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SUMMARY

The parametric study of the flash hydropyrolysis of sub-bituminous
coal is in progress. 35 successful experiments have been completed to
date. BTX (benzene, toluene, and xylene) yields from the coal have been
found to be as high as 15% and the total liquid yields approximately 207%.
Compared to lignite, the sub-bituminous coal produces a 507 greater
amount of BTX with a much smaller yield of heavier liquids (Z_Cg). The
total liquid yields were approximately the same in both cases aﬁd'the
composition of the heavier liquids was also similar. Maximum gaseous
hydrocarbon yields produced at 2500 psi were also similar to that of lignite,
84 to 88%, except that at lower pressures the sub-bituminous proved to be
more reactive, yielding 557 methane plus ethane at 1000 psi compared to
35% for the lignite.

A number of exploratory experiments were conducted using lignite
ground to less than 55 microns and lignite impregnated with potassium
carbonate (K2003); In one experiment, the finely ground lignite at 2500
psi and 750°C produced a higher yield of BTX than normal (14% vs 9%) but at
some reduction in gaseous hydrocarbons- (30% vs 407%). The purpose of impreg-
nating the lignite with KZCOB was to reduce the caking problems previously
encountered at 4000 psi hydrogen pressure and to improve the low tempera-
ture (< 8000C) conversion of this coal. Although only 2 experiments were
conducted, the treatment did not appear to improve the yields.

The sulfur contained in the char remaining after reacting the lignite
was deterwlued Lu be appfoximately 95% in the form eof organiec sulfur. The

sulfur in the original lignite is approximately 64% in the organic form.
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It would appear that the particular organic form of sulfur in the
lignite is able to survive extreme temperature (. 900°C) at the short
residence time it is subjected to in the FHP reactor. Extraction of this char
with MEK, benzene and cyclohexane failed to produce any material that
could be identified on.a gas chromatograph at 230°C. The char extraction
did yield a residue that represented 1% of the carbon in the feed lignite.
A report entitled, "Qoal Conversion in Flash Hydropyrolysis Reactors",
is being completed and will include the most recent modelling of the
reaction scheme for the experimental data obtained on the FHP of North

Dakota lignite.
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I. OBJECTIVE AND SCOPE OF WORK
The program objective is to obtain process chemistry and design

information on the Flash Hydropyrolysis Process (FHP), a rapid gas—phasé
non-catalytic coal hydrogenation technique being investigated at BNL.(l’Z)
The work includes the design, construction, and operation of a 1 lb/hr
down-flow entrained tubular reactor'systemlcapable of operating at up to
900°C and 4000 psi and incorporating on-linelproduct analysis. The experi-
mental unit is used to study the effect of such process variables as
temperature, pressure, feed rates, residence time, coal type and feed gas
compo;ition to maximize liquid and/or gaseous yields and to complete mass
balances of feed to product.
II. TUBULAR REACTOR EXPERIMENTAL RESULTS

Work Accomplished

a) Parametric Study Using New Mexico Sub-bituminous Coal

The parametric study of product yields at temperatures of 700° to
900°C and pressures from 1000 to 2500 psi using sub-bituminous coal is
progressing. Previously reported initial problems with reactor and sample
line plugging have been solved and a significant amount of information has
been accumulated. An analysis of this coal plus the lignite studied is
given in Table I. In Figure 1, the results of‘a series of 35 experiments
are shown. The maximum yield of BTX is found to be as high as approximately
15% at 2000 to 2500 psi and decreases only to approximately 12% as the
pressure is reduced to 1000 psi. Also, the temperatures at which maximum
yields are obtained decrease with increased pressure, going from 825°C at
1000 psi. to 775°C at 2500 psi. When these yields plus the gaseous hydro-=

carbons formed (CH4 + C2H ) are compared to the same products from lignite
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as shown in Figure 2, a constant incremental yield of approximately 5%
in absolute yield for both the BTX and gaseous hydrocarbons is observed
for the sub-bituminous coal. This results in an overall 10% increase in
yield of hydrocarbon products for the sub-bituminous codl compared to the
lignite. The yield of heavier liquid products (Z_Cg) from the sub-bituminous,
although not completely investigated, appears to be much lower than that
obtained from lignite, ranging from approximately 2 to 5%. When this is
added to the maximum yields of BTX, however, the total liquid yield is on
the average equal to or slightly greater than that from lignite.

At temperatures of 850°C and higher, the liquid hydrocarbons are
seen to decompose almost entirely to produce gaseous hydrocarBons,
principally methane and ethane. This plus the additional gaseous products
formed directly from the coal result in the maximum gaseous yields shown
in Figure 3. Although as previously mentioned, the study of the New
Mexico sub-bituminous coal is still in progress, the information to date
indicates it behaves similarly to lignite in gasification except that
greater yields are obtained at 1owér pressure. AL 1000 psi the lignite
yields approximately 357% gaseous products apd the sub-bituminous 55%, an
almost 607 increase over the lignite. At 2500 psi, approximately the
same yields (84 to 88%) were observed for both cnals and the yields appear
to be a direct function of the hydrogen pressure, increasing at a faster
rate of 187 conversion for lignite and slower rate of 107 for sub-bituminous
for each 500 psi increase in pressure. These yields were all produced at
a hydrogen to coal feed ratio of approximately 1 1b/lb and at coal
residence times between 2.4 and 7 seconds. It was fouﬂd that at shorter

residence times the reaction did not reach the completion and at longer



residence times, decomposition of the methane reduced the total conversion.
Also, since higher temperatures accelerate the decomposition, the competing
reactions of formation and decomposition at 2000 to 2500 psi result in the
maximum yield frequently occurring at temperatures lower than the maximum
spudied (9000C). Table II gives the maximum yields observed to date

using the sub-bituminous coal for both the liquefaction and gasification
studies.

Also of interest is that in most of the experiments there was little or
no oxides of carbon formed when using the sub-bituminous coal. This compares
to significant amounts of carbon oxides formed when using lignite.

b) Effect of Particle Size on Yields from Lignite

It was previously reported that lignite particles of less than 55
microns (< 55u) could not be fed to the reactor éystem and that < 87u
particles showed little difference in yields as compared to < 150u. These
smaller particles have been successfully fed to the reactor after modifying
the feeder and the results are given in Table III. In the first experi-
ment, run 201, conducted at 750°C and 1500 psi, the only difference in
product yield from experiments using the normal coal grind (< 150u) appears
to be a slight increase in the BTX yield and a decrease in the yield of
heavier liquids (z_Cg). In the second experiment, run 228, conducted at
the same temperature and 2500 psi, the difference in product yield as
‘compared to < 150u particles is more pronounced. With the < 150u particles,
the gaseous hydrocarbon yilelds are generally greater than 40% while the
< 55u particles yielded only approximately 30%. Alsn, the larger particles
usually produce liquid yields of approximately 9% BTX and heavier liquids,

while with the < 55u particles these yields were approximately 147 for



the BTX and 3% for the heavier liquids, giving almost the same total
liquid yield.

c¢) Product Yield from Potassium Carbonate Treated Lignite

Ih Table 1V, the‘results are shown for two experiments conductéd
using North Dakota lignite impregnated with 15 wtZ K CO3. Impregnation
was accomplished by thoroughly wetting the.ground éoal with a solution
of K2C03, drying the coal in a vacuum oven at 70°C to constant weight
. and then re-sieving the coal. The reasons for those experiments were
two fold: (1) to try to reduce the caking quality of the lignite at
elevated pressures (¥ 4000 psi) where previous experiments indicated
caking which resulted in a plugged reactor, (2) to try to increase the
low temperature (< 800°¢) gasification quality of the lignite. Neither
experiment was a success. In the first, conducted at 750°C and 4000 psi,
the reactor plugged as previously, and, although the yield of gaseous
hydrocarbons was approximately the same as observed in short term experi-
ments using untreated lignite (% 65%),tﬁe yield of BTX was considerably
less (H.6% vs 1h%). In the second experiment, conducted at 750°C and
2500 psi, none of the yields were as high as normally obtained from
the untreated lignite.

Work Forecast

The parametric¢ study of the sub-bituminous coal will continue and
will include the effect on conversion of low hydrogen to coal feed ratio.
Other treated coals will be used, including calcium treated Illinois No. 6
supplied by both Battelle Columbus Laboratories and the Institute of Gas
Technology. A further investigation will Le wade of the two other feed

gases CO-H, and CHA’ previously tried, in which the results were found
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to be inconclusive.
III. PRODUCT ANALYSES kND-MATERIAL BALANCES

Work Accomplished

a) Heavy Liquid Hydrocarbon Produced from New Mexico

Sub-bituminous Coal

The heavy liquid (Z.Cg) which is of molecular weight greater than
BTX are collected at the end of each experiment and if a sufficient quantity
is formed, it is analyzed and included in the total carbon balance as in
Table I. As previously mentioned, the study of these products is still in

progress. Although it presently appears the quantity of > C,'s produced

9
from sub~bituminous coal is less than half that produced from lignite, it
also appears that the total liquids produced (BTX + Z_Cg) are approximately
tﬁe same for both coals. Thus, the BTX is much higher for the sub-bituminous.
The composition of these heavier 1iquids is also approximately the same
for both coals, containing about 607 naphthalene and other two ring
aromatics, the remainder being higher arématic species;

b) Sulfur Balance

50 to 75% of the sulfur contained in the lignite fed to the FHP
system is consistently found in the residual char. As shown in Table V,
a detailednanalysis of theAlignite and char from rﬁn 177, 63.6% of the
sulfur in the feed lignite is in the organic form as determined by the
standard ASTM method for sulfur in coal. Using the same analytic method
oit the char, 50.3% of the sulfur is found in this by-pruduct, 94.5% of
which is in the organic form. This represents approximately 75% of the

original organic sulfur in the feed lignite. Almost all the soluble and

pyritic forms go into the effluent water produced and the gases vented to



the atmosphere, since little sulfur is found in the hydrocarbon products.
In order for the organic sulfur to survive, it may be bound in the coal in
a form capable of surviving temperatures as high as 900°c. The short
residence time may also be a factor in maintaining the sulfur in the
organic form in the char.

c¢) Extraction of Lignite Char

Three samples of char from an experiment conducted using lignite were
extracted with methyl ethyl ketone (MEK) benzene and cyclohexane. In each
extraction, the solution exhibited a yellow-green fluorescence and upon
injection into a gas chromatograph at ZBUOC, no peaks were observed except
for the solvent, implying the extracted material to consist of high
molecular weight compounds. The MEK extract was evaporated and the
residue weighed. It was determined to represent approximately 17 of the
carbon in the feed lignite. The other samples were not evaporated since
the MEK was considered to be the stronger solvent.

Work Forecast

An investigation is underway that may allow a more detailed determina-
tion of the sulfur and nitrogen compound not presently measured. For
example, the possible presence of COS, SOZ’ and NOx in the gaseous -effluent.
One method being investigated is the addition of a high tempefature
photoionization detector to the present on-line process gas chromatograph.
IV. REACTION MODELLING AND DATA CORRELATION

Work Accomplished
A report entitled, '"Coal Conversion in Flash Hydropyrolysis Reactox:s"3
" is being completed for presentation at the ALChE 87th National Meeting,

Boston, Massachusetts. The report will contain a correlation of the



data from experiments conducted at 1500, 2000, and 2500 psi, using preheated
hydrogen and lignite. This information is used in the preliminary design of
three types of reactors, a fluidized bed, a cocurrent down-flow entrained bed
and a fast fluidized bed, all assuming a plant capacity of 25,000 ton/day.

Work Forecast

As soon as sufficient data becomes available from experiments using
sub-bituminous coal, this data will be correlated in a similar manner as
was done for the lignite data. Also, the present reaction model being
used will be modified to more closely represent the actual reaction
products observed.
V. EXPERIMENTAL EQUIPMENT AND MODIFICATIONS

Work Accomplished

No significant changes were made to the experimental equipment during
this report period.

Work Forecast

Two improvements to the equipment are anticipated in the near future.
A new coal feeder will be developed to allow the uniform feeding of
almost any dry material of almost any particle size and the present char
receiver will be enlarged to allow experiments of longer duration than is
presently possible.

Also being investigated are methods to introduce steam into the feed
gas and a method by which the reactor can be operated in a countercurrent

mode.



VI. CONCLUSIONS

The following conclusions can be drawn from this work:

1. The maximum yield of BTX .observed from the FHP of sub-bituminous
coal is at ieast 50% greater than that from lignite (107 for lignite and
15% for sub-bituminous). |

2. The total liquids yields (BTX + 3_C9) are approximately the same
for both coals (v 20%).

3. Both types of coal can be hydrogasified to methane and ethane
up to approximately 857 conversion of the carbon in the fuel at 2500 psi
and 875° to 900°C.

4., The sub-bituminous coal yields 607 more gaseous hydrocarbons than
the lignite at a pressure of 1000 psi and temperatures in the range of
875° to 900°c.

5. The gaseous yield from both coals is directly proportional to
the hydrogen pressure in the range of 500 to 2500 psi.

6. A large part of the organic form of sulfur in theAlignite appears
to be precocrved in the char product indicating a stroug organic sulfue
binding in lignite which is nét affected by the severe conditions in the
short residence time in the reactor.

7. A smaller particle size uf coual Lteuds tu yleld a larger amount
of BTX and a smaller amount of heavy liquids; the overall yield remaining
approximately the same.

8. Extraction of the lignite char indicated very low residual,

solid heavy oils.
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TABLE I

ULTIMATE ANALYSTS (WT PCT DRY) OF COALS USED IN STUDIES

North Dakota

New Mexico

Lignite Sub-bituminous
Carbon 59.0 59.3
Hydrogen 4.0 4,2
Oxygen¥* 25.5 16.8
Nitrogen 0.9 1.2
Sulfur 0.6 0.8
Ash 10.0 17.7
*By difference.
TABLE II

MAXIMUM YIELDS FROM THE FLASH HYDROPYROLYSIS

OF NEW MEXICO SUB-BITUMINOUS COAL

Run No.
Date

Reactor Temperature (OC)
Reactor Pressure (psi)

Hy Feed Rate (1b/hr)

Coal Feed Rate (1b/hr)

Residence Time (sec)

Product Yields (% Carbon Converted)

Cco

Total Gas HC

Total Liquids
Total

- 11 -

LIQUIDS _ GASES
244 241
4/3/79 3/22/79
725 900
© 2000 2500
0.93 0.95
1.03 1.03
6.3 7.0
19.3 83.6
5.1 —-
24.4 83.6
15. -
4.5 --
19,7 -
44,1 83.6



TABLE III

PRODUCT YIELDS FROM < 55pu LIGNITE PARTICLES

Run No.
Date

Reactor
Reactor
Hy Feed
Coal Fe
Residen

Product Yields (% Carbon Converted)

Temperature (OC)
Pressure (psi)
Rate (1b/hr)

ed Rate (lb/hr)
ce Time (sec)

co

CH4

C,He.

To

To
To

tal Gas HC

tal Liquid
tal

-12 -

201
11/16/78
125
1500
0.93
0.97
11.5

9.2
4.0
13.2
44,2

228
2/20/79
/15U
2500
1.01
1.00
17,0



TABLE IV

PRODUCT YIELDS FROM NORTH DAKOTA LIGNITE
TREATED WITH 15 WT% K _CO., -

—2—3
Run No. 224 227
Date - 2/1/79 2/9/79
Reactor Temperature o) 750 750
Reactor Pressure (psi) 4000 2500
Hy Feed Rate (1b/hr) 1.1 0.9
Coal Feed Rate (1b/hr) 1.0 1.1
Residence Time (sec) 10.7 7.0
Product Yields (% Carbon Converted)
co - -
CH4 55.0 23.4
C2H6 9.0 11.3
Total Gas HC 64.0 34.7
BTX : 6.6 6.1
*
2 Cg 2.8
Total Liquid 6.6 8.9

Total 70.6 43.6

*Insufficient sample--reactor plugged.

- 13 =



TABLE V

SULFUR DISTRIBUTION IN NORTH DAKOTA LIGNITE AND LIGNITE CHAR

Run No. 177

Reactor Temperature - 875°¢
System Pressure - 2500 psi

Max Product Yield - 82.6% Methane

7% of Totals

: LIGNITE CHAR from Lignite
Form of Sulfur % in Lignite % of Total . % in Char 7% of Tnral in Char
SO4 (suluble) 0.085 14.8 0.u2/ 2.8 1.4
FP.SZ {pyrire) 0,124 21.6 0.026 2.7 B e
Organic# 0.366 _63.6 0.90 94.5 47.5
Total 0.575 100.0 0.953 100.0 50.3

*By difference

n.20

b—. -

o4
@
T

2500 psi

g
o
T

[o]
o) 1000 psi

0.05

FRACTION CAR3ON CONVERTED TD BTX

(o] 1 - —l 1 LA 1
700 T25 50 T78 800 82 850 875 900
TEMPERATURE °C

Figure 1. Flash Hydropyrolysis of Sub-Bituminous Coal, Maximum BTX
Yields vs Temperature, Pressure 1000 to 2500 psi.
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0.6

0.5
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FRACTION CARBON CONVERTED

BTX

_ i
_ /A/ +
N /// GASEOUS HC
// - -1
_ o } GASEOUS HC
- (CH, + c,H,)J

0.3 4
- - = =SUB-BITUMINOUS
LIGNITE
0.24 7]
[ Y . Y, —
O o= —° } BTX |
0.1} _o-—"
<
0 i | | ! {
500 1000 1500 2000 2500 3000
PRESSURE (psi)
Figure 2. Product Yields at Maximum Conversion to BTX, Fraction Carbon

FRACTION CARBON CONYERTED TO GASEOUS HC PRODUCT

Converted vs Pressure, Temperature 750°-800°C.

0.8

SUB-BITUMINOUS

0.6

® NORTH DAKOTA LIGNITE
O NEW MEXICO SUB -BITUMlNOUj
04

0. 1 i L !
500 1000 1500 2000 2500 3000
PRESSURE (psi)
Figure 3. Maximum Gaseous Hydrocarbon Yields vs System Pressure,

Temperature 875°-900°C, Coal Residence Time 2.4-7.0 sec.
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FUNM ND. 2283 IAMPLE MO. 1 DATE 1 -31 - 1972
COAL TYFE- MEW MEXICO SUE-EITUMINOUS

'CORL RESIDEMCE TIME-MEASURED 1.800 SECOMDE
CRLCULRTED 1.800 ZECOHDE

HOMIMAL COMDITIONE TOTAL RCCUMULATED WTSE.

COARL FEED EARTE LE-HF ZOAL FEI TO4. 0 SREAME
HYTEDGEHM FLOW FRTE LE~HF CHAR 7.0 GREAM
HYTEOGEM “ELOCITY RS ] FT-ZEC LIGHT DOIL= 0. GRAME
RERCTOR TEMF, vSo.0 DES BT a. SRAME
FREHERT TEMF. 0,000 IEG WATER n. GRAME
HYDEOSEM PREZIURE 1300, F=I

COAL AHAL'Y %
CAHEEOM
HYTIROGEM
O EEM
MITRO=EM | i n,
wULFLIE . L0100 0.
AZH 17,60 25. 27

PRAODUCT COMC. IM % CAREOM COMY. = MAF COARL COMY.
3R%y MOLE = TO PROLUCY {U FRODUCT

CAREEDON MOMOXIDE 0.

CAREOM DIOXIDE 0.
METHRNE w3300
ETHYLENE 0.

ETHFME L1000
EEMZENE LEO0IE-0L
T LIEME CSO00E-0S
HYLEME - n.

LIGHT OIL 0. .
WARTER n. .
TOTAL T 5,209

TOTAL MARTERIAL DALFAMCEs %
CAREEON HYDREOGEN O=YGEN MHITROSEM ZULFLUE MAF COAL

LIGUIDE 1.4 1.79 0. o. . 1.14
HYDREOCAREDM SAZES 4,97 ol.4 . 0. a. dLET
CHRREOM OXTDES 0. 0. 0. u. n. 0.
WHTEFR . 0. 0. . . n.

AMMOMIR il. .21 0. 100, 0. 1,21
HYDROGEM ZULFIDE 0. 1.2 0. 0. 100, 1,08
CHAE 0. 0. . u. . IE.4
TOTAL L n. 100, 100, 47,1

HYORFOGEM COMIUMFTION- -.22 LE HYDROGEM~LE COAL

ATOM HYDROSEM-ATOM CAREOM

HEAT OF RERACTION- -.3245 F.CAL-GERM OF COARL FED
EFFECTIYE CAREUM LUMVERSIOM- E.9ET FERCEMT
EFFECTIVE EMNERGY EFFICIEMCY- =R L PERCEMT

- 18 -



FUM MO, 2232 EZAMFLE HO. c DRTE 1 T3 - 1aPe
COAL TYPE- MEL MEXICO ZUB-BEITUMIMDUE

ZECOMDE
ZECOMDE

COAL FEZIDENCE TIME-MERZURED 2.
CALCULATED =z

HOMIMAL COMNDITIONS TOTAL ACCUMULATED WTE,

CORL FEED RRTE 2 COoRL FED Tod.0 GRERAME
HYDROGEM FLOW RATE . DE CHAR 247. 0 SRAME
HYDEOGEH YELOCZITY IE53 T-ZEC LIGHT OIL= . GRAME
REHCTOR TEMF. . 1 ' ETH 0. SRAME
PREHERT TEMF, LIRTER a. GRAME
HYDRDGEH FRETZEZURE

CRFEEOM
HYDROGEM
O=55EH
MHITROGEM
ZULFUF
A=H

PEODLICT COMC. IH % CAREOM COMY. % MAF COAL COMY.
A=y MOLE = TO PRODICT TO FRODUCT

CAREOM MOMDXIDE L1500 IS N Z.369
CARFEDOM LTOXIDE . . i
ME THRHE 1,550 12,99

ETHYLENE 0.

ETHAME .S40n N
EEMZENE L10sn o
TOL.LEHE LAI1NnE-NL G
HYLEME 0. .
LIGHT DOIL 0. il
LATER 0. n.
TOTHAL 3e2.7e 0. eE

TOTAL MATERIAL ERLAMCE: X

CAREON HYDREDOGEM DEYSEM HITROSEN =ULFUR MAF COARL

LIDIIn: . 2,02 0. 0. 0. S.19
HYDIROCAREOMN BRASES 24 105, . 1. a. i 1
CAREOMH OXTDES i 0. = =) . n. i
HATEPR . 0. n. a. 0. .
AMMOMIA 1. (28 . 100, 0.

=
—

.
[
-

YORDGEN SULFIDE
CHAE

. a. 100,
3. 0. .

LA e

DO e I L
DU

o) e

TOTHL 2.7 a1, . B 10, 100, 1.9

HYIROGEM COMZUMPTION- .87 LE HYDROGEM-LE COAL

ATOM HYDROSEM-ATOM CHREEDN

HEAT OF RERCTION- -.441g FCAL-SRAM OF COARL FED

EFFECTIVE CAREOM COMVERESION-
EFFECTIVE EMERGY EFFICIEMCY-

ve - FERCENT
T FERCEMT

1)

- 19 -



FUUM NO. z22 SAMPLE HNO. i DATE 1 -1 -

o
O
=J
0

COAL TYPE- MEW MEXICO SUB-BITUMINDOUS

CDAL RESIDENCE TIME-MERSUREL 4,500 ZECOMDE
CALCULATED S.400 ZECOMDS

HOMIMAL CONMTITIONS TOTAL ACCUMULATED HWITS.

ZORL FEED RATE = LE~HR CORL FED vos.0 GREAME
HYTOROGEN FLOW RATE LE-HR CHARE 247.0 GREAME
H*DFROGEN YELOCITY FT-3SEC LIGHT OILE 0. LRAME
FEARCTOR TEMP. DEG C BTH o. SRAME
FREHERT TEMF. DE: C HRATER 0. GRAME
H¥DFDSEN PRESZLRE PEI

CHRE AMALY SIS
CAREON 0.
HY'DEDGEM
Ok%isEM
HTTROGEN
=HEFLR
HEH

PRODUCT COMG, IR % CRREOM COMY. % MAF COAL CONY,
GAR%s MOLE X TO PRODUCT TO FRODUCT

CAREONM MOMOXIDE L1240 1,720 2,308
CAREOH DIOXIDE 0. n. 0.
ME THRAME _ 1.FE2n 3 15,52
ETHYLEME n. 0.
ETHRME LEOORD 10,15
EEMZENE Ltavn £ S
TOLUEHE LEOODE-DS L3112
HYLEME o, n.

LIGHT DOIL i, U: .
LATEFR 0. n. n.

sl

TOTHL 3Ir.VI =5.39

TOTAL MATERIAL BRALAMCES

CAREOM HYDROGEN O=YGEM MITEDGEN ZLULFUR MAF COAL

LIQuIn= ! 10.4 . 0. . [
H*TIIFOCAREON GAZSES 27 my 0. . (08 25.7
CAFEOM OXIDES PR 0 2,13 . a. 5 a1
LIH ! ER U, 0. 0. 0. . N

HHMOMTA 0, IR a. tan, 0. 1.281
HYDFEOGEN ZULFIDC 0. HER s [ 100, 1.9%
CHAR 0. 0. 0. a. 0. 8.4

\

TOTAL ar.e 135,

(e

» 10 100, 1040, TE.E

(A

HYDROSEN COMEUMPTION- - laguE-0L LE HYDROGEM-LE COAL

1
2954 RTOM HYIDROGEM~ATOM CAREEDN
HERT OF RERCTION- -.43235 FZCAL-SREAM OF COAL FED

EFFECTIVE CAREOM COMWERZION- 2r.T9 PERCEMT
EFFECTIVE EMEFRGY EFFICIEMNCY- 45,65 FERCENT



w
b
|
ra
[¥x)
=]
S

FUM HO. 22z SHAMPLE MO. 4 DRTE ¢ -3
cOAL TYPE- MEM MEXICD ZUB-EITUMINOLLE

COAL REZIDEMCE TIME-MEASLURED =P U] SECOMDE
CRLCULATED = SECOMDE

HOMIMAL COMDITIONS TOTAL ACCUMULATED WTE.
COAL FEED FATE 1,135 LE~HF COAL FED 7040 SRAMS
HvDEOGEM FLOW FATE 1,060 LE-HP CHAR 347,10 SRAME
HYDRDGEN YELOCITY . 3553 FT-SEC  LIGHT OILS i,
REACTOR TEMP. FS0.0 [EG © ETH .
FREHEAT TEMF. 30,00 IEG C WATEFR i,
HYDROGEN FRESSURE 1500, PoI

d CHARE AMARLYZIZ. %
' .

o= .

CREEOM

i
HYDIFOGEM d.130 n.
OXYEN 16,20 0.
MITROGEM 1.220 0.
EULFUR .21a4a a.
AZH IF.68 25,87

PRODUCT COMC. IN % CAREDM COHM. % MAF COAL COMY.
GA%: MOLE = TO PRODUCT TO FRODUCT

CRREEOH MOMOXIDE .20 00 Faatl
CAREOM DIOXIDE . a.
METHARME 1,900 o2 17,14

ETHYLENE .

wfors oes o 0
-y .

ETHANE LESON é.en li.mn
EENMZEHE - 1&nn L TO0zE
TOLUENE LANQOE-D2 L 2E2S Z07S

#WYLEME 0. 0. T,
LIGHT OIL 0. . o,
WATER n, i}, o,

TOTAL 41,38 Rch- =11

TOTAL MATERIAL EBRLAMCE. X

CHREEOM HYDREOSEN O<YSEN HITROSEM =LILFUR MAF COAL

LIOUIDE Q.23 11.1 o. . n.
HYDROCAREDOM GRIES Zn. 1 122, o, . 0.
CRAREOM OXIDES: c. 0z a. 3.55 i, 0.
WATER 0. 0 . 0. a.
AMMOMIR 0. £33l o. 100, £,
HYDROGEM =ZULFIDE o, 1.21 . 0. 100,

.
=
»

=
.

CHARR o.

TOTAL L3 147, 9.55 1090, 100, s0.1

LE HYDROSEM-LE CORL
ATOM HYDROGEHM<-ATOM CHREOM

HYDROGEN COMSUMPTION-

HEAT OF RERCTION- -.44Sg FEHL-GRAM OF ZOAL FED

FERZENT
FERCEMT

'EFFECTIVE CAREON CONMYERZIOM-
EFFECTIVE EMERGY EFFICIEMCY-

- 2] =



FLM HO. 224 H

EAMFLE ™O. H DATE

o

COAL TYFE- HORTH DAKOTA LIGHITE TREATED L-15% KECO32
CORL REZITEMCE TIME-MERZLIRED

ZECOMDE
CARI_CIN RTED =

COMD=

TOTAL RCCUMULATE
cOAL FED
CHAF
LIGHT OILE
ETH
LHATEFR

HOMIMAL COMDITIONE
CORL FEED RATE
HYDROGEH FLOW ERTE
HYDROGEM YELODITY
FEACTOR TEMF,
FFEHERT TEMF.
H¥TIEDSEN FREZEZLRE

CHEROM
HYTIROGEM
O=NisEM
HITROSEN

..
£

TrOnuceT 2N,
BARZ: MOLE *

ML CHAREDH CONMY.

TO PRODICT TQ

CAREDH MOMOXIDE
CHREOH TIOXIDE
METHAMHE
ETHYLEME

ETHRME

EEMIENE i
TOLENE 1
#YLEME 0.

LIGHT DOIL
LATER

TOTHL

TOTAL MATERIAL EALAMCE:

..
~a

CHEEOM HYDFOSEH OXYREN HITROGEN

LIOUIDE = 3] n. 0. .
HYDFOCAREDOM GRZET &4.0 n. 0. 0.

.
[
i
0.

.CAREOM OXIDEX
HATEFR
AMMOMIA
HYDROSEr
CHAR

=

-

ZULCIDC

=
.

TOTAL v 0. 100, a0

HYDROGEM COMNZUMPTION- LE HYDROSEM~LE CORL

ATOM HYDROGEM-RTOM

HEAT OF REACTION- -, 247 <BREAM OF COAL FED
EFFECTIVE CAREOM COMWERZIONM-
EFFECTIVE EMEREY EFFICIEMCY-

PERCENT
FERCENT

22

ZLULFUR

[
¥
(¥

I

oy

LTE,

SRAME
GRAME
GRAME
GRAMZ
GRAMZ

. MAF COAL COrY.

FRODLICT

I

41,32

0.
e
T

VT e 1T

MAF COAL

CHREOH



FUN ND. 2

o=} —
(=

COAL TYFE- MEW MERXI

COAL REZIDEMCE TIME

MOMIMAL COMDITIONE
DAL FEED RATE
HYDROGEH FLOE RRTE
HYDROGEM YELOCITY
EERCTOR TEMF.
FREHERT TEMF,.
H¥TROSEM PREZZLURE

CAREEOM
HYDROGEM
0=y 5EM
HITROGEN
SULFUR

H

H

CAREOM MOMOXIDE
CAREOM DIOKIDE
METHHRME
ETHYLEME

ETHARMNE

EEMZENE

TOLUENE

#NLEME

LIGHT DOIL

HATER

ZH

TAMFLE MO. !
-0 SUE-EITUMIMOUS
—MERZURED 1.020
CALCULATED 1.530

FEODLCT ZOMC.
GHAZs MOLE X%

M

woo

TO

JAFONE-0L
INE-0Z
CS0DRE-02
.
.
.

TOTHL

TOTAL MATERIAL ER

FEON H*TROSEM OxYSEN

LIGDIDE . .07 i,
H¥DROCAREOM SALEE - 12,0 o,
CHEEOM OXIDEZ . . .89
LATER 1 . 0.
AMAMOHIA I 2,21 n.
HYDROGEN ZULFIDE 0, 1.2 0.
ZHHRE 0. o, 0.
TOTAL 5.2 7.1 2.a

HERT OF RERCTION-

LE HY

- -3 ATOM
-. 3725 FIZARL - GRAM

EFFECTIYE CHFEDM COMWERSIOM- S, 858
EFFECTIVE EMERGY EFFICIEMNCY- oL A0

- 23 -

IIRTE

(gl

ZECOMDE
ZECOMDE

¥
¥

TOTAL ACCUMULATED WTZ.

CORL FED
CHAF

LIGHT OILE
BTH

LATER

00, n
10,0
n.
0.
1.

REEDOH COMY.

PRODUCT T

Ce2a

o

LAMCE
HITROSEN ZLLFUR

0. i1,
n. 0.
10, 0.

M. 100,
. 0.
100, 00,

DEOGEM-LE TORL
HYTIRAGEN-ATOM CREEREOM
OF ©OAL FED

FERCEMT
FERZEMT

1.03

SERME
SRAME
LRAME
SRAME
SEAME

= MAF CORL COMY.
FRODLCT

<

214

MAF COAL

.
=104
d.11
1.0z
.
1 [ |
-~ e
1.05
41,3
1

S, 0



o
<

FEUM MO,

o5

TAMFLE MO.
COAL TYPE- MEL ME=ICD

COARL FEZIDEMCE TIME-MEAZURED z.
CALCULRTED

MOMIMAL COMDITIONS
CORL FEED ERTE
HYDROGEM FLDE ERTE
HYTEOGEH WELDCITY
FERCTOR TEMF.
FREHERT TEWMF.
H¥DROSEM FREEZELURFE

..... F

CAREEOM
HYDEOGEM
Qen'mEN
HITROGEH
TLLFLUE
HEH

FEODUICT COMC,
LHE: MOLE X

CRFEOM MOMOXIDE Llann

CAREOM DIOMIDE n.
METHAMNE 1.&00

ETHYLEME
ETHRMHE
EEHZEME
TOLUENE
HYLEME
LIGHT
LIATER

.

LS00
LSEADE-OL
LAS00E-01
0.

0.

0.

oIL

TOTHL

TDTAL MATERI

CAREDN

LIQIDE 4,52 5,56
HYDROCAREON GRIES 21.5 Q.4
MARERMOM METTHFS L 15 ) [}
LIATEFR 0. 0.
AMMOM A . £.31
H+DROGEM ZULFIDE 0. 1.2¢
CHRR 0. 0.

==
.

TOTAL 5 I W

r

HYDEOGEN COMZUMPTIDN- E-0c

E-01

HERT OF RERCTION~ -.<341! FCHL

EFFECTIVYE CRARBON CONVERSIION- £7.495
EFFECTIVE EMEFEY EFFICIEMCY- S, 99

LE~
LE~
FT~
DEG
DER

o T

o

HYDROGEN OXYSEM

SUB-EBEITUMINOUE

nsn
050

SECOMDE
EECOMDE

TOTAL ACCUMULATED LT,
aan, o
Si0.0
0.

0.

"HF: COAL FED
CHAR

LIGHT OIL:
ET=

HATER

‘HE:
"SEC

Q.
0.
0.
.

e

o Tee
2,22

% CAREOM COMY.
TO PRODUCT

b
kA

TO

MAF COPL
FPRODUCT

27.45 6, 02

HL ERLAMNCE-

-
e

HITEGSEM ZULFUR MAF

0. . . 3.5
0. n. a, 20,
5.7 o, o C.
0. 0. 0. .

0. 11, . 1.2
n, n. 100, 1.0
0. 0. . 1.

LTS 100, ino, Ti.
LE HYIDEOGEM~LE COAL
ATOM HYDROGEM-RATOM CAREDONM

<GRAM OF COARL FED

FPERCENT
FERZEMT

- 24 ~

ra
ofl
(¥}

SRAME
SRAME
SRAM:
SRFAM:
SRAME

CONY .

COAL

N

ra P

[ d; P



FUM HMO.

25

SAMFLE NO. 2

COAL TYFE- MEW MEXICO SUE-EITUMINDUS

COARL REZIDENCE TIME-MEAZURED
CALCULATED

’

HOMIMAL COMDITIONS
COAL FEEDN FRTE
HYDROGEM FLOW FATE
HYTIREOGEN YWELOCITY
FERBCTOR TEMP,
FREHERT TEMF.
HY¥TROGEN FRESZURE

CHREOM
HYDROGEM
Oy REM
HITROGEMN
SULFUR
AZH

PRODUCT COHC,
GRZ: MOLE X

I
TO

CAREOM MOMOXIDE
CAREOM TID-=IDE .
METHAME 1,310
ETHYLENE 0
ETHAME
BEMZEHNE =
TOLUENE ' Llgune-0l
“YLENE

LIGHT OIL
LRTEFR u.

TOTAL

EZECOMDE
ZECOMDE

TOTAL ACCUMULATED WTE.

CORL FED
CHAF

- LIGHT OILE
BETx
LUATER

CHRR AMALY SIS X

% CHAREDM COMY.

FRODUCT

1_7as
a e b oo
0

12041

T a

TOTARL MATERIAL EBRLAMCE:

CHEEON HYDROGEM

LIOUID= .

HeIROCAREON GASES 0,
CAREDON DXIDES 0, o e
HATER 0. .
FAMMOM TR 3

HYDROGEMN
CHAR

EULFIDE 0.

TOTHRL 0.9

HYDROGEN CONZLMPTION-

HEAT DF RERCTION-  —.4334
EFFECTIVE CRRBON CONYERSION-

EFFECTIVE ENERGY EFFICIEMCY-

- 25 -

O=YizEH

LE HYDROGEM-LE
ATOM HYDROSEN<-ATOM CAREON

HITRDGEM

0.
n.
0.
.
100,
0.
0.

100,

FCAL-GRAM OF CORL FED

FERCEMNT
FERCENT

.

0.

n.

n.

0.

24,22

= MAF COAL
TOD FPEODUCT

AL

SULFUR

0. .
i, 2
o,

0.
0.
1.
a.

[T e N1 (N Y

N

[k

iy = 0

10n. ERCH

COAL

137
P

w0

COMY .

MAF ZOAL

(a4



FUM HO. 2295 ZAMPLE HO. 4 DRTE & = - 1373
CORL TYPE- HER MEXICO ZUEBE-BITUMIMOUE

CORL REXZIDEMCE TIME-MERAZURED .0
CALCULATED &, 120

HOMIMAL COMOITIONS TOTAL HCCUMULATED LTZ,

COARL FEED RRATE LE~<HR ~OARL FED 00,0 LRAME
HYDROGEN FLOW FRTE LFfHF ZHRFE 210.0 GRAME
HYDROGEH “YELOCITY ZEC LIGHT DIL= 0. LREAME
EERCTOR TEMP. DEG C ETH n. SERME
FREHEART TEMF. DEG LIATER 0. GREAME
HYDROGEN FFRESSURE

CHRE AHALYSTR.
AR EOM n.
S DROGER 0.
O GEM 0.
HITEDSEH 0:
ZULFUR 0
AZH 24,22

FrEODUCT 2BNG. I A CHEBUM LUMY. % MAF COAL CaMw.
CBAZ: MOLE = TO FPEODUCT TO FEODLICT

CAREOH MOMDSITE =L
CHREOM DIOMINDE .
METHAME 1,320
ETHYLENE a.

ETHAME LSEN0
EEMZEME CEDNE-DL
TOLLUENE LS000E-D2
=YLENE .

LIGHT DIL 0.

HATEF 0.

TOTAL 21,40 an.in

TOTHL MATERIAL EBRALAMCE: X

CAFEDOM HYDROSEN OXYGEEN HITROGEH ZLLFLUR MAF COAL

LIGIDE S.13 L. 27 0. . . NS
H<DEOCARRBOM GREEE E4.8 inz. 0. 0. . e

CAREEDOH OX!IDES 2. N5 n. ER T 0. . o S

LATER n. 0. 0. n. . .

AMMOMIA 0. RCH] a. a0, 0.
HYDROGEM ZULFIDE A, e i. . 100,
ZHAFR 0. a. 0. n. i,

-— b b 0 T e
.
o0

(AP
[ ) T

TOTAHL Tl 11e. EPL T Tuu, Lon. ™2

HYTIFOGEM COMEUMPTIOM- LE HYDFOGEM~<LE CZORL

ATOM HYDROGEM<ATOM CHREDOH

HERT OF RERCTION- —.ﬂ311 KCAL-GRAM OF COARL FED

EFFECTIVE CHRREON COMYEFRTIOM- SRS PEFCENT
EFFECTIWE EMEFRGY EFFICIEMCY-— .l FERCENWT

- 26 -



FUN MO,

DT
(el

ZAMFLE MO. 1

cOAL TYPE- MORTH DRECGTA LIGHITE TREARTED

Ll 1S5

Al A=l e

COAL REZIDEMNCE TIME-MERZURED
CALCULATED

FECOMIE
ZECOMDE

s mar
2,300

HOMIMAL COMDITIONE
cORL FEED ERTE
HYDROGEM FLOW RATE
HYDREOGEM WELOZTITY
FERZTOR TEMF.
FEREHERT TEMF.
HYDROSEN FREZIURE

COAL FED
CHAF

LISHT OILE
ETH

HATER

(IO |
on=en

ZRAREON
HDREOGEN
O:%'5EN
HITROGEH
ZULFUR
A=H 2.330

FRODUCT COMC.
GARZ: MOLE *

IM ¥ CAREDOM COMY.
TO FROLDLCT

CAREOM MONOXIDE
CAEEON DI0¥IDE
ME THRNE

ETHYLENE .
ETHRNE
EENZENE

P =g i

CATH0E-0L

[ A B e Rt B SR T

CHAR SMALY:E

TOLUEME
#YLEME
LIGHT OIL
HRTER

LIGUIDE

HYDROCAFEON SASES

CHAREOM O=IDEZ
LIATEFR
AMMOMIRA

CAREDM

CSOONE-0Z
i,
.
0.

TOTHL

I

- te

TOTAL MATERIARL EARLAMCE: X

HYDROGEH O=%

SEM

HITROGEN

0.
.
.
.
100,

IRTE & -

4
D: i
n.
n.

i,
.
0.
it.
0.
15,09

% MAF COAL
FEODUCT

TO

ZULFLUE

HYTIFDISEM ZULFITE 0. 0.
CHAF 0. . i, 0.

100,
n.

TOTRHL 12,0 tan, oo,

HYDROSEN COMZUMPTION- -~ 140i1E-012 L

B HYDROGEM-LE COARL
- 300 HTO

1 HYDROGEM<-ATOM CHREROM

-

HERT OF RERCTION- -—.4345 FCRL-53RAM DF COAL FED
EFFECTIVE CARBON COMVERSION-
EFFECTIVE FMNERGY EFFICIEMICY-

13,035 FERCENT
t4.10 FERCEMT

TOTAL ACCUMULATED WTX.

1972
-

COMY.




EUM HO. 227

ZAMFLE HO. 2

DATE

COAL TYPE- NORTH DAKDOTA LIGHITE TREATED k«15% KECO3

COAL REZIDEMCE TIME-MERZLURED
CHLCULATED

MOMIMAL COMDITIONE
CORAL FEED FATE
H¥DFOEEN FLOW RERTE
H*DROGEM YELOCITY
FERCTOR TEMF.
FREHEAT TEMF.

[

a0

ZECOMDE
SECOMDE

TOTAHL ACCHMULATED LITE,
CDOAL FED TV
HAF
LIGHT OILE
BT
HHTEFR

-

SRAME

oL =)

H*DEOGEH FREZELIEE

CHEEDON
H*IIFDSEN
0¥ AFN
HITROSEM
SULFUR
Az=H

PRODLICT COMC.
GAZ: MOLE X

™ = CAREOH COMW. e
TO PRODUCT

MAF COAL COMY.
TO FRODUCT

CAFREOM MOMOXITE o. . 0.
CARERON DIDXIDE n. 0.

HMETHANE 2. 385

ETHYLEME 0.
ETHRNME
EEMZEME
TOLUEME ]
=Y LEME 0. a. 0.

LIGHT OIL 0. n. 0.

HATER .

TOTHL 4

s
o

anang

o

TOTAL MATERIAL EALAMHCE: =

CHREEDM HYDEOGEHN OXYGEM MITROGEM SULFUR MAF COARL

LIDUIDE =] 1] 201 o, n. a. 4.20
H+¥TOFOCAREGCH SARZES S 169, n. . a. z25.a
CAFERON NATTIFS 0. I, 0. 0. . 0.
HATEFR 0. i, 0. 0. . 0
AMMOM TR N, S n. 100, g, 1

LA
PO

o

HYDREOGEM
LHHAE -

PRI
.

o

r nut
ZULFTIDE 0. < Sebet 0. i,
1 n. n.

= e s

one

TOTAL 0. 100, 100,

o
o
o

LE HYDROGEM-LE CZORL
HTOM HYDROGEM-ATOM CRREEOMN

HEAT OF RERCTION-

FCAL-GRAM OF COAL FED

EFFECTINVE CRPEOM
EFFECTIVE EMERGY

COMYERZIOM- 4

= FERCENT
EFFICIENCY - 5

FERCEMT

- 28 -



RUM HO. 227 EZAMFLE NO. = DRTE & - - 1379
COAL TYPE- HORTH DARKOTAH LIEHITE TREEATED W-3iS% KeCD3

COAL REZIDEMCE TIME-MERZURED
CALCULRTED

T O
L =)

HOMIMAL COMDITIOME

CORL FEED FRTE 1. IDHL FED T @EﬁM?
HYOROGEH FLOM EARTE ar CHRR = ?EHM§
H¥TIFOGEHN WELOCITY .1 LIGHT OILE n. ) GRAME
FERCTOR TEMF. =} ETH 0. BRAME
FREHERT TEMF, 20 LIRTER . . ERAME
HYDEOREN FRESSURE 25

CAREOH
HYDFEOGEN
=Y 5EH
HITEDZEN
ZULFLUF
HEZH

=]

FEODUCT COMC. IM % CHREOMN COMY. ¥ MAF COAL COHY.
GAZ- MOLE * TO FRODUCT TO FEODUECT

CAREOM MOMOXIDE 0. a. 0.
CHEEOHM DIOSIDE 0. 1
METHAME 2.617 23,37
ETHYLENE 0. 1
ETHRME B340 M
EENZENF L11zn [P
TOLENE LA0noE-D2 =X=bat
“YLEME 0.
LIGHT OIL 0.
HARTEFR 0. 1. 0.

P B
.

=

TOTHL 40,77 o

TOTAL MATERIAL ERLAMNCE: =

CREEDM HYDROSEN O<YG5EN MITRDGEH EULFUR MAF CORL

LICUIIE 6.“. 2.0 0. 0. 0. 2.79
HYDROCRREDOM CRSES &4, 152, n. a, a. oS5, 9
CREEOM O<IDEE . 0. 0. . . ]

n. n.

e
=)
.

=
.

LURTEFR a. .

AMMOM IR 0. 5.31 . 100, 0. 1.09
HYDROGEN ZULFIDE O .4 0. o, 1, 083
CHAR i 0. a. 0. 0 S0.5
Tarvae o 40,3 1ze. a. 100, 1an. 21,8

HYDEOGEN COMEZUMPTIOMN- L2F24E-N1 LE HYDROGEN-LE COAL
B2E ATOM HYDROGEM-RTOM CRREON

HEART OF REACTIOM- -—.5138 ECAL-GREAM OF COAL FED

EFFECTIVE CAREON COMYERSION- 40,75 PERCENT
EFFECTIVE EMERGY EFFICIEMCY- S0.61 FERCEMT

- 29 -



FUM HO. 227 EAMFLE MO, 4 IATE &

na
I
L
i

b
L

-J
L

COARL TYPE- MORTH DAKOTA LIGHITE TREARTED L-15% k20032

SECOMDE
ZECOMDE

COAL REZIDEMCE TIME~-MEARZURED
CALCULATED

[ ]

HOMIMAL COMDITIONZ TOTAL RCCUMULATED WTI.
_COAL FEED RRTE 1,090 LE-HE COAL FED oVt
HYDROGEM FLOW FATE : LE~HR CHAR )
HYDROGEM WELOCITY FT-ZEC  LIGHT OILE L
FERCTOR TEMF. LER C BT He S
FREHEAT TEMP. TEG I HATER 0. GRAME
HYDREOGEN FREZIURE

CHARE AMALYEIZ: X
0.
.
D,
.

CAREON

H*DPO=zEM
D= 5EM ;
HITROGEM ' .

SULFUR &SN .,
AZH = 16, 0%

FRODUCT COMC, IH % CHAEEOM COMHY. % MRF CORL COMY.
=HE: MOLE % TO FRODUCT TO FRODUCT

CARPEROM MDOMO-ILE 0. . (08
CAREOMN MTOMITE 1 1
METHAMNE
ETHYLEME
ETHAME ot
EEMZEME LI0DDE-D!
TOLLUEME LAO00E-02
HYLEME .

LIGHT NIL 0. . 0.
LATER ’ n. 0. 0.

TOTAL a3.24 7428

TOTAL MATERIAL EBALAMCE: =
CAHREOH HYDREOREN 0O=%GEM HITROSEM ZULFLUR MAF COAL

LIDUIDE ¢, 29
HYDREOCAREDOM SHEES 24,4
CHREEOM OXILDEER n.
LIATER .
AMMOMIA . 0. 100, .
HYDROGEM TULFIDC  a. 5 n. . 140,
CHAF a. 0. a. i, it

o, ’ a. a.
. o, 1]
0. i, n.
0. 3. 0.

TRTARL ) DERLE . 3L, 0. . 100, 126,

HYDEOSEH COMZUMPTION- LE HYDROGEM~-LE ZOAL

ATOM HYDREOGEM-ATOM CARREQOH

HERT OF RERCTION- -, 3045 FCHL-<GRAM OF CORL FED

EFFECTI%E CHRREDOH COMYERZION-
EFFECTIVE EMERGY EFFICIEMCY-

FERCEHT
FERZENT

[0

- 30 -



PUM HO. 222 EAMFLE MO, ! - DIRTE & -20 - 1379
ZOARL TY¥PE- HORTH DAKOTA LISHITE < S5 MICROM

COAL RESIDEMCE TIME-MERZURED .
CHRLCULATED S.eel

ZECOMDE

HOMIMARL COMDITIONE TOTAL HCCUMULATED T,
CORL FEED FATE = =t =X
HYTRDGEM FLOLK FATE 1.Me
HYDROGEM YELOZITY = )
FERCTOFR TEMF. TSo.n
FEEHERT TEMF. BU.DH
HYDROSEM FREZZURE 2o,

CHAF
LIGHT OILE 0.
ETH n.
HRTER n. GRAME

CORL AMALY i

H ‘TROGEM
O=%5EM

MITROGEN U:
EULFUE 0.
HEH a1, 04

FRODLUCT COMC. IN % CHRREEOM COMM. ¥ MAF COARL COMY.
LR%: MOLE % TO PRODUCT TO FRODUCT

CHREOM MOHO-IDE CEDd 1,829 2. 528
CHAREOWM DIOXILE . n. n.
METHHME L TE00 5. 3973 5. 227
ETHYLEHE . 0, 0.
ETHAME X= 1

EENMZENE 1

TOLUENE
HYLEHE I
LIGHT OIL . .
LIRMTER . . i,

TOTAL 11.:2% 10,586

TOTHL MATERIAL EARLAMCE. X

CREEDOM HYDROGEM O=%5EM MITEOGEM =SULFUR MAF  CORL

LIouIns Egrc EPS S . . n. 1,84
HY URUCHREOM GRZEEZ 7,39 7.l 0. 0. n. g, S
CRAREOM O<IDEX 1S . 5,25 . a. 2.52
HRTER 11 0. 0. u. 0. .
AMMOMIA i, S.2 ] o0, . i,

HYOFOGEM ZLULFIDE 0. b
CHAR . 0.

. 100,
0. o,

L
.

TOTHL 11,2 LS S.

b}

100, 100, 13

(]

HYDROSEN COMEUMPTION- -—-.20Z39E-01 LE HYDROSEM-LE COAL
- 4R ATOM HYDROSEM<-ATOM ZHREEOH

HERT OF RERCTION- —.&074 kCRAL-GRAM OF CORL FETL

FERZENT

EFFECTIVE CRREON COMYERZIOM- ! =)
1 5 FERCEHWT

EFFECTIVE EMERGY EFFICIEMCY-

- 31 -



FLIM HO. Z2= SAMPLE MO, & DARTE 2 -2a - 19y9
ZORL. TYPE- MORTH DRKOTA LIGHITE < S5 MICROH
CORL FEZIDEMCE TIME-MERZURED a. SECOMDE

CALZCULATED 1132 FECOMDE

HOMIMAL COMDITIONT TOTAL RACCLMULATED WTE,

COAL FEED ERTE LREE CORL FED EVV.T
HYDROGEN FLOK FRTE 1,016 CHARR 112.7

HY*NROGEN YELOCITY <20
REACTOR TEMF. TSR, 0
FEEHEHT TEMF. 2

HYDROSEM FPREEEURE Soon.

LIGHT DILS
ETH
HATER

0. RAME

COARL CHRE AMBLYS “
CAREDONM ]
HYDROGEN 0.
0= G5EM 0.
HITROGEM =T .
SULFUR ’ LS00 0.
AEH 10,15 B0

4 FrROUUCY CUML, M » CAREDOM COMvy. % MAF COAL COMY.
< MOLE = TO FRODUICT TO PRODUCT

CHREOM MOMOS=IDE 1,820 2.507
CHREOHM DIDSIDE u. 0.
METHAME 12,49 18,43
ETHYLEME 0. .
ETHAME 7 &, 264
EENZEME .23
TOL.LIEME o 47
“=YLEME 0. 0.
LIGHT OIL n. 0.
WRTEFR n. n
TOTHL . 29021 F3LETD

TOTAL MATERIAL EBALAMCE: X
CRREDOM H%DROGEM OxYGEM NITROSEN SULFUR MAF COAL

LIQuIns

" HYDROCAREOM SAZES
CAREOH DO=IDEE

WH Y EF

. . 0. 0. =

15
iy - - - =
127, . . . =1
[
!

[l

()
1e =) w0

[ R A

0. S, 0. n.
i, .

e N ores
o Tr b
T e

[ e}

AMMOHTA 0. .29 0. 100, 0. =T
HYDROSEN ELILFIDE 0 LA 0. 0. 1010, . BEE
CHRF 0. . a. 0, 0. T.2!

TOTAL 5.2 149, 5,91 104, Lan. 42,9

LE HYDRGGEMN-LE COAL
ATOM HYDROSEM-ATOM CAREDOMN

Ay

HERT OF RERCTION- -—.E&71! FCAL-GRAM OF CORL FED

HYDROGENM COMEZUMPTION- . 125

EFFECTIYE CAREOM CONYERZIOMN-
EFFECTIVE EMERGY EFFICIEMCY-

PERCENT
PERCENT

- 132 -



RUM HO. 23 TAMPLE HO. k: DATE &  -20 - 1979
COAL TYFE~ MORTH DAKOTA LIGHITE < S5 MICRON

CcORL RESIDEMCE TIME-MERZUFED X
CALCULATED 16,

SECOMDE
ZECONDZ:

Ty e
(¥
[

HOMIMAL COMDITIONE TOTAL HCCUMULARTED WTX.
COAL FEED RERTE : L I5E LE~HF ~0RL FED ~TAr aRAME
HYDFOGEM FLOK ERTE 1. 016 LE-HE ZHRF r SRAM
HYDROGEN “ELDCZITY . S0t FT+ZELC LIGHT DILE 0. GREAME
REACTOR TEMF. TS0.0 DER = ETH n. GRAME
FREHERT TEMF. .00 DER HATER- . SREAME
HYDROSEH PREZSIUEE 2on., PxI '

CHEEOM -
HYDROGEN
HWYREM
NITEROSEH
ZULFUR

< AEH

PRODUCT COMC. IM ¥ CAREOH ZOMY. % MARF COAL COMY.
SA%: MOLE * T PRODLCT TO FEODUCT

CAREOM MOMODXIDE LS 1,171
CAFREOM DIOXINE . )
ME THRNE 1,970
ETHYLEMNE .

ETHANE LAS0n 44
BEEHZENE Leenn 3.2
TOLLUENE LIO0NE=-DZ 213s

=Y LENE 0. 0.
LIGHT OIL . .
LIRTER . a. 0.

TOTAL S CIE T ) V.05

TOTAL MATERTAL BALANCE: -

CAREON H%'DROGEH OxYoEM HMITROGEM ZIILFUE MAF COARL

LIQID: 12,2 2.0 i, 0. .
HYDPDCAREOM GRIED 9.2 147, 0. . o.

CHREEOM DO-IDEER 1,17 I} .77 a. .

LIATER . 1] . . .

AMMOMIA 0. S5.29 0. i0n, 0.

HYTIROGEH ZULFIDE 0. L2510 0. 0. i0n.

ZHARE 0. . 0. 0. i

TOTAL 4,10 15E, 2.77 ton, 100, G2

HYDROGEM COMIUMFTIOM-

A

coneE-01 LE HYDROSEM-LE COAL
CS0ZF ARTOM HYDROGEN-ATOM CAFEOH

HEAT OF RERCTION- -—.e&722 KCAL«<5RAM OF CORL FED

EFFECTIVE CAREEOM COMWERZIDM- 42,96 FERCEMT
EFFECTIVE EMERGY EFFICIEMCY- P} PERCENT

- 33 -



ELIH MO,

cea
cORL TYPE- MORTH TREOTA LISHITE

COAL RESIDEMCE TIME-MERSURED
CALCULATED

HOMIMAL COMDITIONE
COAL FEED FRTE =
HYDROGEX FLOK FRTE 1.
HYDROGEH YELOCITY
FEACTOR TEMF.
FEEHERT TEMP.
HYDROGEH PREZZLRE

CAFRBOM
HYyDROQGCH
O=YisEM
HITROSEI
ZULFUE

AHZH

FEODUCT COmML.

GAZ. MOLE *
CARREOH MOMOXIDE
CHREOM DIOMIDE .
METHRHE 1,530
ETHYLENE 0.
ETHRANME ) Ladnn
EEMZEME Lesnn
TOLLENE L2ONNE-nZ
=Y LEME .

LIGHT OIL 0.

LHATER .

TOTHL

TAMPLE HO. “

< 55 MICREDOH

ZECOMDE
EECOMDE

caRL FED
CHRF
LIGHT DOIL
BTH

LHATER

¥ LAREOH COMY
TO FRODUCT

n.
1

1

-
(=N
2,59

44,93

TOTAL MATERIAL EALRMCE: X

CREEOM

LIDOUIDE 1=
HYTFOCHAREON GSRIE:
CARROM DXipeEX 207
HATER
AMMOMIH
HYDNOGEH
CHRFE

TULFIDE

HYTIROGEM O=%35EM

.
.
12.1
0,
0.
1.
.

0.
o,
0,
.,
100,
.
.

TOTAL Sl B 157, .t o,
HY'DREDSER COMZUMPT IOM- S120E-01 LE HYDFDGEM~LE
e s HTOM

HERT OF RERCTION-

EFFECTIVE CAFREOM COMYERZIOM-
EFFECTIVE EMERGY EFFICIEMIY-

FERCENT
FERZEMT

- 34 -

. % MAF CORL

MHITEDOGEN

DATE

=
(=4

COMY.

TOD FRODUCT

QRN |

[
s =

)

ZULFUR MFAF COAL
n.
.
0.
0.
n.
oo,
n.

an,

COARL
HYDROGEN-ATOM CREEOM

<BRAM OF CORL FED



FEUM MO, 229
COAL TYPE- MEMW MEXICO

COAL REEIDEMCE TIME-MERZLREL
CALCULATED

MOMIMAL COMDITIOMS
CORL FEED RRATE i.0
HYDROSEM FLOK FERATE 1.01E
HYDREOGEM “ELOCITY
FEACTOR TEMF.
PREHERT TEMF.
HYTREOGEM PREZEZLURE

e

COARL AMALY

CHREOH
HY'DEOGEN
O cEH
HITROSEN
EULFUR
R:H

FREODLCT COMC,

GAZ: MOLE
CAHREOH MOMOXIDE 0.
CAREONM DIOXIDE 0.
METHAME .o
ETHYLEME 0.
ETHANE L2S00E-NY

25
L EEDOE-L

150

BENZENE .
TOLUEHE LE2000E-02
HYLEME 0.

LIGHT OIL o.

LIARTEFR 0.

TOTAL

SAMFLE HO.

EUB-ERITUMINOUE

=
(=4

[T ON ) |

RO

ZECOMDE
EECOHLIE

TOTAL RCCUMULATED WTE,

cORL FEI 43,0
CHAE

Z0S.0
i,
.
.

e
0 r

X

r

% CAREOM COMY. kX
TO FRODUCT TO

MAF COAL
FEODUCT

1] .
0 .
d.ase B 1)

TOTAL MATERIAL EBALAMCE: X

CAREEDOH

LIouInz 1.70 2.0
HYURULHREOM 5S5ET 5,93 Zs. o
CAREOM DXIDEES . 0.
LIRTER n 0.
HMMOMIA 1] 5. 21
HYDFOGEM ZULFIDE i, 1.2
CHAR 0. 0.’

TOTAIL.

H?DHUGEHVCUHEUNPTIDH-

HERT OF RERCTION-

—-. 32315

EFFECTIVE TAREDOM COMVEREZIOM-
EFFECTIVE EMEERGY EFFICIEMCY-

HYTEOZEM O=YISEM

HITEOSEM ZLULFUFR

0. 0. 0.
s . .
0. 0. 0.

0. . 0.
o. 00, .

[

i, a0, 100,
LE HYDOROSEM-LE COPAL
ATOM HYDREOSEM-~-ATOM CRAREOM

FCAL<3REAM OF CORL FED

FERCEMT
FERCEMT

- 35 -

SRAMS
SRAMS
SRAME
SRAME
SRAME

COMHY.

MAF  ZOAL
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ELM HO. 29 SAMFLE HO. c DRTE

L]

cOAL TYFE- HEL MEXICD ZUE-EITUMIMOUE

-0AL EEEIhEHCE TIME-MERZLRED n. ZECOMDE
CALCULRTED . 280 ZECOMDE

HOMIMAL CONDITIONE TOTAL ACCUMULATED WTS.
DAL FEED FATE t.0zn LE~HF COAL FED =
HYDROGEM FLOW FATE LE~HF CHAR
HYDROGEM WELOCITY “ZEC LISHT OILE a.
RERCTDR TEMF. . DEG © ETH .
FREHERT TEHMF. LEG HATER n.
H*DORDSEM FREZZURE '

04 GEN

MITEOGEN .
SULFUR .
R=H 27,27

FROMGUCT cOME. 1IN % CRAREOM COMHW. % MAF COAL COMY.
mAR%Z:. MOLE = ‘ TO0 PEODNCT TO PRODUCT

CAREON MOMDXIDE .
CAREOM DIOXIDE

oo
.

ME THRME 16,41
ETHYLEME n.
ETHAME 2,008
BEEMNZEMF 7.o12
TOLLENE LTOOOE-DZ LHI0T
“YLEME n. 0.
LIGHT OIL 0. 0.
LHIATEFR Q. 0
TOTAHL CICIN 51 20016

TOTAL MATERIAL EBRLAMCE: =

CAFEOM HYDRDOGEN OXYHaEM HITROSEM =ZULFUF MRF CDOAL

LIDUIDE ) S.an EI-S] n. n. 0. 6.75
HYDROCAREIM LHZES 25.4 110, n. . 0. 22,9
CAREDOM O<IDES 0. 0. 0. ., . 0y
HATEF 0. i, 0. 0. 0. 0.
HMMOMIA a. ] 0, inn. . b=

[0 I

HYDROGEW ESULFIDE 0.
ZHRAF n

=
=
D I 2
T
=
.
Ll rp=a p
T .
.

TOTAL A3 4 187, . HEILI oo, 2

I

H%DROGEH COMEUMPTION- 1tdeE-1t LE HYDROGEM-LE COAL

ATOM HYIROGEN-RTOM CARREOM
HEART 0F RERCTIDON- -—.4522 FCAL-SRAM OF COARL FED

EFFECTIVE CRARBON CONVERSION- 23,

CPE B FERCENT
EFFECTIVE ENERGY EFFICIENCY- 45,28

PERCEMT



R HMD. 229 EZAMPLE ™O. i DATE

CORL TYPE- MEL MEAXICZO SUEB-EITUMINOUE

SECOMDE
SECOMDE

CORL REZIDEMIE TIME-MERZLUEED
CALCLULATED

MHOMINAL COMDITIONE

~0OARL FEED RRTE 1.0&0
HYDFROSEN FLOL RATE 1,015
HYDFROSEM “ELOCITY L2050 LIGHT DOILE
FERCTOR TEMF. ¥S0.0 ETH
FREHERT TEMF. FSO.0 DEu L LHATER
HYDROGEN FRESELRE :ﬂﬁu pEI

COAL FED
CHAR

CREEOM
HY'DROGEM
0=~ 5EM
HITROSEM
SEULFLUR
RZH

FEODLICT COMC. IM ¥ CAREON COMY.
GHRE: MOLE X% TO FRODUCT

CAFEOH MOHO=ILE i, 0.
CAREOM DIODXIDE o, n.
METHARME 1.820 12,21
ETHYLEME i, i,

ETHANE L4070 =
EEMZENE =131

TOLUEHE LSZ0ONE-D2
H“YLEME 0. .
LIGHT OIL a. 0.
HRATEER i, i.

TOTAL 25,94

TOTAL MARTERIAL ERALAMCE-
CAREOM HYDEOGEH DXYSEMN HITROGEM

LIOUIDE I 4 0. 0.
HYDROCARDOM GRAZES 26 1.
CHREOM O<IDEX n. 0. n. n.
LRTER n. n. n. 0.

1
H
1
-

o

AMMOMIA - n. .31 0. 100,
HYDROSEM =ULFIDE 0, t.el L 0.

CHRE 0. 0. 0. 0.

TOTAL 25.9 135, 0. oo,

HYDEDSEN COMELUMPT ION-

HERT OF RERACTIOM- -, 4693 FCHL-BGRAM OF CORL FED

EFFECTIVYE CARBON CONYERSION- 335.%4 FERCENT
EFFECTIVE ENERGY EFFICIENCY- ¢ K] FERCEMT

=TOF

- 37 -

;. MAF COARL CONY.
FRODUCT

TO

ZULFUR

1

lllll

LE HYDROGEM-LE COARL
ATOM HYDROGEM-ATOM CREEOH

[q]

S e

(]
e

TOTAL HCEUHHLHTED LT,

- -
¥

.
- =
1 r wr=4
.
.

-
i)

1an,

DTN R |

SRAMS
SRAME
SRAME
SRAME
SRAME

MARF COARL

L
L
OS]

DT

[

=
[



oo

FEUM MO.
CORL TYFE- MEW MESICO

COAL RESIDEMCE

ZAMPLE HO. !

EUB-BITUMINOLE

TIME-MERZLURED

CRLCULATED

HOMIMAL COHDITIONZ
CORL FEET' ERTE
HYDREBSEM FLOL ERTE
HYDROSEM YELDCITY
FERCTOR TEMF.
FREHEAT TEMF.
H*DRODSEN FREZELRE

CHEEDON
H'TIFDSEH
Ox%3EM
HITEOSEM

FEODUCT CONC.
RRE

CHEEON MOMOSIDE
CHREOM DIOXIDE
METHRAME
ETHYLEME
ETHRME

EEMZENE

TOLLIENE

#YLENME

LIGHT OIL

HATER

CHEEBOM

LIOUIn: ]

HYDROCAREOM GRZEE 2,47
CHREEOM O<IDER o,
HATER
FMFOM TR [
HYDROGEMN ZULFIDE
mHAF i,

TOTAHL

1004

HYTREOGEM COMZUMFTIOMN-

HEART OF REACTIOM- -.4

= MOLE *

n.
0.
L EAun

1320
angE-n1
.2000E-0?
u.

0.

TOTAHL

TOTHL

4,91
N
41,3
0.
0.
g, 31
1.2
0.
S ﬁ

ane

EFFECTIVE CARBON CONVERSION-

EFFECTIVE EMERGY EFFIC

TEMCY -

H*DROGEN DOxYGEM

ZECOMDE

TOTAL ACCUMULATED LTS,
COAL FED Foa.
CHAR 401,
LIGHT OIL= 0.
ETx i,
HATER a.

Ol Y]

20,91

N )

T0 FPRODUCT

CAHREUM CUMY. T MHE

TO PRODUCT
n.
0.
=
.

0.
0.
S A

T

o

ra
o T

2. 722 2,903
2,450 1,913
1,488 1,157
n. i,
0. .
0. .
12,39 12,02

MATERIAL ERLAMCE: X

MHITROSEM ZULFUFR

,
=
o
- .
=

3. inn, Lo,

LE HYDROGEM-LE COAL
ATOM HYDROGEM-ATOM CREEOM

FCAL-RAM OF COAL FETL

FERCEMT
FERCEMT

- 38 -

SRAME
GREAME
SRAME
SRAME
SRAME

oAl COMM.

MAF CORL




BEUM MO. 2320 TAMFLE HO.
COAL TYPE- MEW MEXICD SUE-EITUMINOUS

COAL REZIDENMCE TIME-MEAZURED n.
CALCULRTED 2. 050

HOMIMAL COMDITIONE
COARL FEEL ERATE
HYTIFOGEN FLOK ERTE
HYDREOREH “YELOCZITY
FERCTOR TEMF.
FREHEHT TEMF.
HYDREDGEM FREZZURE

CAREOH
HYDREOGEN
Ox5EH
MITREOGEN
ELULFUR
F=H

FRODUCT COMC. I x

(3

ZECOMDE
ZECOMDE

TOTAL HBCCUMULATED WITE.

CORL FED
CHAE

LIGHT OIL=
ETH

HATER

CAREDM COMY.

SARZ: MOLE % TO FERODUCT

CAREOM MOMOXILE a.
CHEEOM DIDXIDE .
METHHRME
ETH%YLEME
ETHAME
EEMHZEME
TOLUENE L O00E-02
wYLEME 0.

LIGHT OIL n.

HARTER 0.

TOTAL

TOTAL MATEREIAL ERLAMCE:

ZAREDOM HYTOREOGEN DO=%5EM

LIoUIn:’

HY UHUCHREOM GAREZEE 7.3 TEL

CRREOM OXIDES n. 0. 0.
HATER . . .
AMMOMIH 0. B3t .
HY*DROSEM ZULFIDE . 1.21 0.
CHRE a. n, 0.

17 0.

=

TOTRL 2.0 N 0.

HYDROGEN COMEUMFTION- -3

HERT OF ERERCTIOM- -—.429g

EFFECTIVE CRRBON CONVERSION- 24,095
EFFECTIVE EMERGY EFFICIEMCY- 2.l

- 39 -

F.CHLSRAM OF CORL

HITROGEH

n.
0.
0.
0.
100,
0,
.

100,

FERCEMT
FERCEMT

Fie.
S0l
.
0.
0.

[ gk

0.
CLIPR=)]

% MAF COAL
TO FEODULCT

ZULFUR

(]
o
.
D
ra

i, 1.2
104, 1.0
n. G2
toa, TE.

LE HYDROGEM-LE CDHL
ATOM HYDEQDREM-ATOM CREEOM

FED

GEAME
SREAME
GREAME
BRAME
BRAME

O .

MARF COARL



ELM HO. 230 EZAMFLE HMO. 3 LARTE

= -, .
= -=c - 1:1‘1 =

COAL TYPE- MEL MEXICDO SUE-EITUMIMOUE

COAL FESIDEMCE TIME-MERZURED 0. SECOMDE
CALCULATED 4550 SECOMDE

HOMIMAL COMDITIONE TOTAL ACCLUMULATED LITE,
ZOAL FEED RATE Rk COARL FED '
HTIROGEH FLOEK FATE CHAFR
HYDREDSEH “ELOCITY LIGHT OILE o.
FERLCTOR TEMF. BT o.
FEEHERT TEMF. HARTER 0. SRAME
H*DEOSEM FREZEZURE

ZOARL AMAL CHAR AMRLYEIZ: %
CRFEEDON n,
“YTIFOSEM 0.
=~ LEM 0.
MITROGCH 0.
SULTCLUR 0.
AH 0,91

PRODLICT COMC. IN % CAREOM COMY. % MAF CORL COMY.
GRZ. MOLE = TO PRODUCT TO FEODUCT

CAREDON MOMOXIDE . 0.
CHREON DIOKIDE . a,

d

METHAME 1.&30 - te.z8
ETHYLENE I8 0.
ETHAME g 4.
FEMIEME =

TOLLENE
HYLEME
LIGHY OIL 0.
LHATER 0.

TOTAL o S o2, a9

TOTRL MATERIAL EBERLAMCE: X

CAREOM HYDROSEM OXYSEM NITROSEN ZULFLUER MAF COAL

LIOUIDS = .72 , i, I Fog 25
HYDROCAREDN GREES Aol 4 n n. 0. 170
CAREDM D:IDES I 0. . 0 n.
HHTER 0 i, 0. n. o.
AHMMOMIA I £, 31 I, 100, u. 1.21
H+UFOREH ZULFIDE 0. 1.2 0. n. 100, 1,05
0. 0 . . a1

CHAR 0.

TUYRL EELT P3G ", 100, ino,

=4
N
.

0

Ak LE HYDROGEMN~<LE COAL
SE-02 ATOM HYDREOSEM-RATOM CAREOM

HERT OF RERACTIOM- —,4239 KCAL-BRAM OF COAL FED

EFFECTIVE CARBON CONVERSION- 2

TS PERCEMT
EFFECTIVE EMERGY EFFICIEMCY- =

FERCENT

- 40 -



RN HDO. 220 EZAMFLE HMO. 4

cOoRL TYPE- HEW MEXTCO ZUE-EBITUMINOULE

CORL REZIDEMCE TIME-MERZURED n.
CALCULATED a0

HOMIMAL COMDITIOMNE

COAL FEED FRTE L EE LE~HF
HYDEOGEHM FLOW EARTE 1040 ;-
HYDROGEH “YELOCITY SIST -

DEG_C
LIEG C

REACTOR TEMF.
FFEHERT TEMF.
HYTRDSEM FREZZURE

CREEOM
H¥TIEDGEM
O=%5EH
HITROGEN
ZULFUE
AZH

FRODLCZT COMC. IN =
AE: MOLE = TO

CRAREOM MOMO=IDE
CHRFEEON DIOXIDE i,
METHAMNE 1,300
ETHYLEME 0.
ETHRHE ) L2Enn

DATE

SECONDE
SECOMDE

TOTAL ACCUMOLATED LTI,

COARL FED
CHAR

LIGHT OILE
ETH

HATER

CHAE AMHALY

CHEEBOM COMY.
FRODLICT

(]

L

(g

.9

(1]
My

GRAME
BRAME
GREAME
GREHME
GRAME

ST, %
T et e

= MAF COAL COMW.
TO FRODLICT

EEMZEME
TOLUENE
HYLEME
LIGHT OIL
LHATER

LINUIDE

HYDEDCAREON SASESD

CAREOM DXIDEX
HRTER
HMMOMIA
HYDFOGEN
CHAE

TOTHL

CRREOM

=ULFIDE

i
LEONNE-2
.

0.
0.

TOTHL

TOTAL MATERIAL EALAMCE: X

o o
. v e
* A
=

T O o

[

HYDROGEN COMELMPTIOM- -, S0

HERT OF RERCTION-

EFFECTIVE CARBON COMNVERSION-

EFFECTIVE EMERGY

EFFICIENCY -

HYOROGEN OXYS5EM

HITROGEM ZULFUR
0. . n.

0. .. 0.
4,72 [ 0.

. 0. .

0. inna, o,

n. . 100,
0. . 0.

XU

L 100, 100,

LE HYDROGEM-LE COAL
ATOM HYDRDSEMN-ATOM CAREOM

FCAL-GRAM OF CORL FED

= FPERCEMT
c FERCEMT

- 41 - .

MAF CORL

5.15
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« 0V e ko
1,83
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EUM HO. &3t ZAMFLE HO. !

COAL TYPE- HEL MEXICDOD ZUE-BITUMINDOUE

COAL REZIDEMCE TIME-MERZLURED
CRLCULATED

ZECOMDE
ZECOMDE

o
=
(=

HOMIMAL COMDITIONE
-0ORL. FEED FARTE
HYDROSEM FLOW RATE
HYDROGEM YELDOCITY
FERCTOR TEMF.
FREHEART TEMF.
H*DROGEM FPFREZZLIFE

TOTAL ACCUMULATED 6Tz,
COAL FED eid.n
CHAR
LIGHT OIL= 0.

BRAME
SRAME
SRAME
BRAME
GRAME

rl:l = =} e

CHREEDOM 1.
H*DFaEM .
e 5EM .
HITEDOGEM .

TULFLR
AZH

CAREOH COMY.
TO FEODUCT

% MAF COAL COMY.

FEODLCT CcOMC. IH 2
= TO PRODUCT

SAZ: MOLE %
CHEEOM mMOMOXIDE n,
CRFEEOM DIOSIDE .

ME THHME 1,283
ETHYLEHE 0.
E THAME :

BEMZEMNE
TOLLIEME
BYLEME

JIZONE-DY
CTORNOE-QZ
n,

LIGHT OIL i,
HRTEFR Cof. n 0.

TOTHL 29,23

TOTAL MATERIAL EALAMCE:

HYDROGEN OHYGEM HITEOSEM ELLFLER MAF Z0OAL

LIDuIn= 0. 0. . S,
HYTDROCREEROM SARZES n. 0. : 0. oL

CAREOH O<IDEZR
LIRTER

HMHMOMTH o,
HYTROGEM =LLE ! UE 0.

n, . 0.
0. .

0.
.
Lan,

D
P T
[
.
.

B
DO T
. .

=

N

CHAF 0. 0 . 0. 1.3
TATAL 29,2 114, 0 1aa, o, £2.5

HYTIRRGEN COMEZUMFTION- LE HYIROGEM-LE COARL

ATOM HYTLFOGEM-ATOM CHREDON

HERT OF REACTION- -.454% FCAL-GRAM OF CORL FED
PERCEMNT

EFFECTIYE CHREOM CONYERZIOM- 23.23
c PERCEMT

EFFECTIVE EMERGY EFFICIEMCY-

- 42 -



FUM HO. 231

COAL. TYPE- HEW MEXICO

ZAMFLE HMO.

[l

ZUE-EBEITUMINOUE

CORL FEZIDEMCE TIME-MEARZURED

HOMIMAL COMDITIONZ

CORL FEED ERTE

HYDROGEM FLOW FATE

HYDEOGEM “YELOCITY

FERCTOR TEMF.
FEEHERT TEMP.

H<TROSEHN FREZIELRE

CHEEDOM
HTIROGEM
wNREN

HITROGEM

FULFLIR

CAREDH MOMOXIDE
CAREDOM DNIGHILE
METHRME
ETHYLEME

ETHAME

BEMNZENE

TOLUUEHE

H#YLEME
LIGHT
HATER

oIL

LIQUID=

FRODUCT COMC,

[E]g K%

HYDEOCARENN SRSET &1

CAREROM OXILEZ
HRTER
AMMOMIA
HYTIEDOGEM
CHAF

EULFIDE

TOTAL

H¥TIEOGEH CONZUMPTIDM-

HERT OF REACTION-

S,

CAREOM

TOTAHL

CALCULARTED

MOLE =

IN

ZECONDE
ZECOMDE

TOTAL RACCUMULATED

COAL FED
CHAR:

LIGHT DILE
ETH

WATEF

= CAREOM COMHV.
TO PRODNICT

S N

TOTAL MATERIAL EBALAMNCE:

- 4EAE

=
1
1.
X

EFFECTIVE CAREDOH COMWERIIOM-

EFFECTIVE EMERGY

EFFICIEMNCY

=
0
n

HYDROSEH O=%cEN

HITEOSEN

. .
0. 0,
0. 0.
0. .
n. 0o,
0. a.
0. 0.

n. 100,

LE HYDRDOSEM-LE

DATE

TO

(g

LUTE,

= MAF ZORL

SRAME
SRAME
SRAME

GRAME
ERAMS

COMY .

FRODIICT

[ =
e .

'

K

ZILFUE

100,

o,

COAL

ATOM HYDROGEM-ARTOM CRERMM

<aFAM OF CORL FETD

FERCEMT
FERCEMT

- 43 -
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FUM MO, =31

COAL TYPE- WEW MEXIO

COAL FEZINEMCE TIME-MERZLIRED
CALCULATED

HOMIMAL COMDITIONE
CORL FEED FATE
H¥TFOGEM FLOLK RATE
HYDFOSEH “YELOCITY
REAZTOR TEMF.
FREHERT TEMF.
HYDFOSEM FREZZURE

CAREDH
HYDIIFDREN
[T |
MHITEORENM
UL E LR
REZH

FEODLICT COMe.
SARZ. MOLE =

CREEDOH MOMOXIDE
CAREDON DIOSILE

METHRME Z.273
CTHYLCME i,

ETHAME i t=d1
EEMZENE L2030

TOLLEHNE 0.
#YLEME 0.
LIGHT DOIL
HATEFR

TOTARL

ERMPLE HO. I

ZUE-BITUMINOLLE

FECOMDE
ETECOMDE

TOTAL RCCUMULARTED WTE.
COAL FED si0.n
CHAR L=

LIGHT OIL= 0,

ETH [

LIRTER 0.

[

SREAME

M

s CAREQNM COMY, R
TO PRODUCT

MAF CORL CONHY.
FROTIICT

1 .
&4, 59 23,32
. nl

o S.7FN
1 10,43

o R e R e
-

=
.

G720

TOTAL MATERIAL ERLAMCE: X

CAEEON

LICIIDE 1
HYTIFNCARENN GARAZET 2
CHRFEOM NHINFES
HATEF i.

et
1

n
n

AMMOM TR 0. [SRech}
H*TIFOGEM SULFIDE 0 1,218

CHAF

7.3 PR

TATAL

HYDROGEM COMZLUMPT I0MN- 3le3E-02

L EA0D

HERT OF RERCTIOM-

LRI

EFFECTIVE CRRBON
EFFECTIWE EMERGY

CONVERS ION-
EFFICIENCY -

HYTIROGEN O=Y5BEN

HITROGEM =LLFUE MAF COARL

0. 0. . 0.5
0. . n, 2.3

0.

0. 1aa., n, 1.20
0. i, 100, .04
i 0. 0. St
. 1. 1440, S0. N0

LE HYDROGEM-LE ZOAL
ATOM HYDROSEM-ATOM CAREEOM

FCHRL<5FRAM OF CORL FED

.30 FERCENT '
21 FERCENT

44 -



FUM MO. 231 ZAMFLE MO. 4 DHTE & —27 - {a7a
COAL TYFE- MEW ME®ICO SUE-EITUMIDUS

COAL REZIDEMCE TIME-MERZURED = ZECOMDE
CRLCULATED ENR Y ZECOMDE

HOMIMAL COMDITIONS TOTAL RCCUMLULATED WTE.
~0ORL FEED FATE 5953 COAL FED 1.0
HYDROGEM FLOW RATE CHAR o51.3
HYDEOGEH YELOCZITY LIGHT OILE n.
FEACTOR TEMF. ETH .
FREHEHRT TEMF. NATEF 0.
HYDORDSEN FREEZILRE

CHAR AMALYETE. %
CAREOM

Ry DROGEN i
OsSEM i,

HITROGEM
SULFUR

RA=H

FREODUCT COMZ. IH ¥ CRREEOM COMM. % MAF COARL COMY.
BAZs MOLE 3 TO FREODUCT TO FPRODUCT

CAREOM MOMOXIDE
CAREON DIODAITE
METHAME
ETHYLENE

ETHAME

EEMZEME

TOLLENE {
H#YLEME' 0. -
LIGHT DIL n. 0. 0.
WATEFR 0. n. ) .

" [_‘|_:| = M

TOTAL dEL a0 et b

TOTHL MATERIAL EALANCES

CHREDON HYDROGEH O¥YEEM MITFDOGEM ZULFIIR MAF COARL

LIGIID: = 15,7 0. . o.
HYDROCAREON GAZES =¢ 151, 0. n. - 0.
CHREEUM OXIDES . L. 27 . .

WATER 0. o, Tn. .
RIMMOMIA S, 21 . 100, M. 1.

HYDROGEM ZULFIDE a1 1. S, 100, 1.04
CHAR ' n. n. 0. 0. 0. T4, 3

TOTHL . .5 174, CE.2T 100, 100, 21.°7

LE HYLROSEM-LE ZOAL
RATOM HYDEODGEM<ATOM CAREOM

HERT OF RERCTION- —.4722 FCRL<SRAM OF CORL FED

EFFECTIVE CRREON CONVERSION- 43,50 PERCEMT
EFFECTINE ERMERGY EFFICIEMCY- SCE PERCEMNT
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FUM MO, 232 ZAMFLE HNO. 1 DRTE = | - 149

0
=
0

CORL TYPE- HEW MEXIO  SUE-BITUMIMOUZ

COARL FEZILEMCE TIME-MERSUFED n.
CALCULRTED Z.212

HOMIMAL COMDITIONE TOTAL ACCUMIL_ATED WTE.
COARL FEED ERTE .S 2 HE ~OAL FED 3
HYOFEOGEN FLOW FRTE CHAR BRAMZ
HYDROGEHN “YELDCITY LIGHT OIL= 0. BREAME
FERACTOR TEMF. ETH 0. GRAME
FREHERT TEMF. WATER 0 GRAME
HYTIROGEN FPRES

GRAME

URE =500, FII

ORI
CAREDM
HY DROGEX
Qv RFH
MITROGEN
suerur

AZH

[

43,5

HEULICT CUMC,. TH % CAPRON COMW. LMAF CORL GOk
GHZs MOLE X TO FRODLUCT T3 FRODUCT

CAREDH MOMOXIDE . 0.
CREEOM [10xTNE o, 0.
ME THANE 0. a.
ETHYLENE 0. j
ETHAHME 0.

EEMTEME LE100E-01
TOLUENE LSO00E-02
HYLEME 0.

LIGHT 1L . X
WATEF 0. ' 0.

TOTHL 1.827 1.8v=

TOTHL MATERIARL EALAMCE.

CHREEDN HYDROGEM O=Y5EM HITEOSREM ZLLFUE MAF COAL

-
¥

T

HYTIRDCAREDON GAZES 0, . 0. 0. Q. n.
CARREDOM O<ILEX 0. 0. . 0. 0. 0.
WATER 0. 0. 0. n. 0. .
AMMOMIA n. 21 0. 100, 0. 1,21
21 . 1. Laa.

ILIouIn: 1.63 Z.nan . . 0. 1.

Die o
HYDFEDSEM =ULFIDE (. i. 1,070
CHAF i, a. 0. i3, 0. 2F. 9
TOTAL 1.k32 X 0. 1hn. 100, 32, 0

HYDROGEM COMZLIMPTION- -, LE HYDROGEM~-LE COARL

HTOM HYDROSEM-ARTOM CAREDOH

HERT OF RERCTION- -.3Z514 FCAL-GRERM OF ZOAL FED

EFFECTIVE CRARBON CONVERSION- {.&27 FEFCEMT
EFFECTIWE EMEFRGY EFFICIEMOY- 1,897 PEFCEMT

- 46 -



FUM MO, 232 SAMPLE HMO.

[{X]
=
X
—
m
|
—
|
—
]
=)
51

COARL TYFPE- MELE MEXIO  SUE-EITUMINOUE

COAL EEZIDEMCE TIME-MERZLIRED . SECOMDE
CALCULATED 4,424 SECOMDE

HOMIMAL COHDITIONE TOTRL ACCUMLLATED 1T,
COARL FEED FRTE 1 g CORL FED 51 GRAME
HYDROGEM FLOL RRTE ZHAE c 3 SRAME
HYDROGEM “YELOTITY LIGHT OIL= a. SRHEME
FERCTORE TEMF, ET . GREAME
FREHEAT TEMF. LIRTEERE i, GRAME
HYTIIFOGEN FPREZZURE

CHARE AMALYZIZ %
0.
0.
i,
.
n,

43,58

CHRREOM
HYTIROIZEM
O=4YIsEN
HITEDSEM
ZULFUR
AxH

FRODUCT COHC. IM % CAREOM COMMW. ¥ OMAF CORL COMY.
SHEs MOLE = TO FRODUCT TO FRODUCT

CAREDM MOMOXIDE . 0. 0.
CAREOM DIO<TDE n. 0., a.
METHRME 1.324a0 : ; ]
ETHYLENE 0.

ETHAME L27nn 4,916
EEMZENE I ] 4,971
TOLUENE L1iRnnE-01 L1
=WLEME n. 0.

LIGHT OTL. . I
WRTEFR 0. n, o,

TOTAL e 18

o
Ny
DO
n
oy

TOTHL MATERIAL ERLAMCEs X

CAREOM HYTORDOGREN O#%5EM HITROSEM ELILFUR MAF COARL

LIQUIILE F.14 n. 0. n. 5,98
HYDROCHPEON GRZEXR 13,10 0. 0. 0. 17,2
CHEEOM D«IDE= i, 0. [ 0. n]

IWATER 0. 0. 0. a. .

AMMOHTIA 0. 0. 100, i, 1.31
HYOFDEM ZIMLFIDE 0. . 0. 100, 1.0%
CHRAF n. 0. n. n. 7.3
TOTAL ch.l 100, 0. 100, 100, 4.2

HYTIFDEN COMZUMPTION- - BEAAE-TOD LE HYDROGEM-LE COAL
FHIE- 3 ATOM HYTROGEN-ATOM CAREOH

HERT OF RERCTION- -.4477 KCHL-GRAM OF CORL FED

3 FERCEHT

EFFECTIVE CARBON CONVERSION- Z&. 1
= FERCEMT

EFFECTIVE EMEFRGY EFFICIEMCY- .2

D gkl



E )
|
-
I
-
L
=]
L1

- RUM HO. 232 EZAMFLE MO, = LOARTE =
COAL TYRPE- MEL MEXIO  ZUE-BITLUMINOLE

ZORL FEZIDEHCE TIME-MEREZUFED 0. FECOMDE
CALCULATED £ BZE SECOMDE

HOMIMAL COMDITIONS TOTAL ACCUMULARTED 1TE,
COAL FEED RRTE ‘ CORL FELD o1z BREAME
HYDFEDGEM FLOL RRTE CHAR onE, GREAME
HYDREOGEH “ELOCITY LIGHT OILE o, SRAME
FEACTOR TEMP. ET= o. GEAME
FREHERT TEMF, HATER n. BRAME
HYTIFOREM FREZZURE

CAREDN
HYIFDREN
O GEN
HITROSEN
HULFLFE
ASH

FRODUCT COMC. TH w CRAREOH TOMW. ® OMHF CURL COMY.
A% MOLE X TOD FRODUCT TO FRODLICT

CAREOM MOMO=1UDE n. n.
CHREEDH DIOXIDE 0. .
METHRME 1.605 1€.20
ETHYLEME n. 0.
ETHAME LInnn =
EEMZENE L1d00
TOLLUEHE CFON0E-DZ
HYLEME n.

LIGHT OIL 0.

LWRTEFR . 0,

TOTAL 1. 24 FR.NTF

TOTAL MATERIRL ERLAMCES

CHEEOM H¥DREOGEM O+=YiEM HITREOGEM ZULFLUE MAF COAL

LICUIDE 10,8 n. n. 0. T.02
HYTIFNCARENM RRSFS Q0,8 0. 0. i, 2l.0n
CAFEDOM OXINFES n. o, 0. . a.

LIATEFR i. . 0, . a.

AMMDHIA 1 =1 0. 100, n. 1.2
HYDROGEM ZULFILE 0. 1.2814 . i. 10U, 1.0
CHRE 0. n. n. 0. n. 27,

O R

TUTAL 1.2 117, . 100, 100, SE.

HYDIIEBSEN COMZIMFTION-— LT1ZIE-OE LE HYDROGEM-LE COAL
gz ATOM HYDROGEM-ATOM CARFEEOH

HEAT OF REACTION- -.4525 FCAL<-GRAM OF COARL FED

EFFECTIVE CARBON CONVERSION-
EFFECTIWE EMERGY EFFICIEMCY-—

(Il

1.3 FERCENT
d42. 01 FERCENT

[

- 48 -



FUM HMO. 232 EAMFLE HO. ¢ ATE 3 -1 - 1979
COAL TYPE- MEL MEZIO EUB-EITUMINOUZE

CORL REZIDEMCE TIME-MEAZURED 0. EECOMDE
CRLCULATED O.Ean FECOHDE

HOMINAL COMDITION= TOTAL ARCCUMULRTED WTE,
-OAL FEETY FRTE LEZL COAL FED 51z
HYIROGEM FLOE FRATE CHRF ;
HYDROSEN WELOCITY LIGHT QILE i,
FERCTOR TEHMF. BT o 0. GRAME
FEEHERT TEMF. HATER 0. BRAME
HYTIROGENM FREZZURE ’

CREEOM
HYIRDOGEN
O=%5EN
HITEOGEM
ZULFLIE
HZH

FEODLICT COMC. I % CAREOM ZOMY. wOoMEFE CORL COMY.
GARZs MOLE ¥ TO FEODUCT TO FEODUCT

CAREOM MOMOXILDE .

CAREOM THIDXTDE 0.

ME THAME 1,620
ETHYLEHE 0.

ETHAME
EFMHZENE
TOLUENE
#MLEME 0.
LIRHT OIL 0.
LATER n.

TOTHL FE.45 o9, Be

TOTAL MATERIARL BALAMCE. X

CHAEEOM HYDROGEN OXYSEN HITROGEM SULFUR MAF COARL

LIDUIDE = ] 11.9 . o, . Terh
HYDFOCAREON SRZES 23,5 104, i, . 0, el 2
CAREON OXITES . . 0. . . .

HRATER . 0. 0. n. 0.
AMMOMIA 0. =PRcht o. 100, 0.
HYDROSEM ELLFIDE 0. 1.214 0. 0. 1on. .
CHAFR 0. . o, 0. a.

[
(S |:I1 -

-

TOTAHRL 3.5 123, 0. 1o, 100, =2 g

LE HYDROGEH-LE COAL
ATOM HYDROGEM-ATOM CHREOM

HERT OF RERCTION- -.457% FCAL<GEAM OF COAL FED

PERCENT

EFFECTIVE CRRBON CONVERSION- 33,45
DG FERCENT

EFFECTIVE EMEFRSY EFFICIENCY- et

=TNP

- 49 -



FUM MO, 233 EAMFLE NO. 1 DATE 3

[0
I
T

CORL TYPE- MEW WMEXICO ZUE-EITUMINOLE
ZECOMDE

CORL REZIDEMCE TIME-MERZURELD 0.
= e ZECOMDE

CHLECULATED i

MOMIHRL CONDITIOMNE
ZOAL FEED FRTE
HYDFOGEM FLOL ERTE
HYDRFOSEM “ELOCITY
FERCTOR TEMP.
FREHERT TEMF.
HYDROSEN PREZZLRE

CORL FED S
CHAF 2%
LIGHT OILE 0.
ETx 0.
LATER o,

pe
I
Rl
I
I
[
(%)
—
]

ZAREOM
HYIRDEEN
OiZEN
HTTROGEH
ELULFLIE
FIEH

S5

FRODCT UM,

GHZ. MOLE =

OCHREEON COMY. u
TO FRODUCT

TOTAL HRCCILMULRTED LTS,

CHREEOM MOMDIDE
CAREON DIOXIDE
METHRME
ETHYLEME

ETHANE

EEMZEHNE

TOLLEHE

#YLEME

LIGHT .OIL

WHTEFR

.
.
LIS NE-N01
0.
.
LleonE-01
CSOONE-NS
0.
i¥.
0.

TOTHL

TOTAL MATERIAL EALAMCES

CAREON HYDROGEM O=4%5EM HITEOGEN ZULFUR
LIQUIDE 1.13 1.1 0.
HYDROSAREDM GRIEL (S22 T 0.
MAREROM DOXIDES n, 0.
WATEFR 0. i, n.
RMMONTF i, £ 0.
HYDROSEH ZULFIDE 1. 1.21 0.
ZHAF 0. . .

n.
.
ii.
0.
100,
i,
.

.
0.
U
0.
0.
10,
.

TOTAL 1.65% 11.4 0. 100, 1.

HYDROGEN COMZUMFTIOM- LSV NZE-01

- Taa4

LE HYDROSEM~-LE ZOARL
ATOM HYDROGEM-RTOM CARREOM

HERT OF FERCTIOM-

n

~. 3ETS FIZARL<GRAM OF COAL FED
EFFECTIVYE CRRBON CONVERSION- 1,551
EFFECTIVE ENEFGY EFFICTIEMIY-

1.588

FERCEMT
FERCENT

- 50 -

riA&F SORL
TO FRODUCT

SRAME
SERAME
GRAME

COMM.




ELUM MO. 233 SHMFLE HO. c DRTE 2. -& -

,-
o
=)

Lt

OBl TYPE- HMEW MERICO SUB-BITUMINDUZ

CORL FEZIDEMCE TIME-MERZURED 0.
CALCULATET LEL0

COMDE
connE

MOMIMAL CONDITIOMS TOTAL RCCUMULATED WIS,

COAL FEED FATE LFEET LE~HF COAL FED S97.E GRANZ
HYDROGEM FLOW RATE CHAR 297, 4
HYDFDSEN YELODCITY LIGHT OILS .
RERCTOR TEMF. ETH 0.
FREHERT TEMP. WATER .
HYDROGEM PRESSURE

CHRE AMALYZIEZ 5
CRREDON 0
HYDREDOGEN 0
0=y GEN I}
HITFOGEM 0.
ZLILFLUFR 0.
HEH 35,53

FREODUCT COMC. IN % CAREDH COMY. X OMAF CORL COMY.
GHZY MOLE = TO FRODUICT TO FRODWICT

CAFEOM MOMO=IDE . 0. 0.
CAREDH DIO=ITDE 1
METHRME
ETHYLENE
ETHAME

EEHZIEHE
TOLLIENE

AYLEMNE 1
LIGHT OIL n. L
LRTER . 0. 0.

TOTAL 13,15 iv.ls

TOTAL MATERIAL EBALAMCE. X
CHREEOM HYDROGEN DB=%oEM HITEOSEM ZULFUR MAF COARL

LIOUInE S5.77 SR n. o, 0. 4. 58
H¥TIRDCAREON GRATES ! A, G . i, n. 12.7
CAEEOM O<IDES 0. 0. n. i1, [
HATER n. . oo, 0. 0. n
RMMOMT A 0. 0. 100, n. 1.

HYDRDGEH ZWULFIDE 0, [ n. 100, 1.05
CHAFR i, 1. 0. i, 0. £

TOTAL 19.e V.2 0. 100, 10, 9.0

mn

HYDREOGEM CONZUMFTION- -, 10Z0E-01 LE HYDROGEM~<LE COAL
c1as ATOM HYDROGEM-RTOM CHEEQH

HEAT OF FERCTIOM~ -.4240 FCAL-<5RAM OF COAL FED

EFFECTIVE CRRBON CONVERSION- 13,15 PERCEMT
EFFECTIVE ENERGY EFFICIENCY- 25.00 PERCEMT

- 51 -



EUM HO, o3 EAMFLE MO, =

CORL TYFPE- MEL MEXICO EUE-EITUMIMOUE
EECOMDE
FECOMDE

COARL REZIDEMCE TIME-MERZURED i,
CALCLULRTED 7.37

HOMIMAL COMDITIONE
COARL FEED RRTE LRV
HYDROGEH FLOL RATE 1.020
H“*OROGEM “ELOCITY oave
RERCTOR TEMF.
FREHEAT TEMF
HYDFOGEM FRE

TOTAL ACCUMLILATED WTE..
CORL FED 3
CHAF
LIGHT OIL=
ETx 0.
HARTER 0.

LE-HFE
LE-HF

IIE.I'!A [ )
LES

CAREON Q.
HY TIROREM .
O HEN 0.
NITROSEM 0.
SULFUR 9.
AZH 33.53

FrOODC T cuee,
GHEs MOLE %

M *
TO PEODLICT

LHESUM UMY, ke
TO

MHE
FREODUCT

CAREOM MOMDA<IDF . 0.
CHAREDH DIO«IDE 0. 1]
METHRME 1,120
FTHY| FHF fl.
ETHRHE Loezn
EEMZEME 1140
TOLLUENE LEOOOE-n2
=YLENE n. I
LIGHT DIL 0 0
HATER 0 n.
TOTHL z4, 32 21.71

TOTAL MATERIAL EARLAMCE. X

CAREON HYDREOSEM OX%Y5EM HITEOSEM =ULFUR

LTHHYD? 2,410 0. 0. . [
YOROCAREOM GAZES 16.° 3.0 0. 0. 0. 15,
FHPEDN O«INEX i, a. . 0. n. 0.
WATER 0. n. . . . f
AMMOMTH 0. £, 31 . a0, a. 1.2
HYDROGEH ZUULFIDE 0, 1,28 [ . o, 103, 1.0
CHAR 0, 0. n. 0.’ n. i
TOTAL P ] 29,9 I 100, 100, .

HYDFOSEM COMZUMPTIOM- 2 0SE-O2 LE HYDROGEM-LE COAL

BREAME
GREAME

LCUHL CURY.

MAF COAL

(28}

= -

- ES0IE-01

HEART OF REARCTIOMN-

- AEIE

EFFECTIVE CRREBON CONVERSION-
EFFECTIVE ENERGY EFFICIENCY-

ZAMPLE MO,

RTOM HYDROREM-ATOM CAREOH

FCAL-GRAM OF CORL FED

24.

- 52

FERZEMT
FERCEMNT



FUM MO, 2332 SAMPLE NO. <4 DATE = ~E -

s
L
-1
L

cORL TYPE- MEL MEXICD ZUE-EITUMIMOUE

COAL RESINEMCE TIME-MEAZURED i, ZECOMIE
CALCULRTED Q.320 EZECOMDE

HOMIMAL COMDITIONE - TOTAL RCCUMULATED LITE.

COAL FEED FATE ‘ LE~HF “OARL FED SET.R GRAME
H¥TIROGEN FLOW RATE LE-HFE CHRF i . =R H
HYDROGEM WELDCITY FT-ZEC LISHT OILE . BREAME
FERCTOR TEMP. h DEG & ETH 0. sERAME
FREHERT TEMF, DES C LURTER 0. SEAME
HYTROGEM FREZIURE

FEI

COAL AMALY

CHEEOH
HYTIROGEN

)]

.

b= 5EM 15,210
MITRDGEN 1,230
ZULFUR Jatnn
AEH 1T EE 33,53

PEODUCT ZOMC. IN ¥ CARREEDH COHY. % MAF CDARL CONY.
GRZs MOLE = TO FPEDDUCT TO FPRODJCT

CREEOM MOMOXIDE 1. 0. .
CAREOM DIOXIDE 1
METHRME
ETHYLENE
ETHAME

EENZENE
TOLLIENE

HYLEME 0.
LIGHT OIL 0.
HATER n.

TOTAL 25. 95 oF. 03

TOTAL MATERIAL ERLAMCE:
CHREON HYTIRFOSEM O-%GEMN HITROSEN ZULFUR MAF COAL
0. 0. 0.

0. 0.
a. .

LIDUIDE 2,74
1 =

HYDFOCARERON QRSES
CAFEOM O«<IDEE

=) r=
=
.
.

o

[0

~
= |

- T
D4

LATER . . 0 0. 0. .
AMMOMT A 0. £.31 0. 100, n. 1,581
HYDRDSEM SULFIDE 0. 1,21 o, 0. tan, 1,05
CHAR 0. 0. . . 0. 9.0
TOTAL 25.9 4,01 i, 100, 100, [ ]
HYDFDGEN COMZUMPTION- -.3S8SE-02 LB HYDRDGEN-LE COAL _
~.S110E-0f  ATOM HYDRDSEN-ATOM CAREOH

HERT OF RERACTIOM- -—.4221 - KCAL~-BRAM OF COAL FED

EFFECTIVE CRRBON CONVERSION- 25,35 PERCENT
EFFECTIVE EMNERGY EFFICIENCY- 34,17 FERCENT®

- 53 -



FUM MO. 2324

EZAMPLE HNO. ! LRTE

wa

COAL TYPE- HEL MEXMICO ZUB-BITUMINOUS

COARL FEZIDEMCE TIME-MEARZURED . EECOMDE

HOMIMAL COMDITIONE

~“OAL FEED RRTE

HYDROSEM FLOW RRTE
HYDROGEMN WELOCITY

FERCTOR TEMF.
FFEHERT TEMF.

HYDROGEM FREZZLRE

CAHREDM
'TIROGEN
%Y hFA
HITROGEH
SULFLUE
A=H

CAFREOM MOMO=IDE
CAREOM DIDXIDE
METHAME
ETHYLEME

ETHRNE

EEMZEMHE

TOLUENE

=YLEME

LIGHT DIL

WARTER

LICHIID®
HYTROCAREON SAZES
CAREMH NSTDES
LWATER

AMMCHIA

HYDREOSEH ZIULFITE
CHAFR

TOTAL

HYDREOGEN COMZUMPTION-

CALCULARTED 1.801 ZECONMDE

TOTAL ARCCLMULATED WTE.

CORL FED T

. SRAME

LHAF 412.8 SRAME
LIGHT OILE 0. SRAMT
ETH ; 0. SRAME
LIATEFR . SEAME
COAL AMAL CHAR AMALYSIZ.
0.
n.
.
(I8
L1000 . 0.
17. 15 2.7

FERODLICT COMHC. IN HOCHEBUM COMY . SOMHF COAL COMW.

BHZy MOLE X TO PRODUCT TO

n, 0.

0. 0.
L1540 1.5232
n. 0.

0.
C1A4SOE~-01
n.

0. 0.
i, 0.

TOTHL o.RIR

TOTAL MATERIAL EALAMCES

= 0. it i,
7.2 . n. .,
i, . 0. 0. 0.
. I, 0. 0. a.
3] it 100, i,

21 0. 1. 140,
1. . . 0.

N
Ty N

&.94 1.5 i, 1. 100,

LE HYDFOZEM~LE COAL
ATOM HYDROGEM-ATOM CAR

HERT OF RERCTION- -.z7ze FCRL-GRAM OF COARL FED

EFFECTIVE CARBON CONVERSION- 2.3
EFFECTIVE EMERGY EFFICIEMIY- z

239 FERCEMT
.25 " FERCENT

- 54 -

FEODLICT

n. .
.
1.457

CREEDON HYDROSEM O=%5EM HITROGEM ZLULFUFR MAF COARL

1.10
1. 45
n.
.
1.2n0
1oL

LI

1.

EDOM



R HO. &34 SAMFLE MO.

(1]
(=]
T
—
m
0l
i
-
|
—
L
=}
L

COAL TYFE- MEW MEXICO EUE-EITUMIMOUE

COAL FESIDEMCE TIME-MERZURELD o. SECOMDE
CRALCU_ATED 2.e02 TECOMDE

HOMIMAL COMDITIOMNS TOTAL ACCUMULATEDR WT=.

COAL FEED FRATE e CORL FELD VEt.d GERME
HYDROSEN FLOL RRATE CHAFR dl1z.2 GERME
HYDRDOGEN YELOCITY LIGHT DILZ n. BREAME
REACTOR TEMF. BTx 0. ERAME
PREHERT TEMF. WATER 0. SRAME
HYDROSEH FREZZIURE

CHARE AMALYSIE. X

CAREDH .
HYTIRDGEM .
O BEN .
HITROGEN a.
TULFUR i,
HIH S2. 7

FEODUCT COMC. IM % CHEEOM COMY. ¥ OMAF COAL COMY.
SRZs MOLE X TO PRODUCT TO FRODUCT

CAREOM MOHOXILE 0.
CAREON DIOXILDE 1.
METHAME =T
ETHYLEME 0.
ETHRNE L1eF0
EEMZEME LSE00E-D1
TOLLUEME JASDRE-01
“YLENE . 1N
LLIGHT OItL . n. 0
WATER n. . .

[ O e RO R}

TATAHL 17.17 15, 42

TOTAL MATEREIAL ERLAMCE. =

CREEDH. HYDREOSEN Ox<YGEN MHITROSEM ZLLFUF MAF COARL

LIGITIDE 4.4 S5.52 n. a. . 2,43
HYDRAQCAREOM GRIES 12.7 et 0. n. i, 11.2
CAREOM DA4IDES 0. 0. . n. 0. 0.
WATER . . i, ., . n. 1

AMMOMIA 0. [JCD . 100, a.
HYIROSEN ZINLFIDE 0. 1.21 0. n. 100,
CHAF 0. 0. 0. 0. .

et
DO
Dung

o
o da .-

TOTAL ir.2 29,5 0. 100, 100,

[ag
k]
—

HYDROGEM COMSUMETION- LE HYDREOSEM~LE ZORL

ATOM HYDROGEM-ATOM CAREDH

HEAT OF RERCTION~- -.d2d2 ECAL-5FAM OF CORL FED

EFFECTIVE CARBON CONVERSION- .1

17. 17 FERCENT
EFFECTIVE EMERGY EFFICIEMCY- o8, 55

b FERCEMT

-~ 55 =



EUM MO, 23Z4 TAMFLE ™NO.
COARL TYFPE- MFW MEXIO

CORL FREZIDEMCE TIME-MEAZLIRED
CALCULATED

5.

MOMIMAL COMDITIONE
CORL FEED RATE
HYDFOGEN FLOW ERTE
HYDREOGEN “ELOCITY
FEACTOR TEMF.
FEEHEHRT TEMF
HYDREOSEM FREZE

oo, F=1

CHREDM
HYTROSEN
O inEH
HITROREM
L FHR
HEH

FEQDUCT COHC.
SHZ. MOLE %

TH

CHREOM MOMD:
CRPEOM DII0OX .
METHRHE 1.
ETHYLEME ]
ETHAME ;
EEMZEME
TOLUEME
HYLEHE
LIGHT DIL
HATER

LEO0OE-D2
0.
.
0.

TOTHL

TOTAL MATERI
CHREEDH

LIDIDE S.4
HYIEOCARFREON GARZES ¢

CAREDH DOXIDEE 0.
HATEFR

AMMOMT A
HYTDRASEN ZULFILE 0. .
“HRFE . i, i,

TOTAI

D oLV

HYDROGEN COMZUMPTION- -, Z2040E-02
- E1S3E-01

HERT OF REACTION- -.4445

EFFECTIWE CAFEDOM COMVERZIOM- o3
EFFECTIYE EMEFGY EFFICIEMCY- =

- 56

< ZE
LEG
LES

HYDRDGEN OXYEEN

ZUB-BITUMINDLUE

EECOMDE

S0 ZECOMTE

CORL FED
CHAR

LIGHT DOILE
BT

WATEF:

1LORnenarr COors.
TQO PEODUCT

AL ERLAMCE:
NITRDGEN

0.
e
0. 0.
. 0.
1qon,
0. i,
o, .

100,

LE HYDROSEM-LE

TOTAL ACCUMULATED WTE,

SULFUR

.4

CHAR AMBLYEIZ. %

2.7

WoMar o conL GOmMy.
TO FRODUCT

MAF CORL

':I L]
0.
0.
.
100,
n.

100, L

canL

ATOM HYTIROGEM-ATOM CHREEOM

~GREAM OF CORL FED

FERCENT
FERCEHT



coig SHMFLE HO. 4 OATE = -7 - 15973

FIIM MO,
COAL TYFPE- MEW MEXICO SUE-EITUMINOUS

COAL REZIDEMCE TIME-MERZLRED 0.
CALCULATED T2

EZECOHDE
TECONDE

My
3

TOTAL ACCUMULATED T,
COAL FEL G- -
CHAFR 4122
LIGHT OILE 0.

ETx .
WARTER 0.

HOMIMAL COMDITIONE
COARL FEED RATE
HYTOROSEH FLOW EATE
HYTROGEN YELDCITY
REACTOFR TEMP.
FREHERT TEMF.
HYTIFOGEH PREZEZURE

LE<HE
LE~HR
FT-ZEC
DER =
DEG
F=I

BRAME

=0, 00
1500,

CHAR RAMALYEIZs %

CHEEOH a.
HYLRDGEHN .
O=45EN 0.
MITROGEM 0.
ZULFUR .

2.7

AEH

PRODUCT COMC.
GHRE. MOLE X

IM % CAREOM COMM.
TO FPROTHICT

¥ MAF CORL COuv.
TO FPRODNCT

CHREOM MOMO=TDE n,
CRREOM DIDSITE 0.
ME THAMNE z
ETHYLEHME
ETHAME . L1
EEMZENE Llasn
TOLLIEHE LIA00E-02

“YLEME a.
LIGHT OIL 0.
MATEFR n.

TATAL 4. 78 ga2.13

\
TAOTAL MATERIAL ERLAMCE. X

CAREON HYDROGEN OXYBEN HITROSEM ZLLFLIE MAF COAL

LIGUIDE =1 .27 0. 0. 0. S.33
HYDROCARBON GRSES 17.9 FE.E 0, n. 0. 16,
CAREOM O<IDEX Q. . 0. . i, 0. 0.
WATER n. 0. . n. . 0.
AHMMOMIA n. c.31 . 100, 0. 1.580
HYDROGEN SULFIDE 0. 1.21 1] 0. 100, 1.04
CHAF . 0. 0. a. n. 0. 42,9
TOTAL 9.2 34,4 0. 100, 100, a3

LE HYDROGEN-LE CORL

HYOROGEM COMZUMPTION- ~.&8332
¢ ATOM HYDEDOGEM-RTOM CARREOM

HERT DF RERCTIOH- KCAL<SRAM OF ZORL FED

—. 4384

EFFECTIVE CARBON CONVERSION-
EFFECTIYE EMERIGY EFFICIENCY-

PERCENT
PERCENT



FEUM ND. 235 EAMFPLE MO. ! DATE = = - 1373

COARL TWPE- NER MEXICO ZUE-EITUMINOUE

COAL FEZIDEMCE TIME-MERZURED 0.96 SECOMDE
CALCULATED 1.0 ZECONDE

MOMIMAL COMDITIONE TOTAHL HFCUHHLHTED UTT
COARL FEED RRTE 1 COARL FED =
HYDRBEDI=EH FLOW FRATE CHAFR
HYTOROGEH YWELDCITY LIGHT OILZ
FERCTOR TEMF, BTH
FREHERT TEMF. HATEER
HYDROSEM FREZZURE

CAREOM n
YIFOGEM o,

OiSEN .

14T TEOSEN i,

LULFILIR 0.

F=H 32,43

FRODLILC ! UUHE.VlH % CAREON COMY. LOMAr COnL COMY.
GAZ. MOLE X TO FRODUCT TO FRODUCT

CAREBON MOMO<IDE n. 0. i,

CHREDOH DIOXTDE n, e
METHRNE I 0.
ETHYLENE . 11
ETHAME . ]
EEMZEME L3274 Fiog
Setg L0l

TOLUEME
=%LEME 1
LIGHT OTL n. 0. .
LIATER 0. a. .

TDTHL 1.3

-
.
[

o
o

TOTAL MATERIAL ERLAMCE: X

CARREOMN H*TROGEM OXYEEM NITROGEM ZLLFUR MAF COARL

LIDUIDE 1.45 . . 0. 1,153
HYDROCREEDM GAZE: 0. 0. 0. i1, .
CAREREOHY O-<IDEX 0. n. o, n. 0.
HATER 0. 0. i, a. a.
AMMOMTA i, 0. 100, n. 1,50
HYDROGEM ZULFIDE 0. . 0. 100, 1004
IZHRF 0. 0. . a. G4, 5

TOTAL IR b =R . tan, 100, ¢

o
[}
.
1

HYDROGEM COMZUMFTION- -, 3730E-01 LE HYDROSEM~LE COAL

ATOM HYDROSEM-ATOM CAREOM

‘HERT OF RERCTION- -.2n11! FCRL-GREAM OF CORL FELD

EFFECTIWE CREEOM COMVERZIOM- 1,449 FEFCEMT
EFFECTIWE EMERSY EFFICTEMCY- =D L A FERCENT

- 58 -



R HO.

235

COAL TYFPE- MEL MEXICO

COAL REZIDEMCE TIME-MERSLRED
CALCULRTED

HOMIMAL COMDITIONE

CORL FEEDN FHTE

HYDREOGEM FLOW FATE
HYDEOSEM YELOCITY

FERCTOR TEMF.
FREHERT TEMF.

EAMFLE MO. =

ZUBE-BEITUMIMOLIE

1.92
3.08

LE-HF
LE-HF
FT-ZEC
LES
TER
FzI

TOTAL ACCUMULATED LITE.

ECOMDE
CaMDE

-0OAL FED

CHAF }

LIGHT DOILE 0.
ET: n.
HATER .

SREAME

HYTOEOGEM FRESZURE

CAREON
HIRDEEN
O REN

HITROGEN .
ZULFUR 0.

IS X

A=H

™ % CAREOH COMY.
TO FRODLCT

FEODUCT COMC.

% MAF COARL COMY.
SA%: MOLE = ’

TO FEDODUCT
CAREOM MOMOXIDE L SHN0E-D1 LSOEE
CAREOM DT0XITE .

ME THRNE .7E40
ETHYLENME 0.

ETHANE .
EEMZEME .3
TOLUEME
HWYLEME 0.
LIGHT OIL 0.
WATEFR 0.

L N W e R W}

[
b
=J
ra
o

TOTAL

TOTAL MATERIAL EALAMCE: X

MITROGEM ZULFUR MAF ZOAL
n.
M.
n.
n.
e
100,
0.

LIoIn: .29 i, .
HYDROCAREOM GREEZ 9.91 n.
LCAFEOM DHIDER LS0E .
LRTEER 0. . . 0.
AFMOMIA =3 100,
HYTIRFOGEM 0. 0.

ZHAFE .

SULFIDE 0. 1.2

- -
v C

=
(a4
=
-

TOTARL T o0, 100,

I,
b
¢
3

LE HYDROSEM-LE COAL
ATOM HYTFRDGEM-ATOM CAREOM

HYDROGEM COMZUMPTION- -,

HERT OF RERCTION- -.405% F.CAL-GRAM OF CORL FED

EFFECTIVE CRARBON CONVERSION- 13,71 FERCEMT
EFFECTIVE EMEFRiY EFFICIENCY- 1&.30 FERCEMT

- 59 -



FEUM MO. 235 SAMFLE HO. =2 IRTE = -2

]
|
ra
5]
=)
W0

COARL TYFE~ MEW MEXICO SUEB-BITUMIMOUE

COAL RESIDEMCE TIME-MEAZURED 2.88 TECDOMDE
CALCULATED 4.62 TECOMDE

HOMIMAL COMDITIONE TOTHL HEEUN”LHTED HT*.
COAL FEET RRATE 1 LE~HF COAL FED
HYDROGEM FLOL RRTE LE<HR CHAFR :
HYDREOGEM YELOCZITY FT-ZELC LIGHT OILZ .
FERCTOR TEMF. DEG © ET= 0.

FEEHERT TEMF. DER HATER .
HYTIRDSEHM FREZZLRE FZI

CREEON e
vDPOSEN y !
O:oEN 16 n.
MITROLEH 1. o,
SULrur: A 0.
RZH 1v.12 F2.43

FRULULT COMC, TH % CAREON COMY. % MAF COAL COMY.
BRZ:. MOLE = TO FRODUCT TO PEODUCT

CAREOM NDNU ‘I1DE CEI00E-02 . DE7E SRE0G
CAFEOM NTOXIDE . 1

.
=

METHAME - S.621 o249
ETHYLEME 0. . 0.
ETHRMHE L2040 i e
EEMZENE LE1F0E-01 3 2
TOLUEHE LI300E-01 1 .
SYLENE n. n 0
LIGHT OIL a. 0. 0.
LATEFR . . 0. 0

TOTHL tv.Vn fa.22

TOTHL MATERIAL EBEALAMCE: X

CHEEDN H*DREOGEM O=vYGEN HITROGEM ZLLFUR MAF COARL

LInuIn: 4,70 S.20 0. 0. 0. .68
HY*TIROCAREON GHEES 12,4 S, B n. . 0. 11,5
CCAREOM OSIDEX: . . .7 B 0. 0. R
LIHYER v} . 0. 0. n.
RMMON TR . . n. 100, 0. 1,80
HYLUROGEM SULFILDE 0. 0. n. 100, .04
CHAR . 0. n. 0. a4, 5
TUNHIL I¥.7 0.9 LT 100, 100, nE.R

HYDROGEM COMIZUMFTIOM- -, 1:3¢ LE HY¥DREOGEH~LE ZOAL

ATOM HYDROSEM<ATOM CHREEDM

HERT OF RERCTION- -.4100 KCAL-GRAM OF COAL FED

EFFECTIVE CARBON CONVERSION-

1v.vn FERCENT
EFFECTIYE EMEFRGY EFFICIEMCY- o,

0 FERCEMT

- 60 -



FUM HD. 235 ZAMPLE MO, 4

COAL TYFE- MEL MEXICD SUB-EBITUMINOUS
COAL FESIDEMCE TIME-MEASUREL
CALCLULRTED

HMOMIMAL COMDITIONE
COAL FEED ERTE

RYOROGEN FLOW EARTE SEE0
HYDRDGEM “ELOCITY A2
FERCTOR TEMP. 2.0

FREHEAT TEMF.
HYTIROGEN PREZZURE

COAL AMARLYE
CAREEDNM 5.
H*DROGEM 4.
Ox%GEN 1e
MITROSEN N

ZULFUR

HEH
FEODUCT COMHC X

GHE: MOLE % TO

CAEEOM MOMO=IDE

CAREOM DIDRIDE

METHRAME

ETHYLEME

ETHAME

EENZEME

TOLLENE

®YLEME

LIGHT OIL

HATER

LAEn0E-01

TOTHL

TOTAL

ZH

FEON

LINOUIDE 4,87 S.99 0.
HYDROCHREOH GARZE: 12.2 SE. 2 0.
UHERBOM ORTDER . b 0. P N
LIRTER . . .
AMMONIA 0. &, 21 .
HYIDROGEM ZULFIDE 0, 1.2l 0.
ZCHAR [y] 0. 0.
TOTHL 12,1 83,7 2.10
HYDRDGEN COMIUMPTION- -, 125FVE-02 LE- H
-. 2564 ATOM

HERT OF REACTION-

-39

EFFECTIVE CRARBON CONVERSION-
EFFECTIVE EMERY EFFICIEMNCY-

- 61 -

: CAREOM COHV.

MATERIAL ERLAMCE:

HYDROGEN O=%YGEM

Y DROGEN-LE

TECOMDE
SECOMDE

TOTAL ARCCUMULATED LTS,
COAL FED 21N
CHAR 3
LIGHT OIL=E 0.
ETH
LARTER

SRAME
GRRAME
SRAME
GRAME
GRAME

.

¢ MAF SO0AL CONY.

FRODLICT TO FRODLCT

L4474 LTAT
0
2. 46T

B r=p

HITEOSEM =ZULFUFR MAF COAL

. 0. 2,79
0, 0. 1z.n
i, 0. e
0. 0, i}

100, o, 1,20
a. 100, 1.04
0. 0. G4, 5

100, 100,

COARL
HYDFOGEN-ATOM CREEOM

FCRL<GRAM OF COAL FED

FERCEMT
FERZENT



FUM HDO. 235

=AMFLE MO.

COAL TYFPE- MEN MEXID =SUE-EITUMINOUS
COARL REZIDEMCE TIME-MEARZLIRED
CRLCULATED

HOMIMAL COMDITIONE
ZOAL. FEELD FRTE
HYDROSEM FLOU ERTE
HY¥OROSEM “ELOCITY
EEARCTOR TEMF.
FREHERT TEMF.
HYTIEOGEN FREE:

FT

CRFEGH
HDFOSEM
Ox%REN
HITEOSEM

EULFLUE
AiH

FRODUCT COMC.

GHE=: MOLE =

INM

AREON mMOMDSIDE
CHEEOM DIODSIDE .
METHAME 1.1540
ETHYLEME
ETHAME
EEMIEME
TOLUEME
=YLEME
LIGHT OIL .
LARTER n.

TOTAHL

LE~HF
LE~HF
TEC
LEG:
DEG

FECOMDE
EECOMDE

CHAF:
LIGHT DILE
ETH

WATER:

IRTE

fDTHL ACCUMULATED WTE.
CORL FED

a0, 0

(=4

47,5

% CHREON ZONY.
TO FRODUCT

1,50

TOTHRL MATERIAL EBRLAMCE: ¥

CRREOH

LIoUIn: n.1 1
HYDROCAREDOH GRZES 13.0 =
CAHFEQOM D-IDEZ .

HRTEF i
AMMOMIA .
HYDROGEM SULFILE
ZHRE 0.

TATHL

| (X
o
V-

HYTROGEN CONEZUMFTIOM-

HERT OF RERCTION- -. 4303

EFFECTIVE CARBON CONVERSION-~
EFFECTIWE EMEFRY EFFICIEMNCY-

1
-

o e

HYDROGEN OXYGEM

HITROGEH ZLILFUR

.
.
o,
0.
100,
0.
0.

100,

LE HYDROGEM-LE
RTOM HYDROGEH-ATOM CHRREON

FCAL-GRAM OF COARL FED

FERCENMT
FERCEHT

'™
)
-]
[¥%)

SRAMS -
SRAL
SRANE
SRAMSE
SRAME

% MAF COARL COMY.

TO FEODUCT

.
0,
n.
0.
0.
100,
1]

o0,

COAL

0.
.
13,88
n.
4. eE
7ot
RS Rt
.
118
a.

Mo
n
-
|

B (IR T

TR
=

o =

MAF COAL

<
E

=

-



ELM MO. 2326 ZAMFLE MO. z OATE 3

",

]
-—
LN

|
ba

L

)

L1

COAL TYFE- MEW MEXIO SUE-EITUMINOUE

COARL REZIDEMCE TIME-MERSURELD
CARLCULRTED

ZECONDE
ZECOMDE

HOMIMAL COMDITIONSE TOTAL ACCUMULATED LTI,

COAL FEED FATE ~OAL FED &0, GRAME
HYDEDSEM FLOK RRTE ZHRE =l o GRAME
HYDROGEH YELOCITY LISHT OILE 0. - RAMZE
FERCTOR TEMF, ETx a. GREARME
FREHEART TEMF HATER a. GRAME
HYDROSEM FPEE:

:ILIRE

CHARE AMALY:
CAREOM .
"TIFOGEN
0% EH
MITROGEH
ILLFLE

FEH 12. 86

FRODUCT COMC. IM * CAREDM COMY. % OMAF COAL COMY.
SR=. MOLE = TO FRODUCT TO FEODUCT

CAREOM MOMOXILE . .
CAREOM DI0XIDE . Q.
ME THRAME L8N 15,76
ETHYLENE a. a.
ETHANE : 7.4
EEMZEMNE SINEE
TOLLENE L2
YLEME .

LIGHT OIL
LATER

TOTHL 32,51

TOTAL MATERIAL  BALAMCE: X

CAREDON HYDRD5EH D=YGEN MITEDGEM SULFUR MAF COAL

LIoUIn: e 15,4 0, 0. . 1a.7
HYDROCAREOM SAZES 2 103, n. 0. . a2
CAREOM OMIDESZ. i, 0. 0. 0. .

==

WATER . . 0. a. .

RMMOM IR =P o, oo, 0. 1.20
HYDREOSEN ZIWLFIDE 1,21 0. : n. 10, 1,04
CHAR 0. 0. 0. . . . 25,5
TOTAL 2.5 122, 0. 100, 100, RS, &

LE HYDROGEM-LE CORL

HYAROGEN COMSUMFT I0OM- .
R ATOM HYDREOSEM~-ATOM CREEOM

HERT OF RERACTIOM- —.<4387 FCAL-GRAM OF CORL FED

EFFECTIVE CRRBON CONVYERSION-
EFFECTIYE EMERGY EFFICIEMCY-

FERCEMT
FERCENT

- 63 -



RUM ND. 236 SAMFLE MO, = DRTE 3 -13 - 1979
COAL TYFE- HEW MEXIO SUE-EITUMINOUS

“ORL FEZIDEMCE TIME-MERZUFRED Q.500 SECOMDE
CALCULATED 20694 ZECOMDE

HOMIMAL CONDITIONE TOTAHL RCCUMLILATED T,
CORL FEED FRTE 1% Z0RL FED ] GBRAMS
HYTROGEH FLOL ERTE CHAFR 247.9 5 :
HYDROGEN “ELOCITY LIGHT OILZE 0.
RERCTOR TEHMF, BT a.
FREHERT TEMF. HATER 0. BREAME
HYTIROGEH FPREZZLIRE

CHEEOM
HYDIRUL-EM

0 SEN 0
HITROGEM 0
SULFUR

AZH

rrOnUCT COMC, IH wOCRFHIN COMY. % MAF CORL CanY,
GRS: MOLE = TO FRODUCT TO FRODUCT

CHREON MOMOAIDE

n. o.
CAREOM DIO=IDE u

METHHAME Iv.0s 15,34
ETHYLEME 0. a.

ETHHRME 3 .58
EEMZENE . 356
TOLUEME 12el

=Y LEME
LIGHT DOIL

LATEFR i, i
TOTAL 2652 22,34

TOTAL MATERIAL BALAMCE: %

[}
I
n
=3
=

HYTIROGEM OX%YiHEM HITROGEN ZULFUR MAF COAL

LIoUuIn:. 12.& 14,8 u. 0. 0. 2.
HYDROCHFREQOM GRZEZ 4.4 107, i, 0. 0. i
CHREEOM DWILES n. 0. a. 0. 0. 1]
HMATER 0. i 0. 0. 0. 0.
AMMOMTIA . . 0. 100, n 20

HYOEOSEN ZULFIDC
CHARR

0. n.
i, . ., a.

o
o e (T
-

M L
-
Por
e
=
-

i) vt 2

TAOTAL =1 iza. . 0o, 10, B2 6

LE HYDEOGEM~LE COAL

HYDEOGEM COMEIMPTION-— I F=e
L 2E HTOM HYIEDSEH-ARTOM CAREOM

HERT OF RERCTION- -.4450 FCAL<GRAM OF CORL FED

FERCENT
FERCEMNT

EFFECTIVE CARBON CONVERSION~
EFFECTIWE FMERGY EFFICIEMCY-
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RUM NO. 227 EAMFLE NO. 1
COAL TY¥PE- NEW MEXICO ZUB-BITUMINOUZ
CORL REZIDENCE TIME-MERZLRED 0.
CRLCULRTED Z. 020
NOMINAL CONDITIONE
-ORL FEED RRATE 1.129 LE~HR
HYDROGEN FLOW PATE 1.020 LB-HR
HYDROGEN YELOCITY o715 FT-ZELC
FRERCTOR TEMP. 7S0.0 DEG C
FREHERT TEMF. 30.00 DE C
HYDROSEN PRESSURE 0o, P=I
COAL AMALYSIZs =
CHAREOM 59,20
H¥DROSEM 4.120
DxYcEN 15.20
NITROGEN 1.2320
SULFUFR 2100
REH V.53

=

PRODUCT COMC. IM

CREEONM CONY.

DRTE

SECOMDS
SECONDS

TOTAL RCCUMULATED WTE.

CORL FED 553.7
CHRAF 202.0
LIGHT OILE 0.
BTX 0.
WATER 0.

CHRR ANALYZISs X

Wwooooo

e ¢ e @
Y]

(143

",
e

1379

GRAME
SFEAMS
BRAME
GRAMS
GRAM3

MAF CORL CONV.

GRS, MOLE * TO PRODUCT TO PRODUCT
CARPON MONDXIDE 0. n. 0.
CAREON DIDXIDE 0. 0. 0.
METHRNE . 13200 1.2432 1.201
ETHYLENE U. a. 0.
ETHANE 0. 0. 0.
BENZENE .3000E-01 1.720 1.351
TOLLUENE L5000E-02 L3364 . 26596
*“YLENE a. n. 0.
LIGHT OIL 0. n. 0.
WATER 0. 0. d.
TOTAL 2.215 c.217
TOTAL MARTERIAL BRALANZE,s )
CAREBON HYDROGEN DOxXYGEM NITROGEN ZULFUR MRF COAL
LIOUIDs 2.07 2.52 o. Q. 0. 1;62
HYDROCAREON GRSES 1.25 S.94 n. a. 0. 1.20
CRREON DOXIDES 0. 0. 0. n. 0. n.
WATEPR 0. Q. Q. a. 0. 0.
AMMONIR a. 5,21 0. 100. 0. 1.31
HYDROGEN SULFIDE 0, 1.21 0. n. 100, 1.05
CHAR n. 0. 0. 0. 0. 34.1
TOTAL 2.31 15.0 0. 100, 100, -39,
HYDROGEN CONSUMPTION- -—.3512E-01 LE HYDRDGEMN-LB CORL
-, 7107 ATDM HYDPOGEN</RTOM CRRRON
HERT OF PERCT'DN- -. 3633 KCAL-GRAM OF CORL FED
EFFECTIVE LRPBDH CONVERSION- 3,315 PERCENT
EFFECTIVE ENERGY EFFICIENCY- 3.702 PERCENT
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RUN MO. 237 SHRMPLE ND

COAL TYPE- NEW MEXICO SUB~BITUMIN

COAL RESIDENCE TIME-MEAZURED
CRLCULRATED

HOMINAL CONDITIONS

CORL FEED RATE 1.129
HYDROGEN FLOW RRATE 1.020
HYDROGEN VELOCITY 2715
FERCTOFR TEMP. vE0.0
PREHERT TEMP. 20,00
HYDROGEN PRESSURE conn
CORL RMALY
CRAREBON S
HY¥NRNRFN <t
Ox=YEM 1
HITROGCH 1
ZULFUR -
ALH 1
PRODUCT COMLC.
A%, MOLE X
CAREBON MONOXIDE 0.
CARBON LIO®IDE 0.
METHRAME 1.415
ETHYLENE 0.
ETHRANE L2550
BEMZENE L1500
TOLUEME L2000E-02
HWYLEME 0.
LIGHT OIL 0.
WATER n.
TOTHL
TOTAL MAT
CRAREDON HYDROGE
LIQUIDE 2,19 11.0
HYDROCHREON GRZES 18.7 2.9
CRREOM DXIDEX 0. 0.
WATEFR n. 0.
AMMONIA a. B.21
HYDROGEM ZULFIDE 0. 1.21
CHRR 0. 0.
TOTAL o 101,
H'Y'DEOGEN CONIUMPTION= LEL1TTVE-02
. 1295E-01
HERT OF RERCTION- -.4319 F.

-
ry

EFFECTIVE CAREON CONVEPEION~
EFFECTIYE ENERGY EFFICTENCY-

-
c
—~
35

LE HYDROGEM-LT COM

ATOM HYDROGEN~ATOM CAREDN
CAL~5RAM OF COAL FED
7.88 FERCENT
f.R33 PERCENT

- 66 -

. 2 DRTE 2 -14 1979
ous
0. ZECONDS
4,030 SECONDE
TOTAL RCCUMULRTED WTSE.
LE-HF CORL FED 5539, 7 GRAMS
LE-HR CHRER 302, 0 BRAMS
FT-SEC LIGHT OILS n. GRAMS
DEG BT 0. GRAMS
DEG © IWRTER 0. BRAME
FSI
SISs % CHRR ANALYSISs %
SR.30 0.
. 130 Q.
5.320 0.
r=ecii] ]
=100 0,
T.6E BELEE
IN % CRRRON CONMV., % MAF CORL CONY.
TO PROLUCT TO FPRODUCT
a. 0.
0. 0.
13.58 12,07
0. 0.
5.10% 4. 507
3.651 &.794
L9332 243
0. n.
0. 0.
0. n.
27.38 24.36
ERIAL ERMLHANCBr
N OxYBGEN NMITROGEN ZULFUR MRF COARL
0. 0. 0. .12
0. 0. . 17.7
0. 0. n. 0.
n. 0. 0. 0.
n. 100, n. 1.31
0. n. 100. 1.05
0. 0. 0. 34,1
0. 100, 100, 61.2



RUM NDO. 227 EZAMFLE NO. £ DRTE 2 -14 - 1979
COAL TYPE- NEW MEXICO SUB-BITUMINOUS
CORL RESIDENCE TIME-MEASLIRED 0. ZECONDE
CRLCULRTED &, 050 SECONDE
MOMINAL CONDITIONS TOTAL ACCUMULRTED WTS.
CORL FEED RFATE 1.12%9 LE~HFE COAL FED 59,7 SRAMS
HYDREOGEN FLOW RATE 1.020 LB-HR CHAF 302.0 GRAMS
HYDROGEN VELOCITY 2715 FT-ZEC LIGHT OILE 0. GRAMS
RERCTOR TEMP. vS0.0 DEG ©C BT 0. SRAMS
FPREHERT TEMP. 20,00 DEz C HATER n. GREAMS
HYDPOGEN PRESSURE 2000, FSI
CORL AMALYEIZs X CHAR RNALYSISs %
CAREBOM 59.30 Q.
HYDROGEN $. 130 0.
Ox=YGEN - 15.20 0.
NITROGEN 1.230 0.
SULFUR .3100 0.
A:ZH Y -1 38.62

PRODUCT CONC. 1IN % CRREBOM CONV. % MAF COARL CONV.

SAZs MOLE % TO PRODUCT TO PRODUCT

CAREOM MONOXIDE 0. a. a.
CAREON DIOXIDE 0. 0. 0.
ME THANE 1.634 15,69 15. 9
ETHYLENE 0. 0. 0.
ETHANE L3040 S.539 5.265
BENZENE L2030 11.71 9.141
TOLLUENE LH000E-02 2691 .2124
#YLENE 0. 0. D.
LIGHT DIL 0. 0. 0.
WATEF o 0. 0. 0.

TOTAL 33.50 : 29,71

TOTRAL MATERIAL BALAMCEs X

CARREOM HYDROGEN DOXYGEN MITROGEN ZLULFUR MAF COAL

LIQUIDE 12.0 14.3 0. 0. Q. .35
HYDEOCARBON GRIES 21.5 R5.5 o. . 0. n. 20,4
CREBON DXIDES 0. n. 0. 0. a. Q.
WHTER n. 0. 0. n. n. n.
AMMONIA 0. .31 0. 100, a. 1.21
HYDROGEN SULFIDE . 1.21 0. 0. 100, 1.05 .
CHAF n. 0. 0. 0. n. Id.1
TOTAL 32.5 117, 0. 100, 100, BE. 7
HYDROGEN CONESUMPTION- . T2S7E-02 LE HYDROGEN-LE COAL

. 1lde3 ATOM HYDROGEMN-ATOM CARREON
HERT OF RERCTION- -.«4345 FCAL-GRAM OF COAL FED
EFFECTIVE CARBON CONVERSION- 32,50 PERCENT
EFFECTIVE ENERGY EFFICIENCY- 44,19 FERCENT

- 67 -



RUH HO. 237 ZRMFPLE MO, 4

o
=
L1

DATE = -14 = 17

COARL TYFE- MENW MESICO SUB-EITUMIMNOLE

CO8L REZIDEMCE TIME-MERZURED o.
CRLCULATED

SECOMIE
EZECOMDE

MOMIMAL COMDITIDME
COARL FEED RATE
HYDROSEH FLOW RERTE
HYIROGEMN YELOCITY
FERZTOR TEMP.
FREHERT TEMF.
HYDROGEN FREZIZURE

TOTRL ACCUMULATED WTE.
COARL FED S9.7
ZHARK 20z
LIGHT OILZ 0.
ET= .
IWATER 0.

S0.0n

S0nn,

CHRRE AMALYEIES X
CHEEOM
HYDREOGEN
OrMY=EM
HTTROEEN
SLULFUR
HEH

L1000 s

17.18 I2.ed

FRODUCT cOMZ. IM Y CAREDOH COHY.
SRz MOLE = TO FRODUCT

OMHE LUHL UMY,
TO FRODUCT

CHREOM MOMD=ILDE . 0. .
CRFREOM DIDAIDE n. i, Co.
METHRMNE 1.645 : 15.72

ETHYLEME
ETHRME
EEMZEME
TOLUENE
=YLEME
LISHT OIL
WMATER

n.
e300
1930
=)
n.
n.
n,

E-ug

d.510 4.1
11.42 S

. 1346 105

o. .
a. 0.
0. .

TOTAHL

(]

.01 22,25

TOTAL MATERIAL BALAMCE. X

CHEEDON HYDREOSEM O=%5EM HITROSEM ZLILFLUER MAF COARL

LIGUIDE 11.6 13.8 0. o, a. S, 01
HYyDROCAREON GARIES 0.4 Fl.7 0. a. 0. 13.2
CREREOM MNETNFR 1 a, 0, 0. [ 0.
WATER 0. 3. . - . . 0.

HMHOMTH 1.
HYDROGEM ZULFIDE 0.
CHRAF n.

. 100, X 1
0. 0. 10, 1.04
0. 0. a. 3 =]

=t et (T
-
e L
——

TOTAL 32.0 113, 0. 100,

100, =

HYTIRODGEH COMEUMPTIDN- S B0

.11

LE HYDROSEM<LE COAL
ATOM HYDROGEH~<-RTOM CAREOM

HERT OF RERCTION- -.4312

LCAL<SRAM OF COAL FED

EFFECTIVE CARBON CORVERSIOM= 3Z.01 . FERCEHNT
-EFFECTIYE EMERGY EFFICTEMCY- 2. 43 FERCENT

- 68 -



EN MO, 2322

CORL TYPE- NEW MEXICD

SAMPLE NO. 1

SUB-EITUMINOUS

COAL RESIDENCE TIME-MEARSURED
CALCULRTED

MOMINAL CONDITIONS
CORL FEED FRTE
HYDROGEN FLOW RATE
HYDROGEN VELDCITY
FERCTOR TEMP,
FREHERT TEMP.
HYDREDSEN PRESSURE

CRREBOM
HYDROGEN
OxYiEN
HITROGEN
SULFUR
HEH

O o

.
.

[ RO |

oWwo o

[T N I RUR P
Dl I VIR

=

P}

= .
=
.

[ar]

0.
1.740

LE-HFE
LB~HRE
FT-3EC
DEG C
DES C
PSI

DAL ANALYSISs X

FPRODUCT COMC., IN %

BHE

CRREON MONOX!IDE
CAREON DIOXKIDE
METHHNE
ETHYLENE

ETHANE

BENZENE

TOLUENE

RYLEME

LIGHT OIL

LATER

CRREED

LIQUIDS .2
HYDROCARBOM GRSES 2.
CRREBON OXIDES
HRTER

RMMONIA 0.
HYDROGEN SULFIDE
CHRR

TOTAL

HYDROGEN CONSUMPTION-

HERT OF RERCTION- -.3

EFFECTIVE CRRBON CONY
EFFECTIVE ENERGY EFFIC

-
D3

b

ECONDS
ECONDE

TOTAL RCCUMULATED WTE.

cCOR
CHA

LIGHT OILS

BTx
AT

L FED
F

ER

B0E. 0
205,99
.
n.
0.

CHAR RANALYSIZs

CAREON CONY.

o.

[}

a.

0.

0.
3,31

SRAMS
5RAMS
SRAMS
GRAMZ
pRAM:

% MAF COARL CONV.

TO PRODUCT

n.
a.
2. 167
a.
. 5405
L1812
a.
0.
0.
0.
2.2338%
SULFUR

0.

0.

n.

0.

a.

100.

0.

100,

+ MOLE ¥ TO PRODLUCT

0. 0.

0. 0.

L2221 2.252

0. 0.

L2100E-01 L5934

HOD0E-D2 o222

. a.

0. a.

0. 0.

0. 0.

TOTAL 3. 034
TOTAL MATERIAL BRLAMCEs =

N HYDROGEN OXYGEN MITROGEN

. 276 a. 0.

12.9 0. 0.

0. 0. ag.

0. n, 0.

5,31 a. 1aa.

1.2 0. 0.

0. a. 0.

20.7 0. 100,
-.331VE-01 LE HYDROGEN-LB CORL
-. 6741 ATOM HYDROGEN-RTOM CAREOMN

75 F.CAL-5RAM OF COARL FED
ERSION- 32,034 PERCENT
IENCY- 4,550 FERCENT

- 69 ~
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RUN MO. 222 SAMPLE NO. c

CORL TYPE- NEW MEXICO SUB-RITUMINOUS

COARL RESIDENCE TIME-MEASURED 0.
CALCULATED 2.430

MOMINAL CONDITIONS

CORL FEED RRTE 1,070 LB-HR
HYDROGEN FLOL RATE 1,020 LB-HR
HYDROGEN VELOCITY L2352 FTAIEC
FERCTOR TEMP. 750.0 DEG C
PREHERT TEMP. 20,00 DEG C
HYDROGEN PRESSURE 1500. FPSI
CORL ANALYSISs x
AR EOM S53.30
HY'DROGEN 4.180
OxYISEN 16.30
MTTRASFN 1.230
= FLIR L2100
R=H 17.68

FRODUCT COMC. INY % CRREOM CONV.

SECOMDE
SECONDS

TOTAL ACCUMULRTED UTES.

CORL FED
CHRR

LIGHT OILZ

BTH
LATER

CHAR ANALYE

sHSs MOLE * TO FPRODULCT

CHREBON MONDOX!DE n. 0.
CARBOMN DIOXIDE 0. 0.
METHANE 1.192 11,53
ETHYLENE a. o.
ETHARNE : L3320 E.h20
BENZENE LEIN0E-01 S.748
TOLUENE L1200E-01 .3128
»YLENE 0. 0.
LISHT OIL n. a.
LIRTER n. a.

TOTHL 2.5

TOTAL MATERIAL BALAMCEs X

CARBON HYDRDOGEN OXYGEN

LInuIn: 1 735 a.
HYDROCRREBON GRZES 182.40 ¥r.3 0.
CHRRPON O<IDES 0. . 0.
LATEFR 0. 0. 0.
AMMOMIA 0. LYRCH] 0.
HYDROGEN ZLILFIDE @, 1.21 o,
HAF [ o, 0.
TOTAL 24,9 I3 0.

HYDEOSEH CONZUMPYIDON- .

HERT OF PERCTION- —.434&

n

U

EFFECTIVE CRAREON CONYERSION-
EFFECTIWVE ENERGY EFFICIENCY-

¢

|'_.._:| [g¥]

[

- 70 -

n.
0.
.
n.
100,
0.
0.

100,

FCAL-GRAM OF CORL FED

FPERCENT
FERCENT

NITROGEN SULFUR

506, 0 GERMS
305,29 SRAMS
0. BRAMS
0. BREAME
0. SRAMS
IS:s %
0.
o,
0.
u.
.
35,31
Y OMHEF O LHIHL TN,
TOD PRODUCT
0.
.
11,09
0.
'-13"
sho ch32
- Y
0.
0.
0.
22, 01
MAF COAL
0. S.13
o, 15,3
Q. o,
0. J.
a. 1.31
100, 1.09
n. 40,0
100, =T =

SE04E - 0 LI HYLRUGEN<LE CORL
SEVHE-DL ATOM HYDROGEMN-RTOM CARBON



RUM NO. 23R SAMPLE NO. 2 DRTE 3 ~-15

COAL TYPE- NEW MEXICO =SUR-EITUMINOUS

COAL RESIDENCE TIME-MEASURED a. ZECONDE
CHLCULRTED S.2en ZECONDS
HOMINAL COMDITIONS TOTAL ACCUMULATED WTE.
CORL FEED PRTE 1.070 LB-HP CORL FED B05. 0
HYDROGEN FLOW RRTE 1.020 LEB-HFE CHARFR 206.3
HYDROGEN VELDCITY . 3453 FT-SEC LISHT OIL= 0.
RERCTOR TEMP. vo0n. 0 DEG I BTX 0.
FREHERT TEMP. 30,00 DEG LATER 0.
HYDREOSEN FPRESSLURE 1500 PEI
CORL ANALYSIZ. X CHAR ANALYSIS X
CHRBON 59.30 o.
HYDROGEN <. 120 0.
OxYGEMN 16.20 0.,
NITROGEN 1.230 0.
EULFUR . 00 0.
RZH ! 2 24,31
FREODUCT £ONC. IN % CRRBON CONV. = MAF CO
GHEs MOLE * TO PRODUCT TO PRODU
CRARBOM MONOXIDE . 1081 1,725
CARRBROM DIOXIDE n. 0.
METHRANE 1.3v3 12.77
ETHYLENE 0. 0.
ETHRNE L2100 S0
BENZENE L1280 . 185
TOLUEME LS000E-D2 L2673
#“Y0LEME 0. 0.
. LIGHT DIL 0. 0.
HATER a. Q.
TOTAHL 22.532 o6, 33

TOTAL MATERIAL PBALANCEs X

CRRRON HYDROGEN OXY3EEN MITROGEN SULFUR M
LIoD:IDs 2.232 3. 88 0. 0. n.
HYDROCRRRON SRSES 19.732 34.8 0. 0. 0.
CARBON DOXIDES 1.0z 0. 4,32 . 0.
HATER n. fl. n. n, 0.
AMMONIAR a. 5,21 0. 190, D.
HYDROGEN IULFIDE 0. 1.2 . 0. i0a,
CHAR . u. . I, a.
TOTAL 28.5 102, 4,33 1qaa. a0,
HYDROGEN CONSLMPTION- Loe20E-03 LE HYDROGEM-LE CORL

ARRSE-0 ATOM HYNENGREN/RTOM CAREON

HERT OF RERCTION~- -—.4a135 V.CHAL-GRRM OF CORL FED
EFFECTIVE ‘CRRBON CONVERSION- c2.53 PERLCENT
EFFECTIVE ENERGY EFFICIENCY- 3E.7S FERCENT

- 71 -

- 1979
SRAMS
SRAMS
GRAMS
SRAMS
SRAMS

AL CONY.

cT

RF COAL

£.43

18,2

1.72

0.

1,81

1,05

40.0

53,2



PUN NO. 2322 SAMPLE NO. <} DATE 2 -15
COAL TYPE- NEL MEX:ICO ZUB-BITUMINDOUE
COAL RESIDENCE TIME-MERSLIRED 1 SECONDE
CHLCULRTED 5.760 SECONDS
MOMINAL CONDITIONS . TOTAL ACCUMULATED LTS,
COARL FEED RPRYTE 1.070 LB-HF CORL FED 505,10
HYDROGEN FLOLI RRTE 1.030 LB-HR ZHAR 206,93
HYDPOGEMN YELOCITY . 23453 FTAZEC LIGHT OILS 0.
FRERCTOR TEMP. Fan.0 LEG BTH .
PREHERT TEMP,. =0.00 DEG LRTER 0.
HYDRDOGEM FRESSURE 1500, P3I
COAL ARNRLYESIS«X CHRR AMALYSIS X
IZREEON S59.20 0.
HYDROGEN 4.130 0.
OxYGEMN 15.20 0.
HITROGSCH 1.2EN . 0,
SULFLUK .3100 0.
ARSH 17.68 24,91
FEODUCT CONC. IM % CARRON CONVY. % MAF CO
SASs MOLE X TO PRODUCT TO0 PRODU
CARRON MONDXIDE LAS00E-D013 L3299 1.5962
CAFRON DIOXIDE 0, 0. 0.
METHRNE 1,381 12,15 12.66
ETHYLENE a. 0. 0.
ETHANF 0. 0. 0.
BENZENE . 3040 17.65 13.¢8
TOLUEME Li22n .31 7. 053
=YLENE LSO0DE-0N2 .3370 L3080
LIGHT DOIL n. ‘0. 0.
LHIATER 0. 0. 0.
TOTAL 41,08 35.37
TOTAI. MATFRYAI RALANCEs %
CARBON HYDROGEN OXYGEMN NITROGEN SULFUR M
LIDUTDS 27v. 0 22.7 o, 0. 0.
HYDROCRRRON GREES 173.¢ E2.5 a. 0. 0.
CREREON D<IDES L3230 0. 4.37 0. 0.
WATER i, . 0. . 0.
AMMONIR i. Pc)] I, L00. 0.
HYDROGEN SULFIDE 0. 1.2 . 0. Loa,
ZHRE 0. 0. e o. 0.
TOTAL st} 104, 4,37 100, 100,
HYDROGEN CONSUMPTIDON- 1EZFE-NR I B HYDROGEN-LE CORL
. 3297VE-01 ATOM HYDROGEN-H'UM CHREBON
HERT OF RERCTION- -.3503 FVCAL-GRERAM OF COAL FED
EFFECTIVE CARRBON CONVERSION- 41,06 FPERLCENT
EFFECTIVE ENERGY EFFICIENCY- 22,48 PERCENT

- 72 -

GRAMS
GRAMS
GRAMS
BRAMS
FREAMS

AL CONV.
cT

RF COARL

L =L (1]
o v s 1) ke
T oW e e
o re  Myra

-J
o)
2]



ELM MO, 223 EAMPLE MO. 1 DRATE 2 -20 - 13739
COAL TYPE- MEW MEXID SUB-BITUMINOUS

CORL REEZIDEMCE TIME-MERILIFED 0. SECOMDE
CHLCULATED 1.a20 SECOHMDE

HOMIMAL COMDITIONS TOTAL ACCUMULATED WTE,
COAL FEED RFATE 1,008 LE~HE CORL FED EHE.S GRAMS
HYDRDGEN FLOW RATE 1040 LE~HF CHAR 3T, 2 GRAMS
HYTROGEN “ELOCITY Loz FT-ZEC LIGHT OILE . GRAME
RERCTOR TEMF. Ta5.0 DEG ETH 0. SRAMS
0
1

FFREHERT TEMP. 0,00 LEG HATER 0. BRAME
HYTIROGEH FREZSZLREE to0nn, =384

CAREOM

“DROGEM
DEYGEM
HITROGEN
ZILFLUR
A=H

FROTUCT COMC. IM % CHREOH COMY. % MAF COARL COMV.
SHE: MOLE TO FRODLICT TO FPRODUCT

CRAREOM mMOMOXIDE n. n.
CRFEOM TOI0OXILDE i, . o,
METHRME 0. n.
ETHYLEHNE i, .
ETHANE 0. .
EEMZEME ASNDE-01
TOLLEME LTOR0E-NZ
AYLEME .

LIGHT OIL 0.

HATER oo,

TOTHL 1.8%7 LITIEV

TOTAL MATERINAL ERLHEMCE: X
CRREOM HYDIROGEN OXYGEM MITROGEM SULFUR MRF CORL

LInUIn: 1,28
HYDROCAREDMN SAIES 0.

CAPROM Q-<IDEE 0.

HRTER . 0. 0. . .
AMMOMTA 0. 0. 1010, 0. 1
HYDROGEM SULFITDE 0. . n. 1an, 1
ZHAR 0. n. 0. 1. . 1

Q. 0. ) 0. J3E0

. n. ., D,
0. I, . .

TOTAL 1.2% EPR AL n. 100, 100, S2.4

LE HYDROGEN-LE CDAL
ATOM HYDROSEM-ATOM CAREOM

HERT OF RERCTION- -.3261% FCAL<GRAM OF ZOAL FED

EFFECTIVE CAREDM COMYERESIOM- 1,257 FERCEMNT
EFFECTIVE EMERGY EFFICIEMCY- .7Ble PERCENT
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EUM HO. 239 S

EAMFLE MO,

il
=
I
-4
m

COAL TYPE- HEW MEXIO EUE-LITUMINOLE

COAL REZIDEMCE TIME-MERZLIRED
CALCULATED

ZECOMDE
SECOMDE

HOMIMAL COMDITIONS
CORL FEFD FRTE
H*DRDOGEM FLDL ERTE
HYDROGEM YELOCITY
FERCTOFR TEMF,
FREHERT TEMF.
H*DROGEM FREZZLRE

CREEDM
HYDRDGEM
IR B S S
HWITEQLOCH

1,008
1.040

La102

FT.
LEAR
TES C

COAL FEL

. CHAFR

LIGHT DOILE
ET:
LRTER

TOTAL RCCUMULATED HTE,

EULFUR 0.
HEH =Y

FEODICT COMC.,

GAZ: MOLE *

CAREOM MOMOD=IDE
CARREEOM DICHTTE
METHARME
ETHYLEME

ETHRME

EEMZEME

TOLLUEME

HYLEME
LIGHT
LIRATEFR

oIL

CHEEDOH

.
.
Lt

TOTHL

TOTAL MRATERIAL ERLAMCE:

. CAREOM COMY.

TO FEODLICT

(w4

HYTIROGEM OX55EM

HITEOSEH

X MAF S0
TO FRODU

0.
.
4, 005
n.
n.

T
Tl

Y
n.
n.
0.

[
M

[t
-

SULFUR M

AL ZOMY.

cT

RF COAL

LIOUID: Z.ve I.E9 n. . 0. 2.1z
HYDFULCHKEEUM GREEL 4,13 e 1 0. il. 0. .01
CAREOM OXTNES u. . n; Q. n. 0.
LATEE . 0. . 0. . o,
AMMOMTA 0 SIC] 0. too. 0. 1,20
HYTFDGEM SULFTLE 11, 1.81 . n, 11, 1.04
CHAR 0. 0. 0. 0, o, 42,5
gTAaL IEPRND! = M. 100, 100, 57.S
HYDFOGEH COMZUMPTION- - LE HYIROGEM-LE CORL

-. ATOM HYTROGEM-ATOM CHREEOH
HERT OF RERCTION- -.ZIZ26%5 FIZAL-GRAM DF COAL FED
EFFECTIVE CRRBON CDONVERSION- &, FERCENT
EFFECTIYE EMERGY EFFICIEMCY - ] FERCENT ’
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Rl HO. 233 ZAMPLE MO,

COAL TYFE- MEL MEXID SUE-BRITUMINOLLZ

COAL REZIDENCE TIME-MERZIURED .
CALCULARTED oo

ZECOMDE
ZECOMDE

HOMIMAL COMDITIONE
ZOAL FEED FATE 1. 008
1.0an

LE-HF COARL FED =0 1
LE~HF CHRE V4.
FT-ZEC LIGHT OILE 0.
DEG ETH 0.
LHATER .

naocn

H¥DOFOGEM FLOM RATE
H*TIROGEN YELOCITY
RERCTOF TEMF.
FEEHERT TEMF.
HYTREDGEM FREZEZURE

bi]
=2
I
4
m
(1]
|
i
!
r
L
-1
0

TOTAL ACCUMULATED LT,

CHRFEEOM
HYDROGEN
0: EM
MITROSEH
SIWLFUE
RZH

CAREOM MOMOAIDE
CAREOM DIOXIDE

METHANE
ETHYLENE
ETHRNE
BEMZEME
TOLUEMNE
HYLEME
LIGHT OIL
HRTER

LIonID:

HYDIEOCAREON GRIES 6.
CRAEEOH DXITES

HARTER
RMMOMNIA

H%DROGEM ZLILFIDE

CHAE

TOTHL

PRODUCT OMC.
FARE

CARREOM

2. 595
01

i}

0

.

1)

HYDEOGEMN COMSUMPTIDN-

HEAT OF RERCTION-

= MOLE X

ASN0E-02
LASDDE-0L
0.
Q.
.

TOTHL

™ e CHEBﬁH COMHY. £
TO FREODLCT

MAF CORL CONY.
T FRODUCT

0.
0.
£, 007
[
0.

o LN
=)
=
RN

[N

53,559 S.S50%

TOTAL MATERIAL ERLHAMCE:

E
0.
i,
.31
1,21

Eb

EFFECTIVE CRREON CONVERSION-

EFFECTIWVE EMERGY

EFFICIEMCY -

HYDROGEM O=vGEM

LIRS R

MITROGEH ZLLFUE tAF COAL
o, 0. .
i, 0, 0,
0. 0. 0.
. . .
[ 100, 0.
. . 100,
[ 0. .

O i =R | I K1

0. 100, 100, S99

AR LE HYDFOGEM<LE COAL

ATOM HYDROSEM-ATOM CAREOM

FCAL-SEAM OF CORL FED

FERCEMT
PERCEMT
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m
|
n
i
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£
=
)

FEUM MO, 2329 ZAMPLE MO. <+
COAL TYFE-— MEN MEXIO  ZUE-BEITLMINOUEL

EECONDE
QEN SECOMDE

COAL REZIDEWCE TIME-MEAZLIFED n.
CRLCULATED .

HOMIMAL COMDITIONE TOTHL ACCUMOLATED WTE.
CORL FEED FRTE 1.o00e LE<HE ZORL FED e,
HYTIRFOGEN FLOL FHRTE 1,040 LE~HE CHAFR It 8
H*DFDGEN “ELOCITY L5102 FT-3EC LIGHT DOIL= n. : GRAME
FERCTOFR TEMP. Te5.0 TEG ETH . BRAME
FREHERT TEHMF, B0 00 DER HRTER 0. GRAME
HYDIROSEM FFREZZLURE 1o, F:I :

nacn

)

CHAREBDOM
HYDRAOSEM
N=~RFH
MITROGEN

=
.

sULCUR Q.
H=H 20,55

FrRUDULT COMC., IH % ZAREON COMNW. sOoMAE CORAL COMY.
SHZ: MOLE TO PRODLICT TO FRODUCT

CHFEOM MOMO<IDE . 0. 0.
TAREOM DIOXIDE 0. 1
METHARME JELal
ETHYLENF 0.

ETHAME 0.
BEMZEME LAIN0E-0Y
TOLUEME JlzoneE-ol
=YLEME 0.

LIGHT DOIL 0.

LIATER . 0.

‘-
-
-
[y

TOTAL 10,30 EN

TOTAL MATERIAL ERLAMCE:-

I

FEOM HYDROGEM O:%35EM MITREOGEM =ULFUR MARF CORL

LIOUIDS X n. 0. 18

HYDROCAREOM GRIED A, 37 . i, 0. £.0%
CRAFEOM 01DES . n. . 0. .

n, 0. 0,
n. 100, 0.
s 0. 100,
0. 0. 0.

LRTEFR n.
RMMOMIHA 0.
H¥TROGEMN ELLFPITE 0,
- ZHAE 0.

o 0
ML) -]

LN PR T
[xx]

.

i

TOTRL . d2.7 e 100, 10n, A5

LE H¥DROSEM~<LE CORL
ATOM HYDROSEM<HTOM CHEEOM

HYDROGEM COMZUMPTION-

HERT OF RERCTION- —-.39%53 KCAL<GRAM OF CORL FED

EFFECTIVE CARBON CONVERSION- 10,30 FERCEMT
EFFECTIVE EMERGY EFFICIEMCY- 13,04 FERCENT
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FUM MO, 40

COAL TYPE- HMEL MEXICO

COAL RESIDENCE TIME-MERSLURED 0
CALCULRTED

MOMIMAL CONDITIONS

CORL FEED RATE

HYDROGEN FLOW RATE

HYDROGEN
RERCTOR TEMP,
PREHERT TEMF,

YELDCITY

HYDEDOGEN FRESSURE

CHREEDON

HYDEOGEM

OxYGEN

MNITROGEM

EULFUR
EH

CAREOM MONDXIDE
CAREOM DIOXIDE
METHRNE
ETHYLENE

ETHRNE

BENZENE

TOLUENE

HYLENE

LIGHT OIL

LHATER

LICUIDS

HYDROCARROM GRSES

CRARRON OXIDES
HATER
RAMMONIA

HYDROGEN SULFIDE

CHAR

TOTAL

PRODUCT CONC.

SRAMFLE NO. !

EUR-BITUMINOUE

.
2.910

L A LE-HF

oFn LEB~HE

227 FT-SEC
n.n DEs ¢

n.n DEG

na., PsI

COAL ANALYS IS %

59.320
4.130
16.30
1,220
L2100

17.65,

IN E

SECONDS
SECONDE

CORL FED
CHRE

LIGHT OILS
BTH

LIRTER

CAREOM COMV.

SAS: MOLE * TO PEODUCT
L4130 1.e872
n. 0
o0, 0e 51.91
0. 0
0. 0
.B100E-02 1.502
0. 0.

0. 0.

a. n.

0 0.
4,63

TOTAL &

CRREON

]
0o

v s sas
[

DD O D e (hoe
" .

T
a

HYDROGEN COMSUMPTION-

HERT OF RERCTION- -.7:«499

EFFECTIVE CRRRON CONVERSIDN-
EFFECTIVE ENERGY EFFICIENCY-

.8532E-01
1.727v

HYDRDOGEN OXYGEN

1.79 0.
295. o.
n, .01
0. u.
5.21 0.
1.a! 0.
n. 0.
304, 5.01

V.CAL-GRAM OF COAL FED

538.87
89.23

TOTAL MATERIAL BALAMNCEs X

TOTAL ACCUMULATED WTS.

1026,
427. 0
0.
0.
0.

. Y E]

* MRF CO
TO PRODU
2. 145
0.
59.57
.
0.
1.173
o.
n.
0.
0.
ac. 89

NITROGEN SULFUR M

OO o oSO D

100.

PERCENT
PERCENT

0.
n.

100,

LE HYDROGEN/LE CORL
ATOM HYDRUGEN/HTOM

CHEBUN

GRAMS
BRAMS
SRAMS
GRAME
GRAME

RL
cT

CONV.

AF COARL

O vs v = M) U v
e v o8 o P
. = re o pa
ve o AT~

)
&
.

0



RUN MO. 240 SAMPLE NO. =

COAL TYPE- NEW MEXICO SUB-BITUMINOLE

COAL RESIDENCE TIME-MEASURED 0.
CALCULRTED S. 020

MOMINAL CONDITIONE

SECONDS
SECONDS

TOTAL RCCUMULATED WTS.

COAL FEED RATE 1.549 LB~HR CORL FED 1025,
HYDROGEN FLOW RPATE - .SSS0 LE-HR CHAR 27.0
HYDROGEMN YELOCITY L1eev FT/SEC  LIGHT DILS 0.
RERCTOR TEMP. 200, 0 DEG C ETH .
PREHERT TEMP. 200, 0 DEG C WATER 0.
HYDROSEN FRESSURE 2s00. PEI
COAL ANALYSIS CHAR ANALYSIS,
CAREON S9.20 0.
HYDPOGEN 4,100 0.
0% GEN 15,30 i,
HITEDGEN : 1.230 Q.
ZLILFUR L2100 .
ASH 17.R2 42,42
EPEODUCT COMNC. TN ¥ EHEROM KONV, = MAF CO
SAZs MOLE % TO PRODUCT TO PRODU
CARBON MONOYIDE L2140 .TE47 1.217
CAREON DIOXIDE . 0. 0.
METHANE 12.30 51,583 S59.4%
ETHYLENE a. 0. a.
ETHAME a. 0. 0.
BENZENE .1100E-01 . 2233 L1743
TOLUENE 0. 0. 0.
¥ LENE 0. . : 0.
LIGHT OIL 0. 0. 0.
WATEFR 0. 0, .
TOTAL £2.72 £0.5%

TOTHL MHIFEIHI  HHI HMLFY 2

CRFEDN HY URULEN UXYLEN MITROGEN SULFLUR M
LIouIps LEE23 . 2RE n. n. 0.
H*DRDCAREON GASES £1.5 294, n. 0. n.
CAREONM O<IDES . T25 0. 2.1 . o,
WATER n. 0. 0. o. 0.
AMMOMNTIFA .- .31 0. 100, 0.
HYDROGEM SULFIDE 0. 1.21 0. 0. 100,
e 0, . Il . M.
TOTAL BE, & 0z, . D41 100, 100,
HYDOPOSEN COMNZLIMPTION- L EdSZE-1 LE HYDROGEM-LE CDAL

1.710 ATOM HYDROGEMN-ATOM CARRON

HERT OF RERCTIDON- -, 7&d48 KCAL-<GRAM OF CORL FED
EFFECTIVE CARFBOM CONYERSION- S2.52 PERCENT
EFFECTIYE EMERGY EFFICIENCY~ Q0. 06 FERCENT

GRAMZ
GRAMZ
SRAME
SRAMZ
SRAME

AL CONRY.
CT

AF CBAL

LI v
=

Mo«

s

[ R e I ) I

Mo oo

= 0l
L

o
Bl
)



o

RUN MO. 240 ZAMPLE NO. = DATE 2 =21
COAL TYPE- NEW MEXICO SUB-BITUMINOUS
COAL RESIDENCE TIME-MEASURED 0. SECONDE

CHLCULRTED 7v.530 EECONDE
MOMINAL CONDITIOMS TOTAL RCCUMLILARTED WTE.
COARL FEED PRTE 1.064%9 LB-HP COARL FED 10c6.
HYDROGEN FLDUW RRTE L9550 LB-HE CHARR 427. 0
HYDROGEN VELOCITY 1227 FT-ZEC LIGHT OIL= n.
EERCTOR TEMP. 200.0 DEG C BTX a.
FREHERT TEMP. [00.0 DEG C WRTER u.

2S00, PEI

HYDROGEN PRESSURE

CORL RNRLYSISs X

CHARFE AMALYSISs =

CRAREON 59.30 n.
HYDROGEM 4,130 a.
O=YGEN 16.20 0.
NITROGEN 1.220 .
SULFUR L2100 a.
AZH 17.62 2.3
PRODUCT CONC. IN % CRRBON CONY. % MRF CO
BAZs MOLE = TO PRODLCT TO PRODU
CAREON MONDXIDE LTEDD 2.57 4,222
CARRPOM DIOXIDE 0. 0. Q.
METHRNE 12,32 &5.27 B2. 20
ETHYLENE 0. 0. 0.
ETHRNE a. 0. 0.
BENZEME C3000E-02 .BU29E-01 <4754
TOLLUENE 0. o, Q.
“YLEMNE 0. 0. 0.
LIGHT 0OIL o. 0. 0.
LWRTER 0. 0. 0.
TOTAL &a7.31 &7, 17
TOTAL MATERIAL EBERLRNCE, X
CAFRRON HYDROGEN DXYGEN MITROGEN SLLFUE M
LIQUIDS CEOFE-01 L F25E-01 0. n. 0.
HYDROCAREON GRIES A5.3 211, 0. a. 0.
CAREBON OXIDES .57 o. 12.1 0. a.
LWATER 0. 0. 0. 0. 0.
AMMONMIA 0. E.21 0. 100, 0.
HYDREOGEN ZULFIDE 0. 1.21 o, 0. 100,
CHRAF 0. n. n. 0. 0.
TOTHL E7.R 212, 12.1 100, 100,

HYDREOGEM CONSUMFTION-
1,247

HERT OF REACTION- -.7597

EFFECTIVE CRRBON CONYERSION-
EFFECTIVE EMNERGY EFFICIENCY-

.9129E~

n LE HYDROGEN-LB COAL

ATOM HYDROGEN-ATOM CARBON

KCAL<RPAM MF CORL. FED
= L) FERCENT
f9o.1e PERCENT

- 79 -
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FUN MD. 2<40 SAMPLE NO. <t DATE 2 -21
COAL TYPE- MEL MEXICO SUE-EITUMINDOLS
CORL RESIDENCE TIME-MERSURED 0. SECONDS
CALCULATED 10,06 SECOMDS
MOMINAL CONDITIONS TOTAL RCCUMULATED LTS,
CORL FEED RRTE 1,649 LB~HF CORL FED 1026,
H¥DFDSEN FLDL FRTE LS0F0 LB~HR CHRP G27F.0
HYDROGEN VELDCITY L1227 FT~<SELC LIGHT DIL= n.
RERCTOR TEMF. Q00,0 eEG © BT n.
PREHERT TEMP, 206.0 DEG LIRTEFR n.
HYDROGEM FREISURE 500, FsI
o COAL RAMARLYSIS: ™ CHRAR AMALNYSISs
CRREOM 53.320 0.
H*DEOSEM 4,180 A
O=YGEN 16.20 0.
MITROGEN 1,230 u.
SULFUR =100 o,
RSH 17.68 42,2
FEODUCT CONC. IN ¥ OCHPEIN LIINY * MAF N
GAS: MOLE = TO PRODUCT TO0 PRODU
CARBON MONDXIDE AN 2,928 h.ILE
CAFREOM DIOXIDE a. n. n.
METHAME 23.30 71,31 53,19
ETHYLENE n. 0. n.
ETHANE 0. a. 0.
BENZENE 0. n. 0.
TOLUENE n. a. 0.
HYLENE n. 0. i,
LISHT OIL 0. a. 0.
LATER 0. 0. 0.
TOTAL Tebo S FECT S
TOTAL MARTERIAL BALAMCE: =
CRRRBON HYDROGEN OXYGEN NMITROGEMN SULFUR M
LIiouips n. n. n. 0, n.
HYDROCARPON GARASES ¥71.9 242, 0. 0. 0.
CARRON NXINFX 7.3 n. 13.82 0. 0.
HATER a. n. 0, 0, 0,
FAMMONIA 0. Pch! 0. 100 0.
H¥DROGEM SILFIDE 0. 1.21 0. 0. 100,
CHAFR n. fl. 0. n. 0,
TOTAL T4.2 350, 2.2 o0, i0n,
YDROGEM COMHSUMPTIOM - 105 LE HYDRDGEM-sLE COARL
2.114 ATOM HYDROGEN-ATOM CARBON
HERT OF RERCTION- - _ 2012 F.CAL-GRAM OF COAL FED
EFFECTIVE CRREBON CONVERSION- £0.S! FERCENT
EFFECTIVE ENERGY EFFICIENCY- Q0,69 PERCENT

- 80
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GRAMS
GRAMS
GRAMS
GRAMS
AL COMY.
cT
AF COAL
0.
59,2
4,92
0.
1.81
1,08
29.1
106,



FUM MD. 241

CORL TYPE- NEW MEX

CORL RESIDENCE TIM

NOMINAL CONDITIONS
COARL FEED RRTE
HYDROGEN FLOL RPAT
HYDRDGEN YVELOCITY
FERCTOR TEMP.
PREHERT TEMP.
HYDROGEN PRESEZLRE

CHRRRON
HYDROGEN
OxYGEN
MiITROGEN
SULFUR
REH

CAREON MONDXIDE
CAREDOMN DIOXIDE
METHRNE
ETHYLENE

ETHRANE

BENZENE

TOLUENE

KYLENE

LIBHT OIL

LUARTER

C

LIOUIDS
HYDROCRREBON GRSES
CAREON OXIDES
LHATER

AMMONIA

HYDROGEN SULFIDE
CHAF

TOTAL

HYDROGEN CONSUMPTI

HERAT OF RERACTION-

EFFECTIVE CRRBON CONVERSION-

EFFECTIVE ENERGY E

SAMPLE NO. 1 DARTE 3 -z2 1379
ICO SUEB-RITUMINOUS
E-MERSUFED 0. SECONDE
CALCULATED 2.290 ZECONDS
TOTAL ACCUMULATED WTS,
1.033 LE-/HR CORL FED AS7. ¢ GRAMS
E L2000 LE~HR CHRR 254.0 GRAMS
L2159 FT~SEC LIGHT QILS 0. GRAMS
Q00,0 DIEG C ETX 0. SRAMS
00,0 DEG C HRTER 0. GRAMS
2saa. FSI :
COAL ANALYSIS: CHRR ANALYSISs X
53,320 0.
4,120 0.
16.320 a.
L2320 Q.
L2100 0.
T.ER 45.76
PRODUCT CONC. IN % CARBON CONY. % MARF COARL CONY.
SAZs MOLE = TO PRODLUCT TO PRODUCT
0. 0. a.
n. 0. Q.
7. 024 B2, 09 50.70
0. 0. n.
a. a. a,
LECO0E-01 3.345 2.612
0. 0. 0.
0. 0. 0.
0. 0. n.
0. 0. n.
TOTAL 66,42 53,31
TOTAL MATERIAL BRLANCEs X
ARRON HYDROGEN OXVYGEN NITROGEN SULFUR MAF CORL
3.25 3.92 0. 0. 0. 2.51
£3.1 00, Q. 0. 0. &a0.7
n. 0. a. Q. G. a.
0. 0. 0. 0. 0. 0.
n. &.21 Q. 100, 0. 1.31
0. 1.21 . 0. 100, 1.05
n. n. 0. 0. a. 25.5
65,4 212, 0. ioo. 100, 3.6
ON- . 2853E-0! LE HYDROGEN-LR COAL
1.732 ATOM MYDROGEN-ARTOM CARPPON
-. 7704 K.CAL-GFAM OF COAL FED
59.12 PERCENT
FFICIENCY- 90,66 FERCENT
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RUM MO. 241! EZAMPLE MO. < IRTE = -22 - 19y9
COAL TYPE- HEL MEXICO ZUE~EITLIMIMDLE

CORL EEZIDENCE TIME-MERZLIRED .
CHLCIWLATED . 525

HOMIMAL COMDITIOME TOTHL RCCLUMULRATED LITE,

CORL FEED RRTE. X -ORL FED £57. 4 GRAME
HYDRDEH FLOL RATE CHRE 254, 0 GRAME
HYTIFOGEN “YELOZITY LIGHT OIL= 0. BRAME
FRERCTOR TEMP. BTH 0. GRAME
FEEHERT TEMP. CHATER 0. GRAME
H+<DROGEM FREXZZLIFE

mAR RN
HY TIROGEM
O=n'aEN
MITHULER

FPRODICT COMZ. IM L CARRBON COMHY. % OMHE LUHL LUy,
% MOLE X 0D FEODICT TO FPRODLICT

CHEEDOM MOMO-TDE
CAREOM DIDXIDE
METHANE

. i3,
. .
Tl 3. E
ETHYLEME . i
ETHAME . 0. 0.
BENZEME LEODOE-DE Y Sy et 1o
TOLHUEHNE . a. o,
H#YLEME . . 0.
LIGHT OIL .. 0. 0.
LIRTEF . . 0.

T

DO !
-

=

b

=

TOTHL v

(0]

TOTAL MATERIAL EALAMCE:

CHEEON HYDEDGEN DOXYGEM HITROGEM ZLULFUR MARF COARL

LIDUIDE i be! LSLT 0. 0. 0.
HYDROCARRAOM GASES 72,4 z48, 0. i, a.

CHRROM M= OE: o, 0, 0. o0 i, n:
HATEFR 0. . 1 0. 0.
0. oo, 0.

AMMOMIA 0. g3 1,21
H¥DEOGEM ZULFIDE . 1.2 n. 0. 100, 1,08
CHARF . n. 0. 0. . co. o

TOTAL - YE.

254, . 100, - nn, Bl

HYDREOGEM COMZIMPTION- LE HYDRDSEN-<LE COARL

ATOM HYDRFOSEM~ATOM CAREON

HERT OF RERCTION- -.351S FCAL-GRAM OF ©ORL FED

EFFECTIVE CARBON CONVERSION-
EFFECTIVE EMEREY EFFICIEHCY-

FERCEMT
PERCEMT
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FUM HO. &4l ‘ EZAMFLE HO. = IRTE =

[
]
n
e
]
ra
LY
=J
0

-ORL TYPE- MEL MEXICO ZUE-EITUMIMOUS

CORL REZIDEMCE TIME-MERZLURED a. . :
CALCULRTED S.320 ZECOMDE

HOMIMAL COMDITIONE TOTHRL ACCUMULATED LT,

COAL FEED RATE e CORL FED 57,4 GRAME
HYTDREOGEM FLOW ERTE CHAF 2540 FRAME
H¥DREOGEN “ELOCITY LIGHT OIL: n. BREARME
FEACTOR TEMF. BETH 0. GRAME
FREHERT TEMP. LARTER 0. SRAME
HYDRIOSEM PREZZLIFE

0.
0.
0.
.
.

A5, FE

CHEEOM
HYIROGEH
O=Y5EH
HITREOSENM
ZULFUE
RZH

FRODUCT COMC. IN = CRREOM COMY. % MAF COAL CONY.
GARZ: MOLE TO FRODUCT T0 FRODUCT

CAREOM MOMOXIDE 0 a. .
CAREOM DIOXIDE a. i, .
METHANE 2,530 TE,DE 5.5
0.
N

ETHYLENE 0, 0.
ETHANE 1 0. n.
BENZENE CEI0NE-NS JiTas L13a9
TOLLIENE 0. 0. .
wYLEME 0. n. 0.
LIGHT DOIL 0. . a.
LHATEFR . 0. 0.

TOTAHL Ta.Td

=
on
-4
[

TOTAL MATERIAL ERLANCE: X
CAREEOM HYDROGEH O=%GEM HITEOGEM ZULFUE MRF COARL
LIGUIn:

HYDRODCAREON GRZES
CHREEOH DXIDEX

0. 0. n.
. n. 0.
n. n. i,

X
o]

:
o

o0 e
N e

CLIAT EF 0. Q. . 0. 0
AMMOM TR 1. g3t a. Lo, 0, t.31
HYDROGEM ZULFILE 0, 1,21 0. 0. 100, Cas
CHAR 0. a. 0. 0. oo, 25.5

TOTAL it Ny o. . 100, 100, 104,

LE HYIRDGEM<LE CORL
RTOM H¥DREOSEM-ATOM CAFEOM

HERT OF RERCTION- -.=

FCAL-RAM OF CORL FED

EFFECTIVE CREBON CONVERSION- &1, FERCEMT
EFFECTIVE EMERGY EFFICIEMCY- ER FERCEMT

~ 83 -



RUM NO. 241
CORL TYPE- MEW MEXICO

COAL FEZIDENCE TIME-MEARZURED
CALCULATED

MOMIMAL CONDITIOMS
COAL. FEED RATE
HYDROGEM FLOW FATE
HYDROSEM YELOCITY
FEACTOR TEMF,
FREHERT TEMF, '
HYDROGEM FREZILIRE

CHEEDH
HYTROGEN
O=YiEM
HITROSCH
EZULFUE
AEH

FrOuC!
GAZ: MOLE =
CAREOM MOMO<IDE 0.
CAREDM (IOXTDE n.
HMETHRAME =

=J
[
=

ETHANE Q.
EEMZENE Q.
TOLUENE .

FHMPLE MO

UL .

Y'LEME u.
LYBHT OIL 0.
HRTEFR 0.

LINIDE .
HYDFOCAREDOM GRZES 73,
CAREDOH O=IDEX n.

LRTEFR .
AMMOM TR 0.
HYDFOGEH ZULFIDE W,
CHAE 0.
TOTHL TR, s,

HYDROGEM COMZUMPTIDN-

TOTAHL

ZUE-BITUMINOUSE

ey
-
r—

=

=
=
=
16.2
2
i

=

I

4

L CAREQHN CcOMV.
TO FRODUCT

EECOMDZ
SECONDE

TOTAL ACCUMULATED HITE.
COAL FED 5574
CHRFE ks Y
LIGHT OIL: 0.

BT 0.
LUATER a.

-
e

soMNF Co
TO FRODL

. 0.
TERL3Y TE.37
0. n
0 o.
a. o,
0. 0.
0. 0.
. a.
0. 0.
TRLIET G-PREry

TOTAL MATERIAL EALAMCE:

CHREOH

--------

HERT OF RERCTION- -.3032S

EFFECTIVE CRREON CONVERSION-

EFFECTIYE EMERGY

EFFICIENCY -

HYDREDGEM OX%GEN

HITROGEM ZULFUR M

0. .
.0, .
n. 0.
0, a.
100, i

¢

o
v .
=
.

1o,

100,

LE HYDROSEMN-LE COAL’
ATOM HYDROGEM-ATOM CAREON

FCAL-GRAM OF CORL FED

el 13
25,3210

- 84 -

PERCENT
FERCENT

GRAME
SRARME
aRAE
BRAME
GRAME

FL COMY.

oT

HF COAL

el =S e
P
00 -
X

_n vi [

I v b
o

1
=
L]



RN NO. 242 SRAMPLE NO. i

COAL TYPE-~ NEUW MEXICO SUEB-BITUMINOUE

CORL RESIDENCE TIME-MERSURED n.
¢ CALCULATED 2. 030
MOMINAL CONDITIONS
CORL FEED RRATE L2035 LB-HF
HYDROGEN FLOW RRTE . 3520 LB/HR
HYDROGEN VELOCITY . 2930 FT-SEC
RERCTOR TEMP. 00,0 DEG C
PREHEAT TEMP. 00,0 DEG ©
HYDROGEN PRESSURE zaon. PsI
CORL ANALYSISs X
CARBON 59.30
HYDROGEN 4.130
O<YGEN 16.80
NITROGEN 1,230
SULFUR .B100
RZH 17.68

PRODUCT CONC.
GRZs MOLE X

CARBON MONOXIDE n.
CRRERON DIOXIDE a.
METHANE . 250
ETHYLENE 0.
ETHANE 0.
BENZENE . 1250
TOLUENE a.
“YLENE Q.
LIGHT OIL n.
HUATER 0.
TO7TAL

TOTAL MATERIRL RALANCES

CAREBON HYDROGEN OXYGEN

LIOUID= v.02 =
HYDROCARBDON GRSES 45.7 c
CRRBON DXIDES 0. 0
LIRTER n. 0
RMMONIRA a. &
HYDEDGEN SULFIDE 0. 1
CHHRR 0. 0
TOTRARL 2.8 234,
HYDROGEN CONSUMPTION- . 558
1.13

HERT OF RERCTION- -.6276

EFFECTIVE CRRBON CONVERSION-

EFFECTIVE ENERGY EFFICIENCY-

r

3
ro

0

" pan
.

M
b b

SE-01
30

IN %

TO FRODUCT

ACCUMLULARTE

LIGHT OILS

CARBON CONVY.

LB HYDROGEMN-LB COAL

CHARR ANARLYSISs X

ATOM HYDROGEN-ATOM CARBON

F.CAL-GRAM OF COAL FED

S5e.79
72.47

- 85 -

DRATE 3 -27 iar9
D WTE.
577.5 GRAMS
239.2 GRAMS
0. GRAMS
0. GRAMS
0. GRAMS
0.
0.
0.
a.
0.
42.58
3% MAF CORL CONV.
TD PRODUCT
g.
0.
<43.98
0.
0.
5.526
0.
0.
0.
0.
43,514
SULFUR MAF COAL
5.52
de, 0
0.
0.
1.31
iQon. 1.05
29.0
100, 35,3



FiIN NO. 242

SAMPLE NO. 2 DRTE 3 -av

CORL TYPE- NEW MEXICO SUE-BITUMINDUS

ZO0AL RESIDENCE TIME-MERSURED n. ZECONDZ=
CALCULRTED 4,150 ZECONDS
MOMINAL CONDITIONE TOTAL RCCUMULARTED WTS.
CORL FEED RRTE L2025 LB-HR cORL FED S77.5
HYDROGEN FLOW RATE L3410 L B-HR CHAR c239.2
HYDROGEN YELDOCITY . 2930 FT-SEC LIGHT OILE 0.
FREACTOR TEMP. 300.0 DEG C BT 0.
PREHERT TEMP. 200, 0 DEG C LIRTER n.
HYDROGEN PRESSURE 2aa0o, P=EI
CCORL ANALYSIS, x . CHRAR AMRLYSIZ, %
CARBRON 53,320 0.
HYURDOGEN G, 100 0.
O<Y3EN ig.20 .
MITRNREN 1.3§U i
2 FHR .231600 D
AHSH i7.E2 G, Bl
PRODUCT CONC. IN X CARBON CONV. % MARF CO
SASy MOLE X TO PRODLCT TO FPRODU
CARBON MONOXIDE 0. 0. 0.
CAPBON NIOX1DE a. [ 0.
METHANE (=31 Y .3 BRI ED
ETHYLENE 0. 0. 0.
ETHAMNE n. . 0.
BENZENE LoN00E-08 1.2:43 . I7 A
TOLUENE n. . n.
“YLENE 0. . 0.
LiGHT DIL . 0. 0.
LIRTER 0. 0. 0.
TOTAL V3.68 T0.E6E
TOTAL MATERIAL PBRLANCE,s X
CRARRBOM HYDROGEN O¥YGBEMN NITROGEN ZULFLUR M
LIQuUIDs .25 1.3 0. 0. 0.
HYDROCARERON GRASES 7.4 245, o, 0. 0.
CARRON OXIDES n. n. a. a. n.
LIARTER 0. Q. n. 0. a.
HMMONIR 0.. .21 0. 100, n.
HYDRDGEN SULFIDE N. 1.218 0. 0. ina,
ZHRR 0. 0. 0. 0. n.
TNTHI T2.7 294, a. igon, oo,
HYDROGEN CONSUMPTION- . i NA LB HYDROGEN-LE COAL
2. 12 ATOM HYDROGEN-ARTOM CARRBON
HERT OF REACTION- -—.3«477 KCRL-GRAM DOF CORL FED
EFFECTIVE CRFEON CONVERSION- £0.3:4 PERCENT
EFFFRTIVE EMNERGY EFFICIENCY- 92.952 PERCENT

- 86 =~

GRAMS
SRAMS
GRAME
SRAME
GRAMS

AL CONV.
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RF COAL
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EUN NO. 242 SAMPLE NO. 3 DRTE 3 =27 - {379
COAL TYPE~- NEW MEXICO SUB-BITUMINOUS
COAL RESIDENCE TIME-MEASURED D. SECONDE
CRALCULATED | £.230 SECONDS
NDMINRL CONDITIONS TOTAL ACCUMULRTED WTS.
CORL FEED RPATE L2025 LB-HR COARL FED a7?.5 LRAME
HYDROGEN FLOW RATE 3220 LB<HR CHRAR 229.8 GRAMZ
HYDROGEN VELOCITY 2520 FT~3SEC LIGHT OILS 0. SRAMS
FEACTOR TEMP. 200.0 DEG C BTX 0. GRAMI
FREHERT TEMP. 200.0 DEG C WATER 0. GRAME
HYDROGEN PRESSURE 20no. PEI
COARL ANALYSISs % CHAR ANALYSIZ, X
CARRON 559,20 0.
HYDROGEN o120 0.
OxY5EN i6.80 a.
NITROSGEN 1,230 0.
SULFLUR 2100 0.
A=H iv.62 42. 538
PRODUCT CONC. IN % CAREBON CONV. % MAF COAL CONv.
GR:s MOLE 2 TD PRODULCT 70 PRDDUCT
CRREON MONDXIDE 0. a. 0.
CARBOM DIOXIDE 0. 0. a.
METHRNE &.52% E7.20 =L X
ETHYLENE n. 0. n.
ETHANE 0. 0. o.
BENZENE L3I50E-01 L7ies . 5555
TOLUENE Q. n. 0.
HYLENE a. 0. 0.
LIGHT DOIL 0. 0. 0.
LATER n. a. 0.
TOTAL 57.31 £5.21
TOTAL MRTERIAL BARLRAMNCE, =
CAREON HYDROGEN OXYSEN NITROGEN ZULFUR MAF COARL
LIoUIDE .71 =L T4 a. 0. 0. . 355
HYDROCARBON GRASES 67.2 3:20. n. n. 0. 4.7
CAREON OMIDES - 0. 0. 0. o. a. 0.
LIRTFR n. n. 0. 0. o. 0.
AMMOMNIR n. .32 0. 100, . 1.2
HYDROGEN SULFIDE 0. 1.2l 0. 0. 100. 1.05
CHAR 0. 0. 0. 0. 0. 23.0
TOTAL 57,3 328, n. inn. i00. 7.0
HYDROGEN CONSUMPT IDMN- .2544E-01 LB HYDROGEN-LE CORL
i.231 ATOM HYDROGEN-ATOM CRARBON
HERAT OF RERCTION- -.2127 F.CAL-GRAM OF CORL FED
EFFECTIVE CARBON CONVYERSION- 59.44 PERCENT
EFFECTIVE ENERGY EFFICIENCY- Se. 22 PERCENT

- 87 -
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RUN NO. 242 SAMPLE NO. 4 DATE 3 -27 - 1979
COAL TYPE- NEK MEXICO SUB-BITUMINDUS
COAL FESIDENCE TIME-MEASURED 0. SECONDS
CALCULATED 2.295 SECONDS
NOMINAL CONDITIONS TOTAL ACCUMULATED WTS.
COAL FEED PATE L2025 LE-HP CORL FED 577.5 SRAMS
HYDROGEN FLOW PATE . 8530 LE-HR CHAR 239.3 SRFAMS
HYDROGEN VELOCITY . 2520 FT-SEC  LIGHT OILS 0. GRAMS
REACTOR TEMFP. 200,10 DEG © BTX o, SRAMS
PREHEAT TEMP. a00. 0 DEG © WATER 0. SRAMS
HYDROGEN PRESSUPE 2000, Pzl
COAL ANALYSIS: % CHAR ANALYSIS: %
CRAPRON 59,30 0.
HYDPDEN 4,120 0.
0% GEN 16.20 0.
HITROGEN 1,230 0.
NULFUR .3100 0.
HxH 17.63 12,58
FRODUCT CONC. IN % .CRRBON CANY. % MAF COAL CONY.
GRS, MULE % "0 PRODUCT TD PRODUCT
CAPEON MONOXIDE .4400E-01 L4157 L6933
CAPPOMN DIOXIDE 0. 0. 0.
METHRANE 7.440 7013 E7.47
ETHYLENE 0. o Q.
ETHANE n. a. 0.
BENZENE .2000E-02 . 4530 . 3537
TOLUENE 0. a. 0.
“YLEME 0. 0. n.
LIGHT OIL 0. . 0.
LATER 0. 0. 0.
TOTAL 70.99 52,52
TUTHL MH!ERIHL EBRLANCE, >
CARBON  HYDROGEN OXYGEN  NITROGEN SULFUP  MAF COAL
LIQUIDS .453 . .539 0. 0. 0. .354
HYDROCARBON GASES 70.1 334, 0. 0. Q. £7.5
CARBON OXIDES LA15 0. 1.95 0. 0. . 693
LATER 0. D, 0. 0. it n.
AMMON I A 0. 6,31 a. 100. 0. 1,81
HYDROGEN SULFIDE 0. 1,21 . 0. 100, 1.05
CHAR 0. 0. 0. 0. 0. 29.0
TOTAL 71.0 342, 1.95 100. 100 100.
HYDROGEN CONSUMPTION- . 1011 LE HYDROGEN-/LER COAL
2.047  ATOM HYDROGEM-ATOM LARBUN
HEAT OF RERCTION~ -.2281 KCAL-GRAM OF COAL FED
"EFFECTIVE CRRBON COMNYERSION- 59.93 PERCENT
EFFECTIVE ENERGY EFFICIENCY-  92.68 PERCENT



VBRI BN X

ZGELE

4. 1

20AL TYFE- MEW MEXICO 3UB BITUMINOUS

CORL RESIDENCE TIME-MERSURED

HOMINAL CONDITIDNS

COAL FEED PRTE

HYDROGEN FLOW RATE

HYDROSEN
RERCTOR TEMP.
PREHERT TEMP.

VELOCITY

HYDROSEN PRESSLRE

CRERON
HYDROSEN
0XY3EN
NITROGEN
SULFUR
RASH

CRRPON MONDXIDE
CARRBON DIOXIDE
METHRANE
ETHYLENE

ETHRNE

BENZENE

TOLUENE

RYLENE

LIGHT DIL

WRTER

LIQUIDS

HYDROCAHREON BRSES

CRREON DXIDES
HARATER

AMMDNI A
HYDROGEN 3SULFIDE
CHRR

TOTAL

HYDROGEN CONSUMPTION-

HERT OF RERCTION-

EFFECTIVE CARBON CONVERSION-
EFFECTIVE ENERGY EFFICIENCY-

30.42
43. 14

- 89 =

PERCENT

PERCENT

R -

1979

0. SECONDS
CALCULRTED 1.593 SECONDS
TAOTAL ACCUMULARTED WTS.
1.020 LB~/HR CORL FED 5322.% GRAMS
.3300 LB-HR CHRAR 131.2 GRAMS
. 3651 FT-3EC LIGHT OILS " 0. GRAMS
300.0 DEG C BTX 0. " GRAMS
200.0 DEG C WATER 0. GRAMS
1000. P3SI
COAL ANRLYSIS, % CHRR. ANARLYSIS
59.30 0.
4.130 0.
16.20 0.
1.230 0.
.3100 Q.
17.62 51.3°7
PRODUCT CONC. IN % CRREON CONV. % MRF CORL CONVY.
" GA3Ss MOLE X T PRODUCT TO PRODUCT
0. 0. 0.
0. 0. 0.
2.330 22.43 21.63
0. a. 0.
0. 0. Q.
- 1370 7.341 B.2
Q. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
TOTAL 30.4e 27.33
TOTAL MATERIARL BARLRANCEs. %

CRRERON HYDROGEN OXYGEN NITROSEN SULFUR MAF COARL
7.34 D.45 0. 0. 0. 5.20
22.5 107. 0. 0. 0. 21.6
0. 0. 0. 0. Q. 0.

0. 0. 0. 0. 0. a.
0. 5.31 0. 100. 0. 1.31
0. T 1.21 0. 0. 100. 1.05
0. 0. . 0. 0. 13.9
30. led. 0. 100. 100. 50.5

.1004E-0¢ LE HYDROGEN-LB CORL

.2032 ATOM HYDROSGEN-ATOM CARBON
-.4568 ¥.CAL-GRAM OF CORL FED



e L 23 SOMELE . I

-OAL TYPE- NEW MEXICO 3UB BITUMINDUS

CORL RESIDENCE TIME-MERSURED 0.
CALCULRTED 3.136

HOMIMAL CONDITIDNS

SECONDS
SECONDS

fi.

DAYE 3 -

TOTAL RCCUMULATED WTS.

CORL FEED PRTE 1.020 LB/HR CORL FED 532.6
HYDROGEN FLOW RRATE .3200 LB-HR CHAR 131.2
HYDROSEN VELDCITY .S651¢ FT-3EC LIGHT OILS 0.
RERCTOR TEMP. 300.0 DEG C BTX 0.
PREHERT TEMP. Q00,0 DEG C LURTER n.
HYDROSEN PRESSURE tono. P3I
CORL RANALYSISs % CHRR AMALYSISs %
CRREEON 33.30 0.
HYDROGEN 4.130 0.
OxY5EN 15.80 0.
MITROSEN . 1.230 n.
SULFLR .&8100 0.
AsH I7.A8 51.37
FRODUCT cOMC. IN % CRREDON CONVY. “ MAF 20
GRSs MOLE % TO FROLUC! U PRODU
CAREON MOMDXIDE 0. 0. 0.
CREEON DIOXIDE 0. 0. 0.
METHANE 4,220 45,52 44,75
ETHYLENE n. 0. 0.
ETHANE 0. 0. n.
BEENZENE . 1200 . 355 5.431
TOLUENE 0. 0. n.
AYLENE 0. 0. 0.
LIGHT OIL 0. 0. 0.
LRATER 0. 0. 0.
TOTAL S3. 48 50.13

TOTNL MATERIAL EALANCE, %

CRREBON HYDROSEN OxY5EN

LIOUIDSE £. 36 ‘a.28 0.
HYDROCAREON GASES 45.5 ce!t. 0.
CRREON OXIDES 0. 0. Q.
LUATER 0. 0. 0.
RAMMONIR 0. 6.231! Q0.
HYDROGEN ZULFTDE 0. .2l 0.
CHRR 0. N 0.
TOTAL 593.5 237, 0,

100.

NITROSEN SULFUR M

100.

HYDROSEM COMIumMP Y ION- « 3737E~0! LE H¥YNROGEN--LB COAL
1.161 RTOM HYDROGEN-RTOM CARRON

HERT OF RERCTION- -.56339

EFFECTIVE CHRRPON COMYERSION- S53. 456
EFFECTIVE ENERGY FFFICTENCY- 72.59

- 90 -

PERCENT
PERCENT

KCRAL-GRAM OF CORL FED

3 -=1979

GRAMS
SEAMS
GRAMS
GRAMS
GRAMS

Al TONV.
cT

RF CORAL

5.43
44,7
0.

0. .
1.31
1.03

13.9

2.3



RUM MO. 242 TAMPLE NO. 3 DATE 2 =23 - 1373
CORL TYPE- HNEW MEXICO SUR BITUMINDUZ
ZORL REZIDENCE TIME-MERSLIRED 0. SECOMDE
CALCULATED d.200 ZECONDE
MOMIMAL CONDITIONS TOTRL RACCUMULATED WTE.
-ORL FEED RRTE 1.020 L3~HR CcORL FED SR2.6 SRAMSE
HYDROGEN FLOK PRTE L2200 LEB-HF ZHAR 31,2 SEAME
HYDROGEN YELOCITY L ORSe FT~SEC LISHT OILE Q. SRAMS
RERCTOR TEMP. Q00,0 DER BTH 0. SRAME
PREHERT TEMP. 00,0 DEZ HARTER n. GRAMS
HYDROSEN PREZZURE 1000, P3I
COARL RMALYEISs X CHAR AMRLYSISs X
CRAREBON S3.20 0.
HYDROGEN 4.120 a.
OxR%YcEM 15,30 0.
MITROSEN 1.230 a.
SULFUR .3100 0.
AEH 17.562 =1.97
PRODUCT CONC. IN *% CHREBON CONWY. % MAF COAL CONY.
5AZ: MOLE * TO PRODUCT TO PRODUCT
CAREON MDNO-IDE n. n. o.
CHREON DIDOXIDE n. 0. 0.
METHRANE .02 42,37 5. 54
ETHYLENE n. a. 0.
ETHRANE - 0. a. 0.
BEMZENE SRIN0E-01 5.2 .20
TOLUENE a. n. 0.
“YLEME 0. 0. n.
LISHT OIL a. o, 0.
LRATER n. 0. ' n.
TOTAL 53.76 S50.75S
TOTRL MATERIAL ERLANCEs =
CRERON HYDEDSEN OXYSEN NITROSEN =ULFUR MAF COARL
LIDUIDE 5.23 g k2 0. n. 0. b2t
HYDROCAREON SRIES 42. < o320, 0. 0. 0. h5 .S
CRREOM OXIDES 0. a. 0. 0. 0. a.
HWATER 0. 0. 0. 0. n. a.
AMMBNIA a. Sppch u. 11Uy, u. t.21
HYDROSEN ZULFIDE 0. 1.2 0. a. {0o. 1.05
CHAE 0. 0. 0. o. 0. 13,9
TOTHL S52.3 294, 0. ton. 100, 73.5
HYDROSEM COMEUMPTIOM- LEO20E-01 LE HYDROSEM-LE CORL
1,220 ATOM HYDROSEMN-ARTOM CARRON

HERT OF RERCTION- -.g&543

EFFECTIVE CARBON CONYERSION- S5S32.76
EFFECTIVE EMERGY EFFICIENCY- 30,30

- 9] -

Y.CAL«<5RAM OF CORL FED

PERCENT
PERCENT



RUM MO. 2¢432

COAL TYPE- NEL MEXICD

COARL RESIDENCE TIME-MERSLIRED
CALCULRTED

MOMIMRAL COMDITIONS

COAL FEED RRTE

HYDRDSEN FLOK PATE
HYDEDSEN WELDOCITY

FRERCTOR TEMP.
PREHERT TEMP.

HYDROSEN PREZSURE

CARBOM
HYDFOGEM
O=YsEN
HITROSEM
=ULFUR
H=H

CHREOM MOMNOXIDE
CARREBOM DIOAIDE
METHRANE
ETHYLENE

ETHANE

BENZENE

TOLUENE

©ENLENE

LIGHT OIL

HATER

SAMPLE MNO. 4 DRATE 32 23 - 1379

EUE BITUMINOUE

COAL ANALYSIS: X

FRODLOCT COMC.

BHE .

L1440

0.

0.

LTI0OE-0O1

0.
0.
n.
0.

TOTAL

. EZECONDE
373 SECONDE

TOTAL ACCUMULARTED LTS,

LB~<HR CORL FED S532.6 BREAME
LE~HE CHRR 131.2 BRAME
FT+3EC LIGHT OILE 0. BRAMS
DEG = BTH 0. GRAME
DER = LHRTER 0. GRAMZ
PEI
CHRAR ANRLYZIZ: X

53,30 0.

.12 0.

16.20 n.

1,220 0.

.3100 0.

1v.63 5127

IN % CHREON CONY. ¥ MRF CORL COMY.
’-‘

TO FREODULC! TUOFREUDLCT
V1,393 2.233
0. n.
S0.59 42,67
0. 0.
n. 0.
4,373 2,53
0. 0.
0. n.
0. 0.
0. 0.
SE. 58 54.53

MATFRYAL BALANCE: %

ZRRPON HYDROGEN OXYiEN NITROSEN SULFUR MRF CORL
LINUIDE 4.52 5.4%5 0. 0. 0. 3.92
HYDEOCARRBON GRIES S0O.6 o4, n. 0. 0. 43.7
CARROM OXIDES 1.29 0. 5.5 0. 0. 2.3
LIRTER 1] . 0. . 0. o.
AMMOMINA [} G, 31 i, 1uu, 0. 1.8
HYDREOSEN ZULFID 0 .o it I, 100d. 1,03
ZHAR 0. 0. 0. 0. 13,9
TOTAL SE. 6 2954, £.55
HYDROGEN CONEUMPTION-  _£42!E-nt' | R HYDROSEN/LE COAL

1,208 RTOM HYDROGEN-ATOM CHREBUN

HERT QF RERCTION- -.85:2

EFFECTIVE CRRBON CONVERSION- S6.58
EFFECTIVE EMNERGY EFFICIENCY- 233.53

- 92 -

FCRL-GRRAM OF CORL FED



EUM MO. &4 ZAMPLE HO. 1 : IRTE ¢ -3 -

-
]
-
L0

COARL TYPE- HEW MEXICO =UE-EITUMINOUS

COAL REZIDEMCE TIME-MEATURED . ’ TECOMNDE
CALCULATED 2,102 SECOMDE

HOMIMAL COWDITIONE TOTAL RCCUMULATED LTS,

COAL FEED RATE : LE<HF COARL FED SYT.T GRAME
HYDROSEM FLOL RATE LE~HF CHAFR 249, 0 GEAME
HYDROGEH YELOQCITY SEED LIGHT DILE Q. 3CAMS
RERACTOR TEMF. BT 0.
FREHERT TEMF. HATER 0. SEAMS
HYDROSEN PREISURE

CHRFE AMALYE

LAREOM
HYTIIROGEN
O=%5EH
HITROGEM
ZULFUR
A%H

r

r.
-
[

FEODLCT COMC. I % CAREOM COMHMW. % MARF CZOARL COHY.
GA%: MOLE ¥ TO FPRODUCT TO FRODUCT

ZRREOM MONOSIDE 0. . 0,
CAREDH DIDXILE 0. 0. .
METHRME =T 295 d
ETHYLEHE 0.
ETHRAME
BEENZEHE
TOLWUEME
=YLEME
LIBHT DIL .
LIRTER 1

[

s

TOTAL v.3

o
DO
ra

TOTAL MATERIAL EBRALAMCE: =

CAREOM H*DROGEM OX%5EM MITROGEN SULFLFE MAF  ZOAL

LIOUIDS 2,99 i R TR £ P X
H*DROCAREOM GAZES 4,20 b B r.
CAREOM OXIDE= i

=
)
1
=
. B
= D T
.
o R R
=0 -
.
=} [
[ -

. 1. 1 0. 0.

WATEF . Co. 0. 1l a. a.
AMMOMIA 0. = 0. 100 0. 1,31
H<DEOGEN ZULFIDE 0. n. 0 100, 1. 05
Q. n a, 0,9

ZHAF 0. M. 0

TOTAL v.E8 2.5 . T, 100,

.
-~
=

]

LE HYDROSEN-LE COAL
ATOM HYTRORFH<ATAOM CAREOM

HERT OF RERCTION-~ -.322Z FCARL-GRAM OF CORL FED

FERCENT
FERZENT

- 93 -



FUN MO, 2944
CORL TYFE- MEWR MEXICD

COAL REZIDENCE TIME-MERZURED

CHLCULATED

HOMIMAL COHDITIONE
CORL FEED RFERTE
HYTFOGEM FLDL FRTE
HYDROGEM “ELOCITY
RERACTOR TEMF.
FREHEAT TEMF.
H¥DRDGEH FREZZURE

CREEUM
HYDROGEM
DsRFM
HITROGEN
SULFLUF
AEH

FEODUCT COMC.
MOLE

[T = Jo

CHREEOH MOMO-IDE
CREEOM DIOXIDE
METHRME
ETHYLENE

ETHAME

EEHZEME

TOLLIEME

=YLENE

LIGHT OIL

LIRTEFR

TATHI

ZAMPLE MO.

ra
of
oL

ZUBE-EITUMINOUS

.
4,204

ZECOMDE
TECOMDE

TOTAL ACCUMULARTED LITE.
COAL FED "o T
ZHRFE
LIGHT
ETH
HHTER

SRAMT
SRAME
SRAMI
SRAMT
SRAMS

oiL=

CHRRE AMALYS

“ CRREEOM ZOHY.
TO PEODOICT

MAF COAL
FRODUCT

aHy.

IH

DU

15,52 15,39
] 0.
S. G ETT
1 EFRB Yl
i 1R
i .

M

TOTAL MATERIAL ERLAMNCE:

CHEEUM

LIQLIIDE 1.9 14
HYDROZAREOM GRSEZ 21.2 e

CHEEUM
HATEFR

IDEE rn.

AMMOM I . .
HYDROGEM ZULFIDE 0. 1
CHAR i .
TOTAL 23,7 11

H»DREOGEM COMEZLMPTION-

HERT 0F RERCTION-

-, 345

EFFECTIVE CRARBON CONVERIION-
EFFECTIVE EMERGY EFFICIEMCY-

(00

HYDROSEM OXY5EH

-

[

MITROGEM SULFUR MAF COARL
.
0.
0

.
n.
fl.

0. n, . .

it. 100, 0. 1.8
0. [ oo, 1,05
i, . . 0.9
. 100, oo, a2,

LE HYDEOSEM-LE COAL
ATOM HYDROGEM-ATON CREEOH

FCAL-GRAM OF COARL FED

FERCZENT
FERCEMHT
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RIUH ND. 244 SAMFLE MO. 2 IATE 4 -3 -

1979

CORL TYPE- MEL MEXICD SUE-EITUMINQUS

CORL RESIDENCE TIME-MERSLURED n. EECOMDE
CARLCULATED il EECONDE

HMOMIMAL COMDITIONS ) TOTAL RCCUMULATED LTS,
COAL FEED RRATE 1 COARL FELD ; 7
HYDROGER FLOU PRTE CHARFR
HYDROGEN YELOCITY LIGHT OIL= .
RERCTOR TEMF,. ETH n.
FEEHERT TEMF. LEG C HWATER .
H¥DROGEN FREZILRE

CHAR AMALYEIE: %
0

=

CAREOM

HITRDOSEN
SULFUR
AEH

r.
[y
(i)

.0

n

FEODUCT COMC. IN % CAHREEROH CONY., % MAF CORL COMY.
GARX: MOLE ¥ TO FRODUCT TO FPRDDUCT

CAFECH MOMOAIDE 0. 0. 0.
CAREDOM DIOXIDE . a.

METHRME c.nis 2.2
ETHYLEMNE 1.

ETHARNE . L
BEMZENE .26
TOLLEME L20N0E-DE
AYLENE .

LIGHT OIL. .

LARTEFR 0.

TOTARL 3T.43 e D

(a4}

TOTAL MATERIAL EBRALAMCE: X

DAREON HYDROGEM OX%5EM HITROGEM ZULFUR MAF COAL

LICUIDE .3 iv.2 n. 0. 0. 11,3
HYTIRODCAREDOM GARZES &3.0 104, . i, 0. £1.9
CAREOM O<IDEX 0. n. n. 0. 0.

HWARTER 0. 0. 0 0. 0.

AMMOMIR .21 n. 00 0 1.2
HYDIROGEH ZULFIDE 1.21 [ . 1on 1.0%
CHAFR 1] . 0. 0 ]
TOTAL 27. S 1232, n. 190, 100, L=

ZONE-0Y  LE HYDROGEM-LE COARL

HYDROGEH COMZUMPTION- L1z
: 42 ATOM HYDROSEM~ATOM CAREOH

HERT OF REARACTION- -.4227 FCAL-GRAM OF CORL FED

EFFECTIVE CARBON CONVERSION- 37.44% FERCEMT
EFFECTIVE ENERGY EFFICIENCY- 43, 44 FERCENT
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FUM HO. 244 SAMFLE NO. 4 IRATE 4 -z = 15979
COAL TYFE- MEW MEXICDO SUE-BITUMIHOUS

COAL REZIDEMCE TIME-MEAZLREL n. ZECONDE
CRLCULATED 2,408 ZECOHDE

HOMIMAL COMDITIONE TOTAL ACCUMULATED WTZ,
cORL FEED RRATE e ’ -0AL FED SPV.V
HYTROGEN FLOW RATE CHAR g3, 0
HYDROGEH “ELOCITY LIGHT OILE 0.
RERCTOR TEMF. BT a.
FREHEAT TEMF. WATER n.
HYDRDGEM FPREZIURE

CHAFE AMALYSIZ X

CHEEQM ?.
HYDROGEM 0.
BrisE 0.

- HITROGEH L .
TULFIIR L1100 n.
AZH . 1v.e3 41,02

FRODUCT COMC. IH % OCHEEUM COMW. W OMAC CONL COMY.
RAZs MOLE * TO FRODUCT TO FPRODUCT

CAREOM MOMO=ILDE 0. . 0.
CAREDM DIDXIDE 1 0. n.

METHAME g.ga0 Zi.en 19,82
EIHYLEME 0. o, n.

ETHANE LE9TD 4.5840
EEMZEME 2490 10.55
TOLUEHE 1200E-02 LESITE-DOT
“YLENE o, i,

=

-
o
=
.

LIGHT OIL 1 1
T WATER : o. . a.

TOTHL .08

(3]
n
e
=~

TOTHL MATERIAL EBALAMCE.

CRREOM HYDROSEH OxYihaFN HITRAGEM ZULFUR MAF COAL

FTROTIE 12,6 16.8& 0. . a. 1.6
HYDIROCAREON GRZEL 24,0 117, . 0. 0. P
CHREON BXIDE= n. . 0. i, . o,

WATEFR: 0 0. . n. a. a..

AMMNMTH . &, 21 . 100, . 1.51
HYDROGEM SULFILDE 0 1.21 0. ". 100, 1. 0E
CHAR 0. n. 0. 0. 0. 20,9

)

TAOTHAL 29,5 141. H. 100. 100, £2, 0

HYDROGEN COMZUMPTIDM- 17 12E-01 LE HYDROGEN<LE COAL :
L 34Ed ATOM HYDROSEM-RTOM CARBOH

HEAT OF RERCTION- -.4550 KCAL-GRAM OF CORL -FED

EFFECTIVE CRARBON CONVERSION- 33.5& PERCENT
EFFECTIYE ENERGY EFFICIEMLY - 53,05 PERCENT
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FUN MO. 244
COAL TYFE- MEW MEXICO SUE-EITUMINOUS

COAL FESIDEMCE TIME-MERZURED a.

CARLCULATED il

HOMIMAL COMDITIOME
COAL FEED RATE
HYDROGEH FLOW RATE
HYDROGEM “YELOCITY
RERCTOR TEMF.
FREHERT TEMF, FES.0
HYDREOGEM FREZEURE z00non,

1,030
1,000

- -
Fro.

CAREDH
HYDEOGEM
O=4%5EM
HITREOSEM
SULFLE
AEH

FRODUCT COMC. IN =

SR MOLE =

CHEEOH MOMDA<IDE i,
CAREON DIOXIDE . o,
METHRME 1,218
ETHYLEHNE .
ETHRNE L2930
BEMZIEHE - 2420
TOLUENE L1800E-D2
=YLENE 0.

LIGHT OIL 0.

WATER i,

o
+

TOTAL

EZAMFLE MO, S

14,23
. 1agd

SECONDE
ESECONDE

CORL FED
ZHAFR
LIGHT OILE

CARREEAOM ZOMY.
TO PRODUCT

17.vn

TOTAL MATERIAL EBALBHCE. X

CHEEOH

LIDUIDE 4.2 17.1 .
HYDROCHREOM GRIES z22.¢ 101, il
CAREOM OXIDES . 0. Q.
LRTER . 0. .
AMMOMIA 0. 5.1 0.
HYDRODGEM ZULFIDE 0. 1.231 0.
ZHRF . . 0.

TOTAHL TELE 1 0.

Mg
(g3

HYDROSEH COMEUMPTIOM- L10F7E-01

L21E0
HERT OF RERCTION- -, 4g92

EFFECTIVE CRARBON CONY
EFFECTIVE EMERGY EFFIC
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HYDOROGEN OXYIREH

HITROSEN

.
0.
0.
0.
100,
n.
n.

100,

KCAL-SRAM OF CORL FED

FERCENT
FERCENY

TOTHL ACCUMULATED LTS,

2> o>
e

43,0

0.
41,02

= MAF CORL
TO PROLDUCT

e
s -
My .

DN |
=J = N3

G R SR =Y
0 =«

SULFUR

0.
0.
n.
.
.
100,
.

100,

LE RHYDROSEN-LE ZORL
ATCM HYDROGEH-ATOM CAREGH

[l

M =
Fa—

LIRS

DO R e
.

o0 a'__n -

g
g

SRAME
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SRAME
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