
6 . 1 . 8  BLOCK FLOW DIAGRAMS 

6.1.8.1 OVERALL MATERIAL BALANCE 

The Overall Material Balance for the Westmoreland Coal 40% Fines - SNG 

Base Case (Drawing No. 835704-00-4-101) shows the flow of materials 

through the plant. Flow rates are given for each stream. Utility and 

offsite units except Oxygen Production, Steam Generation, Power 

Generation, and Flue Gas Desulfurlzation are not shown. 

Coal is  screened and d i s tr ibuted  to Gasif ication and  the Boilers.  O x y g e n  

is  produced from atmospheric  air,  and steam i s  generated  from boi ler  feed  

water .  The gas p r o d u c e d  in the Gasification and Partial Oxidation uni t s  

undergoes  CO s!~ift, cool ing ,  HaS and COs removal (Rectisol) ,  methana-  

t ion,  purification, and  compression as it i s  u p g r a d e d  to pipeline qual i ty  

subst i tute  natural gas  (SNG).  The l iqu ids  produced in the plant  are 

treated to recover n a p h t h a  and ammonia b y p r o d u c t s  as well as s t r ipped  gas  

l iquor which is  fur ther  treated in the Wastewater Treat ing Unit.  Res idual  

tar,  pitch,  and pheno l s  are gasified i n  the  Partial Oxidation Unit .  

Byproduct  sul fur  i s  recovered  from the H~S removed from the gas  in  the 

Rectisol  Unit. Ash i s  generated  in the Gasif icat ion,  Partial Oxidation,  and 

Steam Generation u n i t s  and is  prepared for disposal  in the Ash Handl ing  

Unit .  

6.1.8.2 PLANT WATER BALANCE 

Drawing No. 835704-00-R-I02 is the block flow diagram of the plant water 

balance for the Westmoreland Coal - 40% Pines, SNG Case. 

The basis  of the p lant  water management ph i lo sophy  is  zero d i s c h a r g e .  

This  philosophy r e q u i r e s  that  no waste water stream leave the plant 
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6.1.8.2 (Continued) 

boundaries and is accomplished by treatment and recycle of plant water 

streams as shown on the drawing. The plant water usage scheme achieves 

conservation of water and protection of the environment. 

The water leaving the plant is in the form of evaporative losses from the 

cooling towers, waste water solar evaporation pond, and the waste treat 

merit sludge incinerator. The balance of the losses occur from small 

amounts of water to ash handling for dust control and to landfill disposal 

with clewatered sludge.  

Raw water pumped into the plant flows to two major destinations, Boiler 

Feed Water (BFW) Treatment and Utility Cooling Tower Makeup. Low 

quan~ty uses include Potable Water, Firewater, and Flue Gas Desulfuri- 

zation. The requirement for cooling water free of organic contamination in 

the Ox-ygen Production Unit is  the reason for treated raw water make-up 

to the Utility Cooling Tower.  Utility cooling water makeup is  supplemented 

by  clean storm water and blowdown from the 1500 psig  boilers.  

BFW Treatment supplies demineralized makeup water to supplement the 

polished condensate returning to feed  the 1500 ps ig  boilers and supplement 

the softened plant condensate streams feeding the 600 psig  waste heat boil-  

ers  in the plant.  The unit  also sends sof tened water to the 100 psig  plant 

boilers. Waste water from reverse osmosis (RO) equipment in the BFW and 

Condensate Treatment and Potable Water Units joins the Utility Cooling 

Tower blowdown for treatment and is recycled to the Process Cooling 

Tower. Backflush regeneration of the filters and softeners in the above 

units is recycled directly to the Raw Water Treatment stream or the Utility 

Cooling Tower as makeup. The water with highest total dissolved solids 

(TDS) is used for Ash Handling dust control. 
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6 . 1 . 8 . 2  (Continued) 

The large volume of  makeup to the  Process  Cooling Tower is composed of 

biologically treated process  waste water.  This  technological ly  advanced 

scheme accomplishes recycle of a very large stream of otherwise environ- 

mentally undesirable water without offplot disposal. The waste water con- 

sists of treated oily water,  treated sanitar~ waste ,  p lant  wasteheat  boiler 

b lowdown,  process  water from POX and Rectisol,  and s tr ipped gas l iquor 

from Ammonia Recovery.  Organic wastes  are reduced  b y  biological treat-  

ment.  The clarified water i s  treated b y  sof tening  and RO before  introduc-  

tion into the Process  Cooling Tower (PCT) makeup pond .  High solids 

waste  streams from the pul-ification equipment in the  PCT makeup treatment 

system and the PCT side stream treatment system are concentrated in an 

evaporator .  The condensed  water from the evaporator re turns  to the 

Process  Cooling Tower,  while the  br ine  i s  pumped to the  solar evaporation 

pond for crystal l ization by  solar e n e r g y .  

6 . 1 . 8 . 3  SULFUR BALANC'~. 

Drawing No. 835~04-00-4-104 shows the  plant sul fur  balance for the West- 

moreland Coal - 40~ Fines - SNG Case.  Flow rates are g iven as pounds  

per  hcur  of  su l fur  regardless  of  the form or compound the  sul fur  is  in .  

Sulfur  enters  the plant as a part of  the coal.  In Gasification most of the 

sul fur  in the coal reacts  to form h y d r o g e n  sulf ide (H~S) .  A very  small 
portion of  the H~S Is vented  to the  atmosphere in  the  lock gas vent ,  a 

portion is  retained in the l iquid,  but  most is  contained in  the gas .  The 

select ive  Rectisol process  removes the  acid gases  (carbon dioxide and 

sul fur  containing gases)  from the main process  gas  stream and separates  

the  acid gases  into  three streams -a  H~S-rich stream, a H2S-lean stream, 

and a COs-rich stream. The H~S-rich stream is  fur ther  concentrated in 

the  ADIP section of  Sulfur  Recovery .  The Claus sect ion reacts and 

recovers  molten su l fur  from the  H~S-rich gas .  The SCOT section converts  

su l fur  compounds in the tai lgas  to HzS.  In the Stret ford Sect ion,  molten 
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6 .1 .8 .3  (Continued) 

sulfur is reoovared from the Rectisol HaS-lean gas, the ADIP end SCOT 

tailgases, and sulfur containing offgases from the liquid-processing units. 

Sulfur  compounds in the  S t r a t f o r d  ven t  gas and Rectisol COz-rieh gas are  

c o n v e r t e d  to SOz in the Process  Steam Superheat ing  Unit ,  join the boiler 

flue gas  and  are  ven ted  to the  a tmosphere .  

Sul fur  t h a t  en te r s  the boilers in the  coal is oxidized to SO S and leaves in 

the f lue  gas .  Ninety pe rcen t  of the  SO~ in the  flue gas is  removed in the  

Flue Gas Desulfurization Unit and  is oxidized to gypsum (CaSO~ • 2H z O). 

The remain ing  SO 2 is ven ted  to the  atmosphere as a minor component of 

the  f lue  gas.  

6.1.8.4 AIR E~IISSIONS 

Drawing No. 835704-00-4-105 is t he  air emissions diagram for  the  Westmore- 

land Coal - 40% Fines - SNG Case.  The drawing shows compositions, flow 

ra tes ,  and  sources of s t reams tha t  d ischarge  to the  a tmosphere  . Sources 

of emission are:  coal hand l ing ,  gasification, p rocess  h e a t e r s ,  coal-f ired 

boi lers ,  pro~.ess steam s u p e r h e a t e r ,  and tankage.  The diagram shows these  

sources  in relation to the o the r  p rocess  units  and major p rocess  streams. 

6.1.8.5 SOLID EFFLUENT 

The solid effluent diagram for the Westmoreland Coal - 40% Fines - SNG 

Case (Drawing No. 835704-00-4-106) shows the sources of solid wastes that 

leave t h e  plant  ba t t e ry  limit. The  major process steams end  process  units  

are shown for clar i ty .  Severa l  of  the  process uni ts  use  cata lys ts  tha t  

have r e sa l e  value.  The Sul fur  Recovery  catalyst  has no resa le  value and 

is d i sposed  of as landfill. The  Raw Water Trea t ing  and  Utility Cooling 

Water un i t s  p~oduce sludges tha t  are  sent  to landfill d i s p o s e .  The Waste- 

water  T rea t i ng  sludge is i nc ine ra t ed  pr ior  to landfill d isposal .  The boiler 
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6 . 1 . 8 . 5  (Cont inued)  

ash ,  gasif ier a sh ,  and FGD gypsum are sent  to the  solid waste disposal  

plant.  Additional wastes  include spent  sol ids  from water treat ing  and 
plant re fuse .  

The flow rates  and compositions of  the solid e f f luents  are g iven  when 

known.  The diagram also shows  the trace element analysis  o f  the coal and 
the mineral analys is  o f  the a sh .  

6 . 1 . 8 . 6  STEAM BALANCE 

f 

Drawing No. 835704-00-R-107 shows the plant steam balance for the  West- 

moreland Coal - 40% Fines - SNG Case.  The steam balance shows the  d i s -  

tribution of  steam to and from the var ious  steam producers  and consumers  

in the plant.  The steam producers  and consumers  are grouped according 

to pres sure  level  and serv ice .  Each group occupies  a block on the 

drawing and contains  a l ist  of  the uni ts  which u s e  this  steam. Steam is  

generated at f ive  di f ferent  p r e s s u r e  l eve l s  and distr ibuted throughout  the 
process  plant.  

The steam balance also showns  a general  d is tr ibut ion of boiler feedwater 

and collection of  re turn ing  condensates  for reuse  as boiler feedwater .  

Only the process  deaerators  are shown on the drawing.  The boiler serv ice  

deaerators are not shown but  are included within the boiler plant.  

Condensate and steam which are not re turned  to the plant for reuse  are 

called l o s se s .  The lo s se s  are made up with demineraLized water,  treated 
raw water,  and proces s  condensates .  
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6 . 1 . 9  UTILITY SUMMARY 

Table 6 . 1 . 9 - 1  indicates  the  ut i l i t ies  generated  or consumed by  each process  

or ut i l i ty  unit  in the  Westmoreland Coal - 40~ Fines -SNG Case.  
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BASE CASE: 
TABLE 6.1.9 

W E S ~ V ~ R ~ C O A  
UTILITY SLM~ 

I.NIT 

NO. NAME 
0"1"-Coal Screening 
02 Coal Distribution 
03 Ash Handling 
10 Coal Gasification 
11 CO S h i f t  
12 Gas Cooling 
13 Reetisol 
14 Gas Liquor Separation 
15 Tar Distillation 
16 NaphthaHydrotreating 
17 Phensolvan 
18 AnmoniaRecovery 
19 Sulfur Recovery 
20 Process Steam Superheating 
21 Methanol Synthesis 
22 Y~thanation 
23 SNGCon~ression 

and Purifieation 
24 Parti,t! C~cidation 
25 PSAHydeogen Production 
40 OxygenProduction 
41 Steam Generation 
42 Power GeneratLon 
43 Flue Gas Desulflmization 
44 Raw Water Treating 
45 Bb~WandCondensateTreating 
46 Air and Nitrogen Systens 
47 Process Cooling Water 
48 Utility Cooling Water 
49 Potable Water 
50 Utility Water 
51 Fire Water 
52 Fuel Gas 
53 F l a r e  
54 Wastewater Treating 
55 Tank F a r m a n d  Di spa t ch  
56 S a n i t a r y  Sewer 

Steam T r a e i n g  
Export  

1500 Ib 
925°F 

S~ (M iblhr) 
650 ib 600 Ib I00 Ib 
Sat'd 760OF Sat'd 

-1,090.9 +566.6 

-7 .6  
-10.2 

-3.4 
-80.0 

-722.8 +910.8 
(+2.8) 

+817.2 
-145.7 

+6.8 

-1,222.2 +1,222.2, • 
+4,121.4 -4,121.4,~ l.J+4,121.4 
-2 ,899.2  +2,899.2~1J-3,795.6 

-46 .7  

-5 .7  
-142.2 

+21.9 

- 4 . 4  

+38.4 

-322.4  
-87 .4  

- 1 0 . 8  

- 7 . 3  

60 lb E 
Sat 'd  (~/ 

+126.5 
-91.7 

-7.3 
-34.8 
-54.1 

d 

-22.9 

+180.3 
+3 

-92.5 -5 

-2.5 
-i.0 

Total (Process Units) 
Total (Utility Units) 

0 0 -325.8 +427.9 
0 0 +325.8 -427 .9  

-84.3 
+84.3 -'1 

.,']EK'AL 0 0 O 0 

Legend: ( ) i n d i c a t e s  i n t e r m i t t e n t  u s e .  Not included in  t o t a l s .  
+ i n d i c a t e s  p r o d u c t i o n  
- i n d i c a t e s  consumption 

Note:  (1) 650 p s i g / 7 1 0 o F  steam 
(2) Include in Wastewater Treatin~ (Unit 54) 

-] 
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BASE CASE: 
TABLE 6 .1 .9-1  

W E S ' ~  COAL- 40% FINES - $5~3 
-- UTILITY SLNI~IRY 

STF_~ (M lb/hr) 

760OF Sat ' d 

-i ,090.9 +566.6 

-46 .? 

-5.7 
-142.2 

+21.9 
+910.8 

-145.7 -4 .4  

+38.4 

+4,121.4 -322.4 
-3,795.6 -8? .4 

-10.8 

-7.3 

60 ib Condensate BSW 
Sat'd (M ib/hr) (M ]blhr) 

Steam and 
Condensate 

Loss 
(M lb /h r )  

-690.?  1,215.0 

+126.5 -128.4 1.9 
-91.7 +138.4 -37 .9  37.9 

-7.3 +14.9 
-34.8 +45.0 
-54.1 +54.4 

+222.2 
-22.9 -26.8 

+150.1 

8.8  

-29,3 3.5 
-190.0 2.0 

( -2 .9 )  (0.1)  
-829.5 12.3 

-79.8 34.6 

+180.3 -882.8 -3.108.9 12.4 
+3,883.0 

-92.5 -5,004.9 +5,094.5 2.9 

Coolir~Water 
(MVIBtulhr) (GPM) 

-8.27 -551 

E l e c t r i c  
Power Fuel Gas 
(~#) ([VM Btulhr)  

-0.i0 
-0.70 
-2 .40  -0.7 

-9 .14 -609 -0 .35 
-204.40 -13,613 -22.90 +329.7 

-83.30 -5,548 -0 .69  
-3.60 -240 -0 .19  -12.2 
-3.10 -206 -0 .19 ( -1 .4 )  

-11.7 -779 -0.67 
-122.6 -8,165 -0.48 

-43.4 -2,900 -3.00 -11.6 
-2.08 -340.1 

-1.2 -80 -0.07 +9.1 
-4 .4  -293 -4 .50 ( -43.0)  

-153.2 -10,200 -0.25 

-6.98 -465 
-0.37 -25 

-156.3 -10,400 

-2 ,434.2  -162,300 

-6.5 -433 
+2,27.9,8 +151,974 

-~T4.5 64,907 

-2 .5  +2.5 
-i.0 +9.7 2.1 -i.i -74 

+? .3 

-0.17 
-0.60 

-11.30 
32.50 

+404.70 
-570 
-1 67 
-6 00 
- 3 4 0  

-i0 O0 
-0 40 
-0 03 
-0 03 
-0 62 

-0.03 
-6 .20 
0.55 

(2) 

-0.1 
+30.4 

-2.0 
-2 .5  

+283.16 

-325.8 +427.9 
+325.8 -427.9 

-84.3 651.8 -1,985.6 1,316.0 -656.0 -4,3674 -40.34 +4.5 
+84.3 -1,985.2 -1,985.6 17,4 +656.0 +43,674 +323.50 -4.5 

0 0 -1 ,333.4  0 +1333.4 0 0 +283.16 0 

, S .  

54) 

i t i i %, 

I -~s" ~ "l~J ~,';lW I~, ulP I t I~Jm ! |S~T:'J ¢ I,~ tH& IIIII~NEI.011 ~ . l l l l l  
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6.1.10 CATALYSTS AND CHEMICAL SUMMARY 
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The catalysts  and chemicals required  for each unit in the  Westmoreland Coal 

40 percent  Fines-SNG Case are shown in Table 6 . 1 . 1 0 - 1 .  Initial and annual 

requirements and costs are prov ided .  

The initial charge was based on the larger of  the fol lowing requirements: 

initial fill requirement or one month inventory.  For chemicals used in 

several  units  throughout the plant (sulfuric acid, caust ic ,  and lime), two 

week capacity s, torage is  provided .  
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6 .1 .11  OPERATIN G MANPOWER 

Table 6 .1 .11 -1  l i s ts  the  operat ing manpower for the  plant .  The uni ts  have, 

been grouped into operating areas to ass i s t  in determining general  s u p e r -  

v is ion requirements .  

The operation s taf f  inc ludes  shift  operators ,  shift  foreman, s u p e r i n t e n -  
dents  and technical  s taf f .  

Included with operating manpower is  Plant General personnel  cons i s t ing  of  

laboratory,  fire and safe ty ,  securi ty ,  inventory  contro l /account ing  and 

other general  serv ices .  

Not inc luded  with operat ing manpower are maintenance manpower (descr ibed 

in Section 6 .1 .12)  and plant s taf f  of 20 pos i t ions .  Plant s taff  inc ludes  the  

plant manager,  area managers ,  s ta f f  accountants ,  personne l ,  process  

eng ineer ing  and managers' secretar ies .  
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• ~ % .i ~ •. 6 .1 .12  MAINTENANCE MANPOWER 

Annual maintenance cos ts  have  been  est imated by  apply ing  a factor to the  

instal led cost  of  each uni t .  This factor var ies  from four percent  for units  

with high maintenance requirements  (Gasif ication and Tar Disti l lation) to 

one percent  for several  Uti l i ty/offs i te  u n i t s .  The majority of  the  process  

units  are set  at three percent  and the  majority of  the ut i l i ty  un i t s  are set 

at two percent .  

For the Westmorelm~d Coal 40 percent  Fines  SNG Case,  the  annual  main- 

tenance cost  i s  estimated at $36,100,000.  This  total cost  i s  assumed to be 

60 percent  materials and 40 percent  labor.  

Us ing  an average labor rate ( inc luding  overheads)  of  $ 3 5 , 0 0 0  per annum 

for each maintenance s taf f  pos i t ion,  the  total  maintenance manpower equals  

413. 

The maintenance s taf f  inc ludes  maintenance personne l ,  laborers ,  craft 

foremen, plant eng ineer ing ,  purchas ing  and warehouse  personne l .  
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6.2 .1  COAL SCREENING - UNIT 01 

6.2.1.1 DES IGN BASIS 

Purpose of Unit 

The Coal Screening unit receive~ 2 inch and smeller sized coal from the 

mine by unit trains and stores the coal in a five day live storage pile. 

The unit screens the coal into coarse coal (2 inch x I/4 inch) for g~sifier 

feed and fines (less than 1/4 inch) for boiler feed. 

Scope of Unit 

The unit includes coal receiving, live storage, emergency storage, reclaim- 

ing, screening and conveying. 

General .Design Criteria 

Crushed coal of 2 inch x 0 size from the mine is transported to the unit 

by railroad. Coal receiving is designed to receive coal based on five day 

per week mine operation. The coal is screened into two size ~act ions:  

2 inch x 114 inch coal suitable for Lurgi gasifiers and the remaining 

1/4 inch x 0 fines for feed to the boilers. Two 66 percent trains of 

screening are provided in the unit. The unit is designed based on 60 wt 

percent coarse coal and 40 wt percent fines. The unit conveys both 

fractions to the Coal Distribution unit which subsequently delivers them to 

the gasification and boiler facnities. The unit also provides 5 days 

covered live storage and 30 days buried emergency storage of feed coal. 

Associated conveying and reclaiming equipment are included in the unit .  

Dust collection equipment is provided to minimize partieuiate emissions, and 

surface water runoff ~s impounded. The facility is  designed to minimize 

coal fines generation. 
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6 . 2 . 1 .  i (Cont inued)  

General  Design Criteria 

The unit  is  provided with suff ic ient  standby capacity to  be compatible with 

the overall  plant stream factor  of  382 days per year .  All rotating equip-  

ment in the unit  are motor driven.  The entire unit  is  protected against 
fire hazard by appropriate automatic sprinkler sys tems .  

Feedstock (Base Case: Westmoreland Coal - 40% Fines - SNG) 

Crushed Coal from Mine 

Feed Rate 18,000 STID ~. 2 inch x 0 size 

Westmoreland Coal Analysis  (b 7 Lurgt) 

Proximate (As Rec 'd . )  wt% 

Moisture 26.0 

Ash 7.4 

Volatfles 26.5 

Fixed Carbon 40.1  

100.0 

Ultimate (DAF) wt% 

Carbon 75.98 

Hydrogen 4.59 

Nitrogen 1.09 

Sulfur 1.23 

' Chlor ine  0.03 

Oxygen  17.08 

100.00 

Products  (Screening Unit) 

Coarse Coal to Gasifiers 

Production Rate 

Coal Fines to Boilers 

Production Rate 

10,800 ST/D @ $ x 114 inch size 

?.200 ST/D @ 1/4 x 0 inch size 

Fraction 

60 wt% 

40 wt% 

Uti l i ty  Req,,ulrements 

Electric Power 1,000 kW 
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6 .2 .1 .2  PROCESS DESCRIPTION 

Drawing No. 835704-01-R-I01 is the process flow sketch for the Coal 

Screening Unit. Material balance for the unit (Table 6.2.1-1) follows the 

process  flow sketch.  The plot plan is  shown on Drawing 

No. 835740-01-4-050. The equipment l is t  is  included as Table 6 . 2 . 1 - 2 .  

Crushed coal of  2 inch x 0 size i s  de l ivered  to the plant s i te  b y  railears.  

Coal unloading portion of  the unit  operates  24 hours per  day,  f ive days a 

week which corresponds to the mine operating schedule. Coal is conveyed 

from the coal receiving building to either live or emergency storage. 

Enclosed live storage capacity for normal plant consumption for five days 

and buried emergency storage for consumption for 30 days are provided 

within the unit. Coal is reclaimed from storage and transferred to the 

screening surge  bin.  The surge  b in  provides temporary s torage  o f  the 

coal prior to b e i n g  conveyed to the  screen ing  tower. In the  screening  

tower, adjustable vibrating screens classify the feed coal into a 

~ inch x 1/4 inch size fraction and a 114 inch x 0 size fract ion.  The two 

sized materials leave the unit bat tery  limit by separate conveyors  to the 

Coal Distribution Unit 02. Coal samplers are provided in the  screening 

tower for sampling coarse and fine coal. 

Coal dus t  emiss ions  from the uni t  are kept  to a minimum b y  severa l  bag-  

house  f i l ter sys tems  provided in  the  storage bu i ld ings  and all coal 

transfer  po in t s .  All conveyors  and b a g  f i l ters  are protected against  fire 

hazard b y  appropriate automatic sprinkler systems. 
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TABLE 6.2.1-1 

MATERIAL BALANCE 

COAL SCREENING - UNIT 01 

Stream Number 1-1 1-2 1-3 

Stream Name Total Coal Feed Sized Coal To 

Gasification 

DAF Coal, lb /hr  

Moisture, lb/hr 

Ash, lb/hr 

Coal Fines To 

Boilers 

999,000 599,400 399,600 

390,000 234,000 156~000 

111,000 66,600 44,400 

Total, lb / hr 

ST/SD 

1,500,000 900,000 600,000 

18,000 10,800 7,200 

NOTE: Flow quantities shown are for the total unit on a stream-day 

basis,  are to be used solely for process design purposes and are 

not necessarily the conditions which will be attained during 

actual operations. 
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Item No. 
01CV-0i01 AIB 
01CV-0102 A/B 

01CV-0103 AIB 
01CV-0104 AIB 

01CV-0105 A/B 

01CV-0106 A/B 

01SC-0101 

01FD-0101 AIB 
01FD-0102 A/B 

01FD-010~ 

01H0-0101 AIB 

01H0-0102 

01HQ-0103 

01BN-0101 

TABLE 6.9.. 1-2 

EQUIP~ENT LIST 

COAL SCREENING - UNIT 01 

Eq ,,m." pment Name 
Conveyor from Rail Dump Hopper 

Conveyor to Storage 

Conveyor from Storage 

Conveyor to Screening Tower 

Sized Coal Conveyor 

Coal Fines Conveyor 

Adjustable Vibrating Screens 

Belt Feeders 
Live Storage Plow Feeder 
Dump Pit Hopper Belt Feeder 

Railcar Rotary Dump Feed Hopper 

Emergency Storage Dump Hopper 

Splitter Hopper to Screen 

Surge Bin to Screening 

6-60 

Number Required 

Operating 
1 1 

i 1 

I 1 

1 1 

i 1 

i 1 

1 1 

2 2 

1 1 

1 0 

1 1 

1 O 

1 0 

1 0 
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TABLE 6.9..1-2 (Continued) 

EQUIPMENT LIST 

COAL SCREENING - UNIT 01 

Number Required 

Item No. Equipment Name Operating Spare 

01TR-01Ol A/B Live Storage Belt Tripper 1 1 

018T-0101 Radial Stacker to Emergency Storage 1 0 

01ME-0101 thru 0104 Bag Filter System 1 0 

01ME-0105 Foam Spray System 1 0 

NOTE: Other miscellaneous equipment include sampling systems, front end 

loader from emergency storage, nletal detectors and belt scales. 
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6 . 2 . 2  COAL DISTRIBUTION - UNIT 02 

6 . 2 . 2 . 1  DESIGN BASIS 

Purpose  of Unit 

The unit  rece ives  s ized coat and f ines  from the  Coal Screening Unit  01 and 

dis tr ibutes  them respect ive ly  to the Coal Gasification and Steam Generation 

un i t s .  

Sco~e of Unit 

The unit  inc ludes  distr ibut ion of the two coal fract ions to the  appropriate 

user units. 

General Des ign Criteria 

The unit  cons i s t s  of two separate c o n v e y i n g  sys tems ,  one each for "the 

s ized coal and the  f ines .  A 100 percent  spare  capacity i s  prov ided  in  both 

sys tems .  The unit  stream factor is  compatible with the  overal l  plant 

stream factor of  332 days  per year .  One day storage of  coal f ines  and 

transfer  equipment  to boiler s tructure  are provided within the  un i t .  The 

coarse coal c o n v e y i n g  equipment i s  des igned  to minimize generat ion of  coal 

f ines .  The faci l i ty conforms to local environmental  regulat ions regard ing  

dus t  emissions.  The system conforms to conveyor  equipment manufacture  

association s tandards .  All rotating equipment  in the uni t  are motor 

driven.  The conveyors  are protected against  fire hazard b y  appropriate  

automatic spr inkler  sys tems .  

Feedstock 

Coarse Coal 

Feed Rate 10,800 ST/D @ 9. inch  x 1/4 inch s ize  
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6 . 2 . 2 . 1  (Continued) 

Coal Fines 

Feed Rate ?,200 ST/D @ 1/4 inch x 0 size 

Products  

Coarse Coal to Gasifiers 

10,800 ST/D @ 2 inch x 1/4 inch size 

Coal Fines to Boilers 

7,200 ST/D @ 1/4 inch x 0 size 

Utility Requirements 

Electric Power 1000 kW 

6 . 2 . 2 . 2  PROCESS DESCRIPTION 

Drawing No. 835704-02-4-101 is  the  process  flow sketch  for this unit .  The 

coal feed  rates are given in Table 6 .2 .2 -1 .  The equipment list follows as 

Table 6.2.9.-2.  

The Coal Distribution unit  receives  sized coal (2 inch x 1/4 inch)  and 

f ines  (1/4  inch x 0) from the Screening Unit 01 by  separate conveyors .  

Gasifier Coal 

Gasifier Transfer Conveyors  (01CV-0105 A/B)  del iver sized coal via a belt  

weigher onto the covered  Distribution Conveyors which run atop the gas i -  

tier s tructure  along the two parallel rows of  gas i f iers .  Each of  the  two 

Transfer  Conveyors and two Distribution Conveyors  is capable of  handling 

the ent ire  coal feed rate to the  gasif lers ,  thus  ensur ing  uninterrupted coal 

supply  in the  event  of  breakdown of  any of  the  conveyors .  The fount 

Gasifier Tripper feed conveyors  transfer the coal from any of  the  four 

distribution conveyors  to the  indi-ridual gasif ler bunkers  located above the  

coal feed locks.  , " '  

" . . . : '  
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6 .2 .2 .2  (Continued) 

Boiler  Coal 

The  f ine  coal (1/4 inch x 0) from the  Screening  un i t  is del ivered to the  

Fines  Conveyor  or ,  in the  event  of boiler or conveyo r  d i sorder ,  to the  

y a r d  silos in Unit 02. One day  boiler coal consumption capacity is p ro -  

v ided  in the  y a r d  silos. Coal from ~he silos may b e  t r a n s f e r r e d  to the  

f ines  conveyor  from the  bottom via v ibra t ing  f e e d e r s .  The  fines conveyor  

de l ive rs  the  coal to the s u r g e  hoppers  located on top of the  boiler s t r u c -  

t u r e  in Unit 41. Emissions from the  t r a n s f e r  points  are  controlled by  a 

b a g  f i l ter  system. 
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TABLE 6.2.2-1 

MATERIAL BALANCE 

COAL DISTRIBUTION - UNIT 02 

Stream Number 2-1 2-2 

Stream Name 

Sized  Coal To 

Gasification 

Coal Fines  

To Boi lers  

i i . i ,  

DAF Coal, lblhr 599,400 399,600 

Moisture, lb/hr 234,000 156,000 

A s h ,  l b l h r  66,600 44,400 

Total, lb / hr  900,0OO 600,0O0 
ST/SD. 10,800 7,9.00 

NOTE: Flow quantities shown are for the total unit on a stream-day 

basis, .are to be used solely for process design purposes, and 

are not necessarily the eonditions wl~eh will be attained during 

actual operations. 
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TABLE 6 . 2 . 2 - 2  

EQUIPMENT LIST 

COAL DISTRIBUTION - UNIT 02 

Items No. Equipment Name 
02CV-0101 A/B (1) Gasifier Distribution Conveyor 

02CV-0102 A/B (1) Gasifier Tripper Feed Conveyor 

02SC-0101 A/B Gssifler Coal Belt Weigher 

Number Required 
Operating Spare 

2 2 

2 2 

1 1 

CI 

,02TK-0101 A / B / C  

02FD-0101 A / B / C  

02CV-0104 

02CV-0105 A/B  
02ME-0101 

Boiler Coal Yard Silo 

Coal Yard Silo Vibrating Feeder 

Conveyor from Yard Silo to Fines 
Conveyor 
Fines Conveyor to Bc~lers 

Bag Filter System 

o 3 

0 3 
0 1 

1 i 

1 0 

Note (1) Train No. 2 equipment numbers which are not shown are the the 

same as indicated above except the train designation is 02 

instead of 01. 

Example: Train No. 1 Train No. 2 

02CV-0101 AIB 02CV-0201 A/B 
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6 . 2 . 3  ASH HANDLING - UNIT 03 

6.2.3.1 DESIGN BASIS 

Pul, pose of Unit 

The Ash Handling unit receives coal ash from the. Coal Gasification, POX 

and Steam Gene~,atlon units and sludge from Flue Gas Desulfurization unit, 

dewaters wet ash as necessary and transports the ash/sludge to plant bat- 

tery l imits for d i s p o s a l .  

Scope of Unit 

The unit includes ash collection, dewatering, surge storage, and trans- 
portation to p lant  b a t t e r y  l imits .  

General  D e s i ~ n  Cri ter ia  

Gasifler Ash 

The gasifier ash handling is by the wet slurry method. The slurry is 

approximately 5 percent wt. solids, with a maximum, for design, solids 

content of 15 percent wt. Each gasifier has a dedicated sluiceway directly 

underneath the ash lock. Each sluiceway is suitably sloped and lined. 
Six  ex i t  s l u i c e w a y s  ( f o u r  o p e r a t i n g  and two  s p a r e )  rece ive  the  s l u r r y  from 
all fourteen gasifiers and deliver St to the ash dewatering plant. The 

small quantity of POX ash (about 0 .25  T/D) i s  also transported by a single 
sluiceway to the dewaterln E plant. The dewaterin E plant consists of six 

deslimlng screens (four operating and two spare), two coarse ash con- 

veyors and fine ash dewatering trains complete with cyclones, cone thick- 

eners, screens and ash conveyor. 
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6.2. $. 1 (Continued) 

Boiler Ash 

Boiler ash consists of bottom ash and fly ash (electrostatic precipitator 

ash) .  Each boiler is equipped with a dedicated bottom ash collection, wet 

t ranspor t  and dewatering system. One operating t ra in  (and a spare train) 
of pneumatic t ransport  and conditioning system are provided for the fly 
a s h .  

FGD Sludge 

A single train conveying system delivers the sludge from the FGD uni~ to 

the collecting conveyor. 

Ash Storage/Disposal 

A single train conveyor system (with a spare) collects the gas/tier and 
boiler ash and FGD sludge and t ransports  this material to the stockpile 

where five days covered storage is provided. A single t ra in reclaiming 

and aonveyor system (with a spare) t ransfers  the solid waste from the 

stockpile to the plant ba t te ry  limit.~ for disposal b y  others .  

Sufficient spare capacity is included for all equipment in critical service. 

The onstream factor for the unit  is compatible with the overall plant stream 

fa~tor of 332 days per year .  All rotating equipment in the unit  are motor 

dr iven .  Particulate pollutants generated from the conveyance and handling 
of ash conform to applicable environmental regulations. Winterization to 

-30oF is considered in the plant design. Fire protection in the conveying 

system is provided by automatic sprinklers.  
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6 . 2 . 3 . 1  (Continued) 

Ash Handling Design Capacities 

Tons pe r day (dry) 

Average Max Moisture, wt% 
Gasifier Ash 827 1~30 32.8 

Boiler Ash 531 620 15 
FGD Sludge 298 295 28 
A g g r e g a t e  A s h  to 

Solid Waste Disposal 1656 26.2 

Uti~ty Requirements 

Electric Power 

Raw Water Makeup 

700 kW 

83 gpm 

5.2 .3 .2  PROCESS DESCRIPTION 

The process flow sketch for t h e  Ash Handling unit is  presented on Draw- 

ing No. 885704-03-4-101. Material balance for the unit is  shown in 

Table 6 .2 .8-1 .  The plot plan is shown on Drawing No. 835~04-03-4-050. 

The equipment list is given in Table 6 .2 .3-2 .  

Ash is  produced at three locations: Coal gasification, boilers, and Partial 

Oxidation. The flue gas desulfurization (FGD) system produces gypsum 

sludge which is disposed of with the ash. 

Gasifier Ash 

The gaslfier ash from the L ~ g i  coal gasification process is  o b t a i n e d  i n  a 

fused form as abrasive angular particles. The ash i s  discharged from the 

asl: locks below each gasifier. Sufficient water is added on discharge for 
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6 . 2 . 3 . 2  (Cont inued)  

quenching and the ash slurry is transported by s l u i c e w a y s .  S t e m  gen-  

erated from cooling of the hot ash along with other vapors is vented from 

the sluiceways through a scrubber. The slurry is separated by desliming 

screens into water and ash. The water is clarified; fine ash is recovered 

in a series of thickeners and the water is recycled to the sluiceway. 

Makeup water from the  Waste Water Treat ing  uni t  i s  added as r e q u i r e d .  

T h e  f ine  ash r e c o v e r e d  ~a th ickener  underf low joins  the  coarse  ash o v e r -  

f low from the  des l iming s c r e e n  and i s  c o n v e y e d  to the  ash col lect ion area .  

A small quantity of ash is also discharged from the Partial Oxidation unit.  

This ash is conveyed batch wise to the gasifier ash system. 

Boi~ar Ash 

Boiler ash is generated in two forms: bottom ash from the pulverized 

coal-fired steam boiler and fly ash from the boiler flue gas electrostatic 

prec ip i ta tors .  The  bottom ash is  q u e n c h e d  upon d i s c h a r g e  from the boi ler  

and t ranspor ted  to the dewater ing  sys tem by  jet pumps .  In the d e w a t e r -  

i n g  sy s t em,  the  water  i s  ~eparated from the ash cake and r e c y c l e d .  T h e  

f ly  ash from the  e lec tros tat ic  prec ip i ta tors  i s  pneumatical ly  t ransported  to  

the fly ash conditioner where water is added to prevent dusting. The 

bottom ash cake, fly ash, and the FGD sludge are collected and trans- 

ferred by a common conveyor to the ash collection area. 

Ash Disposal 
i 

Two parallel collecting conveyors receive the gasifier ash, boiler ash, and 

FGD sludge and transport this material to an overland ash conveyor which 

discharges to the ash stockpile. Covered storage capacity for ash produc- 

tion for five days normal plant operation is provided within the unit.  

Reclaim conveyors transfer the ash from tlle stockpile to plant battery limit 

for disposal to the offaite ash disposal facility. 
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TABLE 6 . 2 . 3 - 2  

EQUIPMENT LIST 

ASH HANDLING - UNIT 03 

Item No.  Equipment  Name 

Number Required 
oper.  

Ash  Remove.  from Gasif iers 

03TK-0101 (3) 

03TK-OI02 

Sluice Water Tank 

Emergency Pond 

2 0 

1 0 

03P-0101 A/B (3) 
0S~E-0t0Z A/B/C (S) 
08F-0Z0Z A / B I C  (3) 
osr~-ozo2 AIB/C (3) 
03P-0102 

Slu iceway  Water Pump 
S1ulceway with Gates 
S c r u b b e r  Fan 
Wet Scrubber 

Emergency Pond Overflow 

Reclaim Pump 

2 2 
4 2 
4 2 
4 2 

0 2 

Ash Dewaterin~, 

03CZ-0101 A/B/C (3) 
03CV-0101 AIB 
0311~E-0103 AIB (3) 

08ME-0104 AIB 

03ME-0105 (3) 

03ME-0106 

03CV-0102 A/B 

Deslindng Screen 4 
Gasif ier  Ash  Conveyor  1 
Pine A s h  T h i c k e n i n ~ / D e w a t e r i n g  2 

System (I) 

Ash Sampler 1 

Boiler Ash Dewat ering 2 

System (2) 

Fly Ash Conditioning System 1 

Boiler Ash Transfer Conveyor 1 
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TABLE 6.9..3-2 (Continued) 

EQUIPMENT LIST 

ASH HANDLING - UNIT 03 

Item No. Equipment Name 
Number Requi~ed 

Ash Transport to Disposal 

03CV-0103 A/B 

03CV-0104 AIB 
03CV-0105 AIB 
03FD-0101 A I B I C  (3 )  
03CV-0106 A I B  

Ash Collecting Conveyor 

Overland Ash Conveyor 
Tripper Conveyor 

Plow Feeder 

Reclaim Conveyor 

1 1 

1 1 

1 1 

4 2 

1 1 

NOTES: 

(1) Includes dewatering screens, sedimentation pond and thickeners. 

(2) Includes ash jet pumps, dewatering bins, settling tanks and 
water recycle  system; critical equipment  within the system are 
spayed. 

(3) Train No. 2 equipment numbers which a~e not shown ate the same 

as indicated above except the train desiEnatlon is 02 instead 

of 01. 

Example: Train No. 1 Train No. 2 

03TK-0101 03TK-020! 

6-76 
- - -  m ,1 m 

sgn*Lt~r 10 ~ lUCSTmOImtS ~ I N |  I ' ' ~ 

NOTICE PAGE AT IH[ ~ M TI~,~ R ~  
L 

k .k ~ •: 

o , 

• ) 

• • 3• 

. . . .  ,~, 
• , / . - .  

, [  . . .  

. . . '  

1 . " 

• * . .  

/ • 

• • 

• ! . 

v . 

r 

• , . 



f '  
\ 

6.2.4 COAL GASIFICATION - UNIT 10 

6.2.4.1 DESIGN BASIS 

purpose of unit 

The purpose of this unit is to convert coal into crude synthesis gas by 

partial combustion under pressure with oxygen and steam in moving bed 

Lurgi gasifiers.  

Scope _of Unit 

The unit includes gasifiers, coal feed and ash discharge locks, waste heat 
boilers, dusty liquid separation, and lock gas recompression. The gasif i-  
cation unit is  l icensed by Lurgi Mineraloltechnik of Germany. 

General Desl~n Criteria 

The unit consists of two trains of gasifiers, each train containing six 

operating and one spare gasifier (49,147 NmS/hr of dry raw gas per 

gasifier) and one lock gas recompression system. Additionally, all rotating 

equipment are spared sufficiently to ensure an overall plant onstream 

factor of 332 days per year. All rotating equipment in the unit are 
motor driven. 

/ 
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6.2.4.1 (Continued) 

Feedstock (Case: Westmoreland Coal - 40% Fines - SNG) 

coal 

A s  r e c e i v e d  

DAF Coal  

9 0 0 , 0 0 0  l b / h r  

5 9 9 , 4 0 0  l b / h r  

Coal Analysis (by Lurgl) 

Proximate wt % (As Ree'd) 

Moisture 26.0 

Ash 7.4 

Fixed Carbon 40.1 

Volatile Matter 26.5 

• 100.0 

Calozific Value, HHV (DAF) 

Size Range: 114 inch x 2 inch 

Oxygen: 222,018 lb lhr  

(98.5% O z & 1.5% N z & Ar (as Nz)):  

Battery Limit Conditions: 505 psia and 230°F 

Superheated Steam 1,090,908 lb/hr 
(From external sources: 550 psigl?56°F) 

Products 

Crude Gas (incl~dlng net lock gas) 

Dry Gas 58,017.4 lb mol/hr 

Moisture 28,582.? lb mol/hr 
Total Wet Gas 86,600.1 lb mol/hr 

6-?8 

Ultimate wt % (DAF) 

C 75.98 

4.59 

O 17.08 

N 1 .09  

S 1 . 2 3  

C1 0.03 

100.00 
12,931.4 B t u l l b  
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6 . 2 . 4 . 1  (Cont inued)  

Total stream including hydrocarbon liquids 

Battery Limit Conditions Temperature 

Composition 

component 

H= 

N=/Ar (or N s) 
CO 

CHb 

Cs+ 

CO s 

HsS 

COS 

Pressure 

1,803,1111b/hr 
3550F 

435 psia 

.Dry, Mol % 

40.2  
0 .2  
15.9 

10.9 

0.8 

31.6 

0.4 

0 ,:01 

100.00 

D u s t y  Gas Liquor (Net quant i ty  l eav ing  unit)  

Flow Rate 454,365 l b / h r  

Bat tery  Limit Condit ions Temperature 

Pressure 

350°F 

350 psia 

U t i l i t y  Requirements 

Steam (550 psigi?56OF) from external sources 
Steam produced  (100 ps ig  sat'd)  

BFW to gas i f i er  Jacket (2~2OF) 
Electric Power 

Cooling Water (A T = 30°F) 

Fuel Gas ( for  the  dedicated f lare)  

1.090.908 lb /hr  

566,600 lb /hr  

115.600 lb /hr  
2.400 kW 

551 gpm 

0.7 MM Btu/hr 
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6 . 2 . 4 . 2  PROCESS DESCRIPTION 

The process  flow s k e t c h  for the Gasification unit  is  presented on Drawing  

No. 835704-10-4-101.  The  unit  material balance  for the Base Case fol lows 

on Table 6 . 2 , 4 - l .  The  plot  plan is  shown on Drawing No. 8~5704-10-4-050,  

The equipment l i s t  i s  g iven  in Table 6 . 2 , 4 - 2 .  

The sized coal (2 inch  x 1/4 inch)  for gastf ier  feed is  transported b y  the  

Coal Distribution u n i t  to a coal bunker  located at the top of  each gas i f i er .  
Sequent ia l  o p e r a t i o n  o f  t h e  coal  l ock  u p p e r  a n d  lower  v a l v e s  f e e d s  t h e  coal  

into the gasif ier .  The sequence  of  operation invo lves  (1) depressur izat ion  

of the coal lock b y  v e n t i n g  the  lock gas to the  gs~ recompression system;  

(2) loading the coal charge  from the b u n k e r  into  the  coal lock; (3) r e p r e s -  

surization of the coal lock chamber with lock gas  taken as a s l ipstream 

from the cooled raw gas  leaving the Gas Cooling unit;  and (4) loading 

coal from the coal lock to the gasif ier .  

The coal bed moves down through the gas i f i er  where the coal i s  dr ied ,  
devolati l ized,  and gas i f ied  by  the heat generated  from the combustion of  

the  residual  coal char  with o x y g e n  in the  p r e s e n c e  of  steam. The mixture  

of o x y g e n  and s u p e r h e a t e d  steam is  fed near  the  bottom of the  gas i f ier  

and passes  up t h r o u g h  the  moving coal b e d .  A part of  the steam required  

i s  suppl ied b y  steam generated  in the water  jacket of the gasi f ler .  

Ash is  collected at the  bottom of the gas i f ier  and is  transferred to the  ash  

lock by  a rotat ing grate .  The ash removal process  i s  a sequent ia l  opera-  

tion similar to the  c h a r g i n g  of  the  coal e x c e p t  steam is  used  to p r e s s u r i z e  

t h e  ash lock chamber and the ash lock e x p a n s i o n  condenser  is  u s e d  for 

depressurizat ion.  The  ash  is  d i scharged t h r o u g h  the  ash chute  a f ter  
quench ing  with water  into  the ash handl ing  sys tem.  
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6 . 2 . 4 . 2  ( C o n t i n u e d )  

The hot crude gas f~om the gasifier is cooled in the wash-cooler by 

scrubbing with a recycle stream of dusty and recycle gas Liquor. The 

dusty gas liquor is collected at the bottom of the waste heat boiler and the 

recycle gas liquor is pumped from the Gas Liquor Separation unit.  The 

dust and heavy tar stripped from the hot crude gas in the wash-cooler 

flow to the liquid sump of the waste heat boiler. The crude gas from the 
wash-cooler is further cooled in the waste heat boiler where medium 
p r e s s u r e  s t e a m  i s  g e n e r a t e d .  T h e  d u s t y  g a s  l i q u o r  c o n d e n s e d  i n  t h e  

waste heat boiler flows to the Gas Liquor Separation unit (14) for further 
processing. 

A small amount of lock gas remains in the coal lock after depressurizing 

the coal lock. This residue (approximately two percent of the total) is 

exhausted to the atmosphere by the coal lock ejector using air as the 

motive fluid. The hot flare cooler and the hot flare separator, located 

downstream of the waste heat boiler, are utilized only during startup or 
emergency shutdown operations. 
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