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1. SUMHMARY

This progress report is the twenty-third since the awarcing o
the contracz. It is concerned with the Tirst phase of the contract anc
summarizes the progress that has been made in the three principa! arves
now being studied: process research, chemical! engineering studies, anc
mechanical development.

Gasification experiments were carried out for {ive feed materiais
and the reaction rates determined. The five materials used were & caking
bitumlnous coal, a coke derived from that coal, a subbituminous coal; a
tignite and anh anthracite. The results of these experiments indicated
that the gasification rate of bituminous coxe is about the same as that

. of anthracite. Experiments with raw bituminous coal, however, resulted in
a rate about 20 percent lower than that for either anthracite or coxe.
Since bituminous coal! is generally expected to be more reactive than
anthracite, there was a suspicion that the Teed material was agglomerating
either on the melt surface (due to top feeding) or in the inlet lines
resulting in large particles and low rates. To test this theory, raw
coal was pre-oxidized in air at low temperatures (< 45C°F) until a non-
agglomerating material was formed. When this oxidized cosl wss gasified,
a rate about L0 percent hicher than anthracite was obtained--tending to
confirm the eggiomeration theory. Lignite and subbituminous coa! resulted
in rates ahout 70 and 100 percent higher than anthracite, respectively.

A complete ‘'process package' is presented for the production of
257 million standard cubic feet of pipeline gas & day from subbliuminous
cosl. The package includes a process flowsheet, process description,
material balance, utilities summary, cepital cost estimste, end computation
of gas production cost and selling price. Estimated capital investment is
about IL7 million dollars. Gas selling price is about 44¢/MSCF, based on
$2/ton coal and the OCR standard procedure for calculsting gas cost. The
slant also produces about 203 m:gawatts of electricity which is sold as a
by-product at 4.5 mills/kwh, yielding a credit of 8.9¢/MSCF of pipeline gas.

A study was made of the effect of reducing the melt depth in the
gesifier from the design level of about 19 feet to 8 feet and & feet.
Lowering the alicwable depth caused an increase in number of gasifiers as
well as in the zmount of labor required to operate them. For 8 foot and
L foot depths, gas cost is increased by about 3.9 and 10.2¢/MSCF, respectively.
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Pregeretion ¢ & ''proces
Trom bituminous ¢oal Ras be
tas been derermined.

ge'' {or the manufecturs aof hycroge
¢ a preliminary 5rocessing sciuence

Corrosion Test 9, a long-term test under simulatec gasific
conciicns, was interrupted after 437 hours by a Tailure of the sudsor
which neic the test specimens in the mzlt. The specimens of Momofra-
which were being tested while under & compressive losding 07 -G psi we
cracxec (but not corroded) when removed from the furnsce sfrer the sussort
Tu.iure. However, up until that time the specimens rad not srown &~y
evicdence of Tailure indicating that the failure of the support mighi nave

céusea the specimens <o Taii.

Experiments were continued to stucdy the melt Guenching step

requ.rec in the ash removal section. This work has shown that cong.. aons
are asveiigble under which little or no melt egglomeration has been ceiuvc.es. .
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1[. PPOCESS RESEARCIH

A, Azcoxnolishments

Czsification rates of five fead materials were determined in the 2~inch
ID Inconel reactor; at two temperatures, 1840 and 174CG°F, under abour X
ammospherszs aobsolute ste2am pressure, with molten sodium carbonate meits con-
taining 2 per cent of ash derived from the feed material. Other conditions
o the runs were 1.0 ft./sec. superficiel gas velocity, 4-inch quiescent bed
height, and %% carbon in bed initially (based upon the fixed carbon cortent
of the fzed). The results are presented graphically in Figure 1, and all

the runs are summarized in Table I.

It is quite evident from Figure 1 that most of the process research
infaormation hes been generated on the least reactive feedstock, namely,
bituminous coel (lsland Creek #27, W. Va.) or coke darived from this cosl.
In effect. the coke behaved like anthracite, normally considered to be the
least reactive coal.

Howavar, in testing bituminous coal {runs H-13, 20, 28) the gassification

rates obteined were lower than for the coke derived from this coal and lower
than those Tor gasification of anthracite--a very unexpected situation.
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 hot reactor from the hopper. A qualitative visual experiment
in g muffie Turnace showed that of all the feedstocks only the bituminous coal
zgglomerated.

Oxidation of the bituminous coal in air at temperstures less than 460 F
produced 2 non-agglomerating material which showed much higher gasification
~stes than the unoxidized coal {runs H=-28 and 32). In run H-33, az 18LCF

suspicion of agglomeration frem details of the run nullified 1ts use. With
zottom feeding of coal entrained in & gas, as envisioned for the commerciai
unit, agglomeration of a group of coal particles resting momentarily on the
not melt should not be a problem.
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1k01 suboituminous coal cpseared {6 be the meCst reaciive TG
't wes 2.7 and 2.1 times more-reagctive Ihan art ) t
and 1750 F, respectively.

ln calcuiating these runs, it soon Jecame evident that 'n orcer
teri

e
eria. palances carbon initially in he ced has

0 csia.n godod ma 1o oc
calculsated on the basis of fixed caroon in the feedstock. Asou.t 7 23 &'
o7 the tdte. carbon shows up in the gés during cevolatilization. ~n, 2 it
t¢ 20% of the total carbon is driven outr &8s tar and i0St whan the sC ic
nits tne2 molten sait. Using fixed carbon in the feedsiock weign: saiances
are quite satisfactory.

‘n determining the first order kinelic constan:t fcr these runs on
& Tixec carbon basis, a considerable amount of carboa as mentioned sdove

Go2s not enler into the «inetics. In a commercial unit, this cardbon. or
at least most of it, would be gasified and hence wouid tend to increase
the oversll gasification rate. To this extent, the rate constants determined

experimentaily thus far are conservative anc fall beiow the raie constants
expected under continuous commercial operation.

The Arrhenius plot in Figure ! has yieided tne fo'lowing spparent
erergies oTf activation for each feedstock at the conditions given.

Ea - kcal
tlkol subbituminous coal H
S. teulsh lignite 1g
Oxidized W. Va. bituminous coa! 27
Anthracite 28
W. Va. bituminous coke 34

B. Proiections

Two other feedstocks remain to be testad, aamely, & char from FMC
(from an !11inois cosl) and Renners Cove lignite. This will comoicte tnme
evalustion of gasification rates of the different feedstocks. Work on

combustion, particularly at pressure, wiil be resumed.
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GASIFICATION OF VARIOUS COALS IN MOLTEN $001un cArsonate(t)

Run No, W~ 1} 13 16 ¥} 18 19 20 26 17 28 29 30 3 3?7 3)
Date - 1966 5/26 &/1 6/} 6/3 677 6/ 6/9 6/10 6/1h 6/14 6/16 6/1\ 6/22 6/24 6/28
Feed Bic.Coal Anthracite €1kol Sub. Bit.Coal S.Beulah Lignlite «—Bit. foal—s Bit.Coke VI Oxid.Blt.Casl Armhracim Elno)5b Bit SA.Linlte OxId. Bit. Coal
% Fixed Carbon 58,1 82,9 8.5 48,5 h2.9 42.9 8.3 58.3 - 61. 825 485 42.9 58.) 58.y
% Total Carhon 81.3 82.5 13.5 735 66.4 66.4 81.) 61.3 93.2 81 82.5 3.5 £6.4 813 B1.)
% Vol. Hattar 7.3 5.8 48.) 48.3 [ .o 37.3 37.3 0.6 .5 5.8 48.3 .0 37.) 17
% Ash 3.9 .7 3.2 3.2 13.1 13.1 3.9 1.9 6.1 [N 1.7 .2 1.t 3.9 3.9
gms. charged 29.6 20.5 23.5 5.6 26.0 40.2 29.6 29.6 13,0 28.1 2.6 5. € 40.2 9.6 29.6
mesh 320 D R G E T S L T L] L R DL L b 24 R L L L R R R R R R L] [ o
Ha,C0y - gus. (2) 405.7 405. (2) 505.7 (2) 405.7 ? (2) {2 05.7 Los.7 405.7 05.7 (2
Ash -"gms. - 8.3 8.3 - B.3 - 83 - - - 8.3 8.3 8.) 8.1 -
«% In NMelt H 2 2 2 2 2 2 2 2 2 2 2 2 ? 2
% C In Helt - 3
Intt,, Fixed C 4.0 3.9 2.7 4.0 2.6 4.0 4.0 4.0 4.0 ] 1.9 4.0 0 4.0 4.0 1 ua
Bed Nalght - Ia. D S ERRGEROEE R T Rl LEREE e R R - Ve
o
Conditiony (3) {4} . ! £
Temp, «'F Avae. 171y 1740 1748 1735 1740 1763 1739 1741 1640 1759 1639 164 )Gl 164l 1830 o 8
Pressure -psla 458 0y .5 us 9 45.9 5.5 4s .7 h6.0 45 .3 U ] Wy 6 451 45.4 45.2 43.0 LS. 4 ‘ [ 3]
Stean Pressure : ::
pals 41 4 h1.0 4.4 41,2 Lt.2 Wy 42.3 LYN} 40 .9 41 0 40.9 ht 6 L 6 39.2 Lo Vo
Gas tn Steam R R R R LR R e L L L R P T [ R R T D R L LT PP TP PP » H l?,
Fr./Sec.Stoem € Y50
Gas 1.0} 1,0h V.00 1.05 1,03 1.03 1.02 1.00 1.03 1.01 1.0) 093 0.97 098 t.08 2 3n
Minutes to 0%CO 15 30 20 25 20 25 40 4o 50 10 hs 25 30 4n 15 ! 3R
Hinutes -Tota! Run 35 30 20 25 20 25 "0 ko 50 30 us 25 10 40 30 LIRS
cc Hy0 In /hr. 1192 1193 1197 1192 1200 1192 1196 1192 1197 119y 119y 1197 1193 1195 1196 H iz
cclz T /min. 2470 2701 2729 3008 2605 2605 218h 1866 23192 21b2 258% 2212 224 1186 2565 ¢t
Results
% ¢ Devototillzed 12.0 - 1.3 3.8 10.) 10.6 12, 0 - 6. - 12.0 107 a7 £.5
% € to Ter andloss 15.6 - 3.9 2.h 5.7 22.8 th,t 4.0 - 215 - 0.} 22.) 19 6 28 .
% € to oxldes and 3
oy, - 71.6 90.3 €4.8 65.1 6.0 66.6 1.7 817 90.5% 7.7 97.9 67 ) 66. € 17 6y 2 'E'
% C to oxldes - a J
basls Fixed C 99.7 98.3 98.1 98.6 99.1t 10y.2 102.7 95.7 90 5 9.6 97.9 101.9 lo3.0 9 & 90 8 ﬂ[
Gaslf. R.:u Constant
« hr.-
ky - loput 1.59 1.04 1.83 .09 3.9 3. 60 1. 42 [ 1] 0.98 .57 1.00 3.2 2 by | Y57
ko - autput 1.39 2.0 ).9 4.09 h.00 3.40 [ U] 142 1.09 2.86 1.18 316 1.%7 V. ) oo
Rate-ot 4% C In bed » b
Wy C/hr JCF 1Y n 6 u8 ] 4o 16 1} 5} i) I 37 28 20 3 i =
Salt Carryovar-gns .4 (18] 3.7 4.9 7.3 5.7 9.4 5.2 15.7 1.4 16.% 5.6 A1 12.4 6.1 - «
x f
{1) vsed 2+1nch 10 Incanel reactor. Bit. Coka VI made st 950°C.
{2) Reused nelt from previons run plus sakeup.
(3) Used 0.5 ft./scc. N3 whon cosl sdded to get more Inltist mizing. - -
{4) Mo devolatiVization, steam on when cosl charged. '\..
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A complete ''process package'' has been developed vor the producticn of 247
milijon standarg cubic Teet of pipeiine gas & day from subbituminous coal using
ne Rellogg Moiten Sgit Gasification Process. The package includes a process
keet illustreting the conceptual design of the piant, & capital cost estimste,
tation oF gaes production cos: and seiling price, @ materis! balance and

1. rocess Descrintion

The process Tlowsheet for a plant capable of producing 247,000,000 SCFD
nipeline gas from subbituminous coal is presented as Figure 2. Flow rates and
cmpociticns of the various stveams on Figure Z are shown in Table ! In addi-
‘en, @ section-by-section material balance is given in Table JIl, A brief des-
ion of the flowsheet follows. The details of the flowsheet which are not
ted herein @iy be found in the process description previously given for

LUt 0O
. -

a. Section 100 - Coazl Storace and Prenarztion

Suring eight hours each day, coai is received by truck or conveyor
zcent coai mine at the rate of 2250 tons per hour. The raw coz’
conveyor to a coal distribution center, where about 750 tons per
ched for immediate use, and the remainder is conveyed to the storsge
c

2mainder of Section 100 is the same as described for the bituminocus cceai

(1) Progress Report No. 21, Contract No. 14-01-0001-380, April 30, 1566.
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b, Sections 20C end 200 - CGasifizztion end Ash Re~cve!

Coal from Section 100 is fed o iock ncppersr-23
Sl Tlows 1o the gasifier-comsustor D-20i at & rate of 1,524L,7C
sing the same method described previous!y.\l) in the gesifie

S

r

unt

An acddition
s

1 O

ted with 1,052,000 pounds per hour of steam, the entire amo
‘eraic  in weste haat boilars €-20L, C-DT5 anc C-205. ]
<nds per hour of steam is generated therein and exported For u

the piant. Raw synthesis gas ieaves the gasification section
25.531 moles per hour.

>

L)ty ey

O
O W

Alr Tor the combustion oF coa! in the meit is supsiiec a: th

-
I,

n
of 5,524 51C pounds per hour. Flue gss Trom the combustion is cooled o |

in exchangers C-205 and C~202. The gas is then expanded to i3 psis a1d 62 wh'i
provices the energy for air compression plus an sdditional 2,100 kw of elecirici
generated in J-203. The expanded flue gas is then cooled to 325 F in exchangers
C-20% and C-207 anc is vented to the atmosphere at the rate of 5,535,400 pounds per
hour.

5

-~

“he ash left in the melt by the gasification and combustion of the
coal is allowed to build up to & level of 8 weight percent. A slipsiream of :zhe
@sh-carbon-NazC03 mixture is cantinuously withdrawn from D-201 anc flcws to E£-651
where it is treated in the same manaer as described in Progress Report No. 21. The
Pro.essing is the same up to the carbonstion tower. Since there is sufficieat €0,y
From gas purification to convert the required amount of Napcl3 to NaHC03, no recycle
is required. About 22,550 moles pa- hour of CC, from Section L00 are fed to the tcwer
at 95 F and 35 psia. The C02 and water vapor from the top of the tower is vented r{-N
the atmosphere 2t 200°F. The remainder of Section 500 is as praviously descr?bed.\]’

Because of the large volumes of gases processed, Sections 200 and 660
corsist of nine parallel trains of opersting equipment.

€. dection 300 - Shift Conversion

‘ynthesis gas leaves Secticn 200 at the rate of 128,53 moles per
hcur arnd Tiows to Section 300 where about 58 percent of it is fed o the shif: con-
verrer D-30). 3oiler feed water at 85°F is Ted between beds of catalyst at the
rate of 164,300 pounds per hour to absorb & portion of the heat of resction. The
remainder of the synthesis ges is bypassed and combined with the shift effiuent.
“he combired stream, at 733 F and having a Ho/C0 ratio o1 about 3.15/1, is cooled

(1) Progress Report No. 21, Contract No. 14-01-0C01-38C, April 30, 1566.
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in £=301 to 70 F. The gas is then split into twe streams, sO That inis Sigh loved
neat <an be used rfor haa:ing WO Sepearateé process syreams One oortion of tne aas
CAAC - - -
passes through €-302 which provides the ertire preheat (85 tc 200 F) far waste
ezl boilers C=20L and C-205. The other or*;on passes Tirst througa L-303 wnich
' [ 5 ) - © e~ - T -
arovides nigh lemparzture prahect (~75 £ o LES°F) for the boiler feed walé, for
L=3d1 and Tor an zdditional amount which is used by the Section 500 waste nuat
coifers. Next the gas passes through C-304 which provides low levei prehest
{125 o 275 F) for a1l Sec:tion 200 and 50C waste heat boilers, except C-204 anc
©=205. Tre two gas streams are recombined before F-302 and condensate is separated
st 210 F and seng to Section 600 Tor use as filter wash water, Finally. the gas
s cooled o iCDF in £-305 and scrubbed with water in E-301 ro remove trace amount:
c7 ammonia which might be present.
Section 300 is designed as five parallal operating units.
d. Sec LO0 - Gas Pu cazt.on
This section is the same as described in Progress Repor: No, 27,
e. Secrion 500 - Methane Svnthesis
This section it the same as described in Progress Report No. Zi.
¥. Section 1100 - Offsites
S jorn 1100 (not shown in Figure 2) includes facilities for the same

n

.
ed and cdescribed in P'og'e Report No. 2I1.

Steam generation facilities consist solely of a start~- up boiler
of producing 550,000 pounds per hour of 420 psia steam at 1000°F and
pounds per hour of 420 psia saturated steam.

Zleciric power is produced at a rate of 115,000 kw at 13,800 volts by
turbogenerators using condensing steam turbine drives. An electric substation iy
grovided to reduce the voltage to 4160, LLG, and 110 volts.

es are also provided for circulating 306,080 gpm oF cocli o

ciliti -
ing 2720 gpm of boiler feedwater, and for deoeratung EL50 gpr of

3
r, TOr treat
ar fzedwarer.

A complete utilities summary is included as Table V.
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The cost of producing 247,000,000 SCFD of nipeline gas fror suzcituminous
coal is calculated in Tebles V and VI, assuming-S0 percert stream efSicierncy. The
procedure used is in accordance with JCR's tentative standard for cost estimeling
of pipeline gas sieats. (2)

Estimated capital investment is summarized in vable V. Shif: cazalyse
and activates carbon are included in fixec invesiment bacause of their long life-
times., Total capital investment is about $147,000,000.

mat experses anc gas selling price are chown in
Subbituminous coa . T $2 per ton. Totai operating expense is 3
to be 35.Lc/MSCF, and cas s=llina price, based on a 20-year sverage return on eguity
capital of sbout 9.L percent, 1s L3.5¢/MSCF.

-5

't should be noted here that a crecit of 8.9¢/MSIF is tazxen in the econo-
mics for the excess power. The raticnale of this credit is the same as in Progress .
Report No. 2]1. The cradit is taken Tor the excess power at L4.5 mills/kwh, the cost
of producing it by burning subbituminous cozi at $Z per ton.

3. Varisstion of Manufacturing Cost with Mel: Height

Since increasing the melt bed depth hes deen show.n to decrease the ocserved
experimental gasificaticn rates, a study has been made o determine the economic
effects of raducing the bed depth from the 19 feet used in the flowsheet stucies
to 8 feet and to L feer. A new gasifier design {as ye:r unspecified) wouid be rcguired
for bed depths much below & fee:, and therefore no 2stimate was made of the effect of
recucing neighis below this level.

I7 meic depth is recuced, the number of gasifiers must be correspondingly
increased to keep %he total melt volume constent. This,of course, resulis in an
increzsed plant investment due primarily to the larger number of gasification units.
This increase in number of operating trainms., in turn, raquires & larger amount of
crerating labor which furcher raises gas cost. The effects of reducing bed Jdepth
t0 8 fee: and & feet are increases in gas manufacturing cost ¢f 3.9 and 10.2¢/MSCF,
respectively. Tnus, it appears that bed depth mzy be reduc2d to about 8 feet without
seriousiy ‘ncressing gas cosi, but if heights much below this are required to obiain
ihe desired reates, the econcmics will begin o be seriously affected.

L. Bvdrcaen from 8ituminous Coal

Estimared costs for producing hydrogen from bituminous coal!, Lased on ver
= Y g 2 ( )
preliminary process designs anc cost estimates, were presented in a previous report. 3

(2} CCR Tentative Standsrd for Cost Estimating of lnvestor-Cwned Plants for .
Producirg Pipeiine Gas from Coal, June &, 1565,

(37 Pre_-2ss Report No. &, Contract 14-01-0001-380, January 31, 1965, p. SGA.
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1.2 es bave zeen res

umed 0 hydrogan in order to prépare & 'oroci.fu Zalasd.
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Gasification and Ash Removal

(=g

. High Temperature Shift Conversion
. C02 and Bulk Sulfur Removal

d. Compizt2 Sulfur Removal

e. Sta2am Reforming of Methane

. Low Temperature Shift Conversion
5. 0y Removal

. Methsnation of Carbon Oxides

l

Gas Compression

i

Sroject’ons
1. Zineline Gas

Investment and operating costs will be determined for the mianufacture of
pipeline gas 7row anthracite coal and lignite.

2. HMydrogen

Prenaration of the '‘process package' for the hydrogen-frem-coe! plae.
n
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ULTIMATE (DRY BASIS) PROX{MATE
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1,524,700 LB/HR
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" 1,624,000 LB/HR

— e e e e — e _ .
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_ 9_4'55;,:!_' T T psoz TTTTTT Thlan a-d g
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“INLESS CTREAM COMPOSITINNS

247 wiM SCFD PIPELINE GAS_FROM _SUBPJ TUMINOUS Z0AL
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THE M. W, XELLOGG COMPANY PAGE NO. i
A DIVISION OF PULLMAN INCORPORATED
RESEARCH & DEVELOPMENT CEPARTMENT REPORT XO. 23
TABLE 1 1
;ect?on-?v—Seeticn Materizi Balance
247 MM SCFD Pipeline Gas From Subbitumicous Goal
Section 200
lnout Pounds per Hour
Coal “rom Section 100 ' i,524,703
Air L,924,510
Steam ' 1,052,000
Sait from Section 600
NaHCO3 781,760
N?8C03 12,120
i, 6,270
_ 800,150
Total 8,301,360
Outout Pounds per Hour
Cas to Section 300 2,188,050
¥elt to Section 600 £73,870
Flue Gas 5.539.400

Total 8,301,360
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HRolelths
Gzs from Section 200
Boiler Fca2d Water to Shift Convertcr D-301

Process Wa<er to Scrubber E-301

Total
Curous
Gas to Section 400
Condensate from F-302 to L-6011
Waste water from Scrubber E=301
Total

Section 400

1nput

Gas From Section 300

Regeneration Steam to Activated Carbon Drums, D-5C3

Total
Qutput
Gas tec Section 500
CO2 from F-401 and F-402 to E-602 370,300

to Stack 8L.1398

H2S reacted in D-401
Steam & (0S from Activated Carbon Drums, D-503

Total

2,624,852

Pounds ze- Hour

1,825,552
426,050
289,190

2,624,890

Pounds per Hour

1,829,859
1,850,450

Pounds par Hour

774,870

1,055,458
273
60.805

1,890,450
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Section 500

Inout Pounds sor ta.r
Gas from Section 400 774,870

‘ Cutout Pounds oer Hour
Pipeline Gas Product 425,702
Condensate vrom F-503 260,000
Condensate from F-504 87,059
Condensate from F-505 1.109
Total 774,870
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S.c-io= 300

1 nout
Melt frem D-2C1
Wash water from F-302

C02 from Section 430

Quzous

Salt to F-202

NakCO3 781,780
5502 6.220

Ash from L-3801

Waste COZ
From F-601 28,0¢c0
From E-602 736.700
team
from F=6C1 122,303
rrom E-602 199,000
From L-601 " 913
From L-0602 _l§_§92

N52C03 with residue from L-60]

Carbon with residue from L-601i

Jotal

Pounds 22r Hour

573,37%
426,030
G7O.§u0
1,570,220

Pouncs ner Hour

753,030

39,600

765,750

341,720
12,120

23.000
1,976,220
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TABLE 1V

Utilities Summaryv

257 MM SCED Pipeline Gas From Subbituminous Coal

Steam (420 osia, 450°F)

&, Gereration

Normal Production

Secrion | tem Pourvz Do~ Hour
200 C-z04 Flue Gas WHB - 555,000
C-205 Gasifier Effluent WHB 33%,000
C-206 Expander Exhaust WHB 2iL,500
300 =301 Shift WHB 315,500
500 C-502 lron Cat. Reactor Cool-
ing Coils 497,000
£~503 Iron Cat. Reactor Cool-
ing Coils 497,000
C-504 lron Cat. Resctor Cool-
ing Coils 497,000
=507 Nickel Cat. Reactor
Cooling Coils 107,000
€-508 Nickel Cat. Reactor
Cooling Coils 107,000
C-50% Nickel Cat. Reactor
Cooling Coils . __107.000

Total 3,231,000
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|

250
430

LYoly!

1100

Section

200
1100

oy
(& &

ltem

J-2C1
J=4G1
J=502
C-502

Gesification

Solvent Zurmp

COZ Sicwer

Activated Cerbon
Regeneration

Other Secticn 400

J=501

J-502

Generation

Iron Cet. Recctor Hot
Recycie Gas Compressor
irorn Cat. Reac:or Coic
Recycle Gas Compressor
Nickel Cat. Reactor
Recycle Gas Compressor
Product Gas Compressor
Turbogenerator

Total

tecrtr.c Power

m

ltem
N-201 Expander~driven generator
N-1101 Turbogeneratzor
Total
Consumction
ltem

L-103
L-104

Bradford Breaker
Hammerm’ 13

Other Equipment
Miscellaneous Pumps

J-604
J-602

Quench Tower Pumps
Bicarbonate Tower Pumps

Other Equipment

Total

12,000
226,000

1.4i5.850
3,231,00C

Norma: feneret.on

N,

52,100
1i5.23C

207,300

Normai Consu

RT3

HP i
229 71
3,35 2,565
100 75
80 50
1,305 975
36) 269
L ——52_
5,575 L,187
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Seerian

1100

P

Seczion

200

300

400

500

1100

Cooiing Warer

e GM
L-1191 £ooling Towe-s 305,280
Consumntion
Tame. Rise
I tem £
€-208 Inzercocler 15
C=-209 Intercocler _ 15
Total Section 200
C-306 Cooler 15
Total Section 300
'c-404 Aftercooler 15
J=4C1 Surface Ccndenser 30
Total Secrion 400
C~566 Ceoler 15
£-510 Cooler is
C-511 Aftercooler 15
J~-501 Surface Condenser 30
J_Soz u " 30
J"505 u 1] 30
J"506 L -:: 30
Total Section 500
N=1101 Surfsce Condenser 30

11,310

148
11.550

—_——2T
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N
s)

Coclinc VWacter fLonsurniior

et on Title
202 Gasificaticn
3C° Skift Conversion
<00 Gas Purification
.2 Methane Synthesis
1130 Offsite Facilities

Total Consumpticn

C. Cooling Weter Balance

Recirculated Water

Mekeup Water from J-1101
Tctal Water to Cooling Towers
Water lecsses in Cooling Tower
Jotal Water to Process

Warm watier returned to river

Recirculated water




ar =y s

TaZ Mm.w, KZLLOGS CTmlax

4
H

A SIVISON OF PULLMAN INCORPORAT
RUstaren & DEVILOPMENT DCRPARTMINT REPIET X, -
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1. Ezu19:°c- .
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A. Procuccica
-~ o=t Do, .
A X ] i1 e e AT Y Ay
Sazvicn ltem Po s -is = S
1icd Feedwater Makeup and Condensate Return 3,455, 8%
5. Ccnsumntion
Normai Consumpiion
S2c:io |tem Poyunds ser sou-
300 §-301 Skift Convertar 184 £00
=302 BFW Heater 315,532
C-304 BFW Heater 2,415,530
Tots! 3,585,800
° H
. 275 F, %30 psia
A, Productrion
Nermed
Section |tem Pouads per
300 C=304 BFW Heater 2,4
5. Consumction
Normal Consumption
Sec~ion l tem Pounds per Hour
-~ Qe =AA
200 =207 BFW Heater 1,045,200
PR -2~ -
3GE £-303 BFW Heater 545,308
Total 2,414,508
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1., L2C'F. =20 »sia
A. Prcducrio-
Nerrol Coool LLon
Sgc-icn : o .re .
~ - - -~ . N - -~
253 C-2C7 2% Hecter A 2
3CC =532 EfW Heazer Sl
£-303 8FW Heater Sfg Tl
Tozal 1,330,500

409 D-403

500 r=50!
F-502

5. Recirculation

Feed Water Makeup

Section |ter
225 F-203 Srezm Drom
300 F=301 Sieam Druem
508 F-501 Steam Droum
=502 eam Drum
Total
1V, Zoliar Feed “eter Zalance
A. Losses ‘rom Svstem
Seccion lter
200 D-¢I1 Gssifier Steenm
F=203 Stear Drun 3lowdown
30C D-3G1? Shift Converter Quench
F=301 St2am Drum 8lowdown
A

ivated Carbon Rege-
neration

Cther Steam
Steam Drum Bicwdown
Steam Drum Blowdown

Total

Condensate from Surface Condercers

Total Bciiler Feed Water
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Process Mater

CriswnpTion
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$2ccion [ tem

300 E-301 Scrubdbber 272,G00
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THE M.W. KELLOGG CTOMPANY PAGE NC.
A CIVIZION OF PULLMAN INCOPPONATED
RCSCARCH & CEvELOPMENT DEPARTMENT REPORT NO. zZZ
TABLE v
INVESTMENT SUMMARY
PIPELINE GAS FROM SUBE!TUMINOUS CCAL
Basis: 247,090,000 SCFD of Pipeline Gas
90% Stream Efficiency
SECTICN TITLE SAAZ COST w
100 Coal Storage and Preparation $ £,017,08C
233 Gasification €3,135,C00
300 Shift Conversion 3,7.%4,000
L0oo Gas Puritication 15,621,350
5090 Methane Syathesis 2,604,000
600 Ash Removal 3,165,000
1100 Offsite Faciiities 16.93:.600
Total Bare Cost $118,197,000
lnterest during con=
structicn and contractors’
overhead and profit 23,639,900
TOTAL FIXED INVESTMENT $141,.836,000
Working Cepital h
30 Days Coal lnvenicriy $ 1,050,000
30 Days Carbonate Invento.y 135,000
30 Days Catalvst lnvecntory 79,000
Catalyst Charge 530,000
Accounts Receivable at 11% of
Total Operating Expense 31.091.000
Total Working Capital S 4.825.000

TOTAL CAPITAL INVESTMENT $145,£861,000

*Bara cost includes materiais, freight, construction labor, field administration
¢nd supervision, insurance during construction, cos: of tools, fieid orfice expe:se and
cost of home office engineering and procurement.
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A QIVIEION OF PULLMAN INCO~NMONATEe L
ROSCARCH & DEVECLOPMENT DCPARTMENT REPORT XD -
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CAS FROM SUEB|ITUMINCOUS COAL

FiPzLIN

ESTIMATED ANNUAL OPERATING COST

AND GAS SELLING PRICE

Basis: 247,000,000 SCFD of Pipeiine Gas
90% Stream Efficizncy

[TEM S/YEAR 2/ MSCF
Subbituminous Coal at $2/Ton $12,680,000 L2
Sodium Carbcnate Makeup at 1.55¢/1b. 1,L450,0C0 ..o
Miscellaneous Chemicals 174,000 C.z
Sponge lron Makeup 37,000 0.3C5
Mathanation Catalyst Makeup é57,000 0.8
Jirect Operating Labor at $3.20/man-hr. i, 648,000 2.0
Power Lredit at 4.5 mills/kwh -7,240,000 ~38.9
Maintenance at 3% of bare cost . 3,540,000 L3
Suppiies at 15% of maintenance 531,000 c.7
Supervision at 10% of operating labor 165,000 0.2
Payrcll Overhead at 10% of operating

tabor and supervision 181,000 0.2
General Overhead at 50% of maintenance
+ supplies + operating labor +
supervision 2.642.0G0 3. &
Plant Operating Expenses $16,205,000 15.8
Depreciation at 5% of fixed investrent 7,092,000 8.7
Locel Taxes & insurance at 3% of
fixed investment L. 255.000 5.2
Subtotal 27,552,000 33.7
Contingencias at 2% 551.0C0 0.7
TOTAL OPERATING EXPENSE $28,1C3,000 L.k
20 YEAR AVERAGE REVENUE REQUIREMENT $35,54%2,000

AVERAGE GAS SELLING PRICE 43.5¢/MSCF
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A DIVISION OF PULLMAN INCORPGRATL S :55";‘[353

RESEARCHW 8 DEVELOPMENT DEPARTMENT 23

REPORT KO.

1V. MECHANICAL DEVELOPMENT

A, Accomplishments

1. Envirommental Tesrting of High Temperature Materials

Gasification forrosio: Test #9, using a simulated gasification concition,
was terminated at 407 hours during :inis report period. This tast was conducted to
investigate what the corrosion problems might be at the joint between two blocks of
Monofrax A. Two blocks of this material, each a cube one inch on a side, were sub-
jected to a compressive loading of LD psi while at 1840°F and in a simulated gasi-
ficaticn situation. (The compositions of the melt and gas supplied are given in
Table VI1). At intervals during the test, 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 examination both specimens were found to have cracked in a direction paralie!
to the applied stress; there was stil! littie evidence of corrosion. There is a
possibility that the failure of the support also caused the specimens to fai!,
inasmuch as both failures seem to have occurrec at about the same time.

2. Mechanical Characteristics Testing

The meit quench tests have been continued during this resort period. Mel:
materiai at 1840°F has been quenched in cold, still water with little or no agglo-
meratica. The melt was gravity-fed through hoies up tc 3/4" in diameter and aicwed
to fali into some nine inches of water. The resulting material closely resembiec
popcorn in general size and shape; some large clinkers were observed when the dep:n
of water was reduced to less than about four inches.

A circulation system for studying the flow parameters of a simulated mel:
material is currently nearing completion. This test system is designed to allow

measurement of flows attainable with an 'air-1ift'' of the type proposed for the
molten-salt system.

The 5-3/4 inch reactor test facility is nearing completion. The furnace
was received recently, and was erected on the previously fabricated support frame:
the reactor itself is now also in place. Final wiring and controls are all that is
required rior to initial testing of this facility.
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A CIVISION OF PULILMAN INCG~PONAT I
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RESZARCH & DEVELOPMENT DEPARTMENT REPORT NO. 23

B. Projecrions

1. Environmental Testing of Hich Temperature Materials

The simulated Gasification Corrosion Test will be restarted as soon ac
new specimens can be prepared and the facilities made ready.

2. Mechanical Characteristics Testing

Work on the circulation test facility will continue, as will theoraticsl
work to predict flow of the melt material under various conditions. The test faci-
lity when complete will be used tc check the validity of the theoretical precicrions.

installation of the controls and accessory items on the 5-3/4 inch test
facility will continue. and should be complete about mid-July.
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TAOLE Vi
MELT AND FEED GAS COMPOSITIiON
FOR _SIMULATED GASIFICATION CORROSION TESTING
Feed Gas Composition ol %
H2 ie
co 5
€0, 5
N2 L
HZO 39
100%
initial Me't Comrosition Vi, %
-'\'a2C03 87
Ash iC
Nazs ___.L




