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This progress report is the twenty-thlrd since :he awarding o: 
the contract. It is concerned with the first phase of the contrac~ an~ 
summarizes ~he progress that has been made in the three pr.~nc~pa! argos 
now being studied: process research~ chemica ~, engineerln~ stu~ies~ anc 
mechanical deve] opment. 

Gasification experiments were carried out for five feed materlais 
and the reaction rates deSermined. The Five materiais used were a caklng 
bituminous coal~ a coke derived From that coa~.3 a subbituminous coal~ a 
;ignite and an anthracite. The results of these experiments indicated 
that the gasification rate of bituminous coke is about the same as that 
of anthracite. Experiments with raw bituminous coal~ however, resu!ted in 
a rate about 20 percent lower than that For either anthracite or coke. 
Since bituminous coa~ is generally expected to be more reactive than 
anthraclte~ there was a suspicion that the feed material was agglomerating 
either on the melt surface (due to top Feeding) or in the inlet lines 
resultlng in large particles and low rates. To test this theory~ raw 
coal was pre-oxldlzed in air at low temperatures (<450°F) until a mon- 
agglo~erating material was formed. When this oxTdized coal was gaslfie~, 
a rate about 40 percent hiohe..E than anthracite was obtalned--tending to 
confirm the agg]omeration .theory. Lignite and subbituminous coa] resulted 
in rates about 70 and 100 percent h~gher than anthracite~ respectively. 

A complete "process package" is presented for the production of 
247 million standard cubic feet of pipeline gas a day from subbituminous 
coal. The package includes a process flowsheet~ process description~ 
material balance~ utilities summary~ capital cost estimate~ and computation 
of gas production cost and selling price. Estimated capital investment is 
about 147 million dollars. Gas selling price is about 44¢/MSCF~ based on 
$2/ton coal and the OCR standard procedure for calculating gas cost. The 
plant also produces about 203 m~gawatts of electricity which is sold as a 
by-product aS 4.5 mills/kwh; yielding a credi~ of 8.9¢/MSCF of pipeline gas. 

A study was made of the effect of reducing the melt depth ~n the 
9asifler From the design level of about 19 Feet to 8 feet and 4 Feet. 
Lcwerlng the a|lewable depth caused an increase in number of g~slflers as 
well as in the amount of labor required to operate them. For 8 foot and 
4 Foot depths 3 gas cost is increased by about 3.9 and IO.2¢/MSCF~ respectively. 
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Preparation of a "process package" for the manufacture of h,,,crogen 
from bi~um;no~s coG] has bee~ ~e~un, ~nd a prellminary processing sc=~ence 
has been de~ermined. 

Corrosion Test # 9 ~  a long-[erm test under simulatec gasif;ca::or. 
cond'zions, was inzerruptec after ~37 hours b'/ a Failure o~ the su~pc.r= 
v..h~ch neid ~ h e  t e s :  specimens in ~he melt. T h e  specime~s of ~onofra>. 
w~ch were being tested while under ~ compressive ~oad;n~ o: -O ps~ ;.;~re 
cr&c2ec (but no= corroded) when re, moved From the furnace afzer zhe s~;;orz 
f~'~re. Howeve~ up unE;i =hat time :he specimens had not shown @~.y 
~v;dence of Failure indicatln 9 :hat zhe failure of ~he support mi~hZ n~ve 
c~sed zhe specimens =o fail. 

Experiments were conzinued ~o study the meIz quenchin~ step 
req~'red in the ash re,~ovai section. This work has shown zha~ con~'.ons 
a~e av~iiable under which lizzie or no melt agglomerazion hGs been ce~c.e:. 
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II. P~OCESS RESEARC~I 

A. A=comolls~ments 

~sTflcation rates of Five feed materials were determlned Tn the 2~inch 
I~ Inconel reaotorj at two temperatures~ 1640 and 1740°F~ under about 3 
a~mosgher~s absolute steam pressure~ with molten sodium carbonate melts con- 
:ainin S 2 per cent of ash derived from the Feed material. Other conditions 
o~ the runs were l.O ft./sec, superficial gas velocity~ 4-inch quiescent bed 
height , and ~ carbon in bed initially (based upon the fixed carbon content 
of ~he feedS. The results are presented graphically in Figure 1~ and all 
the runs are summarized in Table I. 

It is qu~te evident from Figure I that most of the process research 
~nformation h~s Seen generated on the least reactive Feedstock: namely, 
biZuminous coal (Island Creek #27~ W. Va.) or coke derived from this coal. 
in effect~ the coke behaved like anthracite~ normally considered to be the 
~east reactive coal. 

However~ in tesZing bituminous coal (runs H-133 20j 26) the gasification 
rates obtained w~re lower than for the coke derived from this coal and lower 
t=an those For g~sificat[on of anthrac[te--a very unexpected sit~atlon. 
Since this is a caking coal it was suspected that agglomeration of the charged 
12/20 mesh material occurred when the coal hit the top of the hot bed or while 
passing down the hoe reactor from the hopper. A qualitative vlsual experiment 
~n a muffle furnace showed ~hat of a~l the feedstocks only the bitumlnoos coal 
agglomerated. 

Oxidation oF the bituminous coal in air at temperatures less than 450°F 
produced a non-agglomeratlng material which showed much hisher gaslfication 
rates than the unox[dized coal (runs H-28 and 32). In run H-33: at ]840~F~ 
suspiclon of agglomeration fronl de~ai]s of the run nullified its use. Wi~h 
bottom feeding of coal entrained in a gas~ as envisioned For the commercial 
unit~ agglomeratlon of a group of coal particles resting momentarily on ~he 
not melt should not be a problem. 
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E]ko~ sub0;~umlnous coal &p~earec to be zne mos~ re,~c:}ve -,~erTal 
zeszed. It w~s 2.7 and 2.1 times more-reaczive than ar. zncac~:e ~t .,~---. 
and 17/~0°F? respective!y. 

It. calculating ~hese runs: it soon aecame evident :ha: Tn orce: 
:o o:ta;n goo,d materla: balances carbon initially ~n :he ~ecJ h~& :o oc 
c&Icu'a:ed on :he basis of fixeo caroon in the feedstock. ~,Jo.: 7 to '.~," 
of :he tO:a~ carbon shows up in :,me gas during devola;]~ization. ,vn; e ~L, 
to 26~ of the to~.a] carbon is driven o.~: as tar and iost ',:hen t~e sc ;c 
hits the mol~en salt. Usin S fixed carbon in the Feedstock weight -~a;am~e'- 
are qui~e satisfactory. 

:n determining the first order kinetic cons:an: Fcr these runs on 
Fixed carbon basls~ a consideraaie amount of carbon as mentioned above 

Goes not enter into the ~ine~ics. In a commercial unit~ this carbon~ or 
at leas: most of i:~ would be gasified and he~=e wouid tend to ~ncrease 
=he overall sasificatlon ra=e. To this ex~en=~ the ra=e cons:ants de:ermined 
experimentally thus far are conserva:i\,e and Fall below the rate constants 
expected under continuous co~merclal opera:ion, 

The Arrhenius ploz in Figure I has yie;ded zhe following ~pparen: 
energies of activation for each feedstock a[ the conditions ~iven. 

E a - kcai 

Elkol subbituminous coal 
S. Beulah lisnite 
Oxidized W. Va. bituminous coal  
Anzhracite 
~. Va. bituminous coke 

]L, 

}9 
27 
25 
34 

B. ~ r o ; e c t i o n s  

Two o t h e r  f e e d s t o c k s  remain to be :es :ed~  mamely~ a char  fro,.~ FffC 
( f rom ~,~ | l l i r ,  o i s  co~.]) and ~enners Cove ~ i g n i t e .  This  v.- i l l  co.mo}ete ~ne 
e v a ] u a t i o n  o f  g a s i f i c a t i o n  ra tes  o f  the  d i f f e r e n t  feeds~.ocks. Work on 
c~mbust~on~ p a r t i c u l a r l y  a :  p ressure ,  w i l l  be r~sumecl. 
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TABL[ I 

GItS.._~I~ICAYlON Of VA~IO~ £O~L5 IN MOLIEN $O01UN CAFlSONAIE ( I )  

Run NO. 11- 
Oete-  1966 

Feed 
Fixed Carbon 

% Total Carho~ 
Vol. Hat ter  
Ash 

9ms. ¢hsrged 
mesh 511o 

Ho~CO) * 9ms. 
AS~ - ~ms. 

• % In Halt  
% C In Halt - 

Intt .~ f ixed C 
Bed 11elght - In. 

Conditions 
Temp. - 'F Ave. 
Preslure -p~le 
$tee~ Pressure 
psls 

GSS In Stel~ 
Ft./Sec. St.~m¢ 

Gas 
Hlnutes 1o O~(0 
Minutes - fOta l  Run 
C¢ H~0 I~ /h r .  

Results 
C Oevo lo | l l leed 12.0 

% C tO l a r  and Loss 1~.6 
% C to oxides and 

Ctt~ 71.6 
C to oxides * 
basis f l~ed C 99.1 

Gasif. Rate ConsMnt 
- h r : ' |  

k I - In~ut 1,59 
ko - outpt~t I .~9 

Rata-kS ~% C In bed 
Ibt C/hr./CF 19 

S i l t  (arryovor-~ms I,~ 

I )  15 16 I I  18 19 20 26 Zl ;~0 19 10 ~1 )2 ~] 
5/Z6 6/ I  6/3 6/'3 617 6/7 6/9 6/10 6/11, 6/1~ 6116 G/2! 6/22 ~,/2h 6/28 

Bit.Coal Ane, htache ( Iko l  Sub. B i t . t ea l  S.Beulah I. Icjnl~e ~---BIt. Coal--~ Bi t .  Coke VI Oxld. Bl¢.£o~l A~ch,~clle ( Ikol~.Bi(  $~.L~dle O,Id. Bic. Coil 
58. ]  82,~ 1,8.5 48,5 1 , 2 . 9  1,2.9 58.3 58. ) 61 .k 8Z.5 h0.5 ~,?.9 58. ) 58. ) 
81.3 82,5 73.S 73.5 66./; 66.k 8 1 . )  81 . )  93.Z 81 82.5 7).5 ( 6 4  81 ~ 81 . )  
37,3 5.8 /,8.) h8.) ~ . O  I~l*. 0 37.3 37.3 0.6 3[,.5 5.8 ~8.3 tO¢.O 31.3 17 ) 
3.9 11.7 ).2 1.2 13.1 I) .1 J.9 1.9 6.1 I*.1 11.7 ).~ I | .1  3.9 3.9 

~9,6 20.5 23.5 35.6 ~6.O 50.2 ~9.6 ~9.6 19.O ~B.~ ~0 5 J5.6 t,O.2 29.6 29.6 

(~) h05.7 405. (2) t, O5.7 (~) 405.7 (2) (Z) (?) ~05.7 t, O5.? ~05.7 ~O5.1 (~) 
8.3 8 3  8 3  0 ] 8 . )  8..S 8. )  8 . )  
~ 2 2 2 2 2 ~ 2 2 2 2 ~ ~ 2 

k.O ) ,9 t.7 h.O Z.6 h.O ~,.O h.O b.O h O 3.9 Le.O ~*.O ~.O e~.O 

() )  (~) 
17)7 17~O Ill~l 11)5 I?qO 17GI 17|9 I1~1 16~,O 11,19 1639 I~,1 I~'~ 16~  1838 
(~55 LeS.5 /45 9 (~5.9 ~$.5 ~57 ~,6.0 1,53 ~,e~. 9 t~Le. 6 ~5.1 (~5.~ ~SmZ ~,).0 h5.~ 

[11./~ I , I .0 /~1./¢ t l | ,~ 1~1.2 Ill I* /¢2.] k~ I 1~O9 Lel 0 /~0.9 1,1.6 ~l 0 39.2 t+l I 
• 41 ................................................................ H~ ............................................................... . . . . . . . . . . . .  J ~  

I .O) I.OJ¢ 1.O~, 1.0~ I .O) I.O3 I.O~ 1.00 I .O) 1.01 1.o3 0 98 0.91 0 98 I O8 
35 30 20 25 :~0 ~5 t,0 ~O 50 30 k5 ~5 |O Lee 15 
)5 )0 ~0 25 20 25 1,0 LeO 50 30 Le5 Z5 IO LeO 10 
119~ 1193 1197 1192 1200 1192 1196 1191 1191 1191 1197 1191 119| 1195 )19~ 
?1~70 2; I I ~ 729 1008 |60re 2605 215Le 1806 2392 ~ I Le2 2~85 22 ) 2 212Le 2 )86 ? 565 

I1.1 1~.5 IO.) 10.6 12.2 0 ~.8 12.0 IO.~ 8.7 ~.5 
23.9 21.E 25.7 27.8 l i , . l  |~.O ~1.5 201 2~.? 19 I~ 28 3 

90.3 f~.8 65.1 ~ .O  66.6 73-7 El.1 90.5 71.7 9719 67 ~ 66.( 11 Z 65 

98.3 98.1 98.6 99.1 103.2 102.7 95.7 90 S 9~,6 97.9 IOl.9 Io) O 98 6 50 0 

1.o~, ) .83 h.09 3.91 ) ,~0 1.42 1.1! 0.98 ~.S? I O0 3.21 ~ l,! 1.6~ -~ 5 /  
2..)0 ).91 t,.09 ~*.O0 ).J*O 1.31, 1.42 1.0~ 2.86 1.15 ) 16 1.~7 D 71 3 oo 

21, 46 ~B ~] 40 16 17 I ) )r, 14, ~? ~8 ?~ }s 
I1.1 ) .7  1'.9 l . )  5.7 9. I* .5.~ 15.1 12.4 IO.S S.G ~,.l 12.¢¢ ~,.1 

( I )  dsed 2*Jnch I0 Inc~nel reactor.  B i t .  Coke VJ msde at 950'C. 
(2) Reused ~s i t  from previous run plus ~keup- 
( ) )  Use4 O. s f t . / s~¢ .  N 2 ,hen ¢osl idded to get more I n i t i a l  ~(~|n 0 
(~) He 4evo |a t l l l z~ t i on .  S t m  on when co i l  charged. 

t 

¢ 

o o. 

r r- e r r" 
¢ • O  

• ~ca 
t I • o -  o ~b 

j : I 
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I il. CHE;:ICAL ENGINEERING STUDIES AXD DEVELOPHENT 

A. qccom~TshmenZs 

A ccmpl~ze "process package 'x has been developed for ~he productio~ of 2~7 
mil l ion standard cubic feet of pipeline gas a day from subbituminous coal using 
the Kel]ogg Hoiten Sa;z Gasification Process. The package includes a process 
~Io~sheet i l lustrat ing ~he conce2tual design of the plant~ a capital cost est;matej 
a co~pu:azlon of gas production cos: and se]iln~ price, a materia] balance and 

~ t i i i t i e s  summary. The components of this package are presented in the following 
sections: 

I. Process Description 

The p.rocess f lowKhee~ f o r  a p lan t  capable  o f  produc ing 247,000,000 SCFD 
o f  p ipe l~ne  gas from subbi tuminous coal  is p resented  as F igu re  2. Flow ra tes  and 
ccmpocit;cns of the various st,'eams on Figure 2 are shown in Table II In addi- 
Zlon,  a s e c t l o n - b y - s e c t i o n  m a t e r i a l  balance is g iven in Table I I I .  A b r i e f  des- 
crlptTon of the F1owsheet follows. The details of the fIowsh~a~ which are not 
3r¢sented herein may be found in the process description p.'ev:ously given for 
oTz~ino~s coai.(1) 

a. Seczion I00 - Coal Storaae and P r e o a r a t i o n  

During eight hours each day~ coa] is received by truck or conveyoJ 
b e l t  From an ad jacen t  coal  mine at  the  ra te  o f  2250 tons per  hour. The raw coa] 
travels by bait conveyor to a coal distribution centerj where about 750 tons per 
hour is dispatched for immediate use~ and zhe remainder is conveyed to the storage 
~rea. The r~ainder of Section lO~ i~ the same as described for che bizuminous coal 
flowsheet.{ l) 

(]) Progress Report No. 21, Contract No. 14-0]-0001-380, April 30, 1966. 
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b.  S e c t i o n s  20C ~nd EOC - ~ a s ; f i : E : o n  and Ash Remova l  

Coal from Section I00 is fed :o ].ock hoppersF-23] a cn~ c frc~ .~h;ch 
7t £!ows ~o ~he gasif;er-comoustor ~-20i at c ra~e of I~524~70~ pouncs 2zr hour 
cslns :he same metho~ described previous!y.(1) in the gasifier, t~e ccai is con- 
~cted with 1,052~000 pounds per hour of steam, the entire amount of which ;s 
::enera~ in v;esze heat boilers C-20~, r-~5 and . . . .  C-20o. An additional 51~30D 
;can~s per hour of steam is generated therein end exported For use in ocher par~s 
of the p~ant. .Raw synthesis gas ieaves the gasification section at the rate O ~ 
~2~7531 moles per hour. 

Air For the combustion of coa~ ~n the me;: is supplied n: the ra:e 
of 4,~2~3]0 pounds per hoJr. Flue gas From the combustio~ is coo!e.~ :o ~O0°F 
in exchangers C-205 and C-202. The gas is then expended to ]3 psla a~d 625"F which 
~rovices the enersy for air compression p!us an additional ~2~i00 k~ of e]ectrlcity 
generated in J-203. The expanded f!ae SaS is them cooled to 325"F in exchangers 
C-20{. and C-207 an¢ is vented to the atmosphere at =he rate of 5,539~400 pounds per 
hour. 

-he ash left in the me~: by the gasification and combustion of :~e 
coal is allowed :o build up to a ]eve] of 8 weight percent. A slips:ream of :he 
ash-carbon-Na2CO 3 mixture is continuously wlthdrewn from D-20] end f~ows to E-60~ 
,ahere :t ~s trea:ed in tho same man~ar as described in Progress Report i~o. 21. The 
aro,.essing is the same up to the carbonation tower. Since there is sufficient CO 2 
From gas purification to convert t.he required amount of Na2~,0: I ~o NaHC03~ no recycle 
~s r,~u;re~. About 22~L~50 moles p,=- hour of CO 2 from Section 400 are fed to the. tower 
at 95 F and 35 ps.e. The Ca 2 and water vapor from the top of the tower is ven;.ed - 
:he atmosphere et 200-F. The remainder of Section o00 ;s as previously described. ~?) 

Because of the large volumes of gases processed~ Sections 200 and 600 
co~sis: of nine p~rallel trains of opera:Eng eqaipment. 

c. Section 300 - Shift Conversion 

Synthes~s gas leaves Secticn 200 at the ra~e of i2~,531 moles p e r  
hour and Flows to Section 300 where about 58 percent of it is fed :o :he shift con- 
ver~er D-301. Boiler feed water at 85"F is Fed between beds of catalyst at the 
raze of 16~800 pounds per hour to absorb a portion of the heat of reaction. The 
remainder of the synthesis ~c.s is bypassed and combined with the shift effiuent. 
The combined streGm~ at 733 F and having a H2/C0 ratio oi" about 3.15/]j is cooled 

(I) Progress Report ~o. 21 Contract No. ]4-01-0001-380~ April 30~ c'" 
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1~., C-301 to LTC°F. The gas is then s p l i t  i n to  t~o s.reams.- . so ~,~-~ ::~i s :~i gh leve l  
heat c~n be use~ for heating ~wo separate process streams. One oorzion of :he gas 
~asses through C-302 which provides the er~tire preheat (85 F to ~vO ~I For w~st~ 
~ea: boilers C-2~L and C-20~. The other portion passes first t~rc.uga C-3C3 wnich 
~rovidas hicn . . . . . . .  . . . -~. ,~*.~,~ ~r~he~t , ~ j  • ~o ~ v  r~ For the b o i l e r  f,=ed wat t ,  ~ :  
C-3~1 ao~ for an andltionai amount which is used by the Section 500 waste n~a~ 
~oTIers. ~ext th~ gas passeG through C-304 which provides low levei preheat 
{12~ ° ~o 275°F) for all Section 200 and 500 waste heat boilers~ excepc C-2GL~ ant 
C-20~. The two gas streams are recombined before F-302 and condensate is separated 
&t 210"F and sent to Section GO0 for use as filter wash water, Finally. the gas 
is ¢oo~ed zo 1GOlf in C-30~ and scrubbed with water in E-301 to remove :race amounts 
cf ammonia which m{~h~ be present. 

Sect;on 300 is designed as five parai]el operating units. 

d. Se~tion 400 - Gas Pu"ificaz:on 

This sectlon is the same as described in Progress Report No. 21. 

e. Sect ion 500 - Methane Svnthesls 

This section is the same as described in Progress Report No. 2i. 

f. Section llO0 - Ogfsites 

SeczTon I f00  (not  shown in F igure 2) includes f a c i l i t i e s  f o r  the same 
f~nct ;ons as l i s t e d  and descr ibed in Progress Report No. 2 I .  

Steam gemeretlon facilities consist solely of a start-up boi~er 
ca~le of producing 550~000 pounds per hour of ~20 psia steam at iO00°F and 
!~3JuU pounds per hour of 420 psie saturated steam. 

Electric power is produced at a rate of I15~000 kw at 13>800 volts by 
t~rbo~eneretors using condensing steam turbine drives. An electric substation ~ 
provided to reduce the voltage to 4160~ .L#+O> and ]lO volts. 

r Facilities are also provided for circu]ating ~Oo~OOO gpm of cooT. in~ 
~ater, for t r e a ~ i n f  2720 gpm o f  b o i ! e r  f eedwa te r  3 end for  d e a e r a t i n g  61450 gp~, o f  
bo~ler feed~vater. 

A comp]e:e u t i l i t i e s  summary i s  inc luded as Table IV. 
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The cost of p r o d u c i n  S 2~7,OO0,0O0 SCFD of oipellne gas f-o~ su~ciz~=inous 
coal ]s calculated in Teb~es V and VI~ assuming£O percert stream ef=!clenc,,. The 
procedure used is in accordance with 0CR's tentative standard For cost estima:in£ 
of 3]pellne gas plants.(2] 

Estimated capita] investment is summarized in Table V. Sh!Ft catalyst 
and ac:ivazec carbon are included in fixed investment because of their long life- 
times. Total capital investment is aboa~ $147,000~000. 

Estimated ope~azing expenses and gas selling price are shown in Table VI. 
S~bbiz=minous coal is charged ar $2 per ton. To:a; operazin~ expense is calculated 
to be 3~.~:c/~SCF~ end cat s~llina price, based on a 20-year average return on equity 
capital of aDouc ~.4 percent~ ~s ~3.~¢/MSCF. 

i t  should be noted here that a credit of 8.g¢/MS3F is taken in the econo- 
mics for the excess po~er. The rationale of this credit is the same as in Progress 
Report No. 21. The credit is taken for the excess po~er at ~.5 mT!Is/kw~ the cos~ 
of producing it by burning subbltuminous coa~ aZ S2 per ton. 

3. 'JarTa:Ton of ManuFacturinq Cost. w;~h Mel: Heiqhz. 

Since increasing the melt bed depth has been sho~.n to decrease :he oDserved 
experimental sasificat;cn rates, a study has been made~ determine the economic 
effects of reducin~ the bed depth From the 19 feet used in the flowsheet studies 
to 8 Feet and ~o 4 Feet. A new gasifier design (as yet unspecified) would be required 
for bed depths much below 4 fee:, and therefore no estlma:e was made of the e~fect of 
recucin£ heights below this level. 

If melt depth is reduced, the number of gasifiers must be correspondlnsIy 
increased to keep the total melt vo]ume constant. This,of course~ resul~s !n an 
increased plant investment due prlmar~iy zo the ~arger number of gasification units. 
This increase in number of operating trains~ in turn: requires a larger amount of 
operating labor which fur=her raises gas cost. The effects of reducing bed depth 
to 8 feet and 4 feet are increases in gas manufacturing cost of 3.9 and 10.2C/MSCF: 
respectively. Thus> it appears that bed depth may be reduced to about 8 Feet witho~; 
seriously :ncreasin~ gas cos;~ but i~ heights much below this are required to ob:aln 
the desired rates, the economics will begin zo be seriously affected. 

~, Hvdroaen from Bituminous Coal 

Estimated costs for producing hydrogen From bituminous coe I~ based on very 
preliminary process designs and cost estimates: were presented in a previous report.(3) 

C2) OCR Tentative Standard for Cost Estlmat~ng of Investor-Owned Plants for 
Producing Pipeline 3~s from Coal, June 4, 1565. 

(3~ Pr~ .4st Report No. 6, Contract 14-Ol-0OO1-380, January 3l~ 1965, P. 9A. 
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.~_,¢s have r~een resumed on hydrogen !n order Zo prepare ~ ~Iproc-,.-:.j :ccK=~. 

. zne ones preparec #or producing p.peline cas. 

The h,/dro~en conzenl: of -he producz gas w;;: be 95~ "G) ...... ;ever ". the 
-_..~ synthesis gas leaving the gasifier [assumed to have the same COs:pOS;[~..~: cs .-or 
" ,-. case of s[pe]ine _qas from bi=umino~s coal] is processed #,, sh!f t ccnv-'-;'.o- c,.- 
-- #o~ Iow_'d by C0~ removal withouz any methane removal, :he product =-5 ..'' -~-r.-. 
:; n about 1C:,'~ me~hane. T,h.us, ~,he methane ¢on~ent of the re,.: cs.4 .--.~- :..~. .:. - : 
.o ~ more accep~a.~le level. This couid be done utiI~z~nc e;rhar #e,'~,.~: .-: ._.. "- 
..-~. oxygen o- c a t a l y t i c  s~eam reforming. Previous st~c,,es'.3 ~ h.'--'.c "--c'c. :. : :.-. 

~ : :e r  zo ~e -h~.~ more a ~ r a c z i v e  of the ~cwo and so w: I~, be ~,c~ ~.-.ed ~,,r ..so : : -= 
~.-~ser~ design. The use of s:eam reforming: however, reqvires :naz ::;e .=c~-c ~,.= ~." 
~_ch a uniz be su;Fur Free necessite.'ing a sulfur removal s~ep before r(~.;o;.-'rc 

m~ 
~ ~he preset,, stage3 it appears tha~ ~he Foiiowing processing sequence 

,.;~i be ~sed for ~he manufacture of hydrogen: 

a. GasiFicaZion and Ash R~mova] 
b. High T~perature Shift Conversion 
c. CO 2 an~ Eu lk  S u l f u r  Removal 
d. Comp i ~te Su I fu r  R~ova 1 
e. S~eam Reformln 9 of Methane 
f. Low Temperature Shift Conversion 
g. g02 Removal 
h. Meth~nation of Carbon 0×ides 
T. ~as Compression 

C, P r o ~ e c ~ o n s  

1. ?Tne~ine Gas 

Investmen: and operating coszs w i i l  be determined for ~he manufaczure "~ 
p ' ;e l~n~ gas fror, .=nthracite ¢oai and l i g n i t e .  

2. H.y d rocen 

Preparation of ~.he "process package" for  the hvdrosen-Fro,~-¢o~: ~;=,, 

(3) Progress Report No. 6, Contracz 14-01-0001-380, January 3l: i965, 

(4) Progress Report N~,. 21, Contr~cl: 1~-01-0001-380) Apr l i  30, 1966: .~. 2c. 
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1 , 5 2 4 , 7 0 0  L B / H  R 

HHV=12,720 8 T U / L 3  

- -  12 U ~ S H  

SECTION ICO: 

C O A L  

HANDL ING 

A N D  

PREPARATION 

r . . . . . .  

T 
t ! 
t 

RUN-OF-MINE 
~,'BBrTUMI NOU$ , 

COAL 
STORP~GE 

~ N o 2 C 0 3  
~.~ J I2 ,120  LB/HR 

. ~ - ~ - ~ -  -~ , \  : 

E -  601 

~ELT OUENCH TOWER 
~ 6 '  X 12' 

MELT 
8 %  ASH 4 %  CARBON 

• 5 7 3 : 8 7 0  LB/HR 

1900OF 

L - 6 0 1  
ASH FILTER 

~'=a°F 182 FT 2 "/ 
4 0 0  PSL& ~- - ."------ 

CO 2 29,050 
.. H20 122,300 

TOTAL 151,350 

; t 

"~ F-601 ASH 59 ,600  LB/HR 
, . C~RBON 23,000 LB/HR 

L-601 - -  :DISSOLVING'.. ^,~ ! .NO2~.u 3 12,120 LB/HR 
S~.LT - - - :  " DRUM H ~" 1,913 LB/HR 

.~ . . . .  ,8,X ie, 2 ~ 
GRINDER TOTAL 76,633 LB/HR 

16 PSIA 
........ ' .~ -._ 210°F 

279°F 

- -SE%'flO  60(5- AS--H F 
(9 PARALLEL T~ 

wASH WATER 
426,050 

LB/HR 

H20 I99,0C 

CO 2 7~,7C 

TOTAL 935,7( 
] 
l 

" "  E" 
BICAF 

• 20p. ° F 
.~_ 2 tO°F ~ . . 3 5  PSIA 

N~2CO 3 17.8°/o 
NoHCO 5 7 . 0 5 % ,  

J - 6 0 2  = o o 0  F " 

N~HCO 5 ~0.45 °/a 
N-J2CO 5 0.55°/'0 
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o .  
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H20  

18,507 LB/HR 
L-  602 

, SALT FILTER {WITH DRYING HOOD) 
i 1890 FT 2 

,J-6o.._..~3 

5 
i i F i i i i i  i i i i 
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" "  | , G 2 4 : , 0 0 0  L ~ - / H R  

:MOVAL-< SECTION 500: METHANAT] O-N 
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L T R A I N S )  

~-:o__...L 
tRON CATALYST RE,CCTOR 

!," X 66 '  
C.,~T. PER REACTOR 7 7 7 0  C F : 6 2 2 ~ 0 0 0  LB 

. . 
,~ 5 5 4 ° F  

L . I 
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3 • - 
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r 

'i 
. . . . . . . . . . . . .  1111111[ 
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/,. 
=/ 

4 0 0 ° F  C - 5 0 5  . • 

201MM BTU/HR. 

410OF 

RECYCLE GAS 
98~930 MPH F - 5 0 3  

| , 4 4 5 ~ 0 0 0  LB/HR K.O. DRUM 
j 9 . 5 '  X 19' 

! ,,,_. F--'OCF - 

C - 5 0 6  , ,  

5 4 6  MM BTU./HR " WATER 
2601000  

LB/HR 

i 

400OF 
, ,  ~ . -  
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34!  PSIA 
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' ~I/ASTE 
~1~ STEAM |.~u~o cos 

STEAM 
5 PSIG 
OO LB/HR 

i• 

I 

= 

. . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . .  J 

D,-403 o - f  D - 4 0 2  D- 401 o-d 

ACTIVATED CARBON DRUMS 
'4 'X  16 = 

CARBON PER VESSEL 
12i5 CF= 3~S,500 LB 
3 2  SECTIONS '~ 

VESSELS PER SECTIONJ 

[ 
! 

IF W |o  AW~: E A P  

=.'~CK6J:): W'HH 

IRON OXIDE 
GUAR~ CHAM~ER 

IRON OXIDE 
PER VESSEL 

2 6 4 0  CF= 105,700 I..B 

IRON OXIDE DRUMS 
;I,5'X 15' 
(4 VESSELS PER TRAIN] 
IRON OXIDE P~-R VESSEL 
1040 CF= 41=600 LB 

'- - ~ T 

I ' ; 

! - 

80oF 

I NOTE: ALL QUANTITIES ARE .TOTALS } 
FOR A L L  P A R A L L E L  T R A t  N S  

U N L E S S  O T H E R W I ~ F .  N O T E D .  

I APP~.OVE.I~. 5 . 2 5 -  6 6 1  

ISSUED FOR 
! FAaRICATION 

!.~. U EE ~ FOR 
:CONSTRUCT:ON - - 7  

T H E  M. W.  
II 

K E L L O G G  
PIPELtN£ GAS FRCM SUBBIITUMINOU$ COAL 

CO. 

2z~7 MM SCFD 

OFFICE OF" COAL RESEARCH 

CONTRACT NO. 1 4 - 0 1 - 0 0 0 : - 3 8 0  

, , , i 
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= . . . .  
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° - ~  

m ~  
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°, 
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I I 

|1 
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Stro lm NO, 

Tt,,,mperature+ "F 
P~essuree psi+ 

LLm~RjLLL; 

CO 
C02 
Cll 5 
H z 
1120 
N 7 

$ 
c~s 

Total 

Stream No. 

i . ,+ . re t~e ,  "v - -  

Pressure,  psla 

r .t.o j.L_.RilLI, ~ -- 

CO 
CO 2 
CltI, 
H 2 
HTO 
N 2 
Him 
COS 

~,;ili . . . . . . . . . . . . .  

© 

+'o+L[ I I 

-+ ,--~![.~..5 +. r~n comPos ~ ~ toms 

+h z m~+ SEFO P IPELIUE C.A+.PROM 5VDBITUHINOUS ~0AI. 

0 
18}o 1+00 
~05 505 

t b ]~_~ . - -~oT~T- ]  -~;~ X I---'--~ ~.--;-- 1.  + -  . . . .  

878,00 3I,~ZO 2~.2~ 
540,y1, 12,~80 9.6 ) 

/Z,7I ,  :+,SI)5 ) .S t  
96,61~ ~8,300 37.25 

58Z,0~ )2,3G0 2~.~2 
11~204 ~00 O.) l  
5,56t 16) O. I )  
1,091 18 0 .01 

Z + I ~ , O ~  1 2 9 , 6 ~  I00 ,00  5,$39,++00 187,950 I00. 

P ® 

7,h55 ! 
}8,110 

~5~;9Z0 
18,I,22 

11 t ,500  
11,200 

50,500 

2.,5++T/~." ~f ,Yr~2 

. . . . . . . . .  ° . . . .  
1,3Z9,080 )0,150 16. 

]92,~50 21 ,8~ I I .  
3 , 7 ~ 4 0 0  t33,8o0 71. 

65,790 2,058 I 
7,680 120 0. 

626 
3Z5 

" - ~ " ' / " '  I _..o, ?+j 
282 ! 0.77 

1,09 z ,  3.00 
15,31) 51 .90  
9,3+1 l 25.20 
7,/'110 20 .30  

ll00 I. I 0 

7,8~5 I .  7 z. 

! ] - + ; ~ _ - 2  ~o+-+o 

l J) 
180 

~ . ~ _ ~ - - "  -~--, ~,;;-- - - ,~-~. : - t -  d,/~,  

+ ] B , O 0 0 |  9,210 I) .81 5,.~h5 [ Iq8 .L<]I =~}P,~+5¢. 
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InDuS 

T ~ B ~ I I I  

Sectlon-bv-Section Mate.riai Balance 

2~ 7 HM S CF D PTDeline Gas From Subbituminous.Coal 

Coal =tom Section I00 

Air 

Steam 

Salt from Section 600 
NaHCO 3 781,760 
Na2CO 3 12~120 
SlO2 - 4 ,270  

Outou_____~t 

Gas to Section 300 

Melt to Section GO0 

Flue Gas 

Section 200 

Tote 1 

Tota 1 

Pounds per Hour 

•, 524~ 700 

4j 924j ~ ] 0 

I, 052,000 

800~I~O 

8,3013360 

Pounds per Hour 

2j188,090 

~73,870 

8~3013360 
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~-- 30o 

Gas From Section 200 

Boiler Fced Water zo Shift Convertor D-301 

Process Water to Scrubber E-301 

~d~Ou~ 

Gas to Section ~O0 

Condensate from F-302 to L-601 

Waste ~eter from Scrubber E-301 

Total 

Total 

Section 400 

'n_UO2_2~ 

Gas from Section 300 

Regeneration Steam to Activated Carbon Drums, D-503 

Gas to Section 500 

C02 from F-401 and F-~02 to £-602 
to Stack 

Total 

970,300 
_ 84.198 

H2S reacted in D-401 

Stea~ & COS from Ac t iva ted  Carbon Drums, D-503 

Total 

Pounos %~" HCj;" 

9 C~ --- 

i6-.L,,~3C 

272.C3C 

2,624~893 

Poun,ds ~e- ~ C _  

],829,65C 

426,050 

309:'90 

2,624,890 

Pounds per Hour 

],829,650 

60.S0O 

1,890,450 

Pounds par Hour 

77%8T0 

1,054,498 

273 

6o.8o~ 

1,890,450 
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Gas fro= Section 400 

Cutout 

Pi;e~i~e Gas Product 

Condensate from F-503 

Condensate from F-504 

Condensaze from F-505 

.Sec~ ion .~00 

Tota] 

Pounds per "{o..r 

774,870 

Pounds oer Hour 

426,702 

260~000 

87,059 

774,870 
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MeI: frcm D-201 

Wash wa=er from F-302 

C02 from Secllon 400 

Salt ~o F-202 
NaHCO 3 781,760 
SiO 2 6.220 

Ash from L-G01 

~asze CO 2 
From F-60l 29,050 
From E-602 736.700 

S~eam 
From F-601 122,300 
From E-602 199,000 
From L-601 .913 
Fr~., L-aOZ I6507 

Na2C03 with residue from L-601 

Carbon with residue from L-60i 

S ~ c i o ~  50,0 

Toza I 

Pounds o~r Ho~r 

573,370 

426,0.~0 

~7o, 3o0 

i ,570,220 

P o u n d s  oer H o u r  

788,030 

39~6OO 

765,750 

341,720 

12,120 

23,000 

Tota l  1,970,220 
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A ,  

Section 

200 

3oO 
500 

TABLE IV 

Ut i l i t i es  Summary 

247 M~.SEFD Pioeline Gas From Subbltuminous Coal 

Generati on 

Item 

Normal Produczlon 
PoHnL:: O~." ~o~r 

C-204 
C-205 
C-206 
C-301 
C-502 

C-503 

C-504 

C-507 

c-5o8 

c-509 

Flue Gas WHB 
Gasi~ier Effluent WHB 
Expander Exhaust WHB 
Shift WHB 
Iron CaC. Reactor Cool- 

ing Coils 
Iron Cat. Reactor Cool- 

ing Coils 
Iron Cat. Reactor Coo}- 

ing Coils 
Nickel Cat. Reactor 
Cooling Coils 

Nickel Cat. Reactor 
Cooling Coils 

Nickel Cat. Reactor 
Cooling Coils 

555,000 
3343000 
2]43500 
315,500 

4973000 

497~000 

~973003 

107,000 

I07,000 

107.000 

Total 32231,000 
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~P 

Sac: 7~ 

23C 
4OO 

5or, 

iIOO 

Sec=~on 

2GO 
lIO0 

Sect Tcn 

ItS 

500 
600 

I l:em 

3-2C~ GasifTcczion 
J-4Ol Solven: Pump 
J-402 CO 2 Siower 
G-403 Activaaed Carbon 

Regeneration 
Other Section 400 
J-50] .. Iron C~. Recc~or Hot 

Recycie Gas Co=presso~ 
J-~02 iron Cat. Reactor Co:d 

Recycle Gas Compressor 
J-505 N icke l  Cat. Reactor 

Recycle Gas C~mpressor 
J-Sll Product Gas Compressor 
N-llO] Turbo~ene ra to r  

Tota l  

F~ectr:c Power 

Generac]on 

I tem 

N - 2 0 1  
N - I I O I  

Consumption 

Expander-driven generator 
Turbogenerator 

Tota l  

Item 

L-103 Bradford Breaker 
L-I04 Hammerm" ! : 
Other ~Iu i pment 
Miscel %aneous Pumps 
J-604 Quench Tower Pumps 
J-602 Bicarbonate Tower Pumps 
Other F.qu i pment 

POIJ ' I , ;_  ,~e ,~ -C~..~ 

1,052,30: 

6~:ICC 

60,$33 
25,0C0 

155:500 

9,500 

79,000 
226,000 

:.4i9,850 

3,231,000 

Norr..a : ~-aner&= :on 

52,:00 
li5.200 
207,300 

Normai Consu~;:~c. ~ 
HP kv,' 

229 i 7 I 
3,L35 2,565 

i00 75 
80 60 

1,305 575 
36) 269 

_ _ . 2 . o _  _ s2 

Tota l  5 ,579 4,167 
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.°i 

, S&c-. i ~: 

1103 

5. 

Section 

2OO 

300 

40O 

5OO 

II00 

P,'OC. : : ion 

Coo:inc Wa=er 

L-iiOl 

Consumotion 

item 

Cooiing Towe-s 

C-208 
C-209 

~n:ercooIer 
lnzarcooler 

Cooler 

Aftercooler 

C-306 

C-404 

305,260 

T~m~. Rise 
~F 

15 
15 

Tetal Section 200 

;5 

Total Seczion ~uv~ 

15 
J-401 SurFace Condenser 3O 

Total Section 400 

C-506 Ccoter i5 
C-510 Cooler i5 
C-511 Aftercooler ;5 
J-50l Surface Condenser 30 
J-502 ,I ,, 30 
J-505 " " 30 
J-506 " :: 30 

To~al Section 500 

N-I ]OI  Surface Condenser 3o 

P ~.., 

v~ 

;;2,700 

'~. i~o 

i;~310 

140 
. " . ~ 6 o  

i"~700 

72~700 
4,055 
7~ii0 
4,010 

175 
35O 

4. i60 

92~550 

77,000 
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2~ 

.(,~ C .': TOp. 

20~ 
3C7 

I130 

Cool'..nc ~4aze, Consu.-.~t;or S,_';; : . :  : - .  

T i t l e  

Gasification 
Shift Conversion 
Gas Purificazion 
Methane Synthes}s 
O f f s i t e  Fac i l~ t i es  

:12.7C- 
• " . . f  . . ? ~  

"I,TC0 

7 ~ . O,?: 

To~ai Consump~ ic. ~ 305 .. "' ~" -." v 

C. C.oollno Water Balance 

Recl rcula;ed Water 

Makeup Water from J-I ]Of 

TctaI Water ~o Cool lng Towers 

Water Io-zses in Cooling To~.er 

Total Wa~er to ProGess 

W~rm wa~er returned to river 

Recirculated water 

GP~; 
298,050 

20.C~v 

326,500 

.4-- ~ ' ~  

-..210 

298,a50 



Tr . -  :.:.'a'. ,xa,.-O~,,., C~aP;-:,:Y "kGE .',3. 

~EPSRT ~3. 

2,': . - Feec: ',-.'a:ar" 

C o 

A. Prod~C~ 

S ~ : : ; c n  

llC0 

S~c:;o 

30g 

Item 

~ee~wa~er Hakeup and Condensa:e Re~urn 

Ccnsumotion 

Izem 
Normai Cons:,r..p;. ;o~. 

Pounds ~'3er .':C'u ~ 

D-301 Shif: Conw, r : e r  1 :~;,,~vu 
C-302 B.md Heater 9!6:3G0 
C-304 BFW Hea1:er 2.~14.500 

T o t a l  3,~5,800 

I I .  275 'F ,  4~0 p s i a  

A. P~oduct~on 

Section 

300 C-304 

~. Consum~:Ton 

Sec:~on 

2O0 C-207 
3oC c-303 

Item 

BFld Heater 

I t e m  

B~4 Heater 
BPd Heater 

To~al 

NO:-'m, EI ?rod=c:~on 
Poucds oe~ Hour 

Normal Consumption 
Pounds ~er HOur 

A 

I s O~5, :0u 
.~o~. 300 
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- " v , - ' , O  N, D ~ " ° ~ a ' ~  . ' , ' ~ G - - ' ~  . . . . .  
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R~POR ~, XO. 2- 

I I ' .  ~3C'F. ~20 zs~a 

A. P rcduc:3o- 

See-Ten 

2C~ C-2C7 
3~C C-332 

C-303 

Section 

~C3 

Conhu~o:io~ 

F-203 
F-301 
F-50I 
F-502 

. ' , iF.  

5~x Heaz¢r 
5 ~ ^ '  Heater 
BP; Heater 

Toza] 

Item 

5:e6m 9ru~ 
SZeem Drum 
Steam Dr~m 
S~eam Drum 

Total 

L .  " ~ ' - -  

=¢~.. "?C 

NOrmc| CtnSuzD:iOn 
~ounC~ ~c r" ~c." 

1 , 1 1 7 , 7 C 2  

325.~C0 

33i,000 

3,33~,000 

IV. ~o;~er Feed Water ~alance 

A, Losses from System 

Sectio~ | t~m 

200 

3oo 

40'3 

500 

D-z.)l 
F-203 
D-30! 
F-301 
D-403 

F-50~ 
F-SO2 

GasT f i e r  Steam 
Szeam Drur] Slowdown 
ShIF: Converzer Quench 
Steam Dr~m BIowdown 
Ac'.ivated Carbon Rege- 

neraE ion 
Giber Szeam 
Steam Drum Biowdown 
Steam Drum Slowdown 

Tolal 

5, Reci rculat:on 

Feed Water Makeup 
Condensate from Surface Condensers 

Pound5 D.2r  ~Our 

;,G52~C00 
~' 2 ~ 0  

i64,800 
9~800 

6G,880 
29:C00 
~6)COO 
~ 0 . 0 0 0  

!,406,600 

] ,406,600 
o 0S~.2O0 

Tota l  3 c [ i e r  Feed Water 3,495,800 
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P:ocess Water 

Section 

5uu 

Item 

E-301 S c r u b b e r  

Norz:~, Con~mpz~o: 
Pounc;s ~v," Hour 

2723GG0 
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TABLE V 

I NVESTHENT SU,XMARY 

PIPELINE GAS FROM SUBEITUMINOUS COAL 

Basis: 247~000,O00 SCFD of Pipeline Ga: 
90% Stream Efficiency 

SECTION TITLE 5A:'.E COST ~: 

:CO Coal S=orage and Preparation $ 5,017,000 
2C0 GasTFicazion 6&,135:C00 
300 Shift Conversion 3,7:4,000 
400 Gas Purificat;on ]9~63~GD0 
~O~ Methane Synthesis ~.cu~,O00 
600 Ash Removal 3,~65,000 

llOO 0fFsite Fac~ii~ies j6~Oi~000 

Total Bare Cost Si18,197,000 

Interest du-{ng con- 
struction and contractors: 
overhead and profit 

TOTAL FIXED INVESTMENT 

Worki.nq.Capital 

23,639.000 

$141,836,000 

30 Days Coal Inve..~c,-y S 1,050,000 
30 Days Carbonate Inven[o.y 135,00G 
30 Days Catalyst Invcn~or, 79,000 
Catalyst Charge 430,000 
Accounts Receivable at If% of 

Total Operating Expense 3.091.000 

Tota! Working Cap;tal S 4.82~.000 

TOTAL CAPITAL INVESTMENT $146,66],000 

~nd 
cos~ 

"Bara cosz inrludes ma~eriais, Freight, construction labor, field administration 
supervT~iOn3 insurance during construction, cos: oF ~.ools, fie~d office expe:.s.' and 
of home office engineering and procurement. 
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TABLE Vl 

P:PZLINE GAS FRON SUESITUMINOUS COAL 

ESTIMATED ANNUAL OPERATING COST 

Basis: 

AND GAS SELLING PRICE 

247,000,000 SCRD of Pipaiine Gas 
90% Stream Efficiency 

ITE~ S/YEAR 

Subbituminous Coal at $2/Ton 
Sodium Carbcnate Makeup at 1.55¢/Ib. 
Miscellaneous Chemicals 
Sponge Iron Makeup 
Hethanation Catalyst Makeup 
Direct Operating Labor a~$3.20/man-hm 
Power Credit at 4.5 mills/kwh 
Ma;naenance at 3~ of bare cost 
Suppiles at 15% of maintenance 
S~pervis~on at I0~ of operating labor 
Payroll Overhead at I0% of operating 

labor and supervision 
General Overhead at 50% of maintenance 

+ supplies + operating labor + 
supervision 

S12~080,000 
1,490,000 

174,000 
37,000 

657~000 
i,6.~S,O00 

-7,240,000 
3,540,000 

531,000 
165,000 

181~000 

2.942. 000 

Plant Operating Expenses $16:205,000 

Depreciation at 5% of fixed inves1~nent 
Local Taxes & insurance at 3% of 

fixed investment 

7,092 ,990  

4~255.000 

Subtotal 27,552~000 

Contingencies at 2% 

TOTAL OPERATING EXPENSE 

. .  551,000 

$28:103>000 

2.0 YEAR AVERAGE REVENUE REQUI REMENT 

AVERAGE GAS SELLING PRICE 

,',"',:S C F 

,4.:~ 

C.2 
0.c5 
O.S 
2.0 

-8.3 
4.3 
0.7 
0.2 

0.2 

3.E 

19.8 

8.7 

33.7 

3a.4 

$35~542~ 000 

43.5¢/MSCF 
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IV. MECHANICAL DEVELOPMERT 

A. Accomplishments 

I. Environmental Tes:in 5 of Hiqh Temperature Materiels 

Gasification Corrosio:: Test #9, using a simulated 9asificazlon concision, 
was terminated at 407 hours during this report period. This test was conducted to 
investigate what the corrosion problems might be at the jo in t  between two blocks of 
Monofrax A. Two b locks  o f  t h i s  ma te r ia l~  each a cube one inch on a s ide ,  were sub- 
j e c t e d  to  a compress ive  load ing  of  4D psi w h i l e  a~ lS~0"F and in a s imu!ated g a s i -  
f l c a t i e n  s i t u a t i o n .  (The compos i t ions  o~ the melt  and gas supp l i ed  are g iven in 
Table V I I ) .  At  i n t e r v a ] s  du r i ng  the  tes t~  the samples were removed and examined. 
Each examination found the blocks in good condition: hence, they were returned to 
the test. However~ at 407 hours into the test~ the specimen support failed~ and 
upon examina t ion  both specimens were found to have cracked in a d i r e c t i o n  p a r a l i e !  
to the applied stress; there w~s st i l~ l i t t l e  evidence of corrosion. There is a 
possibi l l ty  that the fa i lure of the support also caused the specimens to f a i l ,  
inasmuch as both fai lures seem to have occurred az about I~e same ~ime. 

2. .Mechanical Characteristics Testinc~ 

The melt quench tests have been continued during this rears  period. ~elZ 
materTa~ at I L~J~0°F has been quenched in cold 3 s t i l l  water with l i t t l e  or no agglo- 
meration. The melt was gravity-fed through hoies up to 3/4" in diameter and aiio~ed 
to fa l l  into some nine inches of water. The resulting material closely resemble~ 
popcorn in genera l  s i z e  and shape; some la rge  c l i n k e r s  were observed when the dep:n 
o f  wa te r  was r~duced to  less than about f ou r  inches. 

A c i rcu lat ion system for studying the flow parameters of a simulated melt 
material is current ly nearing completion. This test system is designed Go allow 
measuremen~ of flows attainable with an "alr-liFt" of the type proposed for the 
m o l t e n - s a l t  system. 

The 5 - 3 / 4  inch r e a c t o r  t e s t  f a c i l i t y  ~s near ln  9 comp le t ion .  The fu rnace  
was rece ived  recen t l y~  and was e rec ted  on the p r e v i o u s l y  f a b r i c a t e ~  suppor t  frame: 
the r e a c t o r  i t s e l f  is now a lso  in p lace .  F ina l  w i r i n g  and c o n t r o l s  a re  a l l  t ha t  is 
required ~rior to i n l t l a l  testing of this f ac i l i t y .  
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B. Proiecr,lons 

1. Environ~,e..ntai Test inq o f  Hieh Temoerat~re Mate r i a l s  

The simulated Gasification Corrosion Test will be restarted as soon o~ 4 

new specimens can be prepared and the f a c i l i t i e s  made ready. 

2. M..echan~ca] Characteristics Test, l,n,q 

Work on the c i r c u l a t l o n  tes t  f a c i l i t y  w i l l  cont inue,  as w i l l  ~heoret ica]  
work to predict flow of the melt material under various conditions'. The test Faci- 
l i t y  when complete w i l l  be used te check the va ] i d i t y  of the theoretica] preoic:ions. 

InstaI Ie:ion of the controls and accessory items on the 5-3/4 inch ces~ 
facility will continue: and should be complete about mid-July. 
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MELT AND. FEED GAS C0,~POSITi0,~ 

FOR..SIMULATE_D GASIFICATION CORROSION TESTING 

Feed Ga,s Composition 

H 2 
CO 
C0 2 
N 2 

H2G 

;',o 1 %  

J 

5 

~o0% 

; n i t i a l  ~,e'z Composition 

,~'a2C0 3 
Ash 
Na2S 

',.:. % 

87 
;0 

___L 
• P - n /  
I v u / ¢  


