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PROCESS DESCRIPTION 

8.1.1 Case 13 Steam Balance 

Units 43 and 47, steam and power generation, produce high 
pressure superheated steam to satisfy process reaction steam 
requiremerts and in-plant power requirements. To provide 
the 1,357,000 Ib/hr of steam required for Case 13, the 
boiler plant consists of three (3) boilers, designed to 
produce 700,000 ib/hr each of 1500 psig/900°F steam, and 
associated e uuipment: precipitators, coal bunkers, coal 
conveyors, deaorators, a tempered water exchanger to provide 
188.7 x 106 Btu/hr of heat from the gas cooling section to 
the treated water feeding the deaerators, boiler feed water 
pumps, ash handling equipment, flue gas ducting, exhaust 
stack, a blowdown system, and controls. This associated 
equipment has not been looked at in detail for the estimate 
basis. 

All the steam produced form the boilers is letdown through 
three (3) back-pressure turbogenerators exhausting at 
635 psig/693°F. These turbines generate a total of 
33.3 megawatts (MW). This steam is reheated in a fuel gas 
fired superheater to 750°F. Excess 600 psig saturated 
steam, produced from process waste heat, is superheated in a 
separate fired superheater and combined with the 
600 psig/750°F steam from the back pressure turbogenerators. 
This steam is used for gasification reaction steam and for 
turbine drivers. Excess 120 psig saturated steam, produced 
by waste heat from the gasification process, is used to 
drive two wet turbogenerators, condensing at 4" Hg and pro- 
ducing 30.5 ~Sf of electric power. Total power produced in 
Case 13 is 63.8 MW while total power demand is 71.6 MW, 
resulting in a net import of 7.8 MW. The Case 13 estimate 
basis flow diagram is located in Section 8.2 of this volume. 

8.1.2 Alternative Pressure Levels 

A boiler pressure level study, independent of the estimate 
basis but based on the Case 13 steam and power requirements, 
was conducted. Steam balances were prepared with boilers 
operating at 600 psig/750°F, 900 psig/900"F, 1500 psig/ 
900"F, and 2400 psig/1000°F. 

8.1.2.1 600 psiq System - With a 600 psig boiler, the 
steam requirement from the boiler was determined to be 
1,845,100 ib/hr. This steam would be supplied by three 
50 percent boilers. Saturated steam at 600 psig is not 
~uperheated to 750°F in this scheme, thus the boiler pro- 
vides all the steam for gasification and all the steam for 
turbine drivers. 
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Assuming a boiler efficiency of 80 percent, coal consump- 
tion is 3056 short tons/stream day (ST/SD). These boilers 
require the same associated equipment listed for the esti- 
mate basis. The deaerator operates at 30 psia and 250°F 
and receives 60 psig low pressure saturated steam for 
deaeration. 

All power produced in plant comes from two sets of wet 
turbogenerators. Excess 600 psig/saturated steam is 
exhausted at 4" Hg through two wet turbogenerators to pro- 
duce a total of 39.5 ~q. Excess 120 psig saturated steam is 
also used to drive two wet turbogenerators exhausting at 
4" Hg and producing 30.2 MW. Total power produced is 
69.7 ~, requiring 1.9 MW of import power to meet the plant 
power demand of 71.6 ~q. The total surface condenser duty 
for this system condenser duty for this system (from con- 
densing turbogenerators and turbine drivers) is 
i.68 x 109 Btu/hr requiring 168,000 GPM of cooling water 
(assuming a 20°F cooling water temperature rise). Refer to 
Section 8.2 of this volume for a "Simplified Block Flow 
Diagram" of the system just described. 

8.1.2.2 900 psiq System - With boilers operating at 
900 psig/900°F, the steam requirement is 1,686,200 ib/hr. 
This steam could be provided by three boilers rated at 
850,000 Ib/hr each. In this scheme, the boiler feed water 
is heated to 340°F (by excess 120 psig saturated steam) 
before entering the economizer section of the boiler. Coal 
consumption is 2732 ST/SD. The same associated equipment 
required for the boilers in the estimate basis is also 
required here. 

Since process mechanical turbine drivers use 900 psig/900°F 
inlet steam, less steam is required from the 900 psig 
boilers than from the 600 psig boilers as a result of added 
efficiency. The remaining 900 psig steam is letdown through 
a 600 psig back-p~essure turbogenerator producing 11.9 MW of 
electric power. The steam rate through this turbine is 
79.4 ib/kw-hr which is considered too high to be an off the 
shelf piece of equipment. The steam exits this turbine at 
802°F and is desuperheated to 750°F before entering the 
gasification section. 

Excess 600 psig saturated steam passes through two turbo- 
generators condensing at 4" Hg to produce a total of 39.5 MW 
of electric power. Excess 120 psig saturated steam serves 
two function: I) it preheats the BFW from 250°F (deaerator 
operating Uemperature) to 340°F, and 2) it passes through 
two turbogenerators condensing at 4" Hg producting a total 
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of 19.5 MW. Total power production for this system is 
71.2 MW, requiring an import of 0.4 MW to meet the total 
electric power demand of 71.6 MW. The total condenser heat 
load (from condensing turbogenerators and turbine drivers} 
is 1.38 x 109 Btu/hr, requiring 138,000 GPM of cooling water 
(assuming a cooling water temperature rise of 20°F. Refer 
to Section 8.2 of this volume for a "Simplified Block Flow 
Diagram" of the system just described. 

8.1.2.3 1500 psiq System - A system with boilers producing 
1500 psig steam was also investigated. This system employs 
an extraction turbine providing steam for boiler feed water 
preheating. At the time this study was conducted, the total 
extraction steam could not exceed 40 percent of the steam 
fed to the first stage of the extraction turbine. A balance 
for the 1500 psig boiler that meets this extraction criteria 
is not complete. An intermediate balance, in which the 
extraction ratio is 68 percent, is included as it incorpor- 
ates the same general features as the final balance. The 
description that follows is for the intermediate balance 
included in Section 8.2. 

This scheme incorporates two separate boiler feedwater sys- 
tams= one for the process generators (low pressure BFW) and 
one for the boiler plant (high pressure BFW). The 188.7 MM 
Btu/hr of heat available from the tempered water system is 
split between the two feedwater systems. Enough energy 
(128.7 ~4 Btu/hr) is added to the low pressure BFW to heat 
it to 185°F, a 41°F approach to the 226°F operating tempera- 
ture of the low pressure deaerator. The remaining heat 
available from the tempered water system (60.0 MM Btu/hr) is 
added to the high pressure BFW system. Excess 60 psig steam 
is condensed in an exchanger with the high pressure BFW add- 
ing another 29.1 x 106 Btu/hr. Two feedwater heaters in 
series provide additional heat from extraction steam. BFW 
enters the deaerator at 250°F. The high pressure deaerator 
operate at 67 psia and 300"F. Low pressure steam (120 psig) 
is provided to the deaerator by the extraction turbine. 

The high pressure boiler feedwater is further heated by 
another series of two BFW heaters to 430°F before entering 
the economizer section of the boilers. In this balance, the 
boiler produces 2,200,700 Ib/hr of 1500 psig/1000°F steam. 
This steam passes through a 600 psig back-pressure turbo- 
generator and generates 68.7 MW of electric power. No 
reheating to 750°F is required because of the steam's 
initial temperature of 1000°F. 
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The steam exhausting from the back-pressure turbogenerators 
satisfies four needs: I) it supplies steam to the final BFW 
preheaters, 2) it supplies reaction steam for the gasifica- 
tion process, 3) it supplies steam to drive compressors in 
the oxygen plant, and 4) it feeds the LP section of the 
extraction turbine. The mechanical turbine drives for 
Methanol Synthesis and the Rectisol compressors have been 
replaced with electric motor drives. This was done to 
consume excess power generated in this system, and con- 
ceptuallv improve the 1500 psig system. In a practical 
application this may not be possible due to the startup 
power requirements. 

The extraction turbine generates 19.5 MW of electric power 
from a feed of 580,200 lb/hr of 600 psig/750°F steam. A 
total of 393,800 ib/hr of steam is extracted to supply the 
deaerator and BFW preheaters. Normally up to 40 percent of 
the maximum steam flow to the turbine maybe extracted, and 
in this non-converged steam balance 68 percent is shown as 
being extracted. The only way to reduce this amount is to 
increase boiler steam make and subsequent steam flow through 
the extraction turbine. 

As in the previous schemes described, excess 600 psig and 
120 psig steam are passed through separate condensing wet 
turbogenerators to produce a total of 70.2 MW of electric 
power. The total power produced in this 500 psig system is 
152.4 ~gJ, the total power requirement is 114 MW leaving 
38.4 MW available for export. The condenser cooling load is 
1.03 x 109 Btu/hr, requiring 103,000 GPM of cooling water 
(assuming a 20°F cooling water temperature rise). Refer to 
Section 8.2 of this volume for a "Simplified Block Flow 
Diagram" of the system just described. 

8.1.2.4 2400 psiq System - The 2400 psig balance is con- 
ceptually similar to the previously described 1500 psig sys- 
tem. The high pressure boiler feedwater system uses five 
feedwater preheaters, the deaerator operates at 131 psia/ 
348"F and BFW enters the economizer at 480°F. The boilers 
require 6775 ST/SD of coal to produce 4,500,000 lb/hr of 
2400 psig/1000°F steam. This steam is letdown to 635 psig/ 
671°F through a back-pressure turbogenerator producing 
171.3 Mw of electric power. 445,900 ib/hr of this steam 
supplies steam to the final boiler feedwater heater, while 
the remaining 671~F steam returns to the boiler for reheat- 
ing 750°F. This 600 psig/750 ° steam supplies the Rectisol, 
Methanol Synthesis, and Oxygen plant turbine drivers, the 
reaction steam for gasification and the extraction turbine 
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requirements. Five extractions are taken from this turbine 
to supply steam to the four feedwater preheaters in addition 
to the deaerator. A total of 185.1 MW of electric power is 
produced from this extraction turbogenerator. This 
2400 psig steam balance is converged as is noted by a 
40 percent extraction ratio from the LP turbogenerator. 

Excess 500 and 120 psig saturated steam passes through sepa- 
rate condensing wet turbogenerators to produce a total of 
70.2 MW. The total power produced in this system is 
471.1MW for which the Tri-State plant consumes 
71.1 megawatts of power, leaving 355 MW available for 
export. The total condenser cooling load is 
2.91 x 109 Btu/hr requiring 291,000 GPM of cooling water 
(assuming a cooling water temperature rise of 20"F). Refer 
to Section 8.2 of this volume for a "Simplified Block Flow 
Diagram" of the system just described. 

8.1.2.5 Computer Generated Steam Balances - These steam 
balances were also modeled on the computer and the resulting 
steam balances appear in Section 8.3. The 600 psig balance 
obtained from the computer is an exact model of the block 
flow diagram located in Section 8.2 and described earlier in 
this section. The 900, 1500, and 2400 psig balances 
obtained form the computer are similar models of the block 
flow diagrams in Section 8.2. These computer models provide 
a rapid means of updating and modifying the steam balance 
studies for future work. 

< 
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8.2 FLOW SHEETS 

Included in this section are the following preliminary flow- 
sheets: 

o Simplified Block Flow Diagram, 2400 psig steam 
level 

o Simplified Block Flow Diagram, 1500 psig steam 
level 

o Simplified Block Flow Diagram, 900 Ssig steam level 

o Simplified Block Flow Diagram, 600 psig steam level 

o Case 13 Steam Balance (2 pages) 

USE OR DISCLOSURE OF REPORT DATA IS SUBJECT TO THE RESTRICTION ON THE NOTICE PAGE 
AT'rilE FRONT OF THIS REPORT 

R 



, 0  

I 
I 
k ' 

~'~°  ~ 1 ~ ~  " ~:!; BOILER 

~, I !i, 
l " , ] i] 

~ i ' a i ,I  j i -~]. 

,ai'oJ~" | 

, t ~  ~,~ I 

(---7.,,~.,,~ : ~ .  4 

• I 
~ ~; ..~ L._ 

, - .  t .  / ~.=~". ~,~ - _ j  

,e~'~  I,," _ j  ~ ,. r #  

m 



0- - - - .  

c.~ ~ ' ~  dc~, ~ 

E 

~,,',Y'Zo.~ 

~r~d 



j ~ _ r  

_ .  ~ . o  

9 ~ . ~  

I~  ~ u ~ .  ~ x  ~.~_o 

! 

I I 

J 

r -Qo , *3 /6  ~ T ' O  S r L 4 ~  

&Z ~[a*A~ 14P. ~ 

~ "  P,~BP. ~rrJw')"~. J J / . I  

I~. J .~s /z  ,~7"~, # / . 2 .  

I 

I 

JA~. f ~ s  T4JAT. Z*~ 
m 

,,18. 

i I I I 



/ 7 -  

~ ' r  Z. O 

i .  

i 

r 

~L 

l 
, '?0 ,~/£., £__--.n 5T,~A/v/ 

; /~  :~u~'~,< K~.~.~'_#~ 3 . ' . ~  

i ~ l  P.~R...  z ' - - ' ~  ~ 

I'37 ~ ISF,~  :~=,~ /7. 
~ & 2 .  7 

I 

: so  Z./,~.~" G,q.~T..;. .~7Z4 

; 3 ~ 0 .  I 

I 

I 
o °  

. ..Co.'Jsu*,~,~.~ 

/8  ,~LCT/5~' .  

i 

i 



; ;,# ~z<, mr'# 5 T [ ~  
i 

/Z #,4~ TS.,~/. Z / 4  

/ B  ._~w~,~ ~ &f.S" ' 

150 A~4-r/.A T /o~ '  . t .z  
1"ll3~.E, JCAN.~I~ ~ .  7 

3S~.B 

D 

I 

/1~." 

(4,) .~'~,'¢*,¢,,~7 A*.¢.., , ,~." 

PROC£SS .~ZocK F,,o ~., 

~)ZA ~ RA P1 

5ra~ ~UeL.a~C~. ~ / 3  

2':100 Ps[C, ST£Am 

TRi-STAT~[ ~yNl:i)[L$ CC~ 



Q.~/6"oo s 

l 

L 
F 
I 

i 
L 

ZS,~'. 

__..~ - -  :77,,5 e F  

"" , ; 2zM,~  ] .. " . .,~,eFL." 

L 

/ ~,.~,~ . S ~ s  ,~'_ 

i 

I 



k, . | 

? 

I 

T 

k 
Tv ,  t ~#N .~  P ~ t ~ v t , t l  

. .  . . . . . . . . . . .  . - -Vo .~  

_t 
J 

i 



(3 

I 
I 

s~r~ 7- 

_m, 

.~OT .D 

i 

- (  

i 
[ 

,T.! 

i 

/1.~7o l I 

J ~_i_/"~" - - , ' " ' f  ) 

G 

QL 11Jfo7 n -  ~ ] , . ~  

~ I _ 

. 

/&D7."~ ? .~  

ZOSO. 7 

% 

,S'b 

t 
/ 



! 

Ps, T(,, . S,~'r'D .¢T~_AM 

6 ~ Z ~  

L 

o 

1 

& 7  ~RRCTaO~ATN~  61.  

I l -  L 

8 9  H v r .  6. ~"RL4~ X.O 

j c ~ , ' 7  

i i 

D 
t~ 

s,?O , '~Zk a;WTD 5 7 " E ~  . 

I 

I 
i 
i 

I , 

I =,,.i, 

m 

~J ¢k 

$7 N 

3"7 

L_ 

| 



| 
t 
I 

i 

i 

J 

i 
~ D  PX2,G t s t , ' t b  .,~rE.n..~ 

£ c , , v . . ~ u ~ £ ~ S  . 

,.~ o 4 . s  .e.d'a $ £ R  J . ~  
.=. P#~.~DS~L VA~ ,,'G.'f 

¢Z ~ #r'srEm.S, ~ . 3  

ST. £FF. "[,¢d# r-/v/t,.,VT 7.2~ 

i 
5-; ~ O a r ~  t 7 . 0  

~ 7  

J 

m xaRaZ GA.~P, 37g.4 

3 ~ 0 .  / 

ld, Pte~.~tO/-3DVA td l~. ~. 

8 ~  Atd~Yl.~7":EOa a . g  

339.,'V~ 

L 
t 

i 
t 

I 

D 

do~.0~axr~ 

.ePv¢ '" D 
?'~ ~"A'L / . o j s £ . q  .. ,~  



, - . ¢  

D 

R2 R, rPT/$,~ / 2,/.[.e 

~t~ A L Z r l ~ T ~  ~ . ~  

35R.~" 

11 
P,. 

N o r £ 5  : 

~ IAMg dff Yllg Ig~lW i lall~ ~ 

6-10~9£blJ ,F'ROCES5 8LOCK FLO W' 

D/AGFt A HI 

5"tEA s,1 ~[,N~.e^ TSCW ~ r u O Y  
5 r s ~  a~j~cs  CAss 13 

15"00 P.$3"6 STEAM 

,~Ri_~TATE. 5YNFUELS Co. 



I 

I i 

G Io 

.~ ~.j. j ~G l I 

- ,  

I 
i 

"-'I 

C ---°.~,. D 
i 

'-. ~ ,, 

"~e'z ~ - - - ~ ;  ~'~" ! 

i 
! 
! 

: i 

t 



r 

i 
I I 

] 
i -C'- 

I 

,,,~. 

I 

it 

I , , I  R,~ ¢ ' ~s~  , . l ~ .  t.. 

~ I I . 3  

t C. 

, , ~  . _ - L . _  

Seu, ~ ~I~E¢~- ~ S  ~ ~,:~lP~ 

L ~ - - I  

i, 

! 

l 

I 
I 

- ¢mrG~lJ~'~ ' IWl~, l l  

4"," ,IS ~ ~ ?,li, l l  

i 
J 

41 

I 
I 
i 

| 

I 
! 

i m 

i J 

" I 

I 
i 

, 



NOTE:ST 

i 

71, 

"11 

.-"I 

! 

I 

1 

I 

~ .m , j~  ..~.~,..~ j L ~ X A  ~ , 

~:~"" l t  ~ ~"m'e~, , 

I,,, 

[ 
i 

l 
i 

• t 

i i 

J 
I 

39,~- .' 

I 
! 

I 

Jt, Z. R,TC Ta~L~.  

! ,,'b P,i',~,wo.~..v/L.e, 
' ..':7 ,A"..9' 3 a l , , ~ o i ' e J  

a v ~  y,..LLT ."~"F 

I 

t t I • 
T ¼ - v  ~ "= 



/ 4 .o ' , r8s  o 

~ ~A~. ~ ~r~r~.~ 

: ~  R ~ T n W ,  Z ~ 6  

, J? Nal 3 Jo~,~mm~ 0,4, 

T 

i 

I 

~ T ~ L  ..4ULS~ 

D 
C) 
g 

N Wjr&ILL~ W ~ m T ~ I m l I l i  ~ ~ 
~ ~ ~ vnms l r ~  SP ~ l r l ~  

STEAM 6r~e'~,Tm,, $ ~ Y  

.9001:~r6. S'~'r'e~ 

I-R i-STA~ ~XN FUELS CO. 



(1,, 

,m "-M~I.~, 

g 

i "3 qoS"t,',W~ 
: [ 

, J 
t 
I 

I , I C~ 

I 
I 
I 

i 
~m.LJUP4 ~V 



_ ~ 3~s,~6. ~',, .~'~' , .~ lv ,~  ~ 

0 

A 

-,r - j  

I 
I 
I 

I 

I 
i 
I , 

1 I 

t 

i 
! 

i b m .  ~ s ~ S r  ,MO Pil~" 9.0 

113~.1 

ql 

( , 80  4 1 J 6  J~ l ' l ' b  

I Z ~ . 2  

i r a  



w 

I 

! 

~ 7  

~ES J 

I 
I 

~j 

• "6 --<*~L,eu* ( £E.~m,~le.r 37"../,, 

Fu i t .  ~ y ~ r t ~  ~ . 3  
~ 4 - 7  

2/.Z.7 

7 . 3  

T 

C - ~ "  ~ ~7S'~ ~ A ~ ,  

/ P .  F 

:~o°1 



. . 1  , ,  

----1 

i 

AL~:y 4~,I~AW 

l $ ~ .  l -! 

. °  

p,w 

! 
| 

t 

"D 
D 

. D  

~ T £ S :  

* I I~1111 N R '1111 Ipamll' i l l  I l IMI N 

S.'p.  IVLht'~ 

! 
I 

PRCICF S.~ RI ('XSK I:" I C)~/ 

I~IAGRAI'4 "~. 

STEJNJ'I PR.E~URE GENEEATION 
S-ru~-f 

CASE 13 C~CX~PSIG B~[~NCE 

TRy- STATE SYN.-"U£LS COMPANY 

J 8 3 5 5 o ~  

m 



TRI-STATE SYNFUELS COMPANY 
Indirect Co&; Liquefac'~on Plan~ 
Wns'tern K entucl¢~ 

8 . 3 MATERIAL BALANCE 
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The steam balances for Case 13 and the pressure level study 
(600, 900, 1500, and 2400 psig), based on Case 13 steam and 
power requirements, are included on the flow diagrams 
located in Section 8.2. The steam and power requirements 
are estimates based on available information from process 
licensors or pro-rated from previous work on similar units. 

The four (4) material balances presented in this section are 
the results of modeling the steam system pressure study on a 
computer. The steam balance with uhe boiler operating at 
600 psig/750°F is identical to the block flow diagram of the 
600 psig/750°F system located in Section 8.2. The three 
other balances (960 psig, 1500 psig, and 2400 psig) differ 
from the block diagram of the corresponding pressure located 
in Section 8.2. These latter three (3) computer steam bal- 
ance models were not updated to represent the steam systems 
located in Section 8.2, but are included here as examples of 
computer modeling. 
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CALCULATED PRCI=ERT|ES 
REV: 1 0 / 0 6 / 8 [  

STEA~ OAL~NCE EASEl3 
BY ~TAN : '~27~ 

F~P. 

STREAM FLU~ 
NAF~E LSS/HR 

R60U 8 1 6 1 0 ~ 7 . 2  
R600 C 4 9 5 4 ~ l . 0  
R600 0 2 4 3 6 3 7 . 4  
SC-I N 90d175.7 
5C-2 N 4947~1.5 
$ C - 3  N ~ 8 8 9 0 0 . 0  
SPL- I :4  186273C.3  
SPL-L~  2 0 ~ 0 6 7 9 . a  
T -2  r; 161047 .~  
T -3  r4 495~91.0 
T-4 .~ 2 4 3 6 3 7 . 4  
T -~  N ~ T 6 1 . ~  
T - o  N 4 B ~ q 0 0 . 0  
TANK A 3 6 1 ~ 6 1 3 . 4  
TLOS~A 1 3 3 4 3 2 1 . 7  
TW$E N 3 6 1 1 6 1 3 . 4  
1205 C 161600-0 
1209 L I 0 1 1 0 0 . 0  
60S C 1 1 0 1 0 0 . 0  
605 L 0.O 
6 0 0  C 0 . 0  
600 L 1137100.0 
600S C 1 5 5 8 0 C . 0  
6005 L 2 9 0 0 . 0  

E aCl-, WA TEF / Si'E.'~; 

TEMP PKE SSUKE E;;T,~(:PY 
F PS|A 8 FU/LS-F 

7 5 0 . 0  6 1 4 . 4  1 .h i .  
1 5 0 . 0  6 1 4 . 4  1 . 6 L  
750.0 614.4 L .61 
125.3 2 . 0  O. L7 
L 2 5 . ~  2.0  ~.17 
1 2 5 . 3  2.0 0 . 1 7  
2 5 0 . 3  3 0 . 0  U.37  
250.3 30. J 0 . 3 7  
1 2 5 . ~  2 . 0  L . 7 6  
1 2 5 . 3  2 . 0  1 . 7 o  
125.3 2 . d  1.76 
L 2 5 . 3  2 . 0  1 . 7 0  
L 2 5 . 3  ~.0 L .63  
113.0 1 4 . 4  3.1o 
25"3.3 30.~ 0.72 
1 7 0 . 3  4 0 . 0  0 . 2 5  
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TRI-STATE SYNFUELS COMPANY FLUOR ENGINEERS AND CONSTRUCTORS, INC. 
Indirect Coal Licluefa~on Plant: C o ~  835504 
Wectem Kentuck%, 

8.4 ACCOMPLISHMENTS AND DECISIONS MADE AND FINALIZED 

Initial steam balance case studies were assembled using the 
feasibility study as a general basis. Certain starting 
assumptions were made, such as a 1500 psig boiler, steam 
pressure levels, efficiencies for both the boiler and tur- 
bines, superheater and surface condenser requirements, and 
zero net power export. To satisfy the prerequisite of zero 
net power requirement a turbogenerator (either condensing or 
back-pressure) served as a fly-wheel for the system provid- 
ing power by utilizing high pressure 1500 psig/900°F steam. 
This provided two advantages for the case study work. It 
first provided a fairly common basis for factoring the cost 
between cases. This, assuming the feasibility study cost 
estimate was correct, provided accurate pricing for each of 
the subsequent cases. Secondly, it provided an efficient 
means of generating the cases quickly. Timing was a major 
factor in the case study developmental work. 

The feasibility study consisted of six coal-fired boilers 
designed to produce 1.02 MM ib/hr each of 1500 psig/900°F 
steam including associated equipment such as precipitators, 
coal bunkers, coal conveyor, deaerators, boiler feed water 
pumps, ash handling collection and transport system, flue 
gas ducting, exhaust stack, blowdown systems, and controls. 
The power generation facilities consisted of five turbo- 
generators. Three turbogenerators were driven by back ~ 
pressure turbines using 1500 psig/900°F steam exhausting at 
650 psig/703°F. This 703°F steam was superheated in the 
boiler to 750°F to provide superheat requirements for Lurgi 
gasification and large steam turbine mechanical drivers. 
All excess 120 psig steam was superheated to 438°F and used 
to drive two turbogenerators which exhausted at 4" Hg. This 
set the basis for the case study work. Numbers for steam 
generaced, power generated, superheater duty and surface 
condenser heat loads were prorated off the feasibility study 
whenever possible. Case balances proceeded from Case 1 
through 12 and then to a reduced Case "7R". At this point 
it was felt that a closer look at the cost and delivery 
schedule for the boiler plant was required. 

Fluor Power Services assembled a cost package for both a 
2500 psig/1000°F and 1500 psig/900°F steam boiler configura- 
tion. This cost package was then used as a basis for subse- 
quent case study work. Case study work proceeded from 7RI 
through 7R10, 13, 14, and 15 at which time Case 13 was 
selected for a detailed analysis. Fluor then conducted a 
detailed study for the boiler pressure levels of 
2400 psig/1000"F, 1500 psig/900°F, 900 psig/90O°F, and 
600 psig/750°F. 

Case 13 was used as a basis for studying the four boiler 
pressure levels. During a status review of Fluor's pro- 
gress, it was decided to eliminate the detailed study of 
1500 psig and 900 psig boiler levels. 
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8.4 ACCOMPLISHMENTS AND DECISIONS MADE AND FINALIZED 
(Continued) 

The 1500 psig boiler was eliminated from detailed study 
because the cycle is less thermally efficient than the 
2400 psig power cycle. Since the 1500 psig boilers are not 
a power industry standard, they could result in higher capi- 
tal cost and 6-7 months longer delivery time than the 
2400 psig system. 

The 900 psig boiler scheme was eliminated because it is 
impractical from an equipment standpoint, as steam produced 
in the boiler must pass through a 900 to 635 psig back- 
pressure turbogenerator to supply gasification. This back- 
pressure turbogenerator would be a large inefficient and 
costly piece of equipment. With the elimination of these 
two pressure levels, the study was then to focus on a 
2400 psig/1000eF system and the 600 psig/750°F system. It 
was the general opinion that a 2400 psig boiler system world 
be more attractive to a potential utility company partner, 
as the 2400 psig boiler is an industry standard normally 
installed by utility companies. 

The 600 psig boiler has the advantage of being able to meet 
process and turbine driver re~;irements with the least capi- 
tal cost and lowest coal consumption rate. Preliminary 
estimates indicate that Y.9 megawatts of the required 
71.6 megawatts of power required for the Case 13 plant would 
have to be imported if a 600 psig boiler systam were used. 

The 2400 psig boiler system consists of three 50 percent 
capacity, coal-fired boilers designed to produce 2.25 MM 
ib/hr each of high pressure steam. All steam produced in 
the boiler flows through the high pressure section of the 
turbogenerator train where some steam is ewtracted for 
boiler feed water preheating. All high pressure exhaust 
steam, 635 psig/671eF, is then reheated to 750eF in the 
boiler to supply gasification, mechanical drivers, and low 
pressure turbogenerator requirements. The primary 
difference between this high pressure scheme and the low 
pressure scheme is that forty percent of the steam flow 
thruugh the low pressure turbogenerator is extracted for 
feedwater preheating of 480eF (The maximum extraction rate 
allowed from an extraction turbine is 40 percent of the 
inlet steam rate). The large preheat requirement is typical 
of a commercial boiler, and inflates the flow through the 
high pressure section to maintain the extraction ratio in 
the low pressure section. This directly affects the size of 
the boiler and the required steam flow. The balance of the 
steam flow through the low pressure turbogenerator is cond- 
ensed and pumped through a polishing unit to a deaerator oper- 
ating at 348°F. Excess 600 psig saturated and 120 psig 
saturated steam is run through separate condensing wet 
turbogenerators, thus eliminating the need for separately 
fired superheaters. The condensate generated in the process 
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8.4 ACCO~IPLISHMENTS AND DECISIONS MADE A~D FINALIZED 
(Con£inued) 

area does not mix with the condensate generated in the power 
plant area. The only cross-tie between the power plant and 
the process plant is a single 600 psig/750°F steam ~ supply 
line to zhe Lurgi gasification unit. 

A 2400 psig system has the capability to produce large 
amounts of export power. The current, unoptimized, 
2400 psiq system as detailed in Section 8.2 could produce up 
to 355 megawatts of export power. This 355 megawatts would 
require a coal feed to the boilers of approximately 
6775 ST/SD. This amount of coal would equate to a fine 
requirement equal to 50 percent of the plant total or 
approximately 13,000 ST/SD total. By changing the configur- 
ation of the 2400 psig system (i.e., High Pressure 
Condensing Drivers) the amount of export power could be 
reduced, although to utilize a standard utility boiler 
layout, export power cannot be reduced to zero. Should 
future market studies indicate that export power is not 
realistic then the benefits of a 2400 psig system are 
greatly reduced. 

The alternative is a 600 psig boiler system which consists 
of three 50 ~ercent capacity coal-fired boilers designed to 
produce 923,000 Ib/hr each of 750°F steam. Excess 600 psig 
saturated and 120 psig saturated steam is run through sepa- 
rate condensing wet turbogenerators ~hus again eliminating 
the need for separately fired superheaters. This scheme is 
a likely choice in the event a utility company partner does 
not exist. The currently invisioned 600 psig system pro- 
duces within 2 megawatts of the required plant energy 
demand. The coal feed to the boilers is approximately 
3056 ST/SD. This amount of coal would equate to a fines 
requirement equal to 33 percent of the plant total, or 
approximately 9390 ST/SD total. This system is less effi- 
cient than the 2400 psig system but offers lower capital and 
operating cost. Total plant coal feed is reduced by 
3600 ST/D. 

Selection of either the 2400 psig or 600 psig boiler pres- 
sure levels offer their own advantages depending on the 
specific job needs. The 2400 psig configuration maximizes 
fines usage and provides a handsome export of power, but 
requires a considerable capital investment. 

The 600 psig configuration offers the least capitally inten- 
sive scheme with moderate fines consumption, and no export 
of power. Regardless of the path selected certain items 
suc,. as wet turbines require further investigation. Both 
schemes have eliminated fired superheaters on the 600 psig 
saturated and 120 psig saturated steam headers. It is the 
current consensus that the added cost of wet turbines would 
be more than offset by the savings of not installing fired 
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8.4 ACCOMPLISHMENTS AND DECISIONS MADE AND FINALIZED 
(Continued) 

superheaters, even considering the added maintenance 
requirements of wet turbines. To be certain this conclusion 
is correct, a cost comparison study should be made, and ven- 
dors contacted to verify cost, efficiency, maintenance 
requirements, and wet turbine availability. 

The high pressure system requires some additional opti- 
mization to reduce steam production. Consideration should 
be given toward high pressure, 1800 psig and above, mechan- 
ical drivers. Installating experience plots for Mitsui, 
General Electric, and Siemens indicate equipment avail- 
ability and reliability up to 1800 psig. It is anticipated 
that there could be a significant cost reduction if high 
pressure machines are used. The second item to consider in 
the high pressure system is the availability of a con~ner- 
cially standard turbogener~tor trains which exhaust at 
635 psig from the high pressure section. 

Currently, the delivery, for a 600 psig, 900 psig, 1500 9sig, 
and 2400 psig boiler required 26, 28, 42, and 36 months 
respectively for the first unit. This schedule will vary 
depending on the industry work load, so it should be recon- 
fined before a final selection is made. If the boiler still 
remains the critical path, then this would influence the 
final selection. 

8.5 CURRENT STATUS 

A study was being conducted to determine which pressure the 
steam plant boiler should be operated at, using the Case 13 
steam and power requirements. Block flow diagrams (and 
steam balances) have been completed for systems with boiler 
pressures of 600, 900, 1500, and 2400 psig. A computer 
model has also been made for each of these systems, but the 
computer models with boiler pressures cf 900, 1500, and 
2400 psig are not up to date with their respective block 
flow diagrams. Preliminary equipment lists and duty speci- 
fications have been written for the 600 and 2400 psig boiler 
systems. 

Coincidental with the boiler pressure level study, wet 
turbogenerators, which have a major impact on steam balance 
configuration, were to be investigated. At this point, the 
block flow diagram {See Section 8.3) show saturated steam 
being passed through a wet turbogenerator, eliminating the 
need for a separately fired superheater. Further informa- 
tion on maintenance and cost is required before any final 
recommendation can be made. 

The following list details the basis for the Case 13 steam 
balance and pressure level study. The Case 13 steam balance 
data was factored from previous case study work, but the 
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8 . 5 CURRENT STATUS (Continued) 

FLUOR ENGINEERS A N D  CONSTRUCTORS, INC. 
Corm-oct 835504 

pressure level study utilized exact thermodynamic data from 
either the "Westinghouse Theoretical Steam Rate Table" or 
the "Keenan and Keyes Steam Tables". 

o 

o 

80 percent boiler efficiency 

10,219 Btu/ib Heating Value of Coal Fines 

o 

o 

o 

O 

80 percent efficiency for Back-Pressure Turbines 

80 percent efficiency for Condensing Turbines 

75 percent efficiency for Wet Turbines 

Boiler Feedwater Temperature to economizer section 
of the boiler 

a) 2400 psig/1000°F 
b) 1500 psig/1000°F 
c) 900 psig/900cF 
d) 600 psig/750°F 

480°F 
430°F 
340°F 
250°F 

71.6 megawatts is the plant electric load 

Plant HP Load - (126,322BHP) O~, Rectisol, MEOH 

544,9001b/hr of 600 psig/750°F required for 
Gasification Process 

Surface Condenser Heat Duty 

120 psig, SATD./4" ~g 891.5 Btu/ib 
620 psig, SATD./4" Hg 834.9 Btu/lb 
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8.6 LICENSORS AND EVALUATIONS 

FLUOR ENGINEERS AND C O N ~ r r I ~ ' ~ I D R L  INC. 
C o n t n ~  838E04 

At the present time no boiler manufacturers have been con- 
tacked to evaluate the price and delivery schedule for each 
of the 600 and 2400 psig boilers proposed in the boiler 
pressure level study. The proposed sizes and description of 
these systems are described in Section 8.1. 

In addition to proration of the feasibility study cost esti- 
mate, Fluor Power Services (FPS) conducted a boiler pressure 
level cost evaluation of a 1500 psig/900°F and 
2500 psig/1000°F for Case 7R steam system configuration. 
This FPS cost evaluation package (See Volume V) as a basis 
for subsequent case study work up through Case 13. 

%-. 
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