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- PREFACE

Volume II, Process Design and  Cost Estimate, is a three book volume,
Section 1.0 through 6.2 are ﬁresented in Book I. Baock II contsins
sectione 6.3 and 6.4, Base Case Utilities and Offsite Units - Engineering
Data and The Contents and Results of the Power Self-Sufficiency Case.
This book contains Seection 6.5 through 6.9, Coproduction Case, Shell Coal

Case, Process Studies, Design Plans snd Drawings and Cost Estimate.

The Table of Contents for Volume II is presented in total in each of the
three books.
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6.5 COPRODUCTION CASE

6.5.1 OVERALL PLANT DESCRIPTION

The principal difference in the design for the Coproduction Case is that
methanol and substitute natural gas (SNG) are the maj'or products as
opposed to only SNG in the Base Case. The pure syngas is fed to a meth-
.anol synthesis unit producing methanol which is purified. The purge gas
from the Methanol Synthesis unit is converted to SNG by methanation.
Other process and utility/offsite units are similar to the Base Case

except there is no requirement for a CO Shift unit and there is a slight
variation in size of some units to accommodate the change in processing
scheme,

Coal feed to gaéiﬁcation and boilers is identical to the Base Case., Feed
and product rates for this case are given in Section 6.5.2. Other than the
methanol and SNG products, the byproduct rates are only merginally differ-
ent from the Base Case. Power aveilable for expoi-t i3 less than the Base

Case, Que mainly to the additionsl energy consumed in the Methanol Synthe-
sis unit.
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6.5.2 FEED AND PRODUCT SUMMARY

Table 6.5.2-1 contains a summary of the raw materials used and the prod-
uets and solid wastes generated in the Westmoreland Coal Coproduction
Case.
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TABLE 6,5,2-]1

FEED AND PRODUCT SUMMARY(Y

CASE: WESTMORELAND: COAL - COPRODUCTION

UNITS QUANTITY
Raw Material :

Coal from Mine . ... : .. =« BT/D- @7 « - 15,000
Lurg'n Gasification Feed ST/D 10,800
Boiler Feed ST/D 7,200

Bulk Matevials :

Liquids . ST/D - 72

Solids ST/D 150

Water Acre-Ft/D 24.4
(' Products'®’ _
: SNG . MM SCF/D 67.35%

Aromatic Naphtha BPSD 804

Anhydrous Ammonia ST/D 76.7

Sulfur ' ST/D 86.7

Methanol ST/D 3,752

Solid Wastes

Gasifier Ash (Dry) ST/D 827.2

Boiler Ash (Dry) ST/D ’ 531.1

Gypsum ST/D 387

Plant Refuse ST/D 50

Raw Water Treatment Sludge ST/D ) 20

Spent Catalyst ST/D 0.02

Biotreating Incinerator Ash ST/D 26

and Cooling Tower Sludge
. NOTES: (1) ‘All quantities per stream day
(\ k (2) SNG production equals 61. 23 MM SCF/D calendar day basis
(3) Plant also produces 212,83 M“[ power for sales
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6.5.3 THERMAL EFFICIENCY CALCULATION

Table 6.5.3-1 summarizes the overall thermal efficiency calculation for the
Westmoreland Coal Coproduction Case.
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6.5.4 DESIGN BASIS

The design of the Westmoreland Coal - Coproduction Case plant is based
on the same coal feed rate as ‘the Base Case plant. Coal feed to the
gasifiers is 10,800 ST/SD, and the feed to the boilers is 7,200 ST/SD.
" The principal produets in this case are chemical grade methanol and SNG
instead of only SNG in the Base Case. All of the pure gas is fed to a
conventional methanol synthesis loop and the purge gas is methanated,

Changes in process units are described in Section 6.5.13, and changes in
utility and offsite units are described in Section 6.5.14.
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6.5.5 PLANT UNITS

The plant units required for the Westmoreland Coal - Coproduction Case
are the same as those required for the Base Case (Section 6.1.5) with the

following exceptions:

Unit 11: CO Shift - deleted
Unit 21: Methanol Synthesis - changed to Methanol Synthesis and
Purification.
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6.5.6 PLANT TRAIN PHILOSOPHY

The train philoscphy for the units in the Coproduction Case remains the
same as established for the Base Case with the following exceptions:

Unit No. Unit Name No. of Trains
1l CO Shift . Unit deleted
21 Methanol Synthesis & 2 x 50%
Purification -
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6.5.7 PLOT PLAN

The development of plot plans involves conforming to industry standard
practices, in addition to economics, constructability and operability. The
units are spaced to comply with risk insurers recommendations.

For the overall plot plan, the units are arranged as much as pessible, in
the same sequence gs the process flow of the plant. Some units, however,
are located ocut of sequence and adjacent to or near other units for eco-
nomic reamsons, such as minimizing long runs of large diameter of exotic
piping. For example:

The Steam Generation (Unit 41) area is located adjacent to Oxypgen
Production (Unit 40) which requires large quantities of high pressure
steam.

Sulfur Recovery (Unit 19) is located adjacent to Flue Gas Desulfura-
tion (Unit 43) in order to utilize & common stack,

Oxygen Production (Unit 40) is located such that it is upwind of the
rest of the plant (based upon the prevailing wind).

!
The cooling towers are located such that the water vapor plume does

not interfere with the plant operation.

Ponds are, in general, grouped together and located in the low area
of the plant.

The Flares (Unit §3) are located in the Solar Evaporation Pond
(Unit 54B) to minimize plant acreage.
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6,5.7 (Continued)

The main control building is centrslly located.

Sufficlent railroad switchyard is provided to ellow for makeup of trains,
switching, and sorting of incoming cers and storage of cars. A spur is
also provided to the maintenimee and warehouse area, and Flue Gas Desul-
furization (Unit 43) for unloading of supplies.

The Plot Plan for the Coproduction Case, Drawing Number 835704-00-5-052
is on the fdllowing PBEE.

6-5568 USE O BISZLOSURE OF RERSAT DATA
13 SURBILST W0 THE RESTRMLTION ON THE
ROTICE PAGE AT THE FRONTGF THIY REFGRT




. e +earem R T T B R A T SN AT T e e L
et e e e e . : b,

1 2 } 4 1

SN : - MATEN LIKE Ak Dwo. W
S ) == WA PLANT GRTRY AOAD Y ——_-_-Eucl
: . —l—r 3 x
: L SEQUAITY ROAD
ADMINISTRATION AREA
N | {SNE DWO, BI=R=300)
| ) 81
' '
- 3 1
I AT A a8 i -~
i H
. ]
L) S |
b - :mm
’ » _‘-ul P N
N e e |
10 : :
;g L4 ¥
r H 4 m
= ] 13
] € ! : E
= S|
R D H il 4aaas R
* . o ) e
. ! e
:: ] 41, 42, & 48 g
=" - - ELEGTRIGAL TAANSMISEION 2
= = CORRIDOR
=1 -E =
[ . BOILER lncuvp "
O P
* a (I >=ry - .
: H PO 1 Fm.?ﬁmmmfaml ——— RIE
K - wusromwcy | 7 . t L—-! i " Errn“.%m ul E,
t ABH et el gl
[ STORAGE \.ﬂ'.__ﬂ e TN
: i ] g
i GoNTROL g
H ) gl To E noou——:j 5
e ] lm»nﬁnu g
s ELIT AL AAYERUM, ]
H E = L W—
:-J H I L Jorsabiny ||nﬁm
: - il
2 COAL=a= L] COAL rw= OAL === .
-~ ; e o bl o 0 = -.---—.----.-un-nu: -.-.-_uun.—ggl o W i n : a4 } ::
: - COoAL = [¥] H H H ! Y
= pe UNLDADING 3 : H ! e 2
. 4 - H H 1 = 421 [=f=
-y * ; - : ] ] ] 1 :
- g ----] L___: | U ————-
- 4
[ 3
E
- J - J
(pe ~anamee - ™ (p———
i
he [
:
.
'
. 1
)
1
]
] i ] 41
L DEAD GOAL DTORAQE '
I 84l B0 séa & 80
e s (FUTURE)
'
3 ]
1 [ ]
- [ ]
El
B ]
'
-
‘ 1 f;z i
: 13 e ———
E- l ~ e ————/
\ r Femem=sa
’ H .
' 1
1 [} [ 1]
1 1 truTuRm
- : ]
H ]
1 ]
:--—------ .-—----.---l
1 Y E———§ o
T T R
FENCE LIN
— TGO LINE BLE DWd. WO.
Ay o
 [jn| APPROVED FOR STUBY 7}
— —— N .
[
i
i et




A ey,
- s I e qee s as

Ee_owo. MO 0o 8ciit ., .
FENGHR LINE QATE HousE-o]1 |
e d e e M L R TR
= TS m e e = STCONDARY
:um‘r ENTAY - E
H 2 E
1 E l PREVAILING WIND 'g = 3
RAW WATER BTORAGE POND ! : = =2
2 -
! § -
1 s E B
——memam e ——— g8
zEE
5ex
T T T H °9yg z
1 ' £5d H
: i $Ag i
d : 81 COAL SCREEKMIG ey i
1 : 03 AGH HANDLIHG §
88 ] ] 10 OASIFIGATION
l H 12 RAW QA2 GOOLING
——emme—-— I 13 ARECTIADL e
] H 14 GAB LIDUOR BERARATION
«nan : ! s 18 TAR DISTHAATION
C‘FUTUR" ] " [ { . " NAPHTHA HYDROTREATING
= sef =1 : 1T PMENDEGLVAN -
| NSy | ig - i 18 AMMONIA RECOVERY .
J)) D ey H 1%  SULFUR REGOVERY :
i E ; 20 PAOCENS STEAM SUPERHEATING
- j.r==q |] 5 21 METHANDL EYNTHEWE -
i I s ! 13 3] 22 METHAKATION :
1 A '"u: H H 23 SRG FURIPIGATION R OOMPREGBION =
1 3 H &4 24 PARTIAL DEIDATION B
i E " I t s 26 HYDROGEN PAGDUCTION -
I 2|} ted & s ) L E 46 OXYOEW $ADDUSTION :
. 5 |: ” _}l “ g E g ;.' ! —tl g 41 STEAM QENERATION
: H | = & B
i ; ¢ 42  POWER QZNERATIGN -
t mmm m‘u H R "
LB 25 by “EM'“""““"“‘, Rt - 43 FLUE QAN DEBULFURIZATION
- ol
k £ .. B ] 1 ™ 44 NAW WATER TREATING
: g g E . = 45 BFW B CONDENBATE TREATING i
£ B E 46 AT & NITROGEM BYBTEMS -
g g g g 47 PRAOGEBRE COOLING WATER
entians — 48 UTILITY COOLING WATER 2t
:: :i B " a9 POTATNLE WATER i
n . nl’ E - 86 UTNITY WATER
W “ 171 Elw &% FIREWATER
1 w 1 -
UH- e A L-EJ t s FLAMES -l
T b . ': : g 8ds BTOAM B QILY WATER AND WARTEWATER TREATING | &
L--...._--_-...i } { 1 ' S84y  SOLAR EVAFORATION POND _:
- Lo_d B8 TANK FANM & DISPATCH .
$%  SANITARY SEWAQGE TREATMENT -
— ar HYSAQDN S aITING PIPEWAY

LJ

LEQEND

47
(FUTURE) umpliNiod - DYEKHEAD PIPEWAY

L]
iapanan

~

- ‘-—L— mmecemvet CONVEIYOR
v 8 & 40

Y W ey
hrvessnvemonornocasessamswd

——tit—=  RANRUAD
r== N
ro="] Fueme i |
E
- ———— .
i |
11 i
H i
[ 4
' of
'
[ ]
\ - ssse
' “=2% 200 4go eg0  won wove

b——:

—— R— ——

AEDUCED PRINT 3CALE

Tl =G. . QO=8=0nn
N

\ TR SRR HELE] ave, bmncrves

o »anmy

SITE &1 PLOY PLAN
ALTERNATE #3  CO-PRODUSTION
GYHFUELE FEABIBILITY BTUDY
AOW YRINE GF INDIAKS MONTANA




6.5.8 BLOCK FLOW DIAGRAWMS

6.6.8.1 OVERALL MATERIAL BALANCE

The overall material balance for the Westmoreland Coal - Coproduetion Case
is shown on Drawing No. 835704-00-4-301. The drawing shows the flow of
materials through the process plant and the following utility/offsite units:

Oxygen Production, Steam Generation, Power Generation, and Flue Gas
Desulfurization.

The process differs from.the Base Case in thet there is no CO Shift and
the entire pure gas stream enters the Methanol Synthesis and Purification
Unit where the methanol product is produced. A purge system from Meth-
anol Synthesis is methanated, purified, and compressed to SNG.

6.5.8.2 PLANT WATER BALANCE

Drawing No. 835704-00-R-302 is the Block Flow Diagram of the plant water
‘balance for the Westmoreland Coal - Coproduction Case, The diagram
shows-the same overall management scheme as the Base Case.

The presence of the large Methanol Synthesis & Purification unit raises the
vacuum condensate flow while reducing the process water flow from Metha-
nation. These two combined streams are added to the 1500 psig boiler
feed water upstream of the polishing filters and returned to the plant
throﬁgh the power generation turbines.

6.5.8.3 SULFUR BALANCE

The sulfur balance for the Westmoreland Coaml - Coproduction Case is
shown on Drawing No, 835704-00~4-304, The description of the drawing
given in Section 6.1.8 also applies to this case,
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6.5.8.4 AIR EMISSIONS

The sir emissions diagram for the Westmoreland Coal - Coproduction Case
is shown on Drawing No. B35704-00-4-305. The description of the drawing
given in Section 6.1.8 also applies to this case.

§.5.8.5 SOLID EFFLUENT

The solid effluent diagram for the Westmoreland Coal - Coproduction Case
is shown on Drawing No. 835704-00-4-306. The description of the drawing
given in Section 6.1.8 also applies to this case.

6.5.8.6 STEAM BALANCE

The steam balance for the Westmoreland Coal - Copreduction Case is shown
on Drawing No. 835704-00-R-307. The description of the drawing given in
Section 6.1.8 also applies to this case. '
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6.5.9 UTILITY SUMMARY

Table 6.5.9-1 indicctes the utilities’ generated or consumed by each process
or utility/offsite unit in the Westmoreland Cosal - Coproduction Case.
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e

CASE: WESTMO: R

UNIT ' STEAN (M 157F i

0016 B50 16 el0 5100 1o (NN
NO. NAME 925°F Sat'd 760°F  Sat'd [

UT~ “TCoal Screening

02 Cosl Distribution
03 Ash Handling ,
10 Coal Gasification -1090,9 +566.6 §

12 Gas Cooling

18 Rectisol -38.5

14 Qas Liquor Separation

15 Tar Distillation -5.0

16 Nephtha Hydrotreating -6.2

17 Phenosolvan -3.86 -6.1

18  Ammonia Recovery -79.9 -142.1 58

19 Sulfur Recovery +24.2

20 Process Steam -357.8 +552.0 -
Superheating : ’

31  Methanol Synthesis 328,90 312,209 _g_ 4 [EERENNN
& Purification

22 Methanation +135.6

- 23 SNG Compression &

Purification

24 Partial Oxidation +8.7 +49.1

25 PSA Hydrogen
Produetion

40 Oxygen Production -1,256.4 +1,256.4 Y

41  Steam Gencration +4,121.4 -2,138.1%) 13860.5 -360.5 [NEANES

42  Power Generation ~2,865.0 +2,865.00++) —3000.4  -64.9 RN

43 Flue Gag
Desulfurization

44 Raw Water Treating




. TABLE 6.5.9-1

! DPILITY SUMMARY

#ESTMORELAND COAL - COPRODUCTION

MTh/kr) Steam & Cooling Water Fuel
: - Condensate _ Electric  Gas
Condensate BFW Loss (MM Power (MM
g Sat'd (M Ib/hr) (M Ib/hr) (M Ibfhr) Btu/hr) _ (gpm) (MW) ~ Btu/hr)
T =100
-0.10
-0.,70
+566.,6 -690.7 1,215.0 -8.27 -551 -2.40  ~0.7
+174.2 -176.0 1.8 -9.60 -640 -0.35
-38.5 -75.6 +il4,1  -33,8 33.8  -168.40 -11,127  -21.69 .
- -89.13  -5,936  -0.60
8.7  +17.7 -4,30 -285 -0.23  -14.5
-21,1  +27.3 -1.88 ~126 -0.12  (+0.9)
-6.1 -57.5  +57.9 9.3  -12.40 -627  -0.39
-142.1 +222.0 -122.5 -8,157 ~0.50
4.2 -31.6  +26.2  -32,1 3.8  -41.6  -2,780  -2,88 -11.1
-196.2 2.0 -1,79 -176.8
-9.4 -383.3 +704.9 -332.2 3.3 -392.,9  -26,192 ~1.48 +119.2
-137.7 2.1 -4.5 -8n1 -1,19 (-11.9)
-1.34 -90 -1.80 +%zi.%
49,1 -101.9 44.1 -8.93 -595 -0.22  -0.1
-0.38 -25.2 -0.62 +67.1

-156.5 ~10,400 -11.60

-360.8 +477.1 -849.4 -3,126.1 15.4 . -23.30
-64.9 +3074.3 -1644.0 -109,800 +321.60
"5-07
-1.42

up—p——ttr 4t
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CASE: WEST! |

OUNIT STEAM (M 1 |
1500 1b 650 Ib 600 Tb 100
NO. NAME 925°F Sat'd 760°F Sat' §
45 "EBFW & Condensate - '
Treating
46 Air & Nitrogen
Systems
47 Process Cooling Water
48 Utility Cooling Water
49 Potable Water
50 Utility Weoter
81 Fire Water
52 Fuel Gas
33 Flare
54 Waste Water Treating
55 Tank Farm & Dispatch -10
56 Sanitary Sewer

Steam Tracing -7
Export

Total (Process Units) 0 +16.7 -851.1 +443
Total (Utility Units) {] -16.7 +851,1 =443

TOTAL 0 0 0 0

Legend: ( ) indicates intermittent use. Not included in totals.

+ indicates production.
- indicates consumptinn.

{*) The steam produced is 570 psig/sat'd. It is superheate
within the Methanol Synthesis Unit.
(**) 650 psig/710°F steam
(***) Included in Wastewater Treating (Unit 54).
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TABLE 6.5.9-1 (Continued)

" UTILITY SUMMARY

. “WESTMCRELAND COAL - COPRODUCTION

2 (1 b/hr) Steam & Coong Water
o Condensate Electric Fuel Gas
; 100':113 60 %b Condex;sate BFW Loss (MM Power (MM
Sat'd Sat'd (M lb/hr) (M Ib/hr) (M lb/hr) Btu/hr) (gpm) (MW) Btu/hr)
- -80.0 ~-4749.1 +4826.7 2.4 —6.72
-10.4 -700 -3.76
+1876.0 +125,085 -9,01
+715.0 +47,674 -3.28 .
-0.03
-0.03
-0.02
-0.03 -2.,0
~2.5 +2.5 . -6.26 -2.5
-10.8 -1.0 +9.7 2.1 -1.1 -74 -0.68
(#\!*)
-7.3 +7.3
1 +43.8 -303.6 +1170.1 -1700.6 1314.7 =778.9 51,785 -38.13 +4.5
1  -443.8 +303.6 -2504.7 +1700.6 19.9 +778.8 451,785 +250.39 -4.5
] 0 -1334.6 0 +1334.6 0 0 +212,.26 0

totals,

uperhested in the process steam superheater to 540 psig/760°F and used to drive turbine




6.5.10 CATALYST AND CHEMICAI SUMMARY

The catalysts and chemicals required for each unit in the Westmoreland
Coal - Coproduction Case are shown in Table 6.5.10-1.
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TABLE 6.5.10-1

CATALYST AND CHEMICAL SUMMARY

CASE: WESTMORELAND COAL - COPRODUCTION

Unit Ttem ' ' _ Initial Cost, $ Annual Cost, $

03 Ash Handling

Floeculent 150 1,760
13 Reetisol .
Propylene 32,300 - 45,700

Caustic - 79,100

16 ° Naphtha Hydrotreating ‘ -
Dimethy! Sulfide 840 330
Confidential Catalyst 34,700 11,600

17 Phenosolvan

Isopropylether Solvent 274,100 95,100
Gravel : . 1,530 190
Sand 3,400 420
Filtrilur 110,400 13,800

18 Ammonta Recovery .
Phosphoric Acid (100%) 155,500 74,500

Sodium Hydroxide (50% soin.) ~479,700 159,800
6-572 T DISELOSURE OF AEPCAT DATA
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TABLE 6,.5.10-1 (Continued)

CATALYST AND CHEMICAL SUMMARY

CASE: WESTMORELAND COAL - COPRODUCTION

Unit. Item Initial Cost, $ Annual Cost, $

19 Sulfur Recovery

Diisopropanolamine 6,580 3,250
Claus Catalyst 18,500 6,180
Shell 634 Catalyst 43,600 14,500
Citrie Acid 6,180 13,300
ADA 62,000 132,400
Caustic (50%) 5,870 (58,700) )
‘Vanadium 48 , 200 -

21 Methanol Synthesis & Purification
" Synthesis Catalyst 2,903,000 ) 968,000 2
Caustic 37,500 ) 450,000 <2

22 Methanation )
Synthesis Catalyst = 278,000 %) 82,600 (%)

41 Steam Generation

Hydrazine Hydrate . 870 9,540 |
Sodium Phosphgte 90 930
Morpholine : 7,440 82,400
I UISK ON DISELOSURE OF REP2AT DATA
8-573 43 JUBILET W8 THE RESTRACT:ON ON THE

NOTIE PAUE A¥ THE FRONT OF THI2 Brraar




TABLE 6,5.10-1 (Continued)

CATALYST AND CHEMICAL SUMMARY

CASE: WESTMORELAND COAL - COPRODUCTION

Unit Item

43 Flue Gas Desulfurization
Lime (90% Ca0)
Formic Acid (90% soln.)

Anti Foulant (Naleo 7319)

HCl (30% soln.)

Initial Cost, $

Annuel Cost, $

24,700
35,600
320
6,180

44,45 Raw Water, BFW Treating & Potable Water

& 49 Poly-electrolyte
Chlorine
Quick Lime
Soda Ash (Dense Bulk)
Alum
Hexametaphosphate
Sulfuric Acid (93%)
Caustic (50% soln.)
Activated Carbon
Hydrazine Hydrate
Morpholine
Chelant (EDTA)

46 Air & Nitrog_en System
Activated Alumina

6-574

3,270
3,770
2,700
23,650
2,600
8,420
23,400
129,300
67,500
480
3,970
920

1,150

1,120,000
330,000
3,400

39,000
45,500
8,530
894,900
4,240
103,300
101,500
516,800
33,000
5,290
44,000
10,100

320
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TABLE 6.5.10-1 {Continued)

CATALYST AND CHEMICAL SUMMARY

CASE: WESTMORELAND COAL - COPRODUCTION

Unit Item Initial Cost, $ Annual Cost, $

47 Process Cooling Water

Chlorine 4,640 54,500
Sulfuric Acid (93%) 210 289,600
Inhibitor 11,300 135,600
Dispersant _ 3,080 36,900
Biocide 12,700 61,000
Nalprep 82,000 210
Activated Carbon 48,000 24,000

Hexametaphosphate 3,060 36,000

48 Utility Cooling Water

Chlorine 2,610 30,600
Sulfuric Acid (93%) 11,600 137,500
Inhibitor 4,400 52,600
Dispersant 1,200 14,400
Biocide 3,610 18,100
Nalprep 24,000 ' 70
Poly-electrolyte 990 11,800
Quick Lime 810 1,980
Soda Ash (Dense Bulk) 7,050 270,000
T
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TABLE 6.5.10-1 (Continued)

CATALYST -AND CHEMICAL SUMMARY

CASE: WESTMORELAND COAL - COPR'bDUCTlON

Unit Item . Initigl Cost, $§ Annual Cost, $

54 Wastewater Treating

Caustic (50%) 162,100 3,637,500
Sulfuric Acid (93%) 5,190 125,500
Poly-electrolyte 220 26,600
Phosphoric Acid (100%) . 3,650 43,100

55 Tank Farm & Dispatch
" SNG Odorant (Ethyl/Amyl , _
Mercaptan) 70 830

NaCl 1,760 473,200
TOTAL $5,243,950 $10,994,870

NOTES:
(1) First year only, not included in total

(2) Methanol unit in this case is significantly larger than and different
from that in the Base Case.

(3) Methanation process scheme in this case is different from the Base
Case and the unit is smaller.
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6.5.11 OPERATING MANPOWER

The operating maripower for the Coproduction Case was determined in the
same way as the Base Case manpower,

The total operating staff is 426. There are 59 shift operating positions for
the Coproduction Case versus 58 for the Base Case.

6577 I e GISCLOSURE OF REPSNT DATA
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6.5.12 MAINTENANCE MANPOWER

Annual maintenance cost is estimated as a percentage of the plant installed
cost. The same procedure for determining maintenance cost as used on the
Base Case (Section 6.1.12) was followed for the Coproduction Case yielding
a cost .of $36,300,000, which is 60 percent materials and 40 percent

labor,

The labor portion of $14,500,000 is equivalent to 415 maintenance staff
positions using the same assumptions as the Base Case.
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6.5.13 PROCESS UNITS ENGINEERING DATA

6.3.13.1 DIFFERENCES

The process configuration for the Coproduction Case differs from the Base
Case primarily in the processing of pure gas from Rectisol. The syngas
(pure gas) 1is converted to methanol in the Methanol Synthesis and
Purification Unit 21. The purge gas from the methanol synthesis reaction
is methanated, purified, and compressed in the Methanation and SNG Puri-
fication and Compression Units 22 and 23. The H;/CO ratio requirement
for methanol synthesis is such that no CO Shift (Unit 11) is needed in this
case. Due to the absence of the exothermic shift reaction and also due to
differences in the heat recovery scheme employed, the Gas Cooling Unit 12
is different in this case. Beeause of the significant differences in the
process configuration of the above units, 12, 21, 22, and 23, detailed
information including Design Basis, Process Description, Process Flow Dia-
gram, etc. are provided following this discussion.

iy e

e s

e

{;5';
K

The rest of the processing scheme is similar to the Base Case, although
slight variations occur in the unit material balanées which are included at
the end of this section. Deletion of the CO shift eliminates consumption of
reaction water, additional production of CO,, and hydrocracking of tars
and oils. As a result, flows through gas liquoi- processing (Units 14, 17,
and 18) and Lurgi liquids processing (Units 15, 16, and 24) are altered.
Rectisol, Sulfur Recovery, and Process Steam Superheating units handle
less CO;. The material balance tables provide the flow rates in detail.
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6.5.13.2 GAS COOLING ~- UNIT 12

DESIGN BASIS

Purpose of the Unit

The purpose of the Gas Cooling Unit is to cool the hot gas stream leaving
the Gasification Unit for feed to the Rectisol Unit and recover the aqueous
and organic condensates for further processing.

The substantial amount of heat released from this unit is recovered for use

in the plant by generating low pressure steam and heating tempered water
and condensate,

Scope of Unit

The unit consists of two major sections: Waste Heat Recovery and Cool~
ing. The waste heat recovery section includes low pressure steam genera-
tor and associated equipment, tempered water heater and associated equip-
ment, and makeup water heater. The cooling section includes air cooler,
C.W. trim coolers, and knockout drums.

Genaral Criteria

The unit consists of two 50 percent capacity parallel trains. The unit is
designed to process approximately 561.1 SCFD of dry gas containing
584,000 Ib/hr of water and condensable organies. The design onstream
factor is 91 percent, and all rotating equipment are motor driven,
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6.5.13.2 (Continued)

Feed Streams

The composition, flow rate, and the process conditions of the feed stream
to the Gas Cooling unit are as follows:

Component Mole %
H, 40.27
N, 0.24
CcO 18.00
CO, 30.10
CH, 10.28
C, 0.59
C, 0.12
Cy 0.03
H,S8 0.36
cos 0.01
Flow Rate: Dry Gas, MM SCFD 561.71
Water and Heavier Hydrocarbon Compounds, lb/hr 594,000
Temperature, °F 355
Pressure, psig 417
6-581 {ISE A DISCLISURE OF REPCRT DATA
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6.6,13.2 (Continued)

Product Streams

The composition, flow rate, and process conditions of the cooled gas to
Rectisol unit are as follows:

Component Mole %
Hy 40.67
- N, ~ 0.24
cO 18.00
co, T 29.44
ch, 10.37
C, 0.59
C, 0.12
( Cy : 0.03
H,S 0.35
cos . 0.01
Flow Rate: Dry Gas, MM SCFD 554,82
Water and Heavier Hydrocarbon Compounds, 1b/hr 7,800
Temperature, °F 100
Pressure, psig 397

The flow rate and process conditions of the gas liguor to the gaslliquor
separation are as follows:

Flow Rate, 1b/hr 614,000
Temperature, °F 233
Pressure, psig 212
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6.5.13.2 (Continued)

Miscelleneous Streams

The flow rate and inlet and outlet process conditions of the tempered water
and makeup condensate are given below:

Inlet Conditions Outlet Conditions

Stream Name Flow Rate Temp. Press. Fiow Rate Tem§. Press.

Tb/hr psig lb/hre PSig
Tempered
Water 1,150,000 200 445 1,150,000 300 435
Makeup
Condensate 470,000 90 5 470,000 180 70
Utilities
Consumption
LP Boiler Feedwater, Ib/hr 175,950
Cooling Water, gpm 640
Electric Power, kW 500
Production
LP Steam, lb/hr 174,186

PROCESS DESCRIPTION

The flow diagram is shown on Drawing No. 835704-12-4-301 and the
material balance 1s on Table §.5.13-1. The plot plan (Drawing
No. 835704-12-5-051) and equipment list (Table 6.5.13-2) follow.

6-583
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6.5.13.2 (Continued)

The crude gas from the Gasification unit is passed through a series of
heat exchsngers to recover heat. The first in the series is the waste heat
boller generating low pressure steam. It i= followed by the tempered
water heater and the makeup <ondensate heater. Heavy tarry products
with higher boiling points are condensed out in these three heat
exchangers. '

The hot teurpered water from the heat recovery section is pumped to the

Methanol Synthesis and Purification unit to preheat the feed to the

devolatilizing column. The devolatilizing reboiler duty is also provided by

the hot tempered water. The cooled tempered weter is irculated back to

the Gas Cooling Unit for heat recovery, keeping the tempered water sys-
" tem & close loop.

The cooled raw gas from the mekeup condensate heater is further cooled
by air cooling and finally by tirim cooling before entering the Rectisol
unit, The major portion of the gas liquor is condensed in the knockout
drums downstream of the alr cooler and the trim cooler. The gas liquor
collected in the knockout drums and tarry liquor stream condensed out in
the heat exchangers upsiream of the air cooler are piped to the Gas Liquor
Separation unit. ‘

The plugging and fouling quality of the crude gas treated in this unit die-
tates that the shell and tube heat exchangers used be vertical type and
the ges flow scheme be downwerds. Rejection of the gas liquor in the
final cooling stage provides washing of the heat exchanger tubes,
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TABLE 6.5.13-1

MATERIAL BALANCE

GAS COOLING - UNIT 12
Stream Number 12-1 12-2 12-3
.Raw Gas Oily Gﬁ)
Stream Name Combined Gas to Rectisol Liquor
Component Ib-mol/hr Mol% Ib—mol/hr . Mol% E-moi?ﬁr Mol%
H, 24,8118 40.27 24,7712.1  40.67  39.7  5.73
N, 146.9  0.24 146.9  0.24 - -
CcO 11,088.3 18.00 11,071.7 18.18 16.6 2.40
CH, - 6,334.1 10,28 6,318,9 10,37 15.2 2.20
C, 361.9 0.59 361.9 0.59 - -
C, 72.4 0.12 72.4 0.12 - -
C, 18.0 0.03 18.0 0.03 - -
CO, 18,545.7 30,10 17,935.5 29.44 610.2 88.36
H,S 221,17 0.36 213.6 0.35 8.1 1.17
cOs 4.8 0,01 4.8 0.01 - -
NH4 /HCN 0.8 - 0.8 0.12
100,00 * 100.00 100.00

Dry-Gas, lb-mol/hr 61,606.4 67.06 60,915.B 99,78 69G.6 2,24
.H,0 Vapor, 1b-mol/h130,264.7 32.94 136.7 0,22 30,128.0 97.76
Wet Gas, lb-mol/hr 91,871.1 100.00 61,052.5 100,00 30,818.6 100,00

ry Gas, r s s N . 27,982
H,0, Vapor, lb/hr 545,249 2,463
H,0, Liquid, 1b/hr 542,786 -
Tons, lb/hr 12,547 - 12,947
Oils, b/hr 16,843 - 16,843
Ngphtha, Ib/hr 5,275 5,275 -
Phenols, lb/hr 5,005 - 5,095
Fatty Acids, lb/hr 1,139 - 1,139
Org. Sulfur, Ib/hr 213 11 202
Ammonia, lb/hr 6,773 - 6,773
HCl 185 - 185
TUTAL, Ib/hy 1,890,034 1,285,082 613,052
Pressure, psia 15 405 %50
Temperature, F 358 100 233

NOTES: (1) Flow quantities, pressure, and temperatures 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 attsined during actual operations.

(2) Represents net gas liquor flow from Gas Cooling to Gas
Liquor Separation Unit.
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