a l .  Fencing 

was provided around the perimeter o f  the s i t e  , except  a long the 

r i v e r ,  to  keep unauthorized P e o p l e  from enter ing  the f a c i l i t y .  The 

f e n c i n g  was used for both s e c u r i t y  and s a f e t y  c o n s i d e r a t i o n s .  

S t r u c t u r a l  Design 

Scope 

The a r c h i t e c t u r a l  and s t r u c t u r a l  des ign  work involved  a large  

v a r i e t y  o f  b u i l d i n g s  and s t r u c t u r e s .  Each one was des igned 

specifically for the equipment or process for which the construction 

was provided.  The des ign  phi losophy ceL.ered on prov id ing  b u i l d i n g s  

and s t r u c t u r e s  that  in  every way met the requirements o f  the  

p r o c e s s ,  were economical ,  occupied a ~ i n i m u m a r e a  o f  the s i t e ,  and 

met the var ious  b u i l d i n  E and s a f e t y  codes .  

Codes 

The City  ~f Phi lade lph ia  Bui ld ing  Code has j u r l s d i c t i o u  at the s i t e  

and c o n t r o l l e d  the des ign  o f  each part o f  the a r c h i t e c t u r a l  an 

s t r u c t u r a l  work. General ly ,  the Code s p e c i f i e s  the l o a d s ,  

m a t e r i a l s ,  t e s t s ,  and methods o f  c o n s t r u c t i o n .  A d d i t i o n a l l y ,  the 

Code c l a s s i f i e s  the occupancy: use ,  and type of  c o n s t r u c t i o n  which 

a l l  have an e f f e c t ,  a r c h i t e c t u r a l l y ,  on d e t a i l s ,  e x i t s  and general  

layout  o f  the b u i l d i n g s .  As required by the Code, a l l  s t e e l  des ign  

conforms to the " S p e c i f i c a t i o n s  for the Design,  F a b r i c a t i o n  and 

Erec t ion  for S truc tura l  S tee l  Bui ld ings"  o f  the AISC. The masonry 

c o n s t r u c t i o n  conforms to  USA Standard A41.1 "Building Code 

Requirements for Masonry" except  as modl f l ed  by the Code, and the 

r e i n f o r c e d  cohcrete  des ign  conforms ~o the AC~ standard 318 

'*Building Code Requirements for Relu~orced Concrete," a l s o  modif ied  

in the Code. 

4 - 6  

. :  .- 

. ' o  

• " : 



m 

., 

4,2.2.3 

4.2.2.4 

J a  

Al l  the codes and standards were used to provide the minimum des ign 
~equlremen~s. Based on engineer ing  judgement and good p r a c t i c e  , 
some o f  the minlmum requirements were exceeded to provide an extra  

measure o f  s a f e t y ,  d u r a b i l i t y ,  or s e r v l c a b i l i t y .  The iu tent  was to 

provide a design that meets or exceeds the codes ,  helps  to  provide a 

dep'endable plant and is  reasonably economical  t o  cons truc t .  

Concrete Structures  

The underground s truc tures ,  such as the coal  dumper, coa l  rec la im 

and various  water t rea t ing  basins  and sumps, were designed using the 

p r i n c i p l e s  o f  concrete  sani tary  s t ruc tures  s ince  they e i t h e r  contain 

water or must prevent water £ro~ e n t e r i n g .  Lower a l lowable  s t r e s e s  

were used for  these s tructures  and s p e c i a l  a t t e n t i o n  was given to 

: " d e t a i l s .  B a s i c a l l y ,  these p r i n c i p l e s  reduce cracking and extend the 

s erv i ce  l l f e  o f  the s tructure .  

The concrete  s tructures  at "grade," such as equipment and bu i ld ing  

foundations were designed using the Strength DesignMethod,  which 

includes  load £actors and strength reduct ion  fac tors  to obta in  the 

most economical amounts o f  concrete  and reinforcement .  

S tee l  Buildings" and Structures 

The s t e e l  s tructures .wer~  designed using the Working Stress  Method, 

which provides  an economical design and r e s u l t s  in f a s t ,  s imple 

c o n s t r u c t i o n .  A l l  the connections were simple; that i s ,  h inged,  

which al lowed rapid design and a l s o  a l lows future changes to  be made 

to  parts o£ the s tructure  without a f f e c t i n g  the e n t i r e  des ign .  

Horizontal  loads ,  primari ly  wind, were "carried to the foundations 

using cross -brac ing ,  a t ime-proven, simple method. The two 

except ions  to  t h i s  method were the pipe brldEe and the g a s i f i c a t i o n  

~tructure .  For the pipe bridge,  i t  was considered important to keep 

the ground area as c l ear  as p o s s i b l e .  For the g a s i f i c a t i o n  

s tructure  there was inadequate space for  bracing because o f  the 
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4.2 .2 .5  

4.2 .2 .6  

4.3 

4.3.1 

4.3.1 .1  

equipment and plpln E throuEhoue the seructure. Both of these 

structures used the more expensive "moment" connections and frame 

analysis. 

Administration Building 

The Administration Building was designed to provide a comfortable 

Work environment for the plant superintendent and his  admlnlstratlve 
s t a f f .  A c o n f e r e n c e  room,  i n f i r m a r y ,  and r e s t r o o m s  were  i n c l u d e d  t o  

p r o v i d e  a c o m p l e t e  a d m i n i s t r a t i v e  c e n t e r .  M a t e r i a l s  were  s e l e c t e d  

t o  p r e s e n t  a p l e a s i n g  a p p e a r a n c e ,  have  low m a i n t e n a n c e  c o s t s  and 

provide a lone service life. 

Pre-Engineered Buildings 

Pre-engineered buildings were used:~or the warehouse and the 

maintenance garage. Since neither o£ these buildings contain 

p r o c e s s  equipment  t h a t  r e q u i r e ~  a s p e c i f i c  shaped  e n c l o s u r e  or  any 

equipment  s u p p o r t e d  by t h e  s t r u c t u r e ,  t h e y  l e n d  t h e m s e l v e s  t o  t h e  

less expensive "packaEe" buildln~. 

PROCESS EQUZPMENT 

Coal Receiving and Handling (Unit 10) 

Coal Delivery to the Faci l i ty  

From the standpoint of  economics, the unit train concept has bee r 

s e l e c t e d  as  t h e  d e l i v e r y  mode f o r  o b t a i n i n g  c o a l  f o r  g a s i f i c a t i o n .  

The c o a l  r e c e i v i n g  c o n f i E u r a t l o n ,  t h e r e f o r e ,  h a s  b e e n  d e s i E n e d  t o  be 

c o m p a t i b l e  w i t h  t h e  C o n r a i l  u n i t  t r a i n  a p p r o a c h .  

Coal w i l l  be d e l i v e r e d  to  the G a s i f i c a t i o n  Y a c i l l t y  by u t i l i z a t i o n  

o f  a 7,000 short  ton uni t  t r a i n .  This quant i ty  r e p r e s e n t s ,  

approximately,  a s i x  to seven day supply o f  c o a l  based on the 
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(, p r o j e c t e d  maxim,,- p l a n t  u s a g e .  The 7 , 0 0 0  s h o r t  t on  u n i t  t r a i n  £s 

the  s m a l l e s t  u n i t  t r a i n  t h a t  C o n r a l l  can d e l i v e r ,  from an economic 

s t a n d p o i n t .  ' 

Because of  the physical  r e s t r i c t i o n s  of  the plant  s i t e ,  the unit  

tra in  w i l l  have to be broken up into  four s e c t i o n s .  Assuming that 

the tra in  i s  made up og 70 to 100 s h o ~  ton ears ,  i t  w i l l  take two 

days to  uuload the c o a l  s h i p m e n t .  The u n i t  t r a i ~  w i l l  be brought 

i n t o  the  Conrai l  s w l t c h l n g  yard a d j a c e n t  to  the  g a s i g i c a t l o n  p l a n t  

p r o p e r t y .  Conrai l  w i l l  then  s p l i t  the  u n l t  t r a i n  i n t o  two 3 5 - c a r  

s e c t i o n s .  Conrai l  p e r s o n n e l  w i l l  t r a n s f e r  the  £ f r s t  3 5 - c a r  s e c t i o n  

on to  the  C a s £ £ i c a t i o n  P l a n t  P r o p e r t y .  

. . "  

( 

The car transfer a c t i v i t y  by Conrail must be l imi ted  to one e igh t -  

hour s h i f t  per day. Therefore,  Conrail must de l iver  each 35-car 

s ec t i on  of the tra in  and re tr i eve  the empty cars in that eight-hour 

s h i f t .  On the.second day, Conrail w i l l  de l iver  and re tr ieve  the 

second 35-car  s e c t i o n  o f  t h e  u n i t  t r a i n .  

The o n - s i t e  t r a c k  l a y o u t  can be seen  on Drawing EE-O71-O01 

(Appendix D).  Two p a r a l l e l  t r a c k s  have been p r o v i d e d  £or car 

u n l o a d i n g  with  a s w i t c h  a t  the  u o r t h e r n  boundary o f  the  p l a n t  

property. Conrail w i l l  move a 35-car sec t ion  to the f i r s t  switch.  

An engine,  owned 5y the g a s i f i c a t i o n  plant ,  w i l l  l ink  up with the 

f i r s t  18 of  the 35 cars and pull them down the track u n t i l  the l a s t  

car i s  spotted in the thaw shed. The engine w i l l  then return to 

pick up the second 17 car sec t ion  of  Conrail 's  35-car s p l i t  tra in ,  

u t i @ i z l n g  the  second t r a c k  and a swi tch  p r o v i d e d  at  t h e ~ s o u t b e r n  

t e r m i n a l  o f  the  t r a c k .  

C o n r a i l  w i l l  l o c a t e  the  secoud segment o£ the  3 5 - c a r  s e c t i o n  at  the  

s w i t c h  l o c a t e d  a t  the  p r o p e r t y  nor thern  boundary so  t h a t  the  p l a n t  

e n g i n e  cau t r a n s f e r  the  remain ing  17 c a r s .  The p l a n t  eng ine  w i l l  

pul l  the 17 cars down the second track u n t i l  the l a s t  car i s  spotted 

iu the thaw shed. 

4-9 
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4 . 3 . 1 . 2  

Two hours  have been a l l o c a t e d  to spot  the 35-car sect£on in  the 

plant for  unloading.  A ~ime span o f  four hours has been a l l o c a t e d  
for the unloading all the. cars. The final two hours of the eight 

hour Conrail shift has been allocated to transfer the empty cars 

back to the Conra~l switching yard. The procedure for returning the 

cars to  Conrai l  i s  the reverse~ in  sequence,  of  the method u t i l i z e d  

to  d e l i v e r  the cars for unloading.  Space has been a l l o c a t e d  for  an 

extra  car on the west  track (19 cars )  to  al low for a s l i g h t l y  

greater  t r a i n  s e c t i o n  length when smal ler  cars ( l e s s  than 100 short  

ton capac i ty )  are used by Conrai l .  On the second day, the e n t i r e  

unloading sequence i s  repeated.  

Coal Unloading 

After  the cars  have been spot ted ,  the unloadln E procedure b e g i n s .  

Each day, for  the two day operat ion ,  3,500 short tons o f  c o a l  must 

be thawed (only  when f rozen) ,  unloaded and conveyed to the s torage  

p i l e .  As prev ious ly  s~ated,  the unloading sequqnce must be 

accomplished in  four hours.  

The, plant  engine w i l l  be u t i l i z e d  to  s p o f  each car over the 

unloading hoppers.  The engine Wi l l  push the cars.  A double track 

thaw shed has been provided to achieve  t h i s  mode of  opera t ion .  A 

second option was considered for car spotting; that was the use of 

two hydraulic c a r  spotters to move the cars to the unloading 

p o s i t i o n  (one for  each track) .  This concept was r e j e c t e d ,  s i n c e  the 

double t~ack thaw shed would s t i l l  have to be used, the pro jec t  

c a p i t a l  c o s t  would be s i g n i f i c a n t l y  increased and the u t i l i z a t i o n  o f  

the plant engine would be significantly diminished. ~; 

Radiant heaters~ within the thaw shed, will be used to thaw frozen 

coal contained in each car. The thawing system is designed to thaw 

one car every  seven minutes.  

Each car w i l l  be pos i t ioned over the unloadlug hoppers shown on 

Drawing EE-071-002 (Appendix D). The car hoppers will be opened and 
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car shakers (10-ME-1A and B) w i l l  i n s u r e  t h a t  a l l  coa l  i s  removed 

from each car .  Each track i s  provided w i t h  four hopper compartments 

whose combined s toraEe~capac l ty  i s  100 s h o r t  t ons .  Each hopper 

compartme~ i s  p r o v i d e d w i t h  a s h u t - o f f  ga te  (IO-I~E-3A through H) 

an~ v i b r a t i n  E feeder  (10-ME-4A throuEh H).  The v i b r a t i n ~  feeders  

discharEe to  b e l t  conveyors (10-CV-1 and 2) and have a c a p a c i t y  o f  

250 shor t  tons  per hour each.  Two s e t s  o f  four-compartJnent hoppers 

were des igned because of :  

a. A need for  two tracks to  s t o r e  35 cars at  the s i t e ,  and 

b. A time l i m i t a t i o n  to empty the  cars  (4 h o u r s ) .  

The four-compartmenn design was utilized because of: 

a. A need Co cover the  e n t i r e  span o f  the  car for unloadinE; 

b. L imi t ing  the depth o f  e x c a v a t i o n  for  the recla im t u n n e l ;  and 

c.  Removing coa l  from the'hoppers  at  a f a s t  r a t e .  

Conveyors lO-CV-1 and 2 discharge to  conveyor 10-CV-3. A l l  three  

conveyors (10-CV-1,  2 and 3) have a max~num capac i ty  o f  1 ,000  shor t  

tons per hour ,  based, on the unloadiu@ time r e s t r i c t i o n .  Conveyors 

10-CV-1 and 2 are not  used s i m u l t a n e o u s l y .  A l l  cars on one track  

are s e q u e n t i a l l y  unloaded before  the  cars on the second track are 

unloaded.  There i s  no redundancy in  the  conveyor desiEn ( p a r a l l e l  

s e t  o f  c o n v e y o r s ) ,  s i n c e  the convey ing  system i s  on ly  used e i g h t  

hours per week (approxlmately)  and s u f f i c i e n t  time would be 

a v a i l a b l e  £or p r e v e n t a t i v e  maintenance to  assure  conveyor 

availability and reliability. 

Located a l o n e  conveyor 10-CV-3, j u s t  be fore  i t  emerges from the 

recla im t u n u e l ,  i s  an e l e c t r o n i c  weigh s c a l e  (10-SC-1) which w i l l  

i n d i c a t e  and t o t a l l z e  the coal  go ing  to  the  s torage  p i l e  ( read-out  
in main c o n t r o l  room). 

Located near the  head p u l l e y  o f  conveyor 1O-CV-3 i s  a tramp i r o n  

maEnet (10-TM-1),  w h i c h w i l l  remove tramp iron  from the c o a l  stream 
before i t  i s  s tored  in  the p i l e .  
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Conveyor 10-CV-3 d i s c h a r g e s  to  a l o w e r l n E w e l l  (10-ME-5) as shown on 

Drawing EE-071-003 (Appendix D). The lowering well concept was 

utillzed in the design because of= 

a l  

b. 

Co 

The r e l a t i v e l y  low cos t  compared to  other concepts;  

The r e l a t i v e l y  low maintenance cos ts  compared to other 

concepts; and 

I t s  r e l a t i v e  compactness with respect  to r e t r i e v a l  o f  coal .  

The lowering w e l l ,  a v e r t i c a l  concrete cy l inder  with windows cut in  

i t s  surface,  w i l l  form a conical  p i l e  around i t  as the coal  from 

c o n v e y o r  1O-CV-3 f i l l s  i t  and the c o a l  c a s c a d e s  out  o f  the  wludows.  

The lower ing  w e l l  i s  a t  the  southern  end o f  a 6 5 , 0 0 0  s h o r t  t on  c o a l  

s t o r a g e  p i l e  and r e p r e e e n t s  the  " l l v e  s t o r a g e "  segment o f  the p i l e  

(10,000 short tons ) .  The balance of  the p i l e  i s  "dead storage" and 

w i l l  act as a buffer  in case the scheduled coal  shipments are 

interrupted (55,000 short  tons representing 45 days o f  gas plant 

maximumproduction). 

Three v ibrat ing discharge hoppers (10-ME-6A through C) w i l l  r e t r i eve  

coal  from the " l ive  storage" sect ion  of  the storage p i l e .  One 

hopper i s  located at the bottom of  the lowering w e l l .  The other two 

hoppers  are o u t s i d e  t h e  l o w e r ~ n g w e l l ,  f l a n k i n g  i t  and at  c l o s e  

p r o x i m i t y .  Coal i s  drawn out  o f  the l o w e r i n g  w e l l  f i r s t .  When t h a t  

s u p p l y  i s  exhausted~ t h e  o t h e r  two hoppers  are  u s e d ,  drawing down 

the conical  p i l e  b u i l t  up by the lowering w e l l .  Coal supply i s  

replenished to the two outs ide  hoppers by a bul ldozer .  The 

bul ldozer ,  in one-e lght  hour s h i f t  per day, can p i l e  enough coal  

over the hoppers to satlsi~y the gasification plant maximum daily 

production. 

Each vibrat lng hopper has a s h u t - o f f  gate (IO-ME-TA throush C). The 

v ibrat lug  hoppers discharge to v ibrat ing feeders (IO-ME-8A through 
C). Only one vibrating feeder is used at a:t£me. 

t.. 
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V i b r a t i n g  feeders  (IO-ME-gA through  O) d i s c h a r g e  t o  a t r a n s f e r  

c o n v e y o r  (10-CV-4) which has  a n o n , h a l  c a p a c i t y  o f  200 s h o r t  tons  

per  h o u r .  The conveyorp t h e r e f o r e ,  w i l l  o p e r a t e  s l z  hour~ per day 

t o  meet  p l a n t  demand at  maximum gas  o u t p u t .  Two hours  are  l e f t ,  

du~ing an elght-hour s h i f t ,  to s tar t  the conveying system and to 

perform daily preventative maintenance. 

Conveyor 10-CV-4 discharges to  conveyor 10-CV-5 at a transfer tower 

(See Drawings~E-071-003 and 004, Appendix D). Within the transfer 

tower structure,  a tramp iron magus t (10-TM-2), a coal  sampling 

assembly and a delumper are housed. 

The tramp iron magnet will remove all steel from the coal stream. 

The coal sampling assembly will be utilized to analyze the coal, on 

a periodic basis, to adjust the coal feed quantity to the gasifiers 

and to inform the coal supplier of any deviation from the contract 

specification for the coal, 

A Bifurcated chute is  u t i l i z e d  to transfer coal from conveyor 

10-CV-4 to conveyor 10-CV-5. One leg of  the chute discharges 

d i r e c t l y  to  conveyor  IO-CV-5. The second l e g  d i s c h a r g e s  to  a 

de-lumper (IO-CE-1). Should the coal be frozen, the de-lumper w i l l  

~educ~:;the coal size back to its original d~nensions, 2-inches by 

0 - i n c h ,  and then d i s c h a r g e  to  c o n v e y o r  10-CV-5. 

Conveyor 10-CV-5, having a nominal capacity o f  200 short tons per 

hour (same as 10-CV-4), dlscharEes to two - 600 short ton~capacity 

coal  bunkers, as shown on Drawing EE-0?I-005 (Appendix D). A 

tr ipper (10-TE-I), traversing the terminal o f  conveyor 10-CV-5 over 

the bunkers, discharges coal to the bunkers through s l o t t e d  openings 
in the concr.~te f loor above the bunkers. 

There i s  no redundancy provided in the equipment from conveyor 

IO-CV-4 (originating at coal pile reclaim tunnel) through conveyor 

IO-CV-5 and its tripper, since the system is used only six hours per' 

d a y .  i i 
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4 . 3 . 1 . 3  

• . . .  

Dust Supp~esslon for  Coal Receivlng and Handllng CUuit 15) 

The dust suppresslon systems for the coal receiving, storage, and 

handling activities at the Gasification Facility can be Eenerallzed 
• • 

into the followin 8 catagorles: .... 

a. Fluid (Wetting) suppression systems; 

b. Dry (bag type) c o l l e c t i o n  systems; and 

c.  Air control  ( v e n t i l a t i o n )  systems.  

a. Fluid (Wetting) Suppression Systems 

Two f l u i d  dust suppression systems w i l l  be provided: 
r e c e i v i n g  and handling; and p i l e  s torage .  

coal  

A heated enclosure w i l l ' b e  provided to house ebb:dust 

suppress ion equipment for the coal  rece iv ing  and heudl iug 

areas .  The enclosure w i l l  house a l l  pumps, proportioning 

equipment, va lves ,  and controls  required to d i s t r i b u t e  the 

wetting fluid to the dust generating points in the coal 

receiving and handling areas. In the enclosure, a 

surfactant compound is proportionately mlxed with 

pre-fil~ered water and pumped~ via a network of 

dlstribution p~plng, to key points where controlled 

spraying nozz les  are pos l t loned .  

Sprays w i l l  be located over the coal  cars in the track 

unloading area, act ivated i o c a l l y  by the operator when the 

car unloading a c t i v i t y  beg ins .  The operator w i l l  

de-act lvace  t h e s p r a y s ,  p e r i o d i c a l l y ,  while  success ive  

cars are indexed into p o s i t i o n  for unloading.  

Sprays w i l l  be located at  the top o f  each unloading hopper 

( e i g h t  hoppers) jus t  under the Eratlng,  to  contro l  dust 

generat ion .  The sprays will be a c t i v a t e d  l o c a l l y ,  by the 

4-14 
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. o p e r a t o r ,  and l e f t  on  u n t i l  t h e  e n t i r e  u n l o a d i n g  p r o c e d u r e  

i s  c o m p l e t e .  Only t h e  s p r a y s  on t h e  t r a c k  b e i n g  u t i l i z e d  
f o r  u n l o a d i n g  w i l l  be  t u r n e d  on .  

Sprays w i l l  be located at each v ibrat ing  feeder transfer  

point (10-ME-4A through H). "The sprays w i l l  be act ivated 

automatical ly when the v ibrat ing  feeder motors are 

s tarted.  

~prays  w i l l  be  l o c a t e d  a t  t h e  t r a n s f e r  p o i n t 3  o f  c o n v e y o r s  

10-CV-1 and ICv~CV-2 where  t h e y  d i s c h a r g e ' t o  ~ o n v e y o =  

10-CV-3.  The s p r a y s  w i l l  be a c t i v a t e d  a u t o m s t i c a l l y j  

r e c e i v i n g  t h e i r  s i g n a l  from t h e  c u r r e n t  draw on t h e  

c o n v e y o r  m o t o r s  ( a c t i v a t e d  when c o n v e y o r s  a r e  s t a r t e d  and 

coal loading is  appl i ed) .  

Sprays w i l l  be located at the head pulley of  conveyor 

10-CV-3where it discharges to the lowering well. The 

sprays will also be activated by the conveyor motor 

current draw. 

Sprays  w i l l  be  l o c a t e d  a t  t h e  d i s c h a r g e  r e c l a i m  h o p p e r "  

v i b r a t i n g  f e e d e r s  (10-ME-8A, B a u d  C) .  The s p r a y s  w i l l  be 

a c t i v a t e d  a u t o m a t i c a l l y  by t h e  s t a r t  o f  each  v i b r a t i u g  

f e e d e r  m o t o r .  

Sprays w i l l  be located at the head pul ley  of  conveyor 10- 

CV-4 where i t  discharges to the de-lumper and de-lumper 

by-pass.  Sprays w i l l  a lso:be located at the feed point  of  
c o n v e y o r  10-CV-5.  A l l  s p r a y s  w i l l  be a c t i v a t e d  

a u t o m a t i c a l l y ,  r e c e i v i n g  t h e i r  s i g n a l  from t h e  c o n v e y o r  

motors current draw. 

A l l  f l o w  c o n t r o l l e r s  f o r  t h e  w e t t i n g  s y s t e m s  w i l l  be 

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

P 
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e l e c t r i c  cartr idge  h e a t e r s .  A l l  weather exposed piplng 
will be protected from freezing by .the use of electrical 

tracing and lagged insulation. 

A heated enc losure  w i l l  be provided to  house the dust 

suppress ion equipment for  the p i l e  storage area.  Al l  (2)A 

heated enc losure  w i l l  be provided ~o house the dust pumps, 

prop?rt ioning equipment, v a l v e s ,  and contro l s  required to  

d i s t r i b u t e  the wet t ing  f l u i d  to the coal  storage p i l e  w i l l  

be housed in the enc losure .  The surfaetaut  compound w i l l  

be propor t iona l ly  mixed with  p r e - f i l t e r e d  water and 

d i s t r i b u t e d  to seven s t r a t e g i c a l l y  placed points  around 

the perimeter of the storage pile and four sprays attached 

to the top of the lowering well to coat the llve portion 

of  the storage p i l e .  

The spray systems w i l l  coat both the dead storage port ion 

of  the storage p i l e  and the l i v e  port ion formed in a 

c o n i c a l  conf iEurat lon around the lowering w e l l .  

Each spray zone ( t o t a l  o f  e i g h t )  are c o n t r o l l e d  

i n d i v i d u a l l y  and have both autonmtic and manual a c t i v a t i o n  

modes. Each spray zone can be a c t l v a t e d m a n u a l l y  by an 

operatoF in the centra l  contro l  room or l o c a l l y ,  at each 

spray l o c a t i o n .  The normal mode o f  operat ion i s  automatic 

( for  each zone) .  

Each spray zone w i l l  be ac t iva ted  by a t imer,  s e t  to coat  

the s torage p i l e  every twenty minutes; however, each spray 

zone w i l l  a l so  be ac t ivated  by a wlnd v e l o c i t y  sensor s e t  

for  twenty ~wo mi les  per hour (32 f e e t  per second) ,  

depending on which condi t ion  occurs f i r s t .  

All flow controllers and distribution piping exposed co 

the weather w i l l  be e l e c t r i c a l l y  traced and covered with• 

lagged insulation. '= 
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Dry CBag Type) Collectlcn Systems 

(1) A ba8 collector (15-BF-I) will be provided at the transfer 

tower junction of conveyors 10-CV-4 and 10-CV-5. The bag 

collector will separate any dust generated at the conveyor 

transfer points and de-lumper anddepos i t  the co l lec ted  

dust on the feed point of  conveyor 10-CV-5. 

C2) A bag co l l ec tor  (15-B¥-3) w i l l  be provided at  the 

o p e r a t i n g  f l o o r  above  ehe two - 600 s h o r t  t o n  c o a l  s t o r a g e  

b u n k e r s .  The s p a c e  b e t w e e n  t h e  o p e r a t i n g  f l o o r  and t h e  

t o p  o f  the  bunkers  w i l l  be a i r  swept  and d i r e c t e d  t o  t h e  

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

the  c o l l e c t e d  c o a l  d u s t  i n t o  one  o f  t h e  b u n k e r s .  In  c a s e  

og f i r e ,  t h e  d u s t  c o l l e c t o r  fan  i s  s t o p p e d  a u t o m a t i c a l l y  

and the space over the coal bunkers is  purged with 

n i t r o g e n  g e n e r a t e d  by t h e  a i r  r e d u c t i o n  f a c i l i t y .  

(3) Each bag collector is furnished with: 

o CO 2 f i r e  p r o t e c t i o n  s y s t e m ;  

o E x p l o s i o n  r e l i e f  p o r t ;  

o C%ass I I ,  D i v i s i o n  1,  Group P ( e x p l o s i o n  p r o o f )  

Equipment;  

o ~ s o l a t i o n  dampers;  

o I n t e = n a l  h e a t e r  f o r  f r e e z e  p r o t e c t i o n ;  

o Broken bag detect ion;  

o Automatic controls;  and an 

o Air handliug package. 

Air  C o n t r o l  ( V e n t i l a t i o n )  Sys tems  

V e n t i l a t i o n  s y s t e m s  w i l l  be p r o v i d e d  f o r :  

o Coal  u n l o a d i n g  hopper  and c o n v e y o r  t u n n e l ;  
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4 . 3 . 2  

4.3.2.1 

o Transfer tower; and 

o Storage pile reclaim tunnel. 

Air handl ing equipment has been provided to insure that a l l  

enc losed  spaces have an a i r  change every 10minutes  ( s i x  a i r  

changes per hour) .  

Coal Preparat ion and Conveyin~ (Unit 20) 

Coal Bunkers (20-TK-1A and B) 

T~o 600 short  ton coal  bunkers are provided to sto~e 24 hours worth 

of coal feedstock for the gasifiers (1,200 short ~ons represents the 
..,. 

daily coal requirements at maximum gas production). The bunker 

configuration is shown on drawin E EE-071-005 .Apper-d~x D). 

A bifurcated chute is attached to tripper 10-TE-I, the mechanism 

used to fill the hunkers. The chute'  'li" ;averse the bun rs and " 

form two piles at the top of the bunkers, when full, to maximize 

bunker storage capability. 

Each bunker is 25 fC 0 in. in diameter, has a 40 ft 6 in. high 

cy!indrical segment and a 32 ft 0 in. high truncated cone segment at 

the bottom. The entire inner surface of each bunker is "Gunnite" 

coated for abrasion resistance. 

Each bunker i s  supported on load c e l l s ,  whose cont inual  readout i s  

d isplayed and monitored in the c e n t r a l  contro l  room. Both bunkers 

are used s imultaneously;  t h e r e f o r e ,  there  are t~ao weight 

i n d i c a t o r s / r e c o r d e r s  in  the centra l  contro l  room. 

An emergency chute i s  provided in  each bunker, in the c o n i c a l  

segment, to dump the bunker coal  quick ly  i f  a f i r e  i s  de tec ted  in  

bunker (smoke and temperature sensors  at  each bunker).  

a 
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4 . 3 . 2 . 2  

Shutoff gates (20-ME-I A and B), to £solate "~ach bunker and 

vlbratiug feeder (20-ME-2 A and B), are provlded in the design to 
meter coal to nhe pulverlzers. 

Coal Pu lver i za t ion  Systems 

A general arrangemen:t of  the coal  pulveri~'aClon systems i s  depicted 

on Drawings EE-071-005 and EE-071-006 (Appendix D). The equipment 

conf igurat ion se l ec ted  for the cost  e s ~ n s t e  i s  not exemplif ied on 

the. ~quipment layout shown. The layout portrays three pulverizer  

assemblies ,  two of  which operate in union to pulver£ze the quan~_ity 

of  cokl~required ".¢nr maximum gas product ion,  and the third assembly 

ass igned to the standby mode. The 'conf igurat ion  s e l e c t e d  for  t'he 
cos t  est imate i s  a t~o-pulverlze~.."~s'ystem with no standby. The 

reasons for selectlnE She two-pulverizer concept are: 
,o 

~. A vendor warranty of  95 percent . ; !ava i lab i l i ty  for the 

pulver izers ,  based on h i s  past experience with h i s  equipment 

and the a v a i l a b i l i t y  factor o f  the g a s i f i e r s  themselves; 

b. A lower c a p i t a l ,  i n s t a l l a t i o n  and operat ional  cost;  

c.  A less  c ~ p l e x  feed system to the pulver izers  from the coal 

bunkers ( d i r e c t  feed'from the bunkers to  the pulver£zers) ;  and 

d. A l e s s  complex contro l  system for operat£ng the p u l v e r i z e r s .  

However, should unforaeen circumstances d i c t a t e ,  in the d e t a i l  

design phase, that three Pulverizers  be i n s t a l l e d ,  a contingency has 

been inserte~ i n t o  the cost  estimate to cover the implied cos t .  A 

descrlp~ion "of the three-pulver izer  operation w i l l  be undertaken, 

s ince  the f eed  end i s  more involved,  and, a l l  equipment downstream 

of  the pulverizer0 would be the same for both the two and three 
pulver izer  opt ions .  

The two coal bunkers (20-TK-iA and B) have the capabi l i ty  o f  feeding 
three pulver£zets .  A diagramat£c representa t ion  ( f low diagram) of  

the process can be seen on Drawing EE-371-O03 (Apprendix E). 

ii 
!, 

'~'~.~. 
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Vibrat ing  feeders  (20ME-2A and B),  one for each bunker, meter coal  

in to  b l furaceted  chutes .  One l eg  o f  each chute t r a n s f e r s  the coa l  
d i r e c t l y  to  t h e  o p e r a t i n g  p u l v e r i z e r s  (20-PU-IA and B ) .  The s e c o n d  

:~ l eg  o f  each chute i s  u t i l i z e d  to  r e - o r i e n t  the coal  f low when the 

th ird  pu lver izer  assembly i s  used.  

When Pulver izer  20-PU-1A i s  out o f  s e r v i c e ,  Screw Conveyor 20-CV-1A 

w i l l  t rans fer  coal  to Pu lver i zer  20-PU-IB and Screw Conveyor 20-CV- 

1B w i l l  t rans fer  coal  to  the ac t i va ted  Pulver izer  20-PU-1C. When 

Pu lver i zer  20-PU-1B i s  out of  s e r v i c e ,  Vibrating Yeeder 20-ME-2A 

w i l l  feed coal  d i r e c t l y  to Pu lver izer  20-PU-1A and Screw Conveyor 

20-CV-1B w i l l  t rans fer  c o a l . t o  the ac t ivated  Pulver izer  20-PU-1C. 

Each Pulver izer  assembly i s  i d e n t i c a l  and Eeueral ly  c o n s i s t s  o f :  

a.  A weighbei t  feeder 20-PU-I(A, B, and C)-CV(A, B, and C)| 

b. A pug m i l l  ( for  mlxiug .coal wlth recyc le  ash) 20-PU-I(A, B, and 

C)-PM(A, B, and C); . .i:. ' 

c .  " A screw charger 20-PU-I(A', B, and C)-CV(A, B, and C); 

d. A v e r t i c a ~ : . r o l l e r  m i l l  p~ilverizer (20-PU-1A, B and C); 

e .  A combustion a i r  fan 20-ME-8(A, B, and C)-F(A,. B, and C):| and 

f .  An a ir  heater  (20-ME-8A~ B, and C). :: 
• : '  i ' :  'o 

The weighbel t  feeder controls /~he,  coal  feed to the P u l v e r i z e r .  I t  

insures  that the Pu lver i zer  ~s. not overfed and ca.n vary the coa l  
. - , ,  

feed quanti ty  to f o l l o w  plant'! .~s  output v a r i a t i o n s .  .:.~::. 

The pug m i l l  i s  u t i l i z e d  to mix the coa l  feed from the bunkers with 

the recyc led  ash from the gas production f a c i l i t y  ( see  Sect ion  

4.3.8.6). 

The screw charger i s  u t i l l z e d ~ t o  plugfeed the pu lver i zer  and has 

var iab le  diameter screw f l i g h t s ,  to compact the conveyed mater ia l  

that  blow-back from the pressur ized  pulver iz lugchamber  i s  
minimized. 
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The p u l v e r i z e r  i s  a v e r t i c a l  machine,  hav ing  r o l l e r s  arranged in  a 

r a d i a l  con£1EuraClon around i t s  per imeter .  The c o a l  and r e c y c l e d  

ash are ground, most iy by the actriclon of the mnterlal against '" 

itself (when trapped between the revolving rollers), andpartially 

by the rollers. This type of machine was selected for the project 

because~ • . . . . ,  

a s  The wear on machine pa~ts (maintenance and downtime c o s t s )  i s  

minimized compared to other types o f  v e r t i c a l  type b a l l  and 

h a m m e r ~ l l s ,  and 

b. Product cos t s  and contaminat ion  a s s o c i a t e d  wlCh the  c o n s t a n t  

feed of steel halls to a horizontal ball mill do noc exist. 

The p u l v e r i z e d  coa l  i s  dr ied and swept out  o f  the p u l v e r i z e r  by a 

stream o f  hot  gas which enters  a t  the  bottom of  the  machine and 

e x i t s  at the  top .  A hea ter  and eombustlon a i r  fan are provided to  

e l e v a t e  the  temperature o f  the  convey ing  gas to  perform the  dry ing  

f u n c t i o n .  Normally, the  hea ter  i s  f i r e d  by product gas from the 

process ;  however,  at  s t a r t - u p  and durlng emergencies ,  f u e l  o i l  i s  

provided for  the gas heat iDg requirement .  The heat  input  to  the 

p u l v e r i z e r  i s  c o n t r o l l e d  by the gas e x i t  temperature.  The des ign  

gas e x i t  temperature i s  nomina l ly  600oF. The e x i t  gas temperature 

cannot exceed Chls l i m i t ,  s i n c e  i t  would cause damage to  the  

p u l v e r i z e d  coa l  separat ion  equipment and s e v e r e l y  e f f e c t  the  gas 

temperature balance o f  the s y s t e m .  

Two bagtype coal dust separators (20-BF-1A and B) are provided to 

separate  the  pulver ized  coa l  from i t s  conveying, gas .  I t  s h a l l  be 

noted  t h a t  the two and three  p u l v e r i z e r  o p t i o n s  become ~ d e n t i c a l  at 

t h i s  p o i n t .  A s e r i e s  of  ductwork i n t e r c o n n e c t i o n s  and i s o l a t i o n  

v a l v e s  (as seen on Drawing EE-371-006,  Appendix E) provide the  

option of directing the gas flow from the three pulverizers to two 

Coal dust separators. It is at this point that the coal handling 

and conveying system is split into two equal and parallel trains. 
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'fhe pu lver ized  coa l  i s  separated from the gas stream at the bag-  
t y p e  c o l l e c t o r s .  The c o a l  drops  t o  t h e  b o t t o m  h o p p e r s  o f  t h e  

c o l l e c t o r s  and i s  d i r e c t e d ,  v i a  r o t a r y  and ~'double dump" v a l v e s  t o  

i s o l a t e  i n t e r c o n n e c t i n g  e q u i p m e n t ,  t o  t h e  p u l v e r i z e d  c o a l  s t o r a g e  

bins  (20TK-2A and B),  which o f f e r  temporary surge capaci ty  for  

f l u c t u a t i n g  coa l  demand (30 minute~ or 12 1 /2  short  tons per b i n ) .  

The coal  dust  s e p a r a t o r s ,  as we l l  as the su=ge bins and connect ing  

p ip ing ,  are c o n s t a n t l y  pressur ized  .@ith n i t r o g e n  to proh ib i t  a i r  

from enter ing  the system.  Also,  the pu l se  system used in  the dust  

s e p a r a t o r s  t o  k n o c k  t h e  c o a l  d u s t  ~-com t h e  b a g s  u t i l i z e s  p r e s s u r e d  ;'' 

n i t r o g e n  from t h e  a i r  s e p a r a t i o n  f a c i l i t y .  

The gas l e a v i n g  the dust  separators  i s  then s p l i t  into  two s treams.  

Approximately 83 percent  o f  the gas i s  r e c i r c u l a t e d  to  the  system,  

73 percent to  the gas heater  and 10 percent  to  the pu lver i zer  s e a l s .  

R e c i r c u l a t i n g  fans (20-FA-1A and B) are used to recyc l e  the gas to  

the heaters  and p u l v e r i z e r s .  The gas r e c i r c u l a t l o n  to the hea ters  

has a t h r e e - £ o l d  purpose:  

a.  To provide convey ing  pressure for  the  p u l v e r i z e r  gases |  

b. To c o n t r o l  gas temperature to and from the  p u l v e r i z e r s ;  and 

c .  To minimize p o l l u t i o n  from c o a l  dust  s u b - p a r t l c u l a t e  pas s ing  

through the  bags in  the coa l  dust  s e p a r a t o r s .  

The remaining 17 percent  o f  the gases  e x i t i n g  the coal  dust  

separators  i s  vented to  atmosphere. Dampers (20-DP-1A and B and 

20-DP-3A and B),  upstream of  the r e c l r c u l a t l n g  fans ,  are provided 

for t h i s  purpose.  The dampers are a u t o m a t i c a l l y  modulated, t h e i r  

contro l  coming from the e x i t  temperature o f  the pu lver i zer s  

(moisture content  o f  the coal  and a s h ) .  

The pulver ized  coa l  surge bins are supported on weigh c e l l s  which 

c o n s t a n t l y  monitor the quant i ty  o f  coa l  in the  b i n s .  I n d i c a t i o n  o f  

coal  s tock  in  the b ins  i s  shown in the c e n t r a l  con tro l  room, 
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monitored by the o p e r a t o r .  A l s o ,  as s t a t e d  p r e v i o u s l y ,  the weigh 

feeders  metering coa l  t~  the p u l v e r i z e r s  can be c o n t r o l l e d  by the  
rate of chanKa of coal stock in the surge bins. 

Nitrogen from the a i r  s e p a r a t i o n  plant  i s  u t i l i z e d  for  purging the  

p u l v e r i z a t i o n  system at  s t a r t - u p  or during normal and emergency 

shut-down s i t u a t i o n s .  

I 

Pulverized Coal Conveying Systems 

At the bottom o f  the p u l v e r i z e d  coa l  surge b ins  (20-TK-2A and B),  

r o t a r y  feed va lves  (20-RT-2A and B) meter the  p u l v e r i z e d  coa l  to  the  

pumps which transfer the coal to the gasification facillty (Unit 
! 

30). The purpose of the rotary valves is two-fold: 

a. To seal  the conveying system from the surge bins,  and 

b. To control the flow of  coal to the system. 

The rotary feed valves are d r l v e n b y a  variable  speed drives.  When 

the  p lant  output v a r i e s ,  the  operator  in  the c e n t r a l  c o n t r o l  room 

can proport ion the c o a l  feed r a t e  to  the  changes in  gas output 

(speed i n d l c a t o r / r e s u l a t o r  in  the  c o n t r o l  room).  However, the  

ro tary  feed va lves  w i l l  be stopped a u t o m a t i c a l l y  i f  the  s torage  b ins  

in  the g a s i f i e r  area become f u l l .  An alarm w i l l  sound iu  the 

c e n t r a l  con tro l  room to  a l e r t  the  operator i f  t h i s  occurs .  

Four pumps (20-P-IA and B and, 20-P-2A and B) are provided Co 

transport the pulverized coal from the surge bins (20-T~-2A and B) 

to the eight services  bunkers (30-V-2A through H) iu the 

g a s i f i c a t i o n  area i ( U n i t  30 ) .  There are two pumps for each 

conveying  t r a i n ,  one normal ly  opera t ing  and one standby for each 

t r a i n .  Plant  l ayout  negated the  concept o f  u t i l l z i n K  on ly  one 

standby pump for both t r a i n s  ( spac ing  too  far  for  common coa l  feed 

from surge bins to s tandby pump). The a v a i l a b i l i t y  fac tor  for  coa l  

pumps i s  such that  s tandby c a p a b i l i t y  must be present  to  assure 

cont inuous  system o p e r a t i o n .  
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The media used by the pumps to convey the pulverized coa l  to  the 

g a s i f i e r  s e r v i c e  b ins  i s  n i t r o g e n .  Nitrogen i s  d e l i v e r e d ,  on a 

cont inuous  b a s i s ,  to  the i n l e t  o f  the  pumps from the a i r  s e p a r a t i o n  
f a c i l i t y .  The pressured n i t r o g e n  i s  dlscharged from the pumps at  

high v e l o c i t y .  Pulver ized  coal  i s  i n j e c t e d  into  the n i t r o g e n  

stream, from the surge bin ro tary  feed v a l v e s ,  and i s  entEained in  
the f a s t  moving gas .  

Since each g a s i f l e r  has four s e r v i c e  b ins  ( w i l l  be d i s c u s s e d  in the 

nperat ion  o f  Unit  30) ,  the coa l  laden n i t rogen  must be s p l i t  i n t o  

four  equal  streams to  s a t i s f y  process  requirements .  A Flow S p l i t t e r  

(20ME-10Aand B) i s  provided for each n i t rogen  pumping system.  The 

mechanism i s  s p e c i a l l y  des igned to s p l i t  the flow from each pump 

in to  four equal  streams.  A s h u t - o f f  v a l v e ,  downstream o f  each l e  E 

of the splitter (four for each splitter) will automatically close 

if the service bin being fed 5y the splitter leg becomes full. The 

entire nitrogen volume will then he split into three equal streams. 

If more than one shut-off valve closes (two service bins full), the 

rotary feed valve on the surge bin of the train affected will stop, 

cutting off coal flow in the train. The nitrogen will continue to 

flow. When the level of coal in one of the gasification service 

bins  drops,  the c losed  va lve  w~.ll open and the surge b in  r o t a r y  feed 

va lve  w i l l  admit coal  to the system.  The operator in  the c e n t r a l  

c o n t r o l  room w i l l  monitor the sys tem on a continuous b a s i s .  

The piping from the flow splitters (20-ME-10Aand B) transfers the 

coal laden nitrogen streams to the gas£fier service blns located in 

the Unit 30 area of the plant. The service bins, whose basic 

function is discussed in the next section of this report, have 

integral separators. Most Of the coal in the nitrogen streams is 

separated at this point s collected and stored in the service bins. 

The nitrogen streams then pass through bag-type Dust Collectors 

(20-BF-2AthrouEh H, Drawing EE-371-001, Apprendix E), where the 

remainder of the pulverized coal dust is discharged to the service 

b i n s .  The r e l a t i v e l y  dust free  n i t r o g e n  i s  then vented t o  

atmosphere.  
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The bag-type dust co l l ec tors  u t i l i z e  n£trogeu gas,  from the a i r  

separation f a c i l i t y ,  for bag c leaning .  Nitrogen i s  a l so  u t i l i z e d  to  

p=essurize and purge the dust c o l l e c t o r s  to  keep air  from leaking 
into the c o l l e c t o r  internals .  

GKT Coal Gas i f i ca t ion  F a c i l i t y  (Unit 30) 

The "GKT" coa l  s a s i f l c a t i o n  technology has been se lected as the 

process that  w i l l  be u t i l i z e d  to  convert pulverized coal  s tock into  

a medum BTU gas,  which is  the primary product o f  the £ a c i l l t y .  A 

technical  descr ipt ion  of  the process i s  contained i n  Sect ion 3 .4  o f  

th is  report;  therefore ,  t h e d i s c u s s l o n  in t~nis s e ~ n t  w i l l  be 

l imited to  the design cr i t er ia  from an operat ional  viewpoint ,  

describing the interact ion  of  var ious  components in the g a s i f i c a t i o n  
tra ins .  

The'"GKT" complex is comprised of two equal and para l l e l  

gas-producing t ra ins ,  each capable o f  generating f i f t y  per cent o£ 

the t o t a l  f a c i l i t y  gas production. The two trains  are joined 

t o g e t h e r ,  at the ir  terminals,  and share a common gas holder and 
f ina l  c lean-up precipi tato=.  

The "G~T" gas producing components can be generai~y c lassed  into  two 

major performance funct ions .  They are: The gas generating 

funct ion,  and the gas clean-up funct ion .  

a .  Gas Generation (Drawing EE-371-O01, Appendix E) 

Eight s e r v i c e s  bunkers (30-V-2A through H) are provided, four 

for each g a s i f i e r ,  to temporarily s tore  the coal feed.  The 

serv ice  bunkers are part o f  the "GKT" proprietary control  

system. Each service  bunker has a cyclon e separator at  i t s  

upper s e c t i o n .  The cyclone separator d iver t s  a major port ion 

o f  the entrained coal from the n i trogen  conveying system (Unit 

20) in to  the bunker. System cons tra int s  (by CKT) d lc ta te  that  

four s erv i ce  bunkers be u t i l i z e d  for each g a s i f l e r .  
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Each s e r v i c e  bunker i s  mounted on weigh c e l l s .  The weigh c e l l s  

provide a c o n s t a n t  i n d i c a t i o n  ( in  the  c e n t r a l  c o n t r o l  room) o f  

the  coal  q u a n t i t y  i n  each bunker. The weigh c e l l s  are a l s o  

u t i l i z e d t o  l i m i t  the  amount o f  coa l  in each s e r v i c e  bunker 

( o v e r f l o w ) .  Should the  h igh  l e v e l  po in t  be reached iu  any 

s e r v i c e  bunker, a s h u t - o f f  va lve  in the feed pipe  w i l l  c l o s e  

and i s o l a t e  the bunker.  When the coal  l e v e l  in  the  bunker 

drops sufficiently, the isolation valve will re-open, 

introducing coal into the bunker again, 

Underneath each s e r v i c e  bunker, there  i s  a feed bunker (30-V-3A 

through H). As in  the  s e r v i c e s  bunkers,  there  are four feed 

bunkers per g a s i f i e r .  The feed bunkers are used to  insure  that  

the  g a s i f l e r  c o a l  .feed screws are kept f u l l  o f  c o a l  to  p r o h i b i t  

a back- f la sh  c o n d i t i o n  from occur ing .  

Each feed b~nker i s  placed on weigh c e l l s .  The weigh c e l l s  are 

used ,  pr imar i ly ,  to  a u t o m a t i c a l l y  e c e i v a t e  and c o n t r o l  the coa l  

feeders  (30-ME-3A through H) between the s e ~ v i o e  bunkers and 

the  feed bunkers to  insure  s u f f i c i e n t  c o a l  feed to  the  

g a s i f i e r s  as demand v a r i e s .  The q u a n t i t y  o f  coa l  in  the feed 

b~mkers i s  a l s o  i n d i c a t e d  in  the  c e n t r a l  c o n t r o l  room. The 

operator  in  the  c o n t r o l  room has the c a p a b i l i t y  o f  varying the 

c o a l  feeder speed to  meet system demands. 

Each feed bunker prov ides  a "choke feed" supply  o f  c o a l  to a 

double-screw assembly (30-ME-&A through P) .  There a four 

double screw assembl i e s  per g a s l f l e r ,  one see  for  each lobe o f  

the g a s i f i e r  ( t o t a l  o f  s i x t e e n  screws for  two g a s i f i e r s ) .  The 

screws have v a r i a b l e  speed dr ives  so tha t  the  c o a l  q u a n t i t y  to  

the  g a s i f i e r s  can be changed ( a u t o m a t i c a l l y  or by operator  

s e l e c t i o n )  to  f o l l o w  system demand. 

A mixture of  low pressure  steam and oxygen i s  in troduced  at the  

discharge o f  the screws (30-ME-4A through P) .  The steam-oxygen 
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mixture i s  used as the :conveying medium for the in troduct ion  of 

pulver ized  coal  to the r e a c t i o n  zones o f  the g a e l f l e r s .  The 

steam-oxygen mixture is proportioned, by automatic control, to 

the coal demand of the gaalfler to meet facility gas production 

requirements. As the gas output of the facility varies, the 

coal feed to the gaslflers will vary proportionately. The 

steam-oxygen mixture will be proportioned directly to the coal 

flow from each feed screw, taking its signal from each feed 

screw rotational speed. 

T h e p u l v e r i z e d  c o a l ,  carr ied  by the steam-oxygen mixture ,  

enters  the g a s l f i e r  r e a c t i o n  zone at a s l i g h t l y  higher pressure 

than the react ion  zone.  The e levated  pressure requirement i s  

important because: 

. 

. 

The coal  mus~ be prope l led  and dispersed in to  the 

g a s i f i c a t i o n  stream, and 

The gas and heat being generated in  the r e a c t i o n  zone must 

be prohibited from f l a s h i n g  back through the feed system. 

Burner tubes (30-ME-bA through P) are provided in  the wa l l s  o f  

the reac t ion  zone, two per lobe ,  to insec t  the 

coal-steam-oxygen mixture i n t o  the g a s i f i e r s  (16 burner tubes 
for two gaslfiers). 

An i g n i t i o n  burner assembly (30-1~-IOA through H) i s  provided 

for  each lobe of  the g a s i f i e r  react ion  zone ( e ight  assemblies  

for two gaeifiers) to start up the gasifier or to re-start a 

E a s i f l e r  lobe s e c t i o n .  Each assembly i s  provided with  an 

i g n i t i o n  system and burner management system. The i g n i t i o n  

burner assemblies normally u t i l i z e  the gas produced by the 

f a c i l i t y  as the i r  fue l  source .  However, for s t a r t - u p ,  an 

auxiliary fuel oil system is used for gasifier ignition. 

I g n i t i o n  lances (30-ME-tA through D) are provided, two for  each 

g a s i f i e r ,  to dry out the r e a c t i o n  zone re f rac tory  l i n i n g s  at 
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s t a r t - u p .  The iEn~tlon lances u t i l i z e  fue l  o~1 as t h e i r  energy 
s o u r c e .  

The arrangement and conf igurat ion  o f  the g a s l f i e r s  can be seen 

on Drawings EE-071-007 and 008 (Appendix D). Each g a s i f i e r  

assembly is a "four lobed" weldment, which is refractory lined 

and i s  enveloped by a s t e e l  water jacke t .  The water jacket  

performs ~o functions: 

l e  

2. 
~t c o o l s  the re fractory  l i n i n g  o f  the g a s i f i e r ,  and 

~t generates  low pressure steam whlch i s  used in  the 

g a s l f ~ c a t l o n  process (the steam generated i s  in exces s  o f  

quanti ty  required for  g a s i f i c a t i o n ) .  

As stated previously, a mixture of coal, ste~nand oxygen are 

blown into each gasifier and is gasified in Suspension. The 

hot gas flows upward and out of the gasifler to the waste heat 

recovery system (30-E-IA and B). As the hot gas exits the 

gaslflers, it is sprayed with water to knock out the larger 

particles of entrained slag. The slag drops to the bottom of 

the gasifiers and exits to slag extractors (30-ME-2A and B)~ 

The slag extractors, physically~ are shrouded drag conveyors 

submerged in water. The water acts as a gasifier bottom seal 

and as a slurrying medium. The slag, in slurry form, is 

discharged to a s lag  conveying system which w i l l  be descr ibed 

in Sect ion  4 . 3 . 8  o f  t h i s  report .  

The waste heat recovery systems (30-E-1A and B) are situated 

above gasifi~rs. Their arrangement and configuration are shown 

on drawing EE-071-008 (Appendix D)o Zu essence, each system is 

a steam generating unit that serves to: 
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1. 0ool  the gas to a temperature compatlble wl th  the r e s t  o f  
the process equipment, and 

2. Generate high pressure steam for use at  the f a c i l i t y .  

Yeedwater enters  the bottom of  the tubular generators ,  i s  

heated,  and high pressure steam i s  ex tracted  at the top.  The 

steam i s  c o l l e c t e d  in  steam drums above the generators .  The 

drums distribute the steam to facilityusers. A more "in 

depth" description of the steam distribution system is 

described in Section 4.3.8 of this report. 

The lower p~e9..~e eteo.m ~ha~ is generated in the gasifier 

water jackets  i s  a l so  c o l l e c t e d  in  steam drums. Again, th i s  

descr ip t ion  w i l l  found in  Sect ion  4 . 3 . 8 .  

The cooled gas emerging from the waste heat recovery systems i s  

tempered.further by water sprays before the gas glows in to  the 
washers (30-E-2Aand B). 

b. Gas Cleanup (Drawing EE-371-015, Appendix E) 

The coo ler  gas,  s t i l l  f lowing in  two p a r a l l e l  t r a l u s ,  i s  

d irected  to the Cooling Washer Assemblies (30-E-2Aand B).  The 

arrangement and conf igurat ion  o f  the assembl ies  are shown on 
Drawing EE-071-008 (Appendix D). 

The gas enters  the washer near the botto~ ~ d  glows upward. A 

s e r i e s  o£ water sprays,  d i rec ted  counter current to the gas 

f low,  both cool  and remove entrained p a r t i c u l a t e  from the gas 
L 

8 t r e a ~ ,  

The ash p a r t i c u l a t e ,  conta ining  quant i t i e s  o f  unrcacted carbon, 

i s  washed to the bottom o f  each v e s s e l  and e x i t s  the system 

through a water - l eg  s e a l .  The ash i s  d i rec ted  to a covered 

throush and f lows ,  by grav i ty ,  to a trea~nent system that w i l l  

be described in Sect ion  4 . 3 . 7  o f  th i s  report .  
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The gas stream in  each p a r a l l e l  t r a i n  e x i t s  the  c o o l i n g  washers 

and i s  plped to  second stage  p a r t i c u l a t e  removal dev ice  c a l l e d  

Disintegrators (30-ME-8A and B). in the disinterErator 

assemblies~ rotatln E devices create turbulence ~n the gas 

stream. Water is sprayed into the turbulent gas stream. A 

large portion of the remaining particulate in the 8as adheres 

to the water droplets and drops to the bottom of the 

dislnteErators. The particulate laden water is drained to 

Separators (30-V-TA and B) through water-leg seals between the 

assemblies. 

The gas streams l eave  the d i s i n t e g r a t o r s  and f low i n t o  

Separator assembl ie s  (30-V-7Aand B) where entra ined  mois ture  

i s  removed. The moisture  i s  c o l l e c t e d  at  the  bottom of  the  

v e s s e l  and, a long  wi th  the water £rom the d l s i n t e g r a t o r s  (as 

p r e v i o u s l y  s t a t e d ,  the  d i s i n t e g r a t o r  water glows i n t o  the 

s e p a r a t o r s ) ,  the  combined l i q u i d  e££1uent  i s  r e c i r c u l a t e d  back 

to  the Cool ing  Washer bottom sprays .  Pumps (30-P-2A and B) are 

provided to  r e c l r c u l a t e  the  water back to  the  Cool ing Washers. 

The pumps are a u t o m a t i c a l l y  a c t i v a t e d  and stopped by a l e v e l  

c o n t r o l  in  each s epara tor .  The pumping a c t i o n  i s  monitored by 

the  operator  in  the c e n t r a l  c o n t r o l  room. 

The gas streams are then d i r e c t e d  to  secondary s e p a r a t i o n  

d e v i c e s ,  pass ing  through Seal  Pots  (30-V-IOA and B) .  The Sea l  

Pots are u t i l i z e d  to  i s o l a t e  the ges stream from the downstream 

process  and equipment (ac t s  as an i s o l a t l o u  v a l v e ) .  The s e a l  

pots  are normal ly  v e r t i c a l ,  c y l i n d r i c a l  v e s s e l s  that  are 

i n s t a l l e d  i n  process  gas p i p i n g .  Water i s  piped to  the 

v e s s e l s .  The h e i g h t  o f  the v e s s e l  i s  determined by the  

upstream pressure  o f  the gas stream. Should i t  become 

neces sary  to  cut  the  gas f low o f f  from the process  stream, 

water i s  pumped i u t o  the Seal  Pot to  a s u £ f i e £ e n t  h e i g h t  to  

compensate for the upstream pressure  of  the  gas .  Converse ly ,  

when gas f low i s  d e s i r e d ,  the  water i s  drained £rom the Seal  
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Pot. The Seal Pot concept is ~requently used on large diameter 

piping systems where temperature and cost considerations are 

major des ign parameters.  Both the  i n t r o d u c t i o n  and the  

drainage o f  water from the s e a l  pots  i s  c o n t r o l l e d  by the 

operator  in  the c e n t r a l  c o n t r o l  room. 

As s t a t e d  in  the prev ious  paragraph, the gas streams pass 

through a f i n a l  s e t  o f  Separators  (30-V-8A and B) to  remove the 

remnants of entrained moisture from the gas. The moisture is 

c o l l e c t e d  at  the bottom o f  the  v e s s e l  and i s  p e r i o d i c a l l y  

discharged to a c o l l e c t i o n  sump. The p e r i o d i c  d i scharge  i s  

c o n t r o l l e d  by a l e v e l  s ens ing  dev ice  o p e r a t i n g  d ischarge  va lves  

at  the bottom of  the  v e s s e l s .  

After  e x i t i n g  the f i n a l  Separators ,  the  p a r a l l e l  gas stream 

pressures  are boosted  to propel  the  gases through the remainder 

o f  the cleanup d e v i c e s .  Two Raw Gas Blowers (30-BL-2Aand B),  

one for each gas streamD are used to increase  the pressure .  

The two p a r a l l e l  gas streams are jo ined  t o g e t h e r  downstream of  

the  Raw Gas Blowers.  The combined stream o f  gas i s  d i r e c t e d  to 

a large  Gas Holding Tank (30-TK-3) and then to an E l e c t r o s t a t i c  

P r e c i p i t a t o r  (30-PR-1) for  f i n a l  gas c leanup.  However, there  

are times when one or both of the parallel gas trains must be 

d i v e r t e d  from the main process  stream. They are:  

1. I n i t i a l  s tar tup  o f  both gab traina~" 

2. S t a r t i n g  up one gas t r a l n w h i l e  the  o ther  t r a i n  i s  

o p e r a t i o n a l ;  

3 .  Malfunct ion o f  equipment in  a gas t r a i n ;  and 

4 .  Gradual shut-down and purging of  a gas t r a i n .  

A flare stack (30-ME-IAand B) and Seal Pot (30-V-20A and B) 

are provided for each gas t r a i n ,  connedted downstream o f  the 

Raw Gas Blowers. The flare stacks are provided with iEnltion 
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systems and f u e l  sources  for  £ g n i t l o n  (product gas and f u e l  o i l  

back-up) .  The Seal  Po t s ,  upstream of  the Flare Stack 

assemblies, are normally full of water to isolate the flare 

system. Uheu a gas stream must be diverted, the water is 

r a p i d l y  drained from the s e a l  pot~ opening the gas channel  to  

the f l a r e  s tack .  The o p e r a , S t  in  the c e n t r a l  c o n t r o l  room has 

remote s u p e r v i s i o n  and c o n t r o l  o f  the f l a r e  a c t i v a t i o n . ~  

As previously stated, the Raw Gas Blowers (30-BL-2Aand B) 

boost the gas pressure. The two parallel gas streams are 

combined into one gas train and are directed to a Gas Holding 

Tank (30-TK-3). The Gas Holder acts as: 

1. A b~as ing  c o n t r o l  for the  g a s i f l e r s ;  

2. A s torage  r e s e r v o i r  for  the  untreated (raw) gas;  and 

3. A cushioning device to absorb system swings. 

The Gas Holding Tank i s  a segmented, " f l o a t i n g  r o o f , "  
. ., '• 

~cy l indr ica l  s t e e l  v e s s e l .  The v e s s e l  i s  cons truc ted  o f  

numerous c i r c u l a r  s e c t i o n s ,  s tacked v e r t i c a l l y .  The v e s s e l  i s  

des igned  in  t h i s  manner so t h a t  i t  can hold  var ious  volumes o f  

gas a t  a cons tant  pressure .  The gas i s  pumped i n t o  the  v e s s e l .  

The gas pressure  l i f t s  the  r o o f  s e c t i o n  v e r t i c a l l y .  A l l  

C ircu lar  s e c t i o n s  o f  the v e s s e l  are i n t e r l o c k e d ,  in  a 

t e l e s c o p e - t y p e  c o n f i g u r a t i o n ,  enab l ing  the v e s s e l  to  expand 

v e r t i c a l l y  to a pre -des igued  maximumhelght .  Thus, the  v e s s e l  

can s t o r e  var ious 'vo lumes  o f  gas and s t i l l  maluta in  a c o n s t a n t  

gas pressure  downstream of  the  v e s s e l . . "  Should the  gas demand 

suddenly  i u c r e a s e , " t h e  gas s t o r e d  in  the v e s s e l  can compensate,  

temporari ly~ for the i n c r e a s e .  Should~the gas demand suddenly  

decrease ,  the  cons tant  gas product ion  o f  the f a c i l i t y  can be 

temporar i ly  s tored in the v e s s e l .  Water s ea l s  are provided 

between the  v e s s e l  segments to  a l low for  v e r t i c a l  movement and 

gas conta inment .  
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Seal Pots ~30-V-I1 and 12) are provided at  both the i n l e t  and 

o u t l e t  o f  the Gas Holdln~ Tank to i s o l a t e  the v e s s e l  for  

purging (planned mainte'nauce and i n s p e c t i o n  plus emergenc.~ 
shutdown). As .~C~.t~d in  previous s e a l  pot d e s c r i p t i o n s ,  water 

would be pumped into  the sea l  pots to  i s o l a t e  the v e s s e l  ~rom 

the , ~ a c i l i t  7 .  A Purge Line and Seal Pot (30-V-13) are provided 

to the Main Flare Stack (91-ME-1) t o  evacuate the gas  hoZdin~ 

Cank. 

The g a s s t r e a m  £ro~ the Cas Holding Tank i s * d i r e c t e d  to an 

E l e c t r o s t a t i c  P r e c i p i t a t o r  (30 -P~- l )  which performs the f i u a l  

p a r t i c u l a t e  removal funct ion .  The ash p a r t i c u l a t e  i s  deposi ted 

on e l e c t r i c a l l y  charged p la te s  wi th in  the  p r e c i p i t a t o r .  The 

p la te s  are cont inuous ly  c l e a n e d ~ i t h  water ,  which i s  c o l l e c t e d  

at the bottom o f  the p r e c i p i t a t o r  and drained to a sump. 

R e l a t i v e l y  c lean  ~as (ash p a r t i c u l a t e  f r e e )  emerges from the' 

precip£tator;~,ho~ever,  the inherent s u l f u r  must s t i l l  be 

s tr ipped from the ~as stream before the ~as can be considered 

c l ean .  A d e s c r i p t i o n  o f  the su l fur  removal system i s  descr ibed 

in  Sect ion ~ .3 .&.  /Lll equipment and p ip in~  systems in the 

~ a s i f ~ e a t i o n  f a c i l i t y  have pur~e and vent connect ions ,  

u t i l i z i n g  n i t~ogenmanufacture~  by the a i r  separat ion f a c ~ l l t y ,  

that  w i l l  be used: 

1. At f a c i l i t y  s t a r t - u p |  

2. At f a c i l i t y  shut-do~n; and 

3. To expel  t o x i c  and e x p l o s i v e  gases  from equipment and 

piping systems in case of ,~mergency.  

Al l  purging and vent ing  i s  actuated and c o n t r o l l e d  by the 

operator in the centra l  contro l  room. 

° 

t 
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4.3.4.1 

Sulfur  Removal and Recovery (Unit 40) 

D e s u l f u r i z a t i o n  Process (DrawlnE EE-371-006, Appendix E) 

After  the coa l  has been g a s i f l e d  and a l l  ash p a r t i c u l a t e  removed 

from the gas stream, the remainin~ const~tuen~ that mus~ be removed, 

an element presen~ in ~he coal  i t s e l f ,  i s  su l fur .  S u f f i c i e n t  s u l f u r  

mus~ be removed, before  the gas i s  burned, to  comply wi~h a l l  

emiss ion  standards,  both e x i s t i n g  and projected ,  in  the Ph i lade lph la  
region. 

The method s e l e c t e d  to  remove s u l f u r  f~om the Eas stream i s  the 

"Stret ford" process .  The "Stretford" process was s e l e c t e d  because: 

a .  The s i z e  o f  ~he f a c i l i t y  ( to~a l  gas production) i s  economical ly  

amenable to the process;  

b.  The system pressures  are compatible with the process;  and 

c .  The s u l f u r  con~ent o f  the coal  that was used for  ~he design 

bas i s  i s  compatible w~th ~he process .  

The arrangement and conf igurat ion  o f  the Desu l fur l za t ion  complex i s  

shown on DrawinEs EE-071-O09 end 010 (Appendix D). 

a; Gas Boosters (42-BL-IA and B) 
• . . . .  

The pressure of t~;i:'gas stream exiting ~he precipitator . 

(30-PE-I) is slightly .higher than a~mospheric. Therefore, ~he 

Eas stream pressure must be boosted ~o propel the gas ~hrou~ 

the desulfurlza~ion process equipment and piping. Two Gas ~i' 

Booster compressors (42-BL-IA and B) have been provided for :.i.,,:.f~.":: 
that purpose. " 

?" ' f 
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b. 

Two s tages  o f  gas compression have been s e l e c t e d  ~or t h e . p l a n t  

des ign b a s i s ,  booster compressors Co convey the gas through the 

d e s u l f u r l z a t l o n  f a c i l i t y  and a f i n a l  compresslon stage 

(descr ibed in  Sect ion 4 . 3 . 6 )  for  d l s t r l b u t i o n  o f  the gas to  

u s e r s .  Thought was given to des igning  a s i n g l e  compression 

stage to provide the t o t a l  pressure  requirement for  the 

' d e s u l f u r i z a t i o n  system and the d i s t r i b u t i o n  system. However, 

the cos t  o f  designing the d e s u l f u r l z a t i o n  equipment for  that  

h igher  pressure negated the ~oncept ,  

r 

The Booster Compressors are c e n t r i f u g a l ,  e l e c t r i c a l l y  driven 

machines,  each s l zed  for  the maximum gas output o f  the p lant .  
' t  

One compressor i s  used~:in ~he operat ion .  The second machine i s  

re l ega ted  to standby duty.  Both boosCor compressors have t h e i r  

own a f t e r c o o l e r s  and condensed l i q u i d  separators .  

The Booster Compressor that  i s  ~n operat ion i s  c o n t r o l l e d  by an 

i n l e t  valve=which modulates the gas f low to t h e m - c h i n e  in  

proportion to the gas demand.' The i n l e t  contro l  valve  r e c e i v e s  

i t s  d i r e c t i o n  (control  s i g n a l )  from the contro l  system on the 

Plant master f low meter ( see  Sec t ion  4 . 3 . 6 ) .  That contro l  

system w i l l  transmit f l u c t u a t i o n s  in  gas demand to  the i n l e t  

con tro l  va lve  o f  the booster  compressor; thereby,  c o n t r o l l i n g  

the gas f low of  the system downstream o f  the booster  

compressors.  

Sulfur Removal from the Gas 

The t e c h n i c a l  d e s c r i p t i o n  o f  the s u l f u r  removal prccess  i s  

descr ibed in  Sect ion 3 .5  o f  t h i s  report;  there fore ,  t h i s  

s e c t i o n  w i l l  be l imited  to a d i s s e r t a t i o n  on how:the ind iv idua l  
• - -  . ° "  . .  • . .  

components are i n t e r - r e l a t e d  and func t ion .  

The gas scream containing  s u l f u r ,  pr imari ly  in the form o f  
. i  

hydrogen s u l f i d e ,  i s  passed through a p a r a l l e l  battery  o f  nine 
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Static Mixers (42-MX-iAthrough J). The "Stretford" fluid is 

i n j e c t e d  i n t o  the mixers~ concurrent to  the gas f low.  B a f f l e s ,  

in t erna l  to  the mixers ,  insure the homogeneity o f  ~he gas and 

the "Stre t ford"  s o l u t i o n  mixture .  T~e formation o f  e lemental  

s u l f u r  begins  w i t h i n  the mixers .  

The s u l f u r  laden gas stream passes  up through the "Stret ford" 

Reaction V e s s e l  ( 42 -V-1 ) .  The f i n a l  s epara t ion  o f  s u l f u r  from 

the gas stream occurs within the reaction vessel. Tra~s within 

the vessel assist iu the sulfur and "Stretford" solution 

separation from the gas stream. The sulfur, along with the 

reduced "Stretford" solution, is collected at the bottom of the 

reac t ion  v e s s e l .  The gas stream, free  o f  most of  i t s  s u l f u r  

content ,  e x i t s  the top  o f  the Reaction V e s s e l  to  the Gas 

Compression System (Unit  60) .  A Cyclotube F i l t e r  (42-Y-2) i s  

provided at the d i scharge  of  the React ion Vesse l  to  remove 

entrained "Stre t ford"  s o l u t i o n  from the gas stream. A'by-pass  

p i p e l i n e ,  around the S t a t i c  Mixers and React ion Vesse l ,  i s  

provided to permit gas product ion at the p lant  when the 

d e s u l f u r i z a t i o n  process  i s  not operat ing  (emergency s i t u a t i o n ) .  

The "Stret ford" s o l u t i o n ,  conta in ing  the s u l f u r  removed from 

the gas stream, flows by gravity from the bottom of the 

reaction vessel to the Oxidizer Tank (42-~K-I). In the 

Oxidizer Tank, two recovery s teps  are performed: 

1. The s u l f u r  i s  separated from the  s o l u t i o n ,  and 

2. The " S t r e t f o r d " s o l u t i o n  i s  ox id ized  back to  i t s  o r i g i n a l  

s t a t e .  

As in the g a s i f i c a t i o n  process ,  purging and vent ing  (with 

n i trogen  from the a i r  reduct ion  f a c i l i t y )  i s  provided for the 

Statlc Mixers, the Reaction Vessel and the gas piping. 
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Sul fur  and "Stre t ford" S o l u t i o n  Recovery 

The su l fur  laden "Stre t ford"  s o l u t i o n  i s  c o l l e c t e d  in  the 

Oxidizez Tank (42-TK-I). The solution liquid level in'the 

Oxidizer Tank, which i s  vented to  atmosphere,  i s  determined by: 

1. An e q u a l i z a t i o n  pipe between the  Reac t ion  Vesse l  and the  

Oxidizer Tank, and 

2.  The pressure in  the  React ion  Vesse l  crea ted  by the Booster  

Compressor. 

Atmospheric a i r  i s  in troduced  at  the bottom o f  the  Oxidizer 

Tank by the use o f  "Di f fuser  Nozzles" and p ip ing  connected to  

an Air Blower (42-BL-2A and B).  T~o a ir  blowers are provided,  

one operat ing  and one s tand-by .  

The a ir  d i sperses  up through the  "Stre t ford"  s o l u t i o n ,  both 

oxidizing the solution back to its original form and lifting 

the  re l eased  e l ementa l  s u l f u r  to the sur face  o f  the  l i q u i d  

contained w i t h i n  the  tank.  The e l e m e n t a l . s u l f u r  forms a "Foam" 
"4 

layer  at the sur face  o f  the  "Stret ford" s o l u t i o n .  

The su l fur  "Foam" overf lows  the Oxidizer  Tank, by g r a v i t y ,  to  a 

S lurry  Tank (42-TK-3) .  The Slurry Tank r e p r e s e n t s  the  f i r s t  

s tage  of  the s u l f u r  recovery  proces s .  The regenerated  

"Stret ford" s o l u t i o n  a t  the  bottom o f  the  O x i d i z i n g  Tank i s  

connected to  the "Stre t ford"  S o l u t i o n  Tank (42-TK-2) ,  a s torage  

v e s s e l  u t i l i z e d  to  re turn  the  s u l f u r - s t r i p p i n g  s o l u t i o n  to the  

proces s .  The Oxid izer  Tank, t h e r e f o r e ,  performs two ' funct ions:  

. 

. 

I t  separates  the  e l ementa l  s u l f u r  from the  s o l u t i o n  for 

recoveryj  and 

I t  regenerates  the  s o l u t i o n  and re turns  i t  to  the process  

f o r  r e - u s e .  
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In the Slurry Tank (42-TK-3), the sulfur "FoamU is mlxed with 

water, using a mixer (42-AG-I), to form a sulfur slurry. The 

slurry is then pumped to a Centrifuge (42-CE-I). Pumps 

42-P-3A and B are used. 0nly one pump is operational, the 

other  a c t i n g  as a s tand-by .  In the  Centr i fuge ,  the  s u l f u r  i s  

c o n c e n t r a t e d .  The s u l f u r - s t r i p p e d  l iqu id  is  r e - c l r c u l a t e d  back 

to  the Oxidizer Tank, s ince  i t  s t i l l  contains  smal l  q u a n t i t i e s  

of  e l ementa l  s u l f u r .  The concentra ted  su l fur  drops out  o f  the  

c e n t r i f u g e  into  a Re-Slurry Tank (42-TK-4),  where the  

c o n c e n t r a t e  i s  mixed wi th  water to  form a s l u r r y .  The s l u r r y  

£s "Homogenized" by a Re-Slurry  Agi tator  (42-AG-2).  The 

s l u r r y  i s  drawn o f f  at the bottom o f  the tank by a Re-S lurry  

Pump (42-P-4A and B, one o p e r a t i n g  and one s t a n d - b y ) .  The 

slurry passes through a Sulfur Melter (42-E-3), a shell and 

tube heat exchanger that utilizes process steam to convert the 

slurried sulfur to its molten state. Since the slurry contains 

water~ the heating is performed under pressure to keep the 

water from flashing to steam. The molten sulfur slurry passes 

from the Sulfur Melter to a Sulfur Separator (42-V-2), where 

the  molten su l fur  i s  separated~ by g r a v i t y ,  and i s  d i scharged  

to  a Su l fur  Storage P i t  (42-TK-5) to  await t r a n s f e r  from the 

p l a n t  s i t e .  The Sul fur  Storage  P i t  i s  a c l o s e d ,  l i n e d ,  and 

i n s u l a t e d  " in- the-ground" containment  v e s s e l ,  c o n s t r u c t e d  o f  

r e i n f o r c e d  concrete  with  removable s e c t i o n a l  covers .  The 

molten  s t a t e  o f  the s u l f u r  i s  maintained by a P l a t e c o l l  P i t  

Heater (42-@-6),  a s t a i n l e s s  s t e e l  heat  exchanger that  uses  

process  steam as the hea t ing  medium. Submersible Su l fur  Pumps 

(42-P-SA and B, one opera t ing  end one stand-by)  are u t i l i z e d  to  

empty the p i t  to heated t rucks .  The pressurized hot  water in  

the  Su l fur  Separator i s  c i r c u l a t e d  back to the  Reac t ion  V e s s e l  

(42 -V-1)  where the water i s  f l a s h e d  in to  a grea ter  mass o f  

f l u i d  to  absorb a l l  the  energy .  

The regenerated "Stretford'* s o l u t i o n  f lows ,  v i a  g r a v l t y ,  from 

the  Oxid izer  Tank (42-TK-1) t o  the  "Stret ford" S o l u t i o n  Tank 

4-38 



i., ~ | H 

~i, i~ili , 

.7 •• _ ~ 

'- i•i••. 

:~ i '- :i • -/ 

i i•!:i •; ¸ : 

• .. -%•, 

i • " , •• 

-' /iii• I 

• ' : . . . .  

, . . .; 

0 

( 

( 

(42-TK-2)." The "Stretford" Solutlon Tank is the storage vessel 

for all the solution that is used in the sulfur-strlpplng 

process. The solution is drawn from the bottom of the tank by 

the "Stretford" Solution Pump (42-P-1Aand B, one operating and 

one stand-by). The solution takes three separate paths: 

. 

2, 

3. 

To the S t a t i c  Mixers (42-MX-1A thru  J) for r e - i n t r o d u c t i o n  

to  the  process ;  

To an Evaporative Cooler (42 -E-2 )  for  heat  ba lance;  and 

To a Reduct ive  I n c i n e r a t i o n  F a c i l i t y  (Unit  44) for  

treatment o f  spent c h e m i c a l s .  

The largest portion of the flow from the "Stretford" solution 

tank i s  pumped back to the  system for  s t r i p p i n g  s u l f u r  from the  

gas stream. The flow i s  in troduced  to  the gas stream by 

n o z z l e s  at the  i n l e t  of  the  n i n e  S t a t i c  Mixers. However, i t  

s h a l l  be noted that  the "Stret ford' :  s o l u t i o n  picks up exces s  

water  in  i t s  journey through the  r e g e n e r a t i v e  proces s .  Water 

from the  s l u r r y  process ,  and from the gas i t s e l f ,  i s  added to  

the c i r c u l a t i n g  f l u i d .  Heat i s  a l s o  added from the pumping 

a c t i o n  on the f l u i d .  Therefore ,  a stream i s  taken from the 

discharge of the "Stretford" solutlon pump and directed to an 

Evaporative Cooler (42-E-2). The Evaporative Cooler is, in 

essence, a cooling tower, where heat is extracted by 

e v a p o r a t i n g  water by an induced a i r  stream that  i s  vented  to  

atmosphere.  After  the exces s  water and heat  are removed by the  

Coo ler ,  the  "Stratford" s o l u t i o n  i s  pumped back to  the  

"Stretford" Solution Tank by a pump (42-P-2A and B, one 

operating and one stand-by). 

A smal l  l i q u i d  stream i s  taken from the f l u i d  being pumped to  

the  Evaporat ive  Cooler.  That stream i s  d irec ted  to a Reduct lve  

~ n c i n e r a t i o n  System (Unit 44) to  process  the  spent chemicals  

t h a t  have been exhausted in  the  su l fur -remova l  a c t i o n  o f  the  

"Stret£ord" f l u i d .  
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The spent l i q u i d  stream i s  d£rected to  a Furnace ( K - H - l ) .  

Before being i n j e c t e d  i n t o  the furnace,  the  spent  l l q u i d  stream 

passes through a Heater (~-E-2) and an Evaporator (44-E-I). 

The spent l iqu id  i s  pre-heated in Heater ~ - E - 2 .  The heating 

energy i s  provided by a hot gas stream *from the furnace quench 

Tank (~ -TK-1) .  The pre-heated spent l iqu id  stream then flows 

into  Evaporator 44-E-1.  In the evaporator,  water i s  f lashed 

o f f  from the l i q u i d .  The remaining l i q u i d ,  now more 

concentrated ,  c o l l e c t s  at  the bottom of  the separator  and i s  

drawn out by a Concentrated Liquor Feed Pump ( ~ - P - 3 A a n d  B, 

~ne operat ing  and one s t a n d - b y ) .  The Concentrated Liquor Feed 

Pump t rans fer s  the  l i q u i d  to the Reduction Furnace (44-H-1) .  

The vapor from Evaporator 44-E-1, i s  condensed by Condenser 

~ - E - 4  and Ejector Cooler 44-E-5. Cooling water i s  used in 

both Condenser ~ - E - 4  and Elector Cooler ~ - E - 5 .  As the vapor 

from Evaporator ~ - E - 1  i s  cooled in Condenser 44-E-4,  l iqu id  

and a secondary vapor stream are generated .  The l i q u i d ,  

pr imari ly  water ,  i s  fed i n t o  the water make-up l l n e  to the 

Furnace quench Tank ( ~ - T K - 1 ) .  The secondary vapor stream i s  

drawn o u t ' o f  Condenser ~ - E - 4  by a steam E j e c t o r  44-EJ-1.  The 

e j e c t o r  pumps the  vapor i n t o  the Ejector  Cooler  ~ - E - 5  (a water 

cooled heat  exchanger ) .  The e n t i r e  vapor stream i s  condensed 

i~h~:~ejector cooler and the effluent, as with the 

Condenser 44-E-4 effluentp added to the make-up water line to 

the furnace quench tank. 

As s tated  p r e v i o u s l y ,  the  spent l i q u i d  e f f l u e n t  (now c a l l e d  

concentrated l i q u o r )  f lows out  o f  Separator 44-E-1 to  the 

Concentrated Liquo r Pump (44-P-3A aaJ 3B) which feeds  Furnace 

~ - H - 1 .  However, the  concentrated  l iquor  must be metered  to  

the  furnace.  Therefore ,  a port ion  o f  the concentra ted  l iquor  

from Separator 44-E-I is circulated back to Heater ~-E-2 to 

maintain this control. Evaporator Circulation Pumps (44-P-SA 

and B, one operating and one stand-by) are provlded' for  th i s  
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( purpose. Therefore, as seen on flow Diagram EE-371-006, 

Heater ~-E-2 is fed by two liquldstreams~ '.~ 

1. A rec i rcu la ted  concentrated l iquor stream from 

Evaporator 44-E-1,  and 

2. T h e  spent "Stretford" l i q u i d  stream from the p r o c e s s .  

The spent "Stretford" l i q u i d  stream i s  c o n t r o l l e d  to  assure a 

constant  feed quantity to  Heater 44-E-2. 

7n Furnace  I ~ - H - 1 ,  t h e  c o n c e n t r a t e d  l i q u o r  s t r e a m  i s  

i n c i n e r a t e d .  Produc t  gas  t a k e n  from the  p r o c e s s  i s  u sed  as  an 

energy source and combustion a i r  i s  provided by Blower 44-BL-1. 

The inc inerat ion  funct ion  i s  a ."c losed" process;  that  i s ,  a l l  

contents  o f  the reduct ion r e a c t i o n  within  the furnace are re -  

circulated to the "Stretford" facility. 

In the reduction process  w i t h i n  Heater 44-H-1, hot  gases  are 

generated (carbon monoxide, carbon d iox ide ,  n i t rogen  and 

hydrogen sulfide). The gases are passed through Heater 44-E-2 

to pre-heat the spent liquid going to Separator 44-E-I 

( d e s c r i b e d  p r e v i o u s l y ) .  The h o t  g a s e s  e x i t  t h e  f u r n a c e  through  

t h e  Quench Tank ( ~ - T K - 1 ) ,  w h i c h  i s  a t t a c h e d  t o  t h e  f u r n a c e .  

After  being cooled by the heater  exchange oc.curring at  Heater 

44-E-2,  the gases are further  cooled iu the decomposed Gas 

Cooler (44-E-3) by use o f  a c o o l i n g  water loop.  The cooled  

gases  are then r e - i n j e c t e d  iu to  the process gas stream j u s t  

upstream of  the Booster Compressor (42-BL-IA and B).  

The second phase of  the reduct ion  process w i th in  Furnace ~ - H - 1  

r e s u l t s  in a hot l i q u i d  foramtion.  The hot l i q u i d ,  a further 

concentrated form of  the l iquor  feed to the furnace,  f lows into  

the attached Quench Tank (44-TK-I) .  A Quench Pump 

(44-P-1A and B, one operat ing  and one stand-by) i s  provided to 

keep the hot l iqu id  c i r c u l a t i n g .  The hot l i q u i d  being produced 
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by the furnace overf lows  the ~uench Tank and i s  c o l l e c t e d  in  

the Recovered S o l u t i o n  Tank (44-TK-2) .  A So lu t ion  Pump 

(44-P-2A and B, one operat ing  and one stand-by)  meters the ho t  

l i q u i d  back to the system by i u j e e t l n g  the l i q u i d  in to  the 

React ion V e s s e l  (42 -V-1) .  

The spent  chemicals  used in the "Stret ford" d e s u l f u r i z a t i o n  

process  are rep len i shed  by a chemical  make-up'system. A 

Chemical Mix Tank (42-TK-6) and Chemical Mix Pump (42-P-6)  are 

provided for chemical  add i t i on  to  the d e s u l f u r i z a t i o n  system.  

The chemica l s ,  d i l u t e d  in water,  are added at the "Stret ford" 
So lu t ion  Tank (42-TK-2).  

4.3.5 

4.3.5.1 

A Start-Up Heater (42-E-4)  i s . p r o v i d e d  in  the "Stret ford" 

s o l u t i o n  loop .  The hea ter ,  a heat  exchanger u t i l i z i n g  steam as 

an energy source ,  i s  located  in the p ip ing  between the 

"Stret ford" S o l u t i o n  Pump (42-P-1A and B) and the S t a t i c  Mixers 

(42-MS-IA through J ) .  When the d e s u l f u r i z a t i o n  system i s  f i r s t  

s t a r t e d ,  the s o l u t i o n  i s  co ld .  To enhance stream r e a c t i v i t y ,  

the s o l u t i o n  must be heated .  By a system of  manual r e l y i n g ,  

the "Strat ford" s o l u t i o n  can be channeled through the S t a r t - u p  

Heater b e f o r e ~ t  i s  in jec ted  in to  the S t a t i c  Mixers.  

Air Separation Facility (Unit 50) : 

The operat ion  o f  the Air Separation F a c i l i t y  has been thoroughly  

described in S e c t i o n  3 .6  o f  t h i s  r epor t ;  t h e r e f o r e ,  t h i s  s e c r l o n  

w i l l  deal  on ly  with  the f a c i l i t y ' s  i n t e r - r e l a t i o n s h i p  with the r e s t  

o f  the p r o c e s s .  The equipment arrangement i s  shown on 

Drawings EE-071-001 and EE-071-011 (Appendix D).  

Oxygen Supply and Control  

Since the G a s i f i c a t i o n  Process  c o n s i s t s  o f  two independent and equal  

gas-pro4ucing t r a i n s ,  the  Air Separat ion F a c i l i t y  i s  s~mi lar ly  

• " 4-42 
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deslgned; that £s,  two p a r a l l e l  and equal oxygen prodaelng tra ins  

are provided,  each capable 0£ producing,  50 percent o f  the max~num 

oxygen demand o f  th~ p l a n t .  

The turndown'!capabillty o f  the Air Separation F a c i l i t y  i s  not the 

same as the Gas i£ icat ion  Process .  Each Air Separatiou t ra in  can be 

turned down to 65 percent o~ i t s  maximum deslgu capac i ty ,  5 percent 

more than the g a s l f l e r s  (70 percent o£maximum c a p a c i t y ) .  I t  

f o l l o w s  that the Oxygen F a c i l i t y  can track the gee demand load 

further down the "use curve" than the g a s i f l e r s .  Therefore,  

f l e x i b i l i t y  o£ the system operat ion  i s  l~n l t ed  by the gas i£ iers ,  and 

not the Air Separation F a c i l i t y .  

The contro l  o£ the oxygen and n i trogen  producing f a c i l i t y  i s  t i e d  

d i r e c t l y  to the g a s i g l c a t l o n  contro l  system. When gas production 

increases  or dimiuishes at  the g a s l f i e r  r e a c t o r s ,  a s i g u a l  w i l l  be 

sent  to the oxygen contro l  system to a l t e r  the output,  

automat ica l ly ,  iu  proportion to the gas production.  

As prev ious ly  descr£bed~ the Air Separation ~ a c i l i t y  has two t r a i n s .  

The a ir  compressor of  one tra in  (50-C-1) i s  steam turbine driven,  

and the second tra in  a i r  compressor (SO-C-2) i s  e l e c t r i c  motor 

dr iven,  s ince  the Gas ig icat lon  Process  does not produce s u f f i c i e n t  

high pressure steam to run both compressors to match the maximum 

plant oxygen requirement. The turbine driven oxygen t r a i n  w i l l  

automat ica l ly  cut back i t s  production capaci ty  iu  proportion to the 

steam ava i lab l e  from the 8 a s i £ i e r s .  The motor driven oxygen tra in  

w i l l  be automatical ly  cut hack~ proport ionate ly ,  to compensate for  

the balance o£ the gas demand cut-hack.  Due to des ign l i m i t a t i o n s  

o~ the gas i£1ers ,  the mluimum amount o f  gas production,  when both 

g a s l f i e r s  are operat iona l ,  i s  70 percent o£ the plant  maximum 

capac i ty .  Therefore,  for  any gas demand between S0 and 70 perceut 

o f  plant maximum capacity~ the Air Separation plant w i l l  continue to 

produce oxygen at the 70 percent demand l e v e l ,  s ince  one o f  the 

G a s i f i c a t i o n  Tralns w i l l  be forced to £1are the excess  gas to 

atmosphere (see  Sect ions  4 . 3 . 3  and 4 . 3 . 6 ) .  
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Should the @as demand from the Users become 50 percent  o f  the p lan t  

maximum design c a p a c l t y ,  the  fo l lowing sequence w i l l  occur:  

a .  The oxygen producing t r a i n h a v i n g  the  motor dr iven compressor 

will automatically shutdown; 

b. The oxygen producing train having the steam turbine driven 

compressor w i l l  then ca r ry  the t o t a l  p lant  oxygen demand (one 

g a s i f l e r  w i l l  be taken out o f  the opera t ion  a t  t h i s  t ime) ;  

c .  An alarm, i n  the Air  Separat ion con t ro l  room, w i l l  be 

a c t i v a t e d ,  warning the  opera tor  of  the  cond i t i on ;  and 

d.  The Air Separa t ion  F a c i l i t y  opera tor  w i l l  then plac  e the 

"shut-down" oxygen t r a i n  in  a s tand-by  mode. 

The o p e r a t i o n a l  oxygen t r a i n  w i l l  then fol low the  oxygen demand 

a u t o m a t i c a l l y ,  us ing  the same con t ro l  phi losophy u t i l i z e d  for  the 

t w o - t r a i n  ope ra t i on .  

When the gas demand inc reases  above 50 percent  o f  the p lan t  maximum 

design c a p a c i t y ,  c lose  coo rd ina t ion ,  between the g a s i f i e r  opera to r  

and the oxygen f a c i l i t y  ope ra to r ,  w i l l  be requ i red  to b r ing  the 

oxygen t r a i n  in the s tand-by mode back " o n - l i n e . "  

At p lan t  s t a r t - u p ,  the oxygen t r a i n  with the motor dr iven  compressor 

w i l l  be used, s ince there  w i l l  be no high pressure  steam a v a i l a b l e  

to  opera te  the o the r  t r a i n .  In case o f  a power £ a i l u r e ,  the  s t o r e d  

oxygen a t  the p lan t  s i t e  w i l l  a u t o m a t i c a l l y  supply oxygen to the 

G a s i f i c a t i o n  Process ,  to  rep lace  the loss  of  one oxygen t r a i n  

se rv iced  by the motor dr iven  compressor~ An emergency gene ra to r ,  

provided a t  the Air Separa t ion  F a c i l i t y ,  w i l l  supply power to 

opera te  a l l  con t ro l s  and in s t rumen ta t ion ,  in case of  a power 

failure. 

The Air Separa t ion  ¥ a c i l i t y  a l so  produces n i t r o g e n  which i s  used in  

the  G a s i f i c a t i o n  Process fo r :  
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a. Conveying the pu lver ized  coa l  to the gasifiers ( see  Sect ion  
4 . 3 . 2 ) ;  

b. Shrouding equipment in the process to keep a i r  out (see 
Sectlons 4 .3 .1  and 4 . 3 , 2 ) ;  

c .  Purging o f  process  equipment and p ip ing  for  s t a r t - u p ,  

maintenance,  and shut-down; and 

d. Smothering f i r e s  in equipment. 

As s ta ted  in Sect ion  3 . 6 ,  n i t rogen  i s  s tored  at  the p lant  s i t e  in a 

pressur ized  v e s a l  c o n t a i n i n g  a 24 hour s torage  capac i ty  for  one gas 

train. An "emergency" trailer is also provideds but only for 

purging a gasification system and not.for process use. 

During normal plant o p e r a t i o n ,  make-up to  both the oxygen and 

n i t rogen  s torage ,  in  the r e c e p t a c l e s  provided,  occurs  only  during 

periods  of  lower gas demand by the u s e r s .  

Gas Compression and Dehydration (Units  62 and 64) 

Gas Compression (Unit 62) 

As s ta ted  in Sect ion  4 . 3 . 4  o f  t h i s  report ,  gas compression has been 

desi~-aed in two Stages ,  a compression boost  to push the gas stream 

through the "Stratford" d e s u l f u r i z a t l o n  f a c i l i t y  and a f i n a l  

compression s tage  required  to d i s t r i b u t e  the gas stream to  the 

u s e r s .  The booster  compressor phase has already been descr ibed;  

t h e r e f o r e ,  t h i s  segment o f  the report  deals  wi th  the f i n a l  

compression stage of the gasification plant. 

The gas compression system i s  shown, d iagrammatical ly ,  on Drawing 

EE-371-014 (Appendix E).  The equipment arrangement i s  shown on 

Drawing EE-071-014 (Appendix D). 

The gas stream exits the "Stratford" desulfurization facility, 

prope l l ed  by the boos ter  compressor,  and i s  then pressur ized  to  
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approximately 40 ps ig  by centr l fuga l  Gas Compressors (62-C-IA and B 

and 62-C-2). Gas Compressors 62-C-IA and ~ are driven by 

condenslng-type steam turbines. Gas Compressor 62-C-2 is driven by 

an electric motor. Two of the three compressors are utilized for 

the normal operation of the plant. The third compressor is used as 

a 50 percent stand-by for the other two. 

Zn t h e  n o r m a l  o p e r a t i o n  o f  t h e  p l a n t ,  t h e  two s t e a m  t u r b i n e  d r i v e n  

compressors are used. Economics and t o t a l  plant e f f i c i e n c y  d i c ta t e  

t h i s  requirement. As described in Section 4 . 3 . 3 ,  the g a s i f l e r s  

generate a low preesure steam i2~ psig). As long as the gasifiers 

are operational~ this steam must be generated, since it is part of 

the protective cooling system for the gasifier shells. The 

gas!fiefs are the only constant users of low pressure steam in the 

process. Part of the low pressure steam is used for the 

gasification of coal. However3 the production of low pressure 

steam far exceeds the demand of steam £or gasification. To optimize 

plant overall efficiency andt therefore, operational economics, the 

decision was made to use the low pressure steam to drive the gas 

compressors. Thought was given to using the low pressure steam for 

heat tracing plant equipment and piping; however~ this steam usage 

is aperiodic (primarily used only in cold weather). Thzzefore, .. 

during most o£ the year, steam would have to be vented to 

atmosphere, causing a severe loss in overall system efficiency. 

The t h i r d  m o t o r - d r i v e n  c o m p r e s s o r  w i l l  be u t i l i z e d  f o r  s t a r t - u p  o f  

t h e  p l a n t  and a l s o  as  a s t a n d - b y  f o r  t h e  two t u r b i n e - d r i v e n  

c o m p r e s s o r s .  S i n c e  o n l y  one  g a s i f i c a t i o n  t r a i n  i s  s t a r t e d  a t  a 

t i m e ,  t h e  50 p e r c e n t  c a p a c i t y  o f  t h e  m o t o r - d r i v e n  c o m p r e s s o r  i s  

compatible with plant start-up criteria. 

To increase  the e f f i c i e n c y  (water r a t e )  o f  the gas compressor steam 

turb ines ,  the saturated steam produced by the g a s i f i e r s  w i l l  be 

superheated before being introduced to the turb ines .  A s t eam-to -  

steam heat exchanger (will be descr ibed iu  Sect ion 4 . 3 . 8 )  is 
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pro~v~ded for th i s  purpose, A portlon of  the high pressure steam 

generated by the gas£f ier  waste heat ~ c o v e r y  systems (30-E-1A and 

B) ~ i l l  be diverted through the tube s~de o£ a heat exchanger 
(82-.E-1), which w i l l  superheat  the low pressure steam before i t  i s  

in jected  into the gas compressor steam turbines ( 6 2 - C - 1 A  and B-T). 

A Coudehser ( g 2 - C N - 1 ) , : .  which w~l l  be"-descr£bed in Section 4 . 3 . 8 ,  i s  

prov~ed  f o r  the gas compressor turbines .  The condenser w i l l  return 

':the'turblne exha~'t condensate ~ack to the steam generation system 
CO'it S2). 

At the discharge of  the gas compressors, three Agtercoolers 

(62-E~3A, B, and C) are provided to  remove the heat o f  compression 

from thd gas stream. One a£tercooler  i s  provided for each : ' ~  

compressor.. The s h e l l  and tube-type heat exchanger s u t i l i z e  water 

from the plant c o o l i n g  water system (described in  Section 4 . 3 . 8 ) .  

, :  . ' ,  

A control  system i s  provided Co prevent the gas compressors from 
• • .D • 

surging.  As shown on.Drawing BE-371-014 (Appendix E), control  

va.lves are designed, both 'on the i n l e t  and o u t l e t  o£ t h e  gas . .  
' ; : .  , .  ; ' . . . . . : '  , . ' . "  . . 

compressorS. ..Should the ,gas usuge drop Co a p p r o x ~ C e l y  30 percent 

of  Che',:,max~,c..~ ~eslgn f low, which ffould causer"the compressor~ to 

surge,  the '~ . , l owing  c'onhrol: sequen~g ~ i l l  be abcomatically 
\ \ .  act lvated:  :~: " 

a.  Control : v a l ~ s  FC&I416A and FC-1426A, ' located a t  the i n l e t  o£ 
3 "* '{  ' " 

t:he~compressors, w i l l  begin Co close  t o  maintain a pos i t ive  

pressure £n the gas tra in  upstream off the compressors and 
. :  • , 

preve , t  •back-gloat :of ~ai  into the g a s l g i c a t i o n  train;  

b. Control valves  YC-14i'sB and FV-1426B, located £n the 6-inch 

by-pass,  w i l l  re -cyc le  ..g~s back to the i n l e t  o£ each 
c o m p r e s s o r ;  and ' "" 

c .  Control valves ~C-1416C and FV-1426C, located #~a the discharge 

l ine  of 'each compressor, w i l l  begin' to c lose  to modulate the 

gas ,-.£1°w through the system::proportionate to the decreased :~ 

:' demand. " :" 

' ,  b 
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The automatic  surge p r o t e c t i o n  contro l  i s  ac t iva ted  by a s i g n a l  

taken from the plant  mas~er £1owmeter  (FE-1240),  which i s  described•  
~n Section 4.3.6~2 (Unit 64). 

During normal d a i l y  o p e r a t i o n s ,  the User gas demand can vary from 70 
! 

to  100 per~ent o£ maximum des ign  capaci~.y £or the plan~.  Within 

this ' range il the compressor outputs will be modulated by the v~,~Ives 

on the disc!harge of each compressor (YV-1416C, FV-I~26, and 1446C). 
i 

The v a l v e s  w i l l  be c o n t r o l l e d  by e s i g n a l  from the plant master flow 

meter (FE-1240, Unit 64 ) .  Of course ,  t h e  same s i g n a l  w i l l  be used 

to  modulatel the boos t er  blowers (Unit  40 in  Sect ion  4 . 3 . 4 ) ,  the gas 

produc ing  t r a i n s  (Unit  30 in  Sec t ion  4 . 3 . 3 )  and the a i r  s epara t ion  

facility (Unit 50 in Section 4.3.5). 

Should the U~er gas demand drop wi th in  the range o f  50 to  70 percent  

o f  maximum des ign c a p a c i t y ,  as measured by the :plant master flow 

meter,  the contro l  system ~s des igned to  react  in t h i s  mannerg 

a.  T h e ~ n t r o 1  v a l v e  (PV-1243) modulat ing the gas to  the Users 

will r e s t r i c t  the f low proport ionate  to  the demand; 

b.'" The control '~ . l .ve .  ,,.. (PV-1240) w i l l  d i v e r t  the excess  gas being 

produced by 'th~ gns ig~ers  to the Main Flare Stack (91-ME-I); 

T~'~balance'o~ the G a s i f l c a t i o n  System will cont inue  to  produce 

at  70 per@Knt o f  ~aximum plant  capac i ty  ( g n s i f i e r s  cannot be 

turne6~down below 70 percent  o f  t h e i r  c a p a c i t y ) .  

m, 

Should u s e r  gas demand f a l l  b e l o v  50 percent o f  the maximum des ign  

c a p a c i t y  o f  the p l a n t ,  for  a s u s t a i n e d  period,  one o£ the two 

g a s i f i c a t i o n  t r a i n s ,  a long with one gas compressor,  must be taken 

out  o f  ~he stream and placed in a s tand-by mode. A n c i l l a r y  

f a c i l i t i e s ,  such as a i r  s epara t ion ,  coa l  p u l v e r i z a t i o n  and 

convey ing ,  would be cut  back to  match the abridged p lant  output .  

c. 
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4 .3 .6 .2  

As in a l l  other process f a c i l i t i e s  where gas i s  present ,  a n i t rogen  

purging and gas venting system i s  provided for a l l  equi,"~ent and 

piping systems.  

Gas Dehydration (Unlt 64) 

The gas dehydration system i s  shown, diagrammatical ly ,  on Drawing 

EE-371-015 (Appendix E).  The equipment arrangement i s  shown on 

Drawing EE-071-014 (Appendix D). 

As s t a t e d  in  Sec t ion  3 . 7 . 2  o f  t h i s  r e p o r t ,  s u f f l c l e n t  water must be 

' " " ~  the gas stream leaving the gasification plant to insure 

Therefore,  a g l y c o l  gas dehydration ided in  

the design to  remove s u f f i c i e n t  water from the gas to meet t ~ i s  

requirement.  

After  l e a v i n g  the  gas compressor a f t e r e o o l e r s  (62-E-3A, B, and C),  

the gas stream passes  through a separator  (64-SE-1)  where the  water 

condensed by the  a f t e r c o o l e r s  i s  removed from the stream. The 

l i q u i d  i s  dra ined ,  on a c o n t r o l l e d  b a s i s ,  £rom~he separator  and i s  

channeled to  the  waste water treatment  system (Unit  70 ) .  

The gas stream then enters the Glycol-Gas Contactor (64-TK-1), a 

v e r t i c a l  tower where the water i s  removed from the stream. The gas 

enters  the bottom of  the tower and f lows  upward. The g l y c o l  

s t r ipp ing  s o l u t i o n  i s  sprayed into  the tower at  the top,  counter-  

current to the gas f low.  The g l y c o l  s o l u t i o n  f a l l s  to the bottom o f  

the tower, carrying the water s tr ipped from the gas stream with i t .  

The gas stream, now c lean,  desu l fur i zed  and r e l a t i v e l y  free  o f  

moisture ,  glows out o f  the top o f  the eontactor  tower and i n t o  the 
d i s t r i b u t i o n  system. 

. 
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Before enter ing  the d i s t r i b u t i o n  p i p e l i n e ,  the  gas stream passes  

through the Glycol  Cooler  (64-E-1) .  The Clyco l  Cooler ,  a heat  

exchanger l oca ted  near the contactor  tower,  h e a t s . t h e  gas stream 

and, converse ly ,  c o o l s  the hot g l y c o l  being r e c i r c u l a t e d  back to  the 

contac t  tower from the g l y c o l  regenerat ion  f a c i l i t y .  

As int imated in the prev ious  paragraph, the g l y c o l  s o l u t l o n  i s  not  

discharged to  waste ;  ra ther ,  i t  i s  c o l l e c t e d  at  the bottom of  the 

contact  tower,  t r a n s f e r r e d  to a regenerat ion  f a c i l l t y . a n d  

r e - c i r c u l a t e d  back to  the  contactor  tower for r e - u s e .  
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The water- laden g l y c o l  i s  drained out o f  the bottom of  the contac tor  

tower by a c o n t r o l  v a l v e ,  ac t iva ted  by a l e v e l  con tro l  at  the tower 

base .  The g l y c o l - w a t e r  mixture i s  d i rec t ed  to  the top of  ~he Glycol  

S t i l l  (64-TK-2).  The mixture passes  through a c o i l - t y p e  heat  

exchanger w i t h i n  the  s t i l l  where i t  i s  heated  by water vapor being 

vented from the s t i l l .  The mixture i s  then discharged in to  a Plash 

Tank (64-TK-3).  The f l a s h  tank reduces the pressure  o f  the mixture  

and vents  a p o r t i o n  o f  the water vapor he ld  by the g l y c o l .  

The mixture,  at  a lower pressure ,  then passes  through a Glycol  

F i l t e r  (64-F-1A n~d B, one operat ing and one s tand-by) ,  which 

f i l t e r s  out any s o l i d  impur i t i e s  in the c i r c u l a t i n g  f l u i d .  The 

mixture then passes  through a c o i l  l oca ted  in  the Glycol  Accumulator 

(64-E-2)s  where i t  i s  heated  again by the hot  g l y c o l  s o l u t i o ~  

re turning  to  the c o n t a c t o r  tower. 

After  being pre -heated ,  the  g lyco l -water  mixture  i s  in jec ted  i n t o  

the Glycol S t i l l  (64-TK-2) above c o n t a c t - t y p e  t r a y s .  The mixture 

f lows down through the trays  into  the Glycol  Reservo ir  (64-B-1)  
below the Glycol  S t i l l .  

In the Glycol  Reservo ir ,  the water and entra ined  gases  absorbed from 

the gas stream a r e  separated from the g l y c o l  f l u i d .  Steam i s  passed 

through a c o i l  housed w l t h i n  the r e s e r v o i r .  ~ae seeam'heats  the 
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r e s e r v o i r  c o n t e n t s ,  b o i l i n g  o f f  t h e  w a t e r  and e n t r a i n e d  g a s e s  ~ o m  

t h e  g l y c o l .  N i t r o g e n ,  from t h e  a i r  s e p a r a t i o n  £ a c i l l t y ,  i s  a l s o  

in jected  i n t e r  he reservo ir  to p=ovlde the motive force to t  driving 
t h e  w a t e r  vapors  and g a s e s  o u t  o£ t h e  s y s t e m .  

The water vapor and gases are l iberated from the g l y c o l  l iqu id  in 

the reservoir  and flow up through the s t i l l .  The hot  vapors make 

contact  with the g lycol -water  mixture that  i s  dropping down to the 

r e s e r v o i r |  thus, the water s tr ipp ing  act ion on the mixture ac tua l ly  

begins in the Glycol S t i l l .  

The water vapor and gases are vented t o  the atmosphere.at the top of  

t h e  G l y c o l  S t i l l .  A b a c k - p r e s s u r e  v a l v e  (PCF-1222)  i s  p r o v i d e d  to  

v e n t  t h e  vapors  w h i l e  m a i n t a i n i n g  t h e  s y s t e m  p r e s s u r e  above  

atmospheric. 

< 
The hot g lyco l  l iquid  in the re servo ir ,  stripped o f  water and 

e n t r a i n e d  g a s e s ,  i s  d i s c h a r g e d  t o  t h e  G l y c o l  A c c u m u l a t o r  ( 6 4 - E - 2 ) s  a 

reservo ir  for the pumps that  w i l l  pressurize  the l i q u i d  so that i t  

can  be r e t u r n e d  to  t h e  c c n t a c t o r  t o w e r .  As d e s c r i b e d  p r e v l o u s l y ~  

t h e  G l y c o l  Accumulator  h a s  a c o i l  immersed i n  i t .  Heat  i s  e x t r a c t e d  

from t h e  g l y c o l  i n  t h e  a c c u m u l a t o r  by t h e  g l y c o l - w a t e r  m i x t u r e  ( f r o m  

t h e  b o t t o m  o£  the  c o n t a c t o r  t o w e r )  f l o w i u g  t h r o u g h  t h e  c o i l  on i t s  

way to  t h e  G l y c o l  S t i l l .  

A Glycol Circulat ion Pump (64-P-1Aand B, one operat ing and one 

standby) draws the warm g l y c o l  l iquid  out o f  the accumulator and 

c i r c u l a t e s  the l iquid  back to the contactor tower (64-~X-1).  A 

contro l  valve  (YV-1207) regulates  the flow :of g l y c o l  in proportion 

to  the gas flow through the system, taking i t s  s i g n a l  from the plant 
main flow meter (FE-1240). 

Before entering the g l y c o l  contactor,  the warm g l y c o l  l iqu id  passes 

through the Glycol Cooler (54-E-1) .  This heat exchanger (described 

prev ious ly )  transfers  heat  from the g lyco l  l iqu id  to the process gas 
stream e x i t i n g  the p lant .  ,. 
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As descr ibed  in  Sec t ions  4 . 3 . 3 ,  ~ . 3 . ~ ,  an~ ~ . 3 . 5  o f  t h i s  r e p o r t ,  the  

modulat ion  o -  • major process  f a c i l i t i e s  in  the ~ a s i £ i c a t l o n  p l a n t  

c e n t e r s  on the  gas demand o£ the  d i s t r i b u t i o n  system measured by the  

p l a n t  master glow mater (FE-12~O). The transmit ter  cor~nected to  the  

f low meter represents  the  source  ~ f  information ~equired to :  record 

the  p l a n t  gas product ion;  monitor  gas f l o~  on a c o n t l n u o ~ s  b a s i s ;  

and vary the  output  of  c o n t r l b u t i u g  processes  in the  p l a n t  

p r o p o r t i o n a t e  to  the gas £1ow. 

Although the  p lant  master f low meter conveys the b a s i c  iu format ion  

required  for  p lant  o p e r a t i o n ,  the  gas f low £rom the p lan t  i s  

modulated by c o n t r o l  va lve  PV-12~3. Should the gas demand by the  

users  d e c r e a s e ,  the pressure  in  the  d i s t r i b u t i o n  l i n e  w ~ l l  i n c r e a s e .  

Contro l  v a l v e  PV-1243 w i l l  beg in  to  c l o s e ,  r e s t r i c t i n g  the  gas f low 

u n t i l  i t  matches the gas demaud o f  the  users .  Should the  gas demand 

i n c r e a s e ,  the  pressure in  the  d i s t r i b u t i o n  l i n e  w i l l  d e c r e a s e .  

Contro l  v a l v e  PV-12¢3 w i l l  beg in  to  open,  increao ing  the  gas f low 

u u t i l  i t  matches the gas demand o f  the  users .  Flow meter F~-12~0 

monitors  a l l  f low changes and prov ides  the s i~na l s  t h a t  w i l l  

modulate a l l  process f a c i l i t i e s  in  the  plant  a c c o r d i n g l y .  

Should the  gas demand by the  users  exceed the maximum d e s i g n  

c a p a c i t y  o f  the  p lant ,  the  f low meter c o n t r o l  c i r c u i t r y  w i l l  cause 

c o n t r o l  v a l v e  PV-1243 to  beg in  c l o s i n g .  I t  w i l l  c o n t i u u e  to  c l o s e  

u n t i l  the  f low in  the p i p e l i n e  equa l s  the maxlmumdesigu c a p a c i t y  o f  

the  p l a n t .  I f  the  user gas demand does uot  drop to  w i t h i n  t ~  range 

o f  p lant  c a p a c i t y  (a c o n t i n u i n g  over-demand of  g a s ) ,  the  p~essure  in 

the  d i s t r i b u t i o n  l i n ~  w i l l  c o n t i n u e  to  decrease .  Should the  

p~essure  f a l l  below the minlmumrequlrement to mainta in  p l a n t  

s t a b i l i t y  (an overload on the  p l a n t  gas compressors) ,  Coutro l  Valve 

PV-12~3 shut  and Control Valve PV-12~O w i l l  open to the main g lare  

(91-HE-~) and a c t i v a t e  au alarm in  the  cen tra l  c o n t r o l  room og the  

p l a n t .  The operator  w i l l  c o n t a c t  the  users  to inform them t h a t  

t h e i r  usage must be cut back. 
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C A decrease in  gas demand by the users  must be compensated for  by 

decreasing gas production at the plant. Fluctuatlons in gas demand 

by the users  are handled by Control Valve PV-1243 and the gas holder  

(30-TK-3). The contro l  valve cuts  back or increases  gas f low to the 

d i s t r i b u t i o n  system and the gas holder  s t o r e s  or ,  converse ly ,  

exports gas to the system to f o l l o w  the demand f l u c t u a t i o n s .  The 

gas f low to the Booster Compressors (42-BL-1A and B) i s  a l s o  

modulated by an i n l e t  control  v a l v e ,  taking  i t s  s igna l  from the 

plant master flow meter. In this manner, fluctuations in gas flow 

do not have an instantaneous impact on the gas-producing facilities 

in the plant. 

Control systems are provided t o  compensate for gas demand cut-back 

within  the range of  35 to  100 percent o f  maximum design capac i ty .  

There i s  no p r a c t i c a l  way to des ign a complete ly  automated system, 

one requir ing  no operator input,  that  w i l l  address the problem o f  

reduced user demand for gas.  I t  i s  impract ica l  to assume that  gas 

usage w i l l  remain a c o n s t : j ~  at 100 percent o f  plant capac i ty ,  
• ,. • 

throughout the operat ing yea~. Therefore ,  contro l  systems have been 

designed to respond to s i g n i f i c a n t  changes in gas demand. 

For plant operat ion wi th in  the range o f  70 t o  100 percent o f  maximum 

design capac i ty ,  contro l  i s  f u l l y  automatic .  The plant master f low 

meter w i l l  automat ica l ly  re-adjust  the a l l  process  systems 

( g a s i f i c a t i o n ,  oxygen feed,  booster and f i n a l  gas compression) .  

, . . " .  

For plant operat ion  wi th in  the range o f  50 to }0  percent o f  maximum 

design capac i ty ,  the plant master f low meter w i l l  hold a l l  

g a s i f i c a t i o n  f a c i l i t i e s  at  70 percent o f  maximum gas production rate  

• and f l a r e  the excess  gas that i s  not required by the u s e r s .  

Should gas demand f a l l  below 50 percent  o f  the plant maximum des ign  

capaci ty ,  the operator w i l l  have to shut down one o f  the 

g a s i f i c a t i o n  t ra ins  and i t s  a s soc ia ted  product gas compressor 

(venting o f  the t ra in  that i s  shut-down w i l l  be required) .  
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4.3 .7  

4 .3 .7 .1  

With one of the gas trains taken out of service, the operation of 

the remaining portion of the plant is controlled in the same manner 

as the  70 to 100 percent  c o n t r o l  mode p r e v i o u s l y  d e s c r i b e d .  Tnls 

w i l l  al low the g a s i f i c a t i o n  plant to fol low the demand load down to 

35 percent of  the maximum design capacity.  

Operation of the g a s i f i c a t i o n  plant below the quanti ty  of  35 percent 

o f  maxlmumdeslgn capacity  i s  not foreseen. However, i t  i s  poss ib le  

to operate the plant at  these  lower outputs by f la~ ing  o f f  a portion 
o f  the gas being produced. 

As in  a l l  other parts  o f  the  gas -carry ing  p o r t i o n  o f  the  p l a n t ,  

p r o v i s i o n  i s  made for purgin  E (with n i t rogen  from the a i r  s eparat ion  

f a c i l i t y )  and v e n t i n g  the  gas from a l l  equipment and p ip ing  systems.  

Wastewater Treatment (Unit 70) 

Wash Water Treatment (Unit 72) 

The f l u i d  used to c o o l  ~nd remove p a r t i c u l a t e  from the gas generated 

in the gaslfiers is water. A description was given in Section 4.3.3 

of how the water is utilized for the cooling and.cleaning of the 

process gas. From the standpoint of economics, the water cannot be 

discarded; ra~her, it must be re-used when possible. A treatment 

systmnis ~=ovided to clarifyp ueutralize and cool the water so that 
i t  can be c irculated back to  the g a s i f i c a t i o n  process .  

A diagrammatic representat ion  of  the wash water treatment system i s  

shown on Drawing EE-371-004 (Appeudi~ E). The treatment system 

arrangement is  shown on Drawing EE-071-OI3 (Appendix D). 

Wash water is drained to the treatment system from the followinE 

process equipment: 

a e  

b. 

The Cooling Washers (30-E-2 A and B); 

Separators 30-V-7A and B; 
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c .  Separators  30-V-8 A and B~ 

d. Sea l  Pots 30-V-10 A and B, 30-V-20 A and B, 30-V-11 ,  39-V-12,  

and 30-V-13| 

e .  S lag  Extractors 30-ME-2 A and B| 

f .  F ly  Ash C l a s s i f i e r s  30-ME-9 A and B| and 

g.  The wash water sump c o l l e e t l u g  water from the P r e c i p i t a t o r  

(30-PE-I), the Disintegrators (30-V-22 and 12) and Gas Holding 

Tank (30-T~-3) seal overflow. 

The f i r s t  s i x  areas l i s t e d  dra in  i n t o  covered troughs  and f low,  by 

g r a v l t y ,  to  S e t t l i n g  Basins  (72-TK-2 A and B).  There are two 

t r o u g h s ,  one for each g a s i f i c a t i o n  t r a i n .  The c o l l e c t e d  wash water 

in  the  sump i s  pumped to t h e  troughs  and, thereby ,  dra ined to  the 

s e t t l i n g  bas ins .  Pumps (72 -P-4  A and B, one o p e r a t i n g  and one 

s t a n d - b y )  are required to  l i f t  the  waste water out  o f  the  sump. 

A Channel Fan (72-FA-1) i s  provided to  exhaust gases  e scap ing  from 

the  wash water t r a v e l i n g  down the  covered troughs .  

There are two s e t t l i n g  bas ins  provided,  one for  each g a s i f i c a t i o n  

t r a i n .  The s e t t l i n g  bas ins  are ,  in essence~ l a r g e ,  r e c t a n g u l a r ,  

i n - t h e - g r o u n d ,  concrete  c o n t a i n e r s .  The wash water i s  d i s t r i b u t e d  

i n t o  the  b a s i n s .  Due to  the proces s  gases d i s s o l v e d  in  the wash 

water ,  the  basins  are comple te ly  e n c l o s e d .  A S e t t l i n g  Bas in  Fan 

(72-FA-2)  i s  provided to exhaust  the  gases from the e n c l o s u r e .  

The ash p a r t i c u l a t e  en tra ined  in  the  wash water ,  the  ash r e s u l t i n g  

from v a r i o u s  gas washing equipuent  p r e v i o u s l y  l i s t e d ,  s e t t l e s  to  the  

bottom o f  the bas ins .  The s i z e  o f  the  bas ins  i s  determined by the 

s e t t l i n g  rate  of  the p a r t i c u l a t e .  The bottom of  each b a s i n  i s  

s l o p e d  toward one end. A Scraping Mechanism (72-ME-3 A and B) i s  

provided  for each bas in  to plow the  s e t t l e d  ash toward the deepest  

end o f  each bas in .  
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The accumu!ated ash i s  l i f t e d  out o f  the  bas ins  by Sludge Pumps 

( 7 2 - P - 1 A  through D, two opera t ing  and two s t and -by ) ,  and t r a n s f e r  

the s l u r r y  to  a Thickener  (72-TK-2). The Thickener,  iu  e s sence ,  i s  

a wash water clarifler. The overflow from the Thickener fl3ws back 

to the s e t t l i n g  b a s i n s  by g r a v i t y .  The underf low ( the ash 

p a r t i c u l a t e )  i s  drawn out  by a Sludge Pump (72-P-2 A and B, one 

ope ra t ing  and one s t a n d - b y ) .  The Sludge Pump t r a n s f e r s  the 

concent ra ted  ash s l u r r y  (con ta in ing  approximate ly  15 percent  a sh ,  by 

weight)  to  Rota ry  Vacuum F i l t e r s  ( 7 2 - F - 1 A  and B). 

The Vacuum Filters extract a large portion of water from the slurry, 

concentrating it into a filter cake having a water content no 

greater than 50 percent (by weight). The filter cake from both 

Rotary Vacuum Filters drops on to a Belt Conveyor (92-CV-I) which 

removes the filter cake from the area. The filter cake handling 

w£11 be de sc r ibed  in  Sec t ion  4 . 3 . 8 .  

The f l u l d  e x t r a c t e d  from the f i l t e r  cake i s  drawn through Vacuum 

e c e l v e r s  (72-V-2 A and B) by Vacuum Pumps (TR-P-6 A, B and C, two 

ope ra t ing  and one s t a n d - b y ) .  The underf low o f  the Vacuum Rece ive r s  

i s  pumped back to  the  s e t t l i n g  bas ins  by F i l t r a t e  Pumps (72-3 A, B, 

and C, two operat~n E and one stand-by). The moisture laden air 

leaves the top of the Vacuum Receivers and passes~ough Moisture 

Traps (72-V-2 A and B)~ which are separators. The liquid from the 

mois ture  t r aps  f lows back to the s e t t l i n s  b a s i n s .  The vacuum pump0 

vent  the d r i e r  a£r to  atmosphere.  

Af te r  the ash p a r t i c u l a t e  has been s e t t l e d  out  o f  the wash water  in 

the sett!in E basins, the clarified portion of .the water is drawn off 

by the Wash Water Return Pumps (30-P-3A). The warm, clarified water 

is pumped through Wash Water Coolers (30-E-3 A and B) on its way 

back to the Easifier particulate removal systems. The coolers are 

heat exchangers , utilizing cooling water from a facility which will 
be desc r ibed  in  Sec t ion  4 . 3 . 8 .  
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4.3 .7 .2  

To aid iu  the s e t t l i n g  proces s ,  a f l o c c u l a t i n g  agent i s  provided for  

the settling basins. A Flocculant Mixing Tank (72-TK-I), an 

Agitator (72-AG-2) and a Flocculant Metering Pump (72-P-4) are 

provided for this purpose. 

Wastewater Treatment (Unit  74) 

For environmental  reasons ,  no l i q u l d  d ischarge  from the G a s i f i c a t i o n  

Plant  can conta in  wastes  of  such c o n c e n t r a t i o n  t h a t  could be deemed 

harmful to  people or the  underwater l i f e  o f  the Delaware River .  

S ince  the  process  mater ia l  balance  d i c t a t e s  that  some water ,  

c o n t a i n i n g  chemicals ,  must be d i scharged  from the  p l a n t ,  a 

wastewater treatment f a c i l i t y  i s  provided to n e u t r a l i z e  a l l  l i q u i d  

e f f l u e n t  and render ~t harmless .  

The Wastewater Treatment F a c i l i t y  i s  shown, dia~-ca~znatical ly,  on 

Drawing ~E-371-002 (Appendix E). The facility arrangement is shown 

on Drawing EE-071-012 (Appendix D). 

The p lant  p~ocess e f f l u e n t s  t h a t  w i l l  be t r e a t e d  are:" 

a .  The coa l  unloading area sump pump e f f l u e n t s ;  

h .  Coal and ash p i l e  bas in  t r a n s f e r  pump e f f l u e n t ;  

c .  I n - p l a n t  f l o o r  sumps; 

d. Gravity  f i l t e r  backwash; 

e .  Carbon f i l t e r  backwash; 

f .  Demineral izer  backwash; and 

g .  Demineral izer  N e u t r a l i z a t i o n  tank.  

A l l  e f f l u e n t s  are d i rec t ed  to an E q u a l i z a t i o n  and Holding Tank 

(74-TK-1) where they are thoroughly  mixed by Ag i ta tors  (74-AG-1 A 

and B).  Before entry  i n t o  the E q u i l i z a t i o n  and Holding Tank, l ime 

i s  i n j e c t e d  i n t o  the stream from the Coal and Ash P i l e  Eunoff  Basin 

(74-TK-8) for  pre- treatment  of  the  stream pH. The Coal and Ash P i l e  

Basin  Transfer pu~.p (74-F-9  A and ]t, one opera t ing  and one s tand-by)  
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normal ly  o p e r a t e s  dur ing  pe r iods  o f  damp weather  when the  r u n o f f  

bas in  a d j a c e n t  to the  Coal P i l e  Dike becomes f u l l .  A c o n t r o l  v a l v e j  

activated by the pump ~u the Runoff Basin, in a lime llne will open~ 

injecting llme into the stream being pumped to the Equalization 

Tank. The llme is thoroughly mixed with the stream by an In-Line 

Mixer (74-MX-1) before it is discharged to the Equalization and 

Holding Tank. 

Afte r  a l l  the  waste s t reams are  thorough ly  mixed, the  f l u i d  i s  

t r a n s f e r r e d  to a N e u t r a l i z a t i o n  Tauk (74-TK-6) by a Pump (74-P-1 A & 

B, one o p e r a t i n g  and one s t and-by)  in  the  E q u a l i z a t i o n  and Holding 

Tank. In  the  N e u t r a l i z a t i o n  Tank, the fo l lowing  chemical  a d d i t i o n s  

are  made. 

a.  Lime; 

b. S u l f u r i c  Acid; and 

c .  A CoaEulaut Polymer.  

The lime i s  mixed in  a Lime S l u r r y  Tank (74-TK-4) and i s  pumped to  

the N e u t r a l i z a c l o n  Tank by a Pump (74-P-4 A and BD one o p e r a t i n g  and 

one s t a n d - b y ) .  In a s i m i l a r  manner, d i l u t e  s u l f u r i c  ac id  from Tank 

74-TK-3 i s  pumped to  the  system by a p o s i t i v e  d isplacement  Pump "~ 

(74-P-3 A and B, one o p e r a t i n g  and one s t a n d - b y ) .  The polymer i s  

mixed in  Tank 74-TK-5 and added to the system by a p o s i t i v e  

d isplacement  Pump (74-P-5 A and B, one o p e r a t i n g  and one s t a n d - b y ) .  

The a d d i t i o n  o f  both lime and ac id  i s  c o n t r o l l e d  by a pH moni to r ing  

device  in  the N e u t r a l i z a t i o n  Tank. The flows a re  ad ju s t ed  

a u t o m a t i c a l l y ,  by a c o n t r o l  va lve  on t he  lime l i n e  and a. c o n t r o l  on 

the ac id  me te r ing  pump. The polymer a d d i t i o n  is  c o n t r o l l e d ,  Dy a 

s e t  e.ing on i t s  me te r ing  pump, p r o p o r t i o n a t e  to  the flow in to  the  

N e u t r a l i z a t i o n  Tank. 

An Agitator (74-AG-6) in the Neutralization Tank both mixes the 

n e u t r a l i z i n g  chemicals  in the v e s s e l  and keeps a l l  s o l i d s  in  

suspens ion .  The con ten t s  o f  the N e u t r a l i z a t l o n  Tank over f low,  by 

s r a v i t y ,  i n to  the  O x i d a t l o n / F l o c c u l a t i o n  Tank (74-TK-7).  
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In the Oxldat lon /F loccu la t lon  Tank, the waste f l u l d  i s  aerated by a 

diffuser loca~ed at the bottom of the vessel. All solids are kept 

in suspension by an AEitator (74-AG-7). After aeration, the waste 

fluid overflows the top of the tank into the suction of the 

Oxldation/Ylocculation Transfer Pump (74-P-11A and B, one operating 

and one stand-by). The pump lifts the fluid to the top of the 

Gravity Settler (74-ME-2). 

In the Gravity S e t t l e r ,  the waste f l u i d  i s  c l a r i f i e d ,  the s o l i d s  

s e t t l i n g  to the bottom cone of  the v e s s e l .  The upper c l a r i f i e d  

f l u i d  in  the v e s s e l  f l o w s ,  by Eravi ty ,  out and throush a Gravity 

Po l i sh ing  F i l t e r  ( 7 4 - F - 1 A  and B~ one operat ing and one stand-by) 

where the remaining s o l i d s  are removed from the waste e f f l u e n t .  The 

neutra l i zed  and c l a r i f i e d  l iqu id  then flows through a Waste Water 

Flow and Sampling Chamber (74-ME-4) where the e f f l u e n t  i s  monitored. 

The l iqu id  stream i s  then discharged to the Delaware River.  The 

Gravity Po l i sh ing  F i l t e r s  are cont inua l ly  backwashed by an Internal  

Control System. The backwash r e c i r c u l a t e s  back t o t  he Equal izat ion 

and Holding Tank for r e - t r e e , t e n t .  

The under-flow from the Gravity S e t t l e r  takes two paths.  A s l i p -  

stream is taken from the main dlscharEe llne, at the bottom of the 

v e s s e l ,  and rec i rcu la ted  back to the Ox idat lon /F loccu la t ion  Tank• 

The sludEe is recirculated to act as a "seed" for flocculation in 

the tank. The main portion of the sludge stream is discharged to 

the SludEe Thickener (74-ME-3) by a Gravity Settler Waste SludEe 

Pump (74-P-6 A & B~ one operatln E and one stand-by). Pump 74-P-7 A 

and B (one operatinE and one stand-by) recirculates the balance of 

the sludge back to the ~xidatlon/Flocculatlon Tank. 

In the Sludge Thickener, the s o l i d s  are concentrated and s e t t l e  down 

to the cone-shaped bottom o f  the v e s s e l .  A slow-movlng rake 

(74-ME-3) d i s t r i b u t e s  the s e t t l i n g  s o l i d s  evenly across  the bottom 
of the v e s s e l .  
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4.3.8 

4.3 .8 .1  

The c l a r i f i e d  overf low from the Sludge Thickener i s  d i r e c t e d  back to  

the OxldaCion/Ylocculat lon  Tank by a Sludge Thickener Discharge Pump 

(74-P-12 A and B, one operat ing  snd one s tand-by) .  The concentrated  
sludE~ at  the bottom o f  the v e s s e l  i s  discharged to a Sludge 

Dewatering F i l t e r  (74-F-2)  by a Sludge Dewatering F i l t e r  Feed Pump 

(74-P-8  A and B, one operat ing  and one s tand-by) .  

Iu the Sludge Dewatering F i l t e r ,  the  s ludge forms a f i l t e r  cake.  

The f i l t e r  cake i s  discharged to  a Be l t  Conveyor (74-CV-2) which 
i 

conveys i t  to d i s p o s a l  area descr ibed  in Sect ion  4 . 3 . 8 .  The 

c l a r i f i e d  w a t e r  i s  r e c i r c u l a t e d  back to the Equal i za t ion  and 

Holding Tank by the S!udEe DewaterinE Pump (74-P-10 A and B, one 

operat ing  and one s tand-by) .  

As shown on Drawing EE-371-002 (Appendix E), a liquid st=cam is 

discharged from the plant cooling towers. The flow is monitored by 

the Cooling Tower 31owdown Flow and Sample Chamber (74-143-5) before 

being discharged to the Delaware giver. Cooling tower blowdowu 

control is described in Section 4.3.8. 

Utilities And Supporting Systems 

Plant  Water Systems (Units  74, 81, 82, 83. end 84) 

A d l a s r a , - . a t i c  r e p r e s e n t a t i o n  o f  the plant  water systems are shown 

on Drawings EE-371-010 and ~ - 3 7 1 - 0 1 1  (Appendix E). The e n t i r e  

process  water requirement for t h e  p lant  i s  taken from the Delaware 

River .  An i n l e t  chennel w i l l  be dredged from the r iver  to  a Pump 

House (Drawing EE-071-00I,  Appendix D).  

Within the i n l e t  channel ,  at the shore l i n e ,  a Bar Screen (84-SY-1)  

is provided to prohibit large pieces of debris from entering the 

Pump House. A Sluice Gate (84-CA-I) is provided, at the nlet to the 

Pump Housej to isolate the river supply from the Pump House. 
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