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PREFACE 

Volume II, Process Design and Cost Estimate is a three  book volume. 

Sections 1.0 through 6.2 are presented  in Book I. This  portion,  Book II, 

contains Sections 6.3 and 6 .4 ,  the  Base Case Utilities and Offsite Units 

Engineering Data and the Contents  and Results of  the  Power Self- 

•Sufficiency Case .  Book III contains Sections 6.5 through  6 .9 ,  the 

Coproduction Case, Shell Coal Case,  Process  Studies ,  Des ign  Plans and 

Drawings and Cost Estimates. The  Table of  Contents for Volume II is 
presented in total in each of the t h r e e  books .  
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6.3 

6 .3 .1  

BASE CASE UTILITY AND OFFSITE UNITS - ENGINEERING DATA 

OXYGEN PRODUCTION - UNIT 40 

6.3.1.1 DESIGN BASIS 

PurPose of Unit 

The o x y g e n  plant  p r o d u c e s  gaseous  oxygen for  use  in  coal gasification and  

par t i a l  oxidation of l iquid h y d r o c a r b o n s .  The o x y g e n  plant  also p r o d u c e s  

h igh  p u r i t y  n i t rogen  and  i n s t rumen t  air r e q u i r e d  b y  the  process ,  u t i l i ty ,  

and  o f f - s i t e  un i t s  wi thin  the  p lan t .  

Scope of Unit 

The or~jgen plant consists of facilities to compress air, separate air via 

autorefrigeration and compress the oxygen product, nitrogen and instru-  

ment air for delivery to plant battery limits. 

General De~n Criteria 

The oxygen production facility consists of two 50 percent capacity parallel 
t ra ins ,  esch train having air compressor, a cold box with column/expander, 

and two 100 percent oxygen compressors and LP expanders. 

Each train is designed for continuous operation at design product rates 

with minimum onstream time before deriming or planned shutdown of two 

years .  The cnstream factor is expected to be 100 percent due to the 

sparing of equipment. 

Air compressor  d r i v e r s  a re  b a c k  p r e s s u r e  t u rb ines  us ing  1450 psig/925°F 

steam exhaus t ing  at 650 palE. Oxygen compressor  d r ive r s  and all o the r  

d r i v e r s  a re  motors.  
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6.3.1.1 (Continued) 

Each train is  capable of operatin~ independently  and at turn  down rates of 

approximately 70 percent of des ign  capacity.  

Process Performance Ob|ec.tlves 

The oxygen  plant is designed to produce a total of 2925 ST/D of 98.5 per- 
cent  volume purity oxygen based on atmosphe~-Ic air feed. The oxygen 

plant also produces 14.5 MM SCFD of 99.99 percent volume purity nitro- 

gen (I) and 4.4 MM SCFD of instrument air with a maximum dew point of 

-40°F (at 100 ps ig ) .  

Feedstock 

Inlet air for the design of the oxygen  plant is atmospheric air with the 
following properties:  

Pressure 13.0 psia 

Temperature 88oF 

Dew Point 64oF 

Inlet flow rate of air is 347 MM SCFD 

The possible  contaminants in the  intake air are the following: Light 

hydrocarbons,  ammonia, sulfur dioxide,  hydrogen sul f ide ,  and nitrogen 
oxides.  

(r) 0 3 content  less  than 100 ppm volume 
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6.3.1.1 (Continued) 

Products 

The condition of  the  oxygen plant product  streams are g iven below: 

Product Stream Temperature ( °F)  Pressure (ps ig )  Phase 

Oxygen 230 (max) 495 gas 

Nitrogen 75 50 gas 

Instrument Air 75 50 gas 

Utilities 

The oxygen  plant consumes the uti l i t ies  l i s ted below: 

1450 psig/925oF Steam 

Cooling Water 

Electrical Power 

1.2 x 106 lb/hr  (exits unit at 650 psig) 

10,400 gpm 

11,900 kW 

The oxygen  plant  produces the ut i l i t ies  l i s ted below: 

Process Condensate 

Electrical Power 
11,009 lb /hr  

600 kW 

6 .3 .1 .2  PROCESS DESCRIPTION 

The util ity flow sketch  for the Oxygen  Production unit i s  shown on Draw- 

ing No. 835704-40-4-101.  The material balance (Table 6 . 3 . 1 - 1 )  for the 

unit follows the  drawing. The plot plan is  shown on Drawing 

No. 835704-40-4-050 and the equipment l is t  (Table 6 .3 .1 -2 )  fol lows.  
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6.3.1.2 (Continued) 

The O x y g e n  Plant u s e s  a low pressure  cyc le  for  air separation with r e v e r s -  

ing  heat  exchangers .  The  refrigeration requirements  for the plant are 

covered  b y  the expans ion  of  air .  

The process air is filtered, compressed (by an axial/radial centrifugal 

compressor) and cooled. The air stream is passed through a knockout 

drum where condensate is removed and sent to BFW and Condensate Treat- 
ing Unit 45.  The air stream then  enters  the  r e v e r s i n g  exchangers  at near  
ambient temperature. 

In the exchangers the air is cooled to near liquefaction temperature against 

separated cold product streams. Water and carbon dioxide contained in 

the air are deposited on the plate surface of the air passes during one 

half cycle. They are scavenged from there after flow reversal by waste 

• nitrogen from the unit. 

Flow reversa l  in the r e v e r s i n g  heat  e x c h a n g e r s  i s  control led by  an e lectr ic  
sw i t ch ing  device ac tuat ing  v a l v e s  located at the  warm end of  the  heat  
e x c h a n g e r s .  Flow reversa l  at the  cold end of  the  exchangers  is  e f f ec ted  

b y  means of automatically operat ing  check v a l v e s .  

The major portion of  the  proces s  air, a f ter  l eav ing  the  cold end of the  

r e v e r s i n g  exchangers ,  f lows to the Air Separat ion un i t .  Within the  Air 

Separation unit  the proces s  air i s  cryogenical ly  separated  into ni trogen and 

o x y g e n  via autorefr igerat ion.  

Pure n i trogen product  i s  wi thdrawn from the  Air Separat ion unit  and  f lows  
to the  revers ing  e x c h a n g e r s .  The  stream is  warmed to ambient tempera-  
ture  i n  heat  e x c h a n g e r s .  
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6 . 3 . 1 . 2  (Continued)  

The  gaseous  o x y g e n  product  i s  wa~'med up in n o n r e v e r s i n g  passages  of  the  

main e x c h a n g e r s  and l eaves  at ambien~ temperature and a pressure  o f  

approximately 24 psia. It then enters the suction of the oxygen product 
compressor system. 

C 

D e E m i n g  of  the r e v e r s i n g  e x c h a n g e r s  i s  by  h e a t e d  plant  air. Total 

der iming is  required e v e r y  two y e a r s ,  with downtime of  approximately 
80 h o u r s .  

. " . .  

Prevent ion  of dangerous  contaminants  from e n t e r i n g  the  o x y g e n - r i c h  s e c -  

t ion of  the  Air Separation Unit i s  provided b y : ,  

Air Filters - Upstream of the main air compressor to 

eliminate dust  and part iculate  matter. 

R e v e r s i n g  E x c h a n g e r s -  

Hydrocarbon Filters 

Revers ing  passages  are u s e d  for the elimi- 

nat ing  of  carbon d iox ide  and water as weI1 
as  for heat e x c h a n g e .  The  passages  also 

freeze  out  other condens ib l e  impurities w h i c h  

are then  safely el iminated into the waste  
n i t rogen  stream. 

- Absorbers  located wi th in  the  Air Separati.on 

Unit are provided for the removal of hydro- 
carbon contaminants.  

Unit  Plot Area Requirements  

Area requ ired  for two 1462 STPD trains is  200 x 200 fee t .  
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Stream Number 

Stream Name 

Component 

N 3 

Ar 

02 

~otal Dry Gas 

]20 
~otal Wet Gas 

)ry Gas Ib/hr 

[20 lb/hr 

Iteam 

• . . • ,... • . . 

TABLE 6.3.1-1 

MATERIAL BALANCE 

OXYGEN PRODUCTION - UNIT 40 

40-1 40-2 40-3 40-4 

Oxygen Nitrogen 
Product Product 

Dry Instrument Vent 

Air Tu Atmosphere 

Ib-mol/hr Mol% Ib-mol/hr Mol% Ib-mol/hr Mol% Ib-mol/hr Mol% 

114.4 1.5 

7,516.8 98.5 

1,592.1 100.0 374.9 78.0 27,651.8 97.4 

4.5 0.9 252.7 1.2 

101.1 21.1 395.5 1.4 

7,631.2 100.0 1,592.1 100.0 

7,631.2 1,592.1 

480.5 100.0 28,401.0 100.0 

480.5 28,401.0 

243,743 44,604 13,920 28,401 

lotal lb /hr  243,743 44,604 13,920 28,401 

ressure, psia 

'emperature, °F 

508 63 63 

230 (Max) 75 75 

OTE: Flow quantities,  temperatures, and pressures shown are for the total unit on a stream-da~ 

design purposes,  and are not necessarily the conditions which will be attained during aetu~ 
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TABLE 6.3.1-1 

MATERIAL BALANCE 

[YGEN PRODUCTION - UNIT 40 
. i i , 

40-3 40-4 40-5 40-6 

Dry Instrument  Vent  
Air To Atmosphere 

Process  

Condensate HHP Stream 

Ib-mollhr' Mol~ lb-mol /hr  Nlol~ Ib-mollhr Mol~ lb-mol /hr  Mol~ 

) . 0  3T4.9 ?8.0 27,651.8 97.4 

4 .5  0.9 252.? 1 .~  

101.1 21.1  395.5 1.,1 

0,0 480.5 100.0 28,401.0  100.0 

480.5 28,401.0  

4 13,920 28,401 
11,009 

1,222,200 

!4 13,920 28,401 11,009 1,222,200 

;3 63 1,463 

'5 75 925 

shown are for the  total unit  on a s tresm-day bas is ,  are to be used  solely for process  

conditions which will be  attained dur ing  actual operations.  
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Item No.  

40C-0101 

40C-0102 A / B  

40E-0101 

40DM-0101 

4OME-0101 

40ME-0102 

40FT-0101 

40T-0101 

NOTE: 

TABLE 6 . 3 . 1 - 2  

EQUIPMENT LIST 

OXYGEN PRODUCTION 

Equipment Name 

Air Compressor  

Oxygen Compressors 

Air Compressor After Cooler 

Condensate K.O. Drum 

R e v e r s i n g  Heat E x c h a n g e r s  

Air  Separat ion Unit 

Inlet  Air Fi l ters  

Air Compressor Turbine Driver 

Number Required 

2 O 

2 2 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

Train  #2 equipment n u m b e r s  which  are not  shown are the  same as 

ind i ca ted  above e x c e p t  the  train des ignat ion  i s  02 i n s t e a d  of  01.  

Example:  Train #I' Train #2 

40C-0101 40C-0201 
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6.3 .2  STEAM GENERATION - UNIT 41 

6.3.2.1 DESIGN BASIS 

purpose of Unit 

The Steam Generation unit produces steam using coal-fired boilers, distri-  

butes the steam throughout the plant and uses the cold condensate r e tu rn -  
ing from the power plant for recycle to the boilers. The maximum use of 

returning condensate reduces the overall plant water makeup. 

Scope of Unit 

The Steam Generation unit consists of the production, collection, control 

and distribution of steam at five p ressure  levels to the process,  offsite 

and utility consumers. Boiler feedwater deaeration is also included in 
this unit .  

General Design Crlteria 

The Steam Generation unit consists of three 50 percent  boilers plus 

ancillary equipment. Each boiler has a ra ted capacity of 2.1 x 106 lb /h r  

of 1500 psig/925oF steam with a normal operating rate of 1.4 x 106 lb /h r .  

Each boiler has two feed water pumps plus one spare ~ith each pump rated 

at 2000 gpm. Normal operating flow rate for each pump is 1,400 glom. 

The Steam Generation Unit has the following equipment sparing philosophy: 

Boilers - three 50 percent units 

Boiler Feedwater Deaerators - 3 deaerators servicing three  boilers. 

Boiler Feedwater Pumps - 2 operating pumps and one spare per 

boiler. 

6-233 
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6.3.2.1 (Continued) 

Boilers are designed for continuous operation of steam supply to the plant. 

Scheduled shutdown of one boiler train does not affect the plant  steam 

supply. 

Drivers above 10.000 HP within the process ,  utility and offsite units are 

turbines using 600 psig/760oF steam to condensing.  

Boiler Operating Range - 40 to 100% of design 

Boiler Control Load - 50 to 100% of design 

All steam pressure  levels except LP steam have headers  designed based on 

a line loss of 0.5 to 1.0 psi/100 ft. LP steam header  is designed based on 

a line loss ranging  from 0.25 to 0.5 psi/100 ft.  Condensate re turn  

headers  are designed for two phase flow. 

Process Performance Objectives 

The Steam Generation unit supplies and dis tr ibutes  the following levels of 
steam as required throughout  the plant: 

1500 psig/925OF superheated steam 

600 psig/760oF superheated steam 

650 ps ig /sa tura ted  steam 

100 ps ig /sa tura ted  steam 

60 ps ig /sa tura ted  steam 

- - -  ! ii! i " I 



6 . 3 . 2 . 1  (Cont inued)  

The steam generation unit also provides boiler feed water (BFW) at 

1930 peig/ 230oF. The steam generation unit usesreturning cold con- 

densate from the power turbine surface condensers. The cold condensate 

is treated and then stored prior to use as boiler feed water. Demin- 

eralized water is used as BFW makeup. 

Based  on t h e  analys i s  o f  Westmoreland coal,  a boi ler thermal e f f i c iency  o f  
85 percent  is  expec ted  for  the  convers ion  o f  coal to raise  steam. 

Feeds tock  

The Steam Generation coal rate to the boilers is based on 40 percent fines 

or 7200 TID (as received) of Westmoreland coal. 

.Cos/ Westmoreland (Lurgi Analysis) 

Proximate (As received) 

Moisture 

Ash 

Fixed Carbon 

Volatiles 

Btu/Ib (HHV) 

Ultimate (Dry  Ash Free)  

Treated Water 

Make.up to boilers 392 gpm 

26.0% Carbon 

7.4% Hydrogen 

40.1% Nitrogen 

26.5% Sul fur  

100.0 Chlorine 

8612.3 Oxygen 

Btu/Ib  (HHV) 

75.98% 

4.59% 

1.09% 

1.23% 

.03% 

17.08% 

100.0 

12931.4 
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6 .3 .2 .1  

Products 

(Cont inued)  

Steam 

1500 psig1925OF 

600 psig/760OF 

4,121,400 lb/hr 

4,121,300 lb/hr 

Boiler Feed Water 

HHP BFW 8,284 gpm 

Blowdown 

Boiler Blowdown 41 gpm 

Ash 

Fly Ash 

Bottom Ash 
35,377 lb/hr 

8,880 lb/hr  

Flue Gas 

Temperature, 300OF 

Component Moles/hr 

CO 11 

CO S 25,280 

H~O 20,060 

SO 2 153 

HC1 3 

O~ 8,073 

N~ 135,473 

NO2 56 

lb/hr 
308 

1,112,585 

361,401 

9,821 

124 

258,339 

3,795,115 

2,584 

TOTAL 189,109 5,540,277 

Mole % 

58 ppm 

13.4 

10.6 

809 ppm 

16 ppm 

4.3 

71.6 

296 ppm 
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6 . 3 . 2 . 1  

Utilities 

(Continued) 

Power 32,500 kW Consumed 

6 . 3 . 2 . 2  PROCESS DESCRIPTION 

The ut i l i ty  f low s te tch  for the  Steam Generation Unit i s  s h o w n  on Drawing 

No. 835~04-41-R-I01. The steam distribution system is shown on Drawing 

No. 835704-41-R-102. The material balance is shown on Table 6.3.9.-1. 

The plot p lan i s  shown on Drawing  No.  835704-41-5-050.  The  equipment 
list is  g iven  in  Table 6 . 3 . 2 - 2 .  

Steam Plant 

The boi lers  are f ired with coal f ines  recovered in the  s c r e e n i n g  process  

required for  ob ta in ing  sized coal for  gasi f icat ion.  The boi lers  generate 

superheated  1500 p s i g  steam to dr ive  turbogenerators  in  the  Power 

Generation Unit  42 and air compressors  in  the Oxygen Product ion  Unit 40. 

Boiler feed water  cons i s t s  of  po l i shed  co!d condensate  from the  surface 

condensers  in  the  Power Generation un i t .  Makeup water i s  demineralized 

water from the  BFW and Condensate Treat ing  Unit 45. The  BFW is  pre-  

heated to 180°F with turbine  extract ion  steam from the  LP sec t ion  of  the 

turbogenerators .  The preheated BFW is  then  deaerated.  

The deaerator i s  normally operated at 7 p s i g  and reduces  the  dissolved 

oxygen  content  i n  the BFW to l e s s  than  4 ppb.  The temperature  of  the 
BFW flow from the  deaerators i s  230oF. 

( 
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6. $. 2 .2 (Continued) 

The deaerated BFW is  pumped to the boi lers  by  pumps driven by electrical  

motors.  The pump discharge  pressure  is  1930 ps ig .  The BFW is p r e -  

heated to 430°F us ing  turbine  extraction steam from the LP section o f  the 

turbogenerators  prior to f lowing into the steam drum. 

Boiler blowdown is  f lashed to recover 40 p s i g  steam for BFW deaeration.  

The remaining blowdown is  routed to the Util ity Cooling Tower. 

Steam Distribution 

The process  steam distr ibution system is  comprised of  distribution piping  

and controls for f ive leve ls  o f  steam, The pres sure  levels  are des ignated  

a s :  

1500 psig,  925OF superheate,q steam - this  level  is  referred to as 

high-high pres sure  steam (HHP), 

650 psig ,  saturated steam - this l eve l  i s  re ferred  to as high pres sure  

saturated steam (HPSAT).  

600 ps ig ,  760°F superheated  steam - this  level  is  referred to as h igh  

pr ,~3ure  superheated steam (HP), 

100 psig ,  saturated steam - This level  ~.s re ferred  to as medium 

pressure  steam (MP). 

60 ps ig  saturated steam - this level  i s  re ferred  to as low p r e s s u r e  

steam (LP). 
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6 . 3 . 2 . 2  (Continued) 

H i g h - H i g h  P r e s s u r e  Steam 

The HHP steam is generated in the coal fired boi lers .  The HHP steam is 

used  to drive turbogenerators in the Power Generation Unit 42 and to drive 

the air compressors in the Oxygen Production Unit 40. 

High Pressure Saturated Steam 

T h e  HPSAT steam i s  g e n e r a t e d  i n  p r o c e s s  w a s t e  heat  boi lers  in t h e  

Methanation Unit 22 and the  Partial  Oxidation Unit 24 .  

The HPSAT steam is consumed in the following process  units: 

Tar Distillation 

Naphtha Hydrotreating 

Phenosolvan 
Ammonia Recovery 
Partial Oxidation 

Excess HPSAT steam is superheated in the Process Steam Superheating 

Unit 20 to produce high pressure superheated steam. 

_High Pressure  Superheated Steam 

The HP steam is exhausted  from the backpressure sect ion of the turbogene-  

rators in the Power Generation Unit 42 and is passed  through a reheater 
coi l  in  t h e  boi ler  b e f o r e  f l o w i n g  into  the  HP steam h e a d e r .  Additional HP 

~team is generated in the Process  Steam Superheating Unit 20. 
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6.3 ~ 2.2 (Con.tlnue~) 

The major consumers .of HP steam are-" 

Coal Gasification 

SNG Compressor Turbine Drivers 

LP Section of the Turbogenerators 

The HP steam is also consumed in small amounts by: 

HPSAT steam startup 

MP steam startup 

LP steam startup 

Medium Pressure Steam 

The MP steam is produced in Gasification Unit 10 waste heat boilers, in 

Sulfur Recovery Unit 19 and in Partial Oxidation Unit 24. Letdown from 

:the HP steam header is used to maintain pressure in the MP steam header 
as neeesvary. 

MP steam i s  consumed in the fo l lowing  p r o c e s s  units:  

Rectisol 

Phenosolvan 

Ammonia Recovery 

Tank Farm 

MP steam i s  also u s e d  for  steam trac ing  and motive steam for  s u r f a c e  con-  

d e n s e r  e j ec tors .  Any  e x c e s s  i s  le t  down to  the  LP steam h e a d e r .  

-- i 
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6.3.2.2 (Continued) 

Low Pressure Steam 

LP steam is produced in Gas Cooling Unit 12 and Sulfur Recovery Unit 19. 

Relatively small amounts are produced by blowdown flash drums from pro- 

cess waste heat boilers and by steam condensate flash drums. The LP 

steam header pressure  is maintained, as necessary,  by letdown from the 

MP steam header ,  

LP steam is consumed in the following urdts: 

!.. 

Rectisol 

Tar Distillation 

Naphtha Hydrotreating 

Phenosolvan 

Sulfur Recovery 

Tank Farm 

Wastewater Treating 

LP steam is also used in process BFW deaerators. During system upsets 

excess LP steam is vented to the atmosphere to control header pressure. 

( 
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Stream Number 41-1 41-2 41-3 

Coal Demineralized Cold 

Stream Name Fines Water• Condensate 

Component Lb-mol/hr Mol% Lb-mol/hr Mol% Lb-mol/hr Mol 

Ns 

02. 
CO 

CO s 

SO~ 

HCI 

NO z 

Total Dry Gas 

H=O 

Total Wet Gas 

Dry Gas, ib/hr 

H20, Iblhr 

Steam, Ib/hr 

Coal, Ib/hr 

Parti- 

culates, Ib/hr 

600,000 

196,100 2,912,800 

Total, lb /hr  600 i000 196,100 9.,912,800 
Pressure, psia 88 88 

Temperature, °F 80 80 

NOT..~: The flow quantit ies ,  temperatures ,  and pressures 

purposes ,  and are not necessar i ly  the  conditions wl 

i:i~!~!:iltC ~• :; 

i::,i ~ 17 i 
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0 .3 .2 -1  

, BALANCE 

TION - UNIT 41 

41-5 41-6 41-7 41-8 41-9 

P roces s  Steam 

st  Reheat  HHP Boiler  S u p e r h e a t i n g  Flue Gas 

Steam Steam Flue Gas Flue Gas To S tack  

Mol~ Lb-mol /h r  Mol~ Lb-mol /h r  Mol~Lb-mol/hr Mol~ L b - m o l l h r  Mol~oLb-mol/hr MoI~ 

135,473 80.14 11,169 33.42 147,873 72.53 

8,073 4.78 642 1.92 9,043 4.44 

11 0.01 Trace  - 11 - 

25,280 14.95 21,602 64.64 46,882 23.00 

153 0.09 3 - 18 - 

56 0.03 5 0.02 61 .03 

169,949 100.0 33,421 100.0 203,877 100.0 

20,060 3,327 36,296 

189,109 36,748 240,173 

] 4,121,400 4,121,400 

5,178,876 1,284,596 6,497,327 

361,401 59,934 653,376 

Q 

143 143 

4,121,400 4,121,400 5,540,420 1,344,530 7,150,846 

3 613 1513 13.3 13.5 13.1 

0 760 930 300 400 175 

~' t h e  to ta l  un i t  on a s t r e a m - d a y  basis ,  a re  to  be  u s e d  solely for  p r o c e s s  d e s i g n  

t t a i n e d  d u r i n g  ac tua l  ope ra t ions .  

I 
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TABLE 6 . 3 . 2 - 2  

EQUIPMENT LIST 

OXYGEN PRODUCTION 

!. 

Item No. Equipment ,Name 

41E-0101 

41E-0102 

4 1 E - 0 1 0 3  

41E-0104 ......... 

41E-0105 

41E-0106 

1st  BFW Preheater  

2nd BFW Preheater  

3rd BFW Preheater  

4th BFW Preheater  

5th BFW Preheater 

6th BFW Preheater  

41C-0101 A/B 

41C-0102 A/B 

41C-0103 A/B 

41C-0104 A/B 

Force Draft Fans 

Primary Air Fans 

Induced Draft  Fans  

Seal Air Fans 

41DA-0101 High-High Pressure  Service  

Deaerators 

41BO-0101 1500 p s i g  Boilers 

41HO-0101 Surge  Hopper 

41HO-0102 A / B / C I D  Boiler S i los  

41P-0101 A / B / C  BFW Pumps 

41DM-0101 

41DM-0102 
Blowdown Flash Drum 

HP Blowdown Flash Drum 

Number Required 

spare 

3 0 

3 0 

3 0 

3 0 

3 0 

3 0 

3 3 

3 3 

3 3 

3 3 

3 0 

3 0 

1 0 

12 

6 3 

3 0 
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TABLE 6.3.2-2 (Continued) 

EQUIPMENT LIST 

OXYGEN PRODUCTION 

Item No. 

41FD-0101 

41FD-0102 

41ME-0101 

41ME-0102 

41ME-0103 

41ME-0104 

41ME-0105 

41ME-0106 

4 1 ~ - 0 1 0 7  

41ME-0108 

41[~-0121 

AIB 

AIBICID 

AIB 

AIB/C/D 

A/B 

E.qRipment Name 

Vibrating Feeders 

Gravimetric Feeders 

Belt Conveyors 

Coal Pulverizers 

Regenerative Air Heaters 

Electrostatic Precipitators 

Boiler Stack 

Morpholine Injection System 

Hydrozine Injection System 

Phosphate Injection System 

HP to MP D e s u p e r h e a t e r  

Number Required 

Spar____ e 

2 0 

12 0 

2 0 

12 0 

6 0 

3 0 

Z 0 

3 0 

3 0 

3 0 

1 0 
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6 . 3 . 3  POWER GENERATION - UNIT 42 

6 . 3 . 3 . 1  DESIGN BASIS 

Purpose  of Unit 

The Power Generation Unit prov ides  electric power for p r o c e s s ,  o f f s i tes  and 

uti l i ty  consumers .  The Power Generation unit  produces  e lectric  power in  

e x c e s s  of  the power required for total plant s e l f - s u f f i c i e n c y .  Export  of 

th is  electric power is  cons idered  in  the  des ign .  

Scope of  Unit 

The  Power Generation uni t  cons i s t s  of  a s tand-a lone ,  "onsite power plant ,  

power distr ibut ion system and an uninterrupt ib le  power system for crit ical  

u s e r s .  The integrat ion of  the  Power Generation uni t  into  the  overall  plant  
is  shown on Figure 6 . 3 . 3 - 1 .  

i-i: 

• . ,~ 

.. 
' . j  

. . .  
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2 I / -  
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i :). 

' i 

i.i .:i ill 

General Des ign  Criteria 

The Power Generation uni t  will consis t  of  three  mult istage reheat turbo-  

generators ,  Each turbogenerator  will produce 135.0 MW of electric power .  

Due to the  h igh  reliability of  the turbogenerators ,  a spare turbogenerator  

train win not be required .  Also,  in the  event  o f  an emergency ,  power can 

be taken from. an electrical  grid source external  to the  plant ( see  Sec -  

t ion 6 . 3 . 2 0 ,  Electrical Dis tr ibut ion,  in this  vo lume) .  

The  turbogenerators  are des igned  ~or cont inuous  operat ion.  The onstream 

factor ie  compatible with the  overal l  plant onstream factor of  332 d a y s /  
year .  
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6 . 3 . 3 . 1  (Continued) 

Process Performance Objectives -..... 

Power plant generation will be at 24,000 volts. 

Power is  supplied as follows: 

User 
m 

Motors above 151 BHP 

Motors below 151 BHP 

Lighting, Instrumentation, etc. 

, Vo!ta~e Cycles Phase 

4,000 60 3 

400 60 3 

240/120 60 1 

Utilities 

Consumed (i) 

Produced 

Steam 

1500 psig/925OF 2.9 x 106 l b / h r  

600 psig1760OF 3.8 x 106 l b l h r  

100 ps ig / sa t 'd  (ejectors)  78,700 lb /hr  

Cooling Water 162,300 gpm 

Power 310 kW 

Condensate 

Power 

2.91 x 106 l b l h r  

405 M W  

(1)  Steam exits  the  unit at 650 ps ig  for  reheat  and inclusion in 

600 ps ig  760OF flow. 
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6.3.3.2 PROCESS DESCRIPTION 

The ut i l i ty  flow sketch  for the  Power Generation Unit i s  shown on Draw- 

ing  No. 835704-42-4-101.  The material balance i s  shown on Table 6 , 3 . 3 - 1  

and the  equipment  l ist  (Table  6 . 8 . 3 - 2 )  fol lows: 

Power Plant 

The power plant  i s  des igned  to supply  total plant requirement  and export  

power for sa les .  Power i s  generated  onsite  by  three  parallel  units  of  

135 MW turbogenerators .  The  generators  are h y d r o g e n  cooled and rated a 

24 kV.  Power Generation b y  parallel un i t s  of 185 MW turbogenerators  

provides  reliable and f lexible s u p p l y  of  power to the Process  and Util ity/  

Offsite u n i t s  in the plant .  The  total plant load for the  Westmoreland 

40 percent  frees SNG case i s  121.8 MW. Power in  exces s  of  plant  require-  

ments is" approximately 283.2 MW. 

The power  plant  is  ful ly in tegra ted  with the  Steam Generation Unit 41 

which supp l i e s  1500 ps ig /925°F  steam to the back p r e s s u r e  sect ion of the 

turbogenerators .  The e x h a u s t  steam ex i t s  the  turbine  at 650 ps ig /T10°F.  

This e x h a u s t  steam is reheated  in the  boi lers  to provide 600 ps ig /760°F 

steam for plant u s e  and to generate  addit ional  power .  A major portion of  

the reheated  steam i s  sent  back to the Power Generation uni t  and is  u s e d  

in the  c o n d e n s i n g  sect ion of  the  turbogenerators  to generate  additional 

power.  The  c o n d e n s i ~  sect ion  of  the turbogenerators  have  several  

extract ion ports  to supply  steam us:~d for BFW preheat ing  and BPW 

deaeration.  

Cooling water i s  u s e d  to c o n d e n s e  the e x h a u s t  steam from the  LP 'section 

of  the  turbogenerators ,  D e s i g n  c o n d e n s i n g  p r e s s u r e  i s  four  inches  Hg 

absolute .  The  cold cond~nsat  e i s  pumped •.t~., the BFW & Condensate  Treat-  

. ing  Unit  45 where  it i s  treated  in  a mixed bed  de- ionizat ion unit  and 

recycled for use  as BFW. 
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6 , 3 , 3 . 2  (Coz.~tinued) 

Powe~ D i s t ~ b u t i o n  

The  Power  D i s t r i b u t i o n  sys tem is  d i s c u s s e d  in  S e c t i o n  6 . 3 . 2 0  o f  th i s  

r epor t .  
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TABLE 6 . 3 . 3 - 2  

EQUIPMENT LIST 

POWER GENERATION - UNIT 42 

Item No. 

42E-0101 

42P-0101 A/B 

42GE-0101 

Number Required 
,Equipment Name Spare 

HP T u r b i n e  S u r f a c e  Condenser 3 0 

HP Vacuum Condensate  Pump 3 3 

1500 ps ig l600 p s i g  Turbine 3 0 

Generator Set 

Oper. 

NOTE: Train #2 and Train #3 equipment numbers which are not shown 

are the  same as indicated above except  the train desigT~ation is 02 
or 03 instead of 01. 

Example: Train #1 Train #2 Train #3 

42E-0101 4 2 E - 0 2 0 1  42E-0301 
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6 . 3 . 4  FLUE GAS DESULFURIZATION - UNIT 43 

6 . 3 . 4 . 1  DESIGN BASIS 

Purpose  of  Unit 

The purpose  of the  Flue Gas Desulfurizat ion uni t  i s  to reduce the  SOz 

emiss ions  from the coa l - f ired  boiler plant.  

Scope of  Unit 

The uni t  cons is ts  of  faci l i t ies  for SO 2 absorpt ion ,  oxidation of SO 2 to 

SO~ "~ , precipitation of  g y p s u m ,  chemical makeup,  and waste so l ids  
concentrat ion.  

General Design Criteria 

The uni t  has three 50 percent  capacity tra ins  of  absorpt ion and ox idat ion .  

The chemical makeup s y s t e m s  and sol ids  th ickener  are s ing le  train 

s y s t e m s .  The gypsum f i l ter ing  cons i s t s  o f  two 50 percent  t ra ins .  

Suff ic ient  spare capacity  i s  provided such  that  cont inuous  SO~ removal i s  
e x p e c t e d .  

Process  Performance Object ives  

The su l fur  removal e f f i c i ency  i s  90 percent  b a s e d  on 0.82 weight percent  

su l fur  as received in  the  coal feed to the  bo i l ers .  
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6 . 3 . 4 . 1  CContinued) 

Feedstock 

Boiler Flue Gas 

Products 

Flue Gas to Stack 

6-257 

Component 

02 
Nz 
CO 
COz 

HzO 
so~ 
NOz 
HC1 

TOTAL 

Temperature 

.Component 
O~ 

N2 
CO 

CO 2 
H20 

SO 2 
• NO3 

TOTAL 

Tempersture 

uu n o~zJ.~",sou or iE~m ~ A  
18 6UBJ~ I tTHI  IIWSTIUCiION ¢N INE 

NOTICE PAQI~,&T IH[ FMNT~ TH;'t I~r~qtlr 

moles/hr 

8,073 

135,473 
11 

25,280 
2 0 , 0 6 0  

153 
56 

3 

189,109 

300oF 

moles/hr 
8,40! 

136,704 
"11 

25,280 
32,969 

15 
56 

203,436 

128°F 

! 

m 
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6.3.4.1 (Continued) 

32,350 lb /h r  

Utility and Chemical Requirements 

Lime 8,792 lb /hr  

Formic Acid 117 lb /h r  

Water Makeup 244,000 lb /hr  

Power 5,070 kW 

6.3.4.2 PROCESS DESCRIPTION 

The process flow sketch for Unit 43 is shown on Drawing 

No. 835704-43-4-101. The unit  materiel balance (Table 6.3.4-1) and the 

equipment list (Table 6.3.4-2) follow the  drawing. 

The Davy McKee Saarberg-Hoelter FGD process is a wet scrubbing process 

using lime for SO~ removal. The process has four main steps:  SO s 

absorption, oxidation, lime addition, and solids separation. 

The boiler flue gas is contacted co-cur ren t ly  with the lime washing solu- 

tion. Calcium ions in the form of calcium hydroxide,  Ca(OH)z , calcium 

formate, Ca(COOH)2 , and calcium chloride, CaC19, in the solution are used 

to absorb sulfur  dioxide from the flue gas. The absorbed SO 2 reacts to 

form calcium bisulfi te,  Ca(HSO3)9 , which is water soluble. 

In the oxidizer,  air  contacts the solution and converts bisulfite ion, HSO~, 

to sulfate ions which react with the calcium ions to form calcium sulfate 

dihydrate (gypsum) crystals.  The oxidizer solution overflows into the 
mixing channei and to the thickener .  
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6 . 3 . 4 . 2  (Continued) 

In the mixing channel, lime in the form of slurried lime, Ca(OH)z, is 

added to the scrubbing fluid. Lime is added to replenish calcium ions 

(consumed by the formation of gypsum in the oxidizer) and to adjust the 

pH value to that required for SO S absorption. A small amount of formic 

acid is added to maintain calcium solubility in the clean solution. 

The gypsum crystals  formed in the oxidizer and mixing channel are sepa-  

rated from the washing fluid in the th ickener .  T-he crystals  are pumped 

form the bottom of  the  thickenar to a vacuum fi l ter.  The vacuum fi l ter 

produces a gypsum cake containing approximately 77 percent  solids (23 p e r -  

cent free H20) .  The fi ltrate is  recireulated to the  thickener .  The clear 

overflow from the top of  the thickener is returned to the absorber as 

washing f luid.  
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TABLE 6.3.4-1 

MATERIAL" BALANCE 

FLUE GAS DESULFURIZATION - UNIT 43 

Stream Number 43-1 43-2 43-3 

Stream Name Flue Gas Lime Raw Water 
• From Makeup 

• Unit 41 

Component lb moUhr tool % 

N,_ 135,473 80.14 
O= 8,073 4.78 
CO= 35,380 14.95 
CO II 0.01 
NO~ 56 0.03 
HC1 3 0.002 
SO= 153 0.09 

Total Dz-y Gas 169,049 100.00 
H20 20,060 '" : 
Total Wet Gas 189,109 " 

Dry Gas, l b / h r  5,178,876 
H 20 l b l h r  361,401 
Lime l b / h r  
Dry Gypsum l b / h r  
Particulates l b / h r  143 
Total l b / h r  5,540,420 

8,792 
244,000 

8,792 244,000 

Pressure ,  psia 13.3 
Temperature °F 300 

NOTE: Flow quanti t ies ,  pressures  and temperatures shown are for the total unit on a stream-day 
design purposes ,  and are not necessarily the  conditions which will be attained during actual 
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TABLE 6.3.4-1 

MATERIAL BALANCE 

LUE GAS DESULFURIZATION - TJNIT 43 

43-2 43-3 43-4 43-5 

5 ;.Lime Raw Water  Flue Gas Gypsum to  
:' Makeup  to  Uni t  41 Uni t ' 03  

L % lb m o l l h r  mol % 

14 136,704 80.19 
78 8,701 4.93 
95 25,280 14.83 
,01 : 11 0.01 
03 56 0.03 
,0o  
,09 15 0.01 

,00 170,467 100.00 
32,969 

203,436 

5,212,731 
244,000 593,442 7,418 

8,792 

143 24,832 
8,792 244,000 5,806,316 32,350 

13.1 
.3 128 

'es s h o w n  a r e  f o r  t h e  t o t s l  u n i t  on  a s t r e a m - d a y  bas i s ,  a r e  to  b e  u s e d  sole ly  f o r  p r o c e s s  
~]xe c o n d i t i o n s  wh ich  win be  a t t a i n e d  d u r i n g  ac tua l  o p e r a t i o n s .  
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• : - "  " TABLE 6 . 3 . 4 - 2  

EQUIPMENT LIST 

FLUE GAS DESULFURIZATION - UNIT 43 

Equipment Number 

43 VL-0101 A-F (1) 

43 VL-0102 (1) 

Equipment Name 

Absorber 

Oxidizer 

No. Required 

Operating S_~ 

18 0 

3 0 

43 TH-0101 Thickener  1 0 

43 FT-0101 (2) Vacuum Filter 2 0 

43 ME-0101 (1) 

43 [ ~ - 0 1 0 2  

43 ME-0103 

Mist Eliminator 3 0 

Lime Slaking System 1 0 

Chemical Addition 

System 1 0 

43 C-0101 (1) Oxidizer Air Blower 2 1 

43 P-0101 (1) 

43 P-0102 A/B 

43 P-0102 (2) 

Washing Fluid Pump 

Filter Feed Pump 

Filtrate Pump 

2 1 

1 1 

2 0 

NOTES: (1) Part of a three  train area. Equipment numbers for 

Train #2 and Train #3 are the same as indicated above 

except  the train designation is  02 or 03 instead o f  01. 

Example: Train #1 Train #2 Train #3 

43VL-0102 43VL-0202 43VL-0302 

(2) Part o f  a two train area. 
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