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DEMONSTRATION OF HIGH-YIFLD-RETORTING
AT 500 LBS/(HR) (FT2) SEALE RATE

I. Introduction

Pilot Retort No. 1 was operated for four weeks beaginning
the iast week in December 1964 at the omerating conditions of

an earlier run (Number 433). This earlier run showed that the
Gas-Combustion retort could be operated 500 1lbs/(br) (£t2), at
nearly twice the shale rate that the Nureau of "!ines overated,
with yield above 20 vol % Fischer Assay. The objectives of this
period of operation were to:

1. Demonstrate the reproducibility of high yields while
overating at high shale rate.

2. Establish the accuracy and precision of our process
variable measurements, sampling procecdure and analytical
methods.

3. Establish the precision of the major results such as
shale oil yield and gas producec.

4. Obtain a supply of typical Gas~Combustion shale oil
for filling sample recuests from the Particimnating
Parties.

Operating Gifficulties were encountered at the first attempt

to precisely cdunlicate the orerating conditicns of "un 433.
This difficulty was traced to excessive water in the raw shale
feed (4 -~ 7 wt % of raw shale versus the normal 1.5 - 2.0 wt %).
The excessive water along with the below freezing weather nre-
vented smooth control of the raw shale feed rate and caused low
temperatures in the combustion zone of the retort resulting in
incomplete retorting., This problem was overcome by installing
a shale drying system.  The retort operated very smootbly

after drying the shale and five 24-hour material balances wrere
completed without any difficulties.




II CONCLUSIONS
1. The hioh yield of Run 433 was reoroduced as shown below:
454 1, - P
Run - 433 {Ava)
Dats Started l1l=ll=64 1-1l5~65
Operating Conditions:
Raw Shale Rate, 1bs/(hr) (ft2) 480 495
Air Rate, SCr/Ton RS 5,150 4,964
Recycle Gas Rate, SCF/Ton RS 14,150 12,294
Yields:
0il Yield, vol % F.A. 01,2 92.9
Dry Gas Make, SCF/Ton RS 6,519 6,661
Mineral COj Decomposition, % 30.9 42.8

A more detailed comparison is shown in Table 1.

2,

The nrecision of control of the nrocess variables appears
adequate as shovm below hy the mean and the standard
deviation of the five demonstration runs:

- Mean and
Process Variable Standaré Deviation
Raw Shale Rate, 1lb/(hr) (ft?) 495 * 8
Raw Shale Assay, gal/ton RS 26.8 T 0.4
Air Rate, SCF/Ton RS 4,964 * 105
Recycle Gas Rate, SCF/Ton RS 12,294 * 266

Accuracy of our process variable measurements and major
sampling procedures also annears good, with exception

of the raw shale rate as indicated by the ash balance,
based on the mean and standard deviation of the material
balances as shown below:

Mean anc
Balance Standard Deviation
Overall 100.7 ¥ 0.2
Ash 101.6 ¥ 0.6
Total Carbon 99,2 £ 1.7
Organic Carbon 99,0 t 2.4
Organic Hydrogen °g,2 ¥ 1.9
Water 101.0 ¥ 15.1

The water content of the vent ocas is being measured since
cornleting this study, and will further improve the nre-~
cision of the hydrogen and water balances. A more rigorous
and more frequent calibration of the raw and spent shale
weighing systems will be used on future runs to improve

the ash balances.




4, The precision of the results from the five demonstration
runs, which indicates the precision we should expect from
future runs, are shown below:

Reported Result Standerd Deviation
Oil Yield, % F.A. T L.6
Dry Gas “ake, SCF/Ton RS + 1p0
Mineral CO Decomposition, % + 3.7
Offgas Temperature, ° F 2
Spent Shale Temperature, ° F 3
5. A sufficient guantity of typical Gas~-Combustion shale oil

wes produced from Runs 454 L through P and drummed for
sending to Participants on request. The nroperties of
this shale o0il are shown in Table 2.

6. Excessive water in the raw shale feed increases operating
problems and can reduce oil yield if not compensated for
by increasing air rate.



I1I. Detailecd Discussion

A, Ne. 1 Pilot Reteort Descrintion

This study was carried out in the pilot Retort I'lo. 1 which is

a cylindrical retort 20-inches in diameter. M 10.5 foot hed
height was used with the tor of the hed 5.0 feet above the air
distributor. The peripheral air distrikbutor was used with 12
equally smaced ports around the retort and cne in the center.

A diagram of this distributor is shown in Picure 1. The ratio
of peripheral air flow to the center air flov was adjusted to
produce a uniform temperature pattern across the retort. 2
surge vessel was added to the retort offgas line priocr to any

of the recovery eguimment to settle anv large pieces of shale
that may be carried out of the retort. Fines carryover, however,
during the demonstraticn run was necligible. 2 condenser~
demister was added in varallel to the electrostatic nrecipitator
to test its ability to recover the fine mist. A block diagram
of the process flow with the recovery alternatives is shown in
Figure 2.

B. Run History and Retort Performance

The first week's cperation was hampered by a 2-inch pipe that
was nlaced horizontally to the center of the retort about l-foot
above the table feeder. This ripe was put in to direct part

of the recycle gas to the center of the hed and thus imnrove

gas distribution. However, the pive caused the shale to be
¢rawn off faster down one side of the retort than the other and
thus created a severe maldistribution of shale and gas flow.
Horizontal temperature probes variecd 1,000° F at the cormbustion
zone.

The first run, Number 454, was accomplishel by directing the
majority of the inlet air into the faster moving shale area =-
this forced a uniform temperature profile thus apparently cor-
recting the poor gas distribution. ©0il yield for this first
run was 94.5 vol % of raw shale Fischer Assay which was better
than the 91.3 vol §& for Run 433 which was being duplicated.

After removal of the 2~inch recycle pirme ¢ood temperature dis=-
tribution was obtained by adjusting the ratio of center-air
flow to peripheral-air flow to 0.25. At this time a supply

of very wet shale was encounterec which along with below
freezing weather caused shale feed control problemeg and poor
retorting for Runs 454 A throuah XK, The raw shale during this
period contained 4 - 7 wt % water comparec to the normal 1.5 -
2.0 wt %, and yields averaged 78 vol % of raw shale Fischer
Agsay with about 8 vol & of raw shale Fischer Assay leaving
with the spent shale retorted. Temperatures in the corbustion
zone were erratic with the peak measurements below 1,300° F.
Air rate was increased abcut 500 SCF/T for Runs H through X in
order to determine if a greater heat input would commensate for
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the effect of higher raw shale moisture. The hirher air rate in-
creased oil yield to an average of 87 vol % Fischer Assay. It
apneared that a further increase in air rate would corpletely
comnensate for the higher moisture content. FHowever, since wve
were attempting to dumlicate Pun 433 where the raw shale con-
tained only 1.7 wt % water, a raw shale drying system was in-
stalled and five Puns, 454 L throuch P, were made to comnlete

the objectives of this study. The raw shale feed system and

the retort operated smoothly without incident during this meriod.

The effeet of air rate on oil yield fer dry and wet shale is
shown in Fiaure 3.

Shale o0il product quality appeared reasonably constant durincg
the entire study including the neriod of omeration with high
raw shale moisture. The shale o0il product was decanted to
remove excess water, drummed, and stored. The ororverties of
this 0il are shown in Table 2.

A check on the srent shale weigh hopver nrior to Run 454-%
indicated that the hopner wveicht was apnroximately 3% light.
This correction does not avpear in the data for Puns 454 A
through XK since it is not known for how long this discrevancy
existed and whether this was a gradual change or a sudden one,
The spent shale system was cleaned and checked prior to

Run 454-L and checked after Run 454-P. The system at this
time was within 0.2% of the true weicht.

c. Reproducibility of Run No. 433

The high yield of Run 433 was duplicated when operating with
dry shale as shown in Table 1. Operatincg conditions were
essentially the same except a slichtly smaller particle size
raw shale was nrocessed and the gas recycle rate was about 12%
lower.

Results were very similar, the minor differences were:

1. 0il vield was 1 vol % higher than Pun 433, probably be~-
cause of the cas condenser-demister which was added to
the mist recovery system,

2. Carbonate decomposition was 40% higher than Run 433,
probably the result of the lower recycle rate, which
produces slichtly higher peak temperatures, and the
smaller particle size.

3. Offgas temperature was 20° F lower than Run 433, probably
the result of the smaller perticle size and higher car-
bonate decomposition.

4, Heating value of the gas was lower than RPun 433 because
of calculating it from measured carbon content instead
of estimating the amount of Cp+ from cas chromatoaraph
analyses as had to be done for Run 433.



D. Precision of Control

The precision of control for the five 24-hour runs anneared
adequate as shown below by the mean and standard deviation.

Raw Shale Rate, 1b/(hr) (ft2) 495 * g

Raw Shale Assay, gal/ton RS 26.8 £ 0.4
Air Rata, 8CP/Ton RS 4,964 ¢ 1058
Recycle Gas Rate, SCF/Ton RS 12,294 * 266

E. Accuracy of Process Variable Measurements and Sampling
Procedure

The accuracy of our measurements and sampling procedure appears
adequate for all items except the raw shale rate and water
analyses as measured by the mean material balances and their
standard deviation for the five runs as shown below:

Standard
Balances Mean Deviation
As Measured Balance:
Ash 101.6 r o0.6

Raw Shale Pate Calculated
From 100% Ash EBalance:

Overall 1€0.7 *o.2
Total Carbon 29,2 T 1.7
Organic Carbon 99.0 ; 2.4
Organic Hydrogen 98.2 - 1.9
Water 101.0 + 15.1

The ash balance is not as good as desired for these runs because
of calibration difficulties with the raw shale feed system.

The raw shale weigh system was calibrated pnrior to Run 454-L

and found to have a calibration factor of 20.4; however, it

was checked after Run 454-P and the calibration factor was

21.0. In addition a piece of shale was found on the head of

the Syntron raw shale balance during Run 454-0. The piece of
shale indicated a 50 1lb/hr correction was necessary. The spent
shale weigh system, as discussed under Run History, was cali-
brated before Run 454-L and estimated to be within % 0.2%

when using the calibration. Because of the  drift or error in
original calibration of the raw shale feed and the good
precision of the sment shale weigh system the yields and balances
have been based on the raw shale rate calculated from the spent
shale rate and ash analyses assuming 100% ash balance. Further
evidence of the reliability of this procedure is that the mean
for the balances are closer to 100%. If measured raw shale
rates were used the mean total carbon balance would be 101.3%
and oil yield 95.4 vol % RS FA. A revised procedure for cali-
brating the raw and spent shale weighing system more rigorously
will be used ¢n future runs. This should improve the ash balance.
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The initial carbon balances averaged 108% but a careful exam-
ination of the raw shale carbon analyses revealed them to be
low due to selective removal of rich shale particles during
sample preparation. The raw shale samples were reanalyzed
with an improved sample preparation procedure.

The revised carbon balances are excellent, however, the ash,
hydrogen and water balances are not as good as desired, The
poorer results on water and hydrogen balances are probably due
to our inability, at the time, to accurately neasure water
content of the vent gas. Since completing this study a humidity
measuring instrument has been installed on the recycle gas line
and should improve the balances.

F. Precision of Results

The precision of the results from the five demonstration runs
are shown below:

Standard 95% Confidence
Reported Result Mean Deviation in the Mean

Products Recovered

011 Yield, vol % RS FA 92.9 t 1.6 ¥ 2.0
Dry Gas, SCF/Ton RS 6,661 T 119 T 149
Mineral CO3
Decomposition, % 42,8 t 3 T4
Operating Data
Offgas Temperature, ° F 121 2 3
Spent Shale Temp., ° F 245 3 4
Product Properties
Shale 011l
Gravity, ° API 20.1 to.l t 0.2
Ash, wt & 0.03 t 0.01 * 0.02
Dry Gas
Gross Heating Value,
Btu/SCF 80.4 t 8.7 + 10.9
Total Carbon Content,
lbs/MSCF 12.3 0.4 0.5
CO2, vol & 28.2 1.3 t 1.6
Spent Shale
Organic Carbon, wt % 1.6 ro.2 0.3

The precision of these results aprears adequate and indicates
that we can be 67% confident that the reported oil yield for

any single future run is ¥ 1.6 vol % of the raw shale Fischer
Assay. For 95% confidence the reliability is % 4.5 vol %.
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G. Temperature Profile

The calculated vertical temverature rrofile is compared to the
average measured probe temperatures in Figure 4 for both Runs
The measured prcfile is close to what
was expected, the nearly two foot low temperature-gradient zone
at the tep of the bed and a three foot low temperature<gradient
zone just below the air distributor. gz:éggth modlels' nrediction
of spent shale temmerature was 160° F

No. 433 and 454 L - P.

temperature. This difference is probably a combination of:

1.

Inabilitv to measure the precise mean shale
tempnerature at the bottom of the bed where
temperatures are changing so rapidly, and

The model is calculating much lower carbonate
decomposition, 1l4% versus 40%. Thus less

heat is removed from the svent shale by the
model than by the pilot plant. This effect is
further evidenced by the lower measured tem-
nerature of the low temperature-gradient zone
below the air distributor.

The horizontal temperature profiles for Runs 454 L ~ P are
shown in Appendix D-1. These nrofiles show a reasonably
even temperature distribution across the retort.

¥* than the measured }ﬂd”f(
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COMPARISCN OF RUN 454 ™ITH RUN 433

DU NOo.
DA STARTE _
LINGTH OF RUY, lours

ORPEDADTIVC COVDITION:

naw Shale Rate, lbs/{hr)(ftz)
fischer Assay, gal/ton RS
Mom. Size Range, inches
Yiater Content, wt %

2Air, SCr/”on RS :

Total Rkecycle Rate, SCF/Ton RS

Ped llejght Above, Air Distr., ft

QP RATING DATA:

T Offgas Tempcrature, ° T
Recycle Gas Temperature, ¢ F
Spent Shale Temverature, ° F
Average Retort Pressure Drop,

" HzO/ft

PRODUCTS RECOVIERE
011 Collected, vol $ RS FA
0il Lost as Mist, vol % RS FA
0il in Spent Shale, vol % RS FA
Total 0il Measured, vol $ RS FA
Total Watexr, lbs/Ton RS
Calc. Drv Vent Gas
Mineral CO2 Decomposition

MATERIAL BALANCES:
As Mcasured
Ash ‘ ‘
Raw Shale Calc. from 1l00% Ash Bal.

Overall
Carbon

Total

Crganic
Organic Eydrogen
Water

SHALE OIL PROPERTIES:
Gravity, ° API
Ramsbottom Carbon, wt %
Ash, wt % ’

GAS PROPERTTES:
Gross Heating Value, Btu/SCF -

SPENT SIHIALE:
Organic Carbon, wt %

433 453 1, - D
11-11i-64 1T-15-65
12 120
95% Confid. Linitr
of of T"uturce
Maoan Maoan Sincle Run
482 495 + 9 T 20
27.7 26.8 * 0.5 1.1
1/4 - 1 1/4 - 3/4 - —
1.7 2.1 + 0.2 + 0.5
5,15C 4,964 + 130 + 290
14,150 12,294 t 330 t 740
5.0 5.0 - -
141 121 3 + 6
161 161 3 t 6
238 245 ol + 8
1.2 1.09 tT o0.14 T 0.32
91.2 82.9 t 2.0 + 4.5
1.0 0.2 - -
‘0.0 0.GC == —
93,72 93,71 B0 4.5
75.9 73.2 £ 10.9 t 24.2
6,519 6,661 T 149 t 330
30.9 42,8 t 3.9 t 8.7
95.9 101.6 + 0.8 + 1.7
102.2  100.7 + 0.3 + 0.7
111.8 99.2 2.1 + 4.6
117.0 99,0 3.0 + 6.5
115.5 98,2 + 2.3 + 5.2
114.5 101.0 + 19 t 42
19.7 20.1 0.1 + 0.3
2.27 2.26 * o0.16 + 0.35
0.07 6.03 % 0.02 £ 0.02
114 80 T + 24
2.4 1.6 0.3 to.6



TABLE 2

PROPERTIES OF SHALE OIL PRODUCED
DURING RUM 454 L - P

Gravity, ° API 20,0
Viscosity, SUS @ 130° F 142

, SUS 52
Pour Point, ° F 85
Ramsbottom Carbon, wt % 2.32
Ash, wt % 0.02
Carbon, wt % 83.7
Hydrogen, wt % 10.9
Nitrogen, wt % 2.19

Water, wt % 0.3




APPENDIX A

SUMMARY SHEET

RUN_MHUTBER (L) G54 | ASAA | 4548 454 | 454D

‘DATE _STARTED 2-31-64 | [-4-65 | \"4-65]| 1-5-65] \-5-65 |
|LENGTH OF PUMN, hours 10 12 V2 V2 \2.

RETORT TYPE NUIIBER

OIL RECOVERY SYSTE!M NUMBER

OPERATING COUDITIONS:

Rav Shale, 1bs/(hr) (£t2) 437 520 527 A64 5372,
Fischer Assay, Gal/Ton RS 27.6 25.1 24.7 24.6 24.0)
om. Size Range, inches Va-3/a | Va-3a | Va-3/4 | va-3 - 3/a
Avg. Part. Diam., inches 0.282 | ©.268 | 0.293 | 0.2778 | ©.260

Air, SCF/Ton RS . 5085 | soi1e 4923 | 564 | 4900

Tot, Pecycle, SCFéTon RS({wet) \<ll\aasi 111520 111 526 113 340 | 11,920

Dilution Gas, ¢t on N8 (wat) =) i) o} 0 =)

Propane, SCF/Ton RS O O a o) o)

Brine, Gal/Ton RS o o o o [o)

Air Temp. Entering Retort, °F 70 3 a0 764 14

Bed Hgt. Above Air Dist., ft 5 5 5 ja o)

OPERATING DATA:

Oftgas Temperature, °F 125 Y4 | 34 \35 134

Recvcle Gas Temnerature, °F 159 158 a3 163 163

Svent Shale Temperature, °F 220 238 238 238 239

Avg. Retort oP, in. H20/ft .00 .27 LI LIS j.23

&P Above Air Dist. in H20/ft LB

Overall Oper. Performance good | Good |l aand | goad GOON

PRODUCTS RECOVERED:

01l Collected, vol % RSFA 94.5 741 76.0 ]20.8 18,

0il Lost as Mist, vol % RSPrA — — — - -

0il in Spent Shale, vol % RSFA .3 8.2 5.3 4, I 4, 2
Total 0Oil Meas., vol % RSFA - - — - -

Total Vater, 1bs/Ton RS 288 11048 96.7 059 | 8395

Calc. Dry Vent Gas, SCF/Ton RS 6553 16550 16429 | 1074 | 5965

Mineral CO2 Decomposed, % AF, 2 35.4 35.6 49.1 354

MATERIAL BALANCEES: ,

Ash, wt % (measured) 106.8 ' _10&.0 S8&a.6 73.8 1.1

Basis for Yields & Mat'l. Bal. S8 SS 88 55 53

Overall Balance, wt % 98.5% 1OL.3 [02.0]| 162.0 aa,

Organic Carbon Balance, wt % -— — - - =

Total Carbon Balance, wt % 1\O1. 2 2968 918 194.0 S2.0

Organic Hydrogen Balance, wt % — — - - -

Water Balance, wt % — — - —_— -

Gas Loss, SCF/Ton RS (dry) RLOK 3417 | 3220 | 3406 2810

HEAT DBALANCE:
Heat of Combustion, MBtu/Ton RS — — — —_ —
Unaccounted Heat, MBtu/Ton RS - ~ - - -
SHALE OIL PROP@B?IESf

Gravity, °“API 200 1 194 19.0 18.9 18.9

Ramsbottom Carbon, wt % 2.75 2.26 2.79 2.6% 3.59

Ash, wt % Qe7 t o0\4 | ©.13

GAS PROPERTIES (DRY): :

Moisture, 1lbs/MSCF of dry gas 0.95 10,0 .5 o.5 8.1

Gross Heating Value, Rtu/SCF 5.9 | 114.2 84 1 12.5.6 S8.1

02 vol % 0.3 .3 Q.8 1,3 o6

C02 vol % 2355 | 26,3 | 21,2 | _23.4 25.]

SPENT SHALE:
Fischer Assay, Gal/Ton SS a. 2.5 1.6 2.1 4.1
Organic Carbon, wt % 2.0 2:7 2,4 2.9 2.8

{ITRetort NoO. 1 runs - no prefix; Retort No. 2 runs -

TP prefix.

2)Measure Recycle + Dilution Gas Rate Minus Wet Gas Loss

OSRC-11




APPENDIX A

SUMARY SHEET

2)Measure Recycle + Dilution Gas Rate Minus Wet Gas Loss

RUN LUIBER (L) 4S4E | 454F | 4546 4549 | 4541
DATE STARTED 1-6-65 \-6-65 6% -1-65 \ =8~
LEMGTH OF PRUN, hours \ 2 14 \2 \2 \ 2
RETORT TYPE NUMBER

OIL RECOVERY SYSTE!M MNUMBER

OPERATING CONDITIONS:

Raw Shale, 1bs/(hr) (ft2) 509 | 528 519 440 49
Fischer Assay, Gal/Ton RS 724.06 24.6 2%5.0 229 26.4
Nom. Size Range, inches va-3a | Va-3/4 | Ya-3/a | Va-3/4 | Ya-3/4
Avg. Part. Diam., inches .25 o222 | ozes | oz282 1 023

Air, SCF/Ton RS 5138 | 4942 | 5014 8383 5321

Tot. Recycle, SCF/Ton RS(wet) '<)]i3 640 |13 430 {13 63| 14460 | 11,700

Dilution Gas, SCF/Ton RS (wet) o) ) Q 0 o)

Propane, SCF/Ton RS O (®) o Q Q

Brine, Gal/Ton RS &) Q Q Q Q

Alr Tempo. Entering Retort, °F 13 17 11 80 12

" Bed Hgt. Above ALr Dist., ft 5 5 5 <) g

OPERATING DATA:

Oftfgas Temperature, °F 134 136 \36 136 V2.5

Recycle Gas Temperature, °F 168 \o8 168 168 1858

Svent Shale Temperature, °F 223 2285 220 225 279

Avg. Retort oP, in. H20/ft .68 .50 (.45 2.97 L2711

OP Above Air Dist. in H20/ft — —_ — - -

Overall Oper. Performance GOOD | gonh 1. 6000 | ool 16000

PRODUCTS RECOVERED:

011 Collected, vol % RSFA 188 | 830 75.8 86.2 2.9

Oil Lost as Mist, vol % RSFaA — — — — o

Oil in Spent Shale, vol % RSFA 7, 4 2.8 | é. & 3.8 A
Total 0il Meas., vol % RSFA - s - - -—

Total Water, lbs/Ton RS 027 1ioz.7 11010 o84 | 6809

Calc. Dry Vent Gas, SCE/Ton RS | 207 | 6246 | 6410 | 8120 | 6791

llineral C0O2 Decomposed, % 217 3.6 3.3 42.3 42,3

MATERIAL BALANCES:

__Ash, wt ¥ (measured) 91.3 863 83.3 86.% ©90.3

" Basis for Yields & Mat'l. Bal. X SS 89 sS 83

QOverall Balance, wt 3 160.6 | 160.8 99.5 | 199.3 99.1

Organic Carbon Balance, wt % —_ — — — —

Total Carbon Balance, wt % \O6.0 11080 103,60 V4.9 1Q.0

Organic Hydrogen Balance, wt % ~ — — -

Water Balance, wt % — - - —

"~ Gas Loss, SCF/Ton RS (dry) IR/ | 3836 | 3547 | 5420 | 3897
HEAT DBALANCE:
Heat of Combustion, MBtu/Ton RS - - - - —
Unaccounted Heat, MBtu/Ton RS — - - - -
SHALE OIL PROP@RTIESt

Gravity, °API \9.4 194 \9.0 20.6 19.7

Ramsbottom Carbon, wt % 2.0% 2.43 2.5Q 1514 2.

Ash, wt %

GAS PROPERTIES (DRY):

__Moisture, lbs/MSCF of dry gas 9.5 1 0.0 $.9 8.1 6.4

“Gross Heating Value, Btu/SCF 971 45.7 69.8 Q.3 47.3

02 vol % S.© .4 e.3 2.5 Q.8

C0y vol % 26.2 27.0 264 | 235 26.7

SPENT SHALE: .

Fischer Assay, Gal/Ton SS 2.2 2.3 2.0 [} Q:9 |

Organic Carbon, wt % 2.6 2,7 2.4 g‘zj 2.0
Retort No. 1 runs - no prefix; Retort No. 2 runs = "B'" prefix.
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APPENDIX A

SUMMARY SHEET
RUM NUMBER{L) Fas4d | 4s4K - '
DATE STARTED C=10-65 ] 1-1-a8
LEMGTH OF PUII, hours V2 V2
RETORT TYPE NUMBER
OIL RECOQVERY SYSTE' MUMBER
OPERATING CONDITIONS:

Rav Shale, 1bs/(hr) (ft2) AQ7 455
Fischer Assay, Gal/Ton RS 25. 4 271.0
Nom. Size Range, inches V4. 3/4 | Va-3/4
Avg. Part. Diam., inches 0.488 | 0,490

Air, SCF/Ton RS 5540 | 573

Tot. Recycle, SCF/Ton RS (wet) (2112 200 |12 284

Rilution Gas, SCF/Ton RS (weat) QO )

Propane, SCF/Ton RS 0 o

Brine, Gal/Ton RS o o)

Alr Temo, Entering Retort, °F 75 7&

Bed Hgt., Akhove Air Dist., ft & [

OPERATING DATA:

Offgas Temperature, °F \32 130

Recycle Gas Temnerature, °F 164 162

Svent Shale Temperature, °F 2230 250

Avg. Retort oP, in. H20/ft 1L.OO 1.00

LP Above Air Dist. in H20/ft — ~-

Overall Oper. Performance &GEOD | AN

PRODUCTS RECOVERED:

01l Collected, vol % RSFA 838 0.7

011l Lost as Mist, vol % RSFA - -

0il in Spent Shale, vol $ RSFA 8.2 5,9
Total 0il Meas., vol % RSFA ~ -

Total Water, lbs/Ton RS 99.3 aqg 3

Calc. Dry Vent Gas, SCF/Ton RS 1307 77|

Mineral CO2 Decomposed, % 4l.0 449 5

MATERIAL BALANCES:

Ash, wt % (measured) £89.6 84.1

Basis for Yields & Mat'l., Bal. 5% SS

Qverall Balance, wt % \00.5 004

Organic Carbon Balance, wt % -— —

Total Carbon Balance, wt % 1Q99.8 4.0

Organic Hydrogen Balance, wt % - -

Water Balance, wt % ~— -

Gas Loss, SCF/Ton RS (dry) 2959 | 4793

HEAT BALANCE:
Heat of Combustion, MBtu/Ton RS - -
Unaccounted Heat, MBtu/Ton RS - -
SHALE OIL PROPERTIES:

Gravaty, °API 19.8 19.7

Ramsbottom Carbon, wt % _2.44 2 40

Ash, wt % , .04

GAS PROPERTIES (DRY):

Moisture, 1lbs/MSCF of dry gas 8.6 8.3

Gross Heating Value, Btu/SCF &23 73.6

02 vol % Q.5 .5

C02 vol % 228 | 28|

SPENT S...LE:
Fischer Assay, Gal/Ton SS 26 1 20
Organic Carbon, wt % 2,% 2.2 -
Retort No. 1 runs =~ no prefix; Retort No. 2 runs = prefix.

2)Measure Recycle + Dilution Gas Rate Minus Wet Gas Loss

OSRC~11l
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BRIy TR P S TP WSEPE A RE:
P LTL?TEI ifﬂﬂ—<{i>-n- ars / PG R Lt e Ge T = G
o (GTH OF BUL, acur EEEE S Y 2 1z
[RETORT TYDE TUIBAR ! ) | ;
5T <ucov::v SYSTET MUY DR ; i i
: ) NS CO.\L)"T‘”ONQ: . : ; !
? Soete, iss/(Az) (££2) IO R ARV B s o P BT SNPRAR IR NP R I 2.2
: JLschex Iassax , Gal/Ton RS N B ;. - AN 27,00 27,5 21.7
' i.0m, Size Rance, inches IR AT L { AL AR Yo =\
Ava. Parc. Diam., inches SRR A TR B S e P Y 31
| ~ilr, SCT/Tor RS RN s e T Ay S| 851580
Toct. Dlecycie, SCE/Ton RS(wet) (Ll 2T s ann 12056 1122720 2 Dren [ 14190
I__y:“&":lO‘ Gas, SCF/Ton RS (wet) ! ~ i ) b L 2 o
__srev.ne, Sci/Ton RS I : O &)
2 Jrine, Gal/Ton RS 2 ) N o
{__Rir Tecmp. Encering Retort, °F 1 ). 73 7= s S |65
' _=¢” Timt. Ahove Alr Dist., ft i = 5 = = 5
4
-..I i
Ut Julperature, °F e 1 2= 122, |22 e B R Ll
] Recvele Gas Temnerature, °F R T YA 142 R (T B N =1
| __Smo-ut Shale mempcratu:b, °F oy 2 P s A 235
“ AVG. Retort o2, in. H20/1%: N P R R 1r T VL0 1S 1.10
<P Apove Air Dist. in H20/ft VR DD 6. 23 06 T
1 Overall Oper. Periformance R I D B el Rttt focs [ SO LE LY
" g § '
1DQODUCM; RECOVERED: | !
0il Coi.ected, vol % RSFA P9 3.7 ©3,9 94.9 928 | O1.2
0il Tost as Mist, Vol $ RSTA R ) 0.4 % 0.2 Q.2 Lo
Oi: in Spent Shealie, vol % RS:A ¢ 0.0 1 0.0 .0 " O, O Sfe o0
Total 011 Meas., vol % RSFA RS 40,9 N, E &S, O Q0D G2,
i__Totai Vater, 1los/Ton RS o922 92,2 6.0 2.9 9.9 1.70.©
. Calc. Dry Vent Gas, SCF/Ton RS | 5..¢9 A L35 _6TES § 796 | 6324
ilinera. CO» Decomposed, % T az,] ) an.3 39.3 4. ¢ 4 7.9 30.&
GALTESRIAL BALANCES:
Ash, we S (measured) V [ 1,8 101, & Lo, A \nt. S e 7 1 958
Basis -or Yields & Mat'L. Bal. | s R o L o5
Cveri... Balance, wt S i, jee. 9 Lo, Vo S |05 | 104
Craganic Carpbon Balance, wt % il 2 Oy, ] 7,2, \ oy, & G Wi.90
Zotal Carbon Balance, wt % N D9 LD Lo\, O Qa, | | LB
{  Crganic Hvcrogen Balance, Wt $ | 1,12 a7, ] 9.1 96,0 9.3 ns.S
3 Mater Balance, Wt % YR L2 1 NS 4 TE TS
i Gas Loss, SC”"/“on RS WET LA § azEn | A3 ATSE N ALY | 2227
IT=ET BALANCE ‘
i feac of Combustion, MBtu/Ton RS g.ﬁ‘ﬁu\ YR R PR I I 4 7P.0| 485
. unaccounted lieat, MBtu/Ton RS i 57,85 48 27,0 At P 22,8 &), L \O01-5
|STSLE OIL_PROJZRTIES:
T Gravicy, CYAPd 25, | ey, ) -7 Z20.0 | 0,0 (9.1
I Ramsbottom Carbon, wt % 2.004 2,0 2.2 DL Y 2.2
5 Ash, wt % D ey S 0.0 4 S N7 0.07 Q.91
'CiS_PROPERLIES (DRY):
; fEEE%GEL, S8/ HSCF of dry gas i, 7 o> £ 2.2 4 =20 1ae9T
;__y_oss Teating Valve, Btu/SCP ISES b 0,0 BR.5 =50 7:¢4. 114.3
o2 vel % A ! 0.2 . 5 - Q.
i C0p vol % iy 3077 4 27 R 291 CRNA A
P £ }
TAssav, Ga’/'f‘cm sS T S o D O
Carnon, wt % RN §w |, & & I, W7D 2.349

S No. i runs =~ no prefix: Retort No. 2 runs - "B prefix.
(2) Measure Recycle + Dilution Gas Rate Minus Wet Gas Loss _ '
' : OSRC-11.
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APPFNDIX B

GAS-CCMBUSTION RETCRT NO, 1

/ DETAILED TEST SHEET Date | 2-31- (4
Purpose:
. General 7, Product Gas Properitiles
Run No.. 454 Water Vapor, 1bs/VSCEF (dry) 593
Length, hours o 011, lbg/MSCF (dey)
., Rates & Quantities Analysis (dry)
Raw snhaia, Lb/(kr)(ft2) 487 C05, Vol 73,5
Epshy Ennln, # E o 0. OQ)‘ Yol ? a3
~ Liguid Product, 1bg/tx O 71 No T ATECH, Wo% 7 k)
0il Cullacted, gaJJton RS 7 Gl CH),, vol % [
Air, SCF¥/ton 23 (dry) SOE S €O, vol % <3
Total Heoycle, SCF/ton RS (webliz 45| Ho, voi % 1.7
Diluticn, SCT/%on BS (wet) o) Other, vol % 0.7
Calc,Vuno Ges SCF/ton RS (4ry) o5 3 Gross Heabing Value (cale),Btn/SCIF{759
Gag Losses, SCF/ton nS 3208 Carbon (To%al), lbs/M5CF (dry) .5
Propane, SCF/ton RS &) Hydrogen (Total), lbs/MSCF (dry) |o.04
Total Flow, SCE/M (wet) 2 sS4 B, Miscaellanscus
3. Temperature, ¢ F i Bac Heieht Above Dist,, ft. 5
Retory Gas Oubiob 125 cresswre Drop, in Ep0 i\
opernt shale wuatled AL Dist, Back Press,, in HoU 19
Raw Shale Inlet. 3¢ NaCl Solution, Wt % o
Recycle Gas Inlet 159 ! NaCl Rate, gal/ton RS @)
Dilution Gas Inlet — 4, Yields & Baj ances
Alr Iniet ~ 0 Oil Cellected, vol # FA O,
Retort Air Inled 70 Carbonatve Decond. % 33,4
1. Hlaw Shale Properties Water Recovered. gal/ton RS A48
Fischer Assay, gal/ton RS 27 . (s Overall Balance, % D25
011, Wt % L /s Carbor. Balance. % (OL.7
Viater, Wt % LSS Hydrogen salance, @ 3 B
Gas, Wt % 1.9 Ash Balance, %  Assumsd (<3
Vineral GOp, WL % A Oxyzen Balance, % 93.4
Ash, Wt % 1.7 As Mzasured Ash Balance, % L5
MowLgture, Wt A Q. 33 fEMARKS
Carbon (Total), Wt % .1l Poays LA S JV2 OLuGGED.
Hydrogen (Total), Wt % .76 co
Nitrogen, Wt % 0.40 | 2" ReCycLE  ing T ¢ onTER
d APD, in 0‘28?_ AT AT CauEwd .
>. Spent Shale Properties
Fischer Assay, gal/ton Ot 2 RECLYELE  LiNE YO AENTE.e
Mineral CO , Wt % 13.0 | enuseD SUALET  Flow Yo e
Ash, Wi % BS O] TASTER oy WoST s bE.
Carbon (Total), Wt % F.98 REVOVED AT THE CoMDPLETION
Hydregen (Totel), Wb % 0.2 OF Tis R,
5, Liguid Product Properties
T, 0il, Wt % 6.0
a, Carbon Content, Wbt % 34 7
b, Hydrogen, Wt & T
c. Density, 1b/gal 1.78
d. Gravity, API 20 C
e, Viscosity oUS @ L1300 F PR
f, Viscosity SUS @ 2100 F 499
g. Ramsbottom Carbon, Wt % 215 |
h, Pour Point, O F £e3
T. Ash, Wt & O. 1
J. Nitrogen, Wt % 25

D& RC~/o




APPENDIY B

GAS~COMBUSTION RETORT NO. 1

. / DETAILED TEST SHEET Date [~d-(. 5

Furposa:
{L, General 7. Product Gas Provertiecs

Run No. A5 Water Vapor, dbs/FSCF (dry) L0

Length, hours L 2 0il, Llbs/NOoCF (doy)

* 2, Rates & Guantscles Enalysis (cry)
Raw Shais, 1b/(kr)(ft2) ayAe) GO, vol » V63
Spent Snale, % of RS €2 . Os, vOl % N
Liquid Product, lbs/htr LOA 6 No + Argon. vol % O
011 Collected, gal/toun RS =N Chy,, vol % e
Air, SC¥/ton RS (dry, SOV G CO, val % oy
Total Recycle, SCI/ton RS [wet iy s10) B, vol. & (.72
Dilution, SCf/%on RS {(wei) ) Other, vol % 30

Calc.Vent Gas SCE/Ton RS (dry) (6550 Gross Heating value (caic),bbw/SCFlw4an
Gas Losses, STE/ton RS 3417 Carbon (To%al), lbs/MSCF (dry) 4
Propane, SCI/oon RS O Hydrogen (inotal), lbs/MSCF (dry) loc2
Total ¥low, SCF/M (wet) 2% B, Miscellanscus

5. Temperature, “ F Bed Helght Above Dist., fta 5
Retory Gag Outlet {32 rressure Drep, in HpO {4
opent ohnele vutlel 235 Dist, Back Press., in HoU 74
Raw Shale Inlet 4\ NaCl Solution, Wt % O
Recycle Gas lnlet = NaCl Rate, gal/ton RS [
Dilution Gas Inlet ~— Y, Yields & Halznces
Alr Iniet T 01l Cecllected, vol % FA ~4 \
Retort Air Inlet Y Caronnate DeconDa % S5 4

i« Naw Shale Propertles Water Recovered. gal/ton RS 1 57
Fischer Assay, gal/ton RS 25,4 Overall Balance, % 101.3

011, Wt % LO.O Carbon Balance, % 99.1,
Inter., Wt % 2.0 Hydrogen balaace, % e
Gas, Wt % Z.0 Ash Balance, % Assumed OO |-
Mineral COo, WL % L7 % Oxygzen Balance, % e
Ash, wt % G As Mcasured Ash Balance, % V0 (3
Moigture, Wt % .= PEMARKS
Carbon (Total), Wt LS. WWET SAabhy  SHALE
dydrogen (Toval), Wt % LS L EATLY  s3merty Jon ERow
Nitrogen, Wt % O.35% OUSERATIGN AL NI w DOV

[ APD, in 0268

~. Spent Shale Properties
Fischer Assay, gal/ton 2=
Mineral CO , Wb % {31
Ash, Wi % £.3.7
Carbon (Total), Wt % 6. A
Hydrogen (Total), Wt % 0. 7.4

5. Liguid Product Properties

I, 0T, WT % 787
a, carbon Gonbent, Wt % 22,9
b, Hydrogen, Wt % T
c. Density, 1b/gal 7.2\
d. Gravity, API 19.4
e, Viscosity SUS @ 1309 F 7S O
f. Viscosity SUS @ 2100 ¥ 491
g. Ramsbottom Carobon, Wo % 7.6
h, Pour Point, O F 80
i, Ash, Wt % O\ 4
Jj. Nitrogen, WG % 2.\




APPENDIY B

GAS~COMBUSTION RETCRT NO, 1

/ DETAILED TEST SHEET Date /- <Z~-¢5 S
Purpose:
Lo General P Product Gas Provertics
Run N, 45553 Water Vapor, 1bs/MSCF (dry) 0,5
Length, hours | 7 011, 1lbs/MSCF (dry)
P, Rates & Quantities Analysis (dry)
Raw Shaic, 1b/{qr)(f12) =77 €05, vol & 27.2.!
Spent, Snale, % of RS &7 F On, Vol % 0.6
Liguid Product, ies/ke (a5 Na + APEon,; Vo & 40t
011 Collected, gal/ton RS (B, 55 CHy, vol % S
Air, SCF/ton RS (dry) 497.5 CO, vol % 53
Total Recycle, SCi/ton RS (welll//<24 Ho, vol & 3.3
Dilution, SCF/%on RS (wet) [@) Other, vol % [ ¢
Calc,Vent Gas SCIF/ton RS {dry) 164729 Gross Heating Value (calc),Btu/SCFio4.i
Gas Losses, SCF/ton RS 2770y Carbon (To%al), 1lbs/MSCF {(dry) 10, )
Propane, SCF/tom RS . O Hydrogen (Total), lbs/MSCF (dry) ph.4s3
Total Flow, SCF/M (wet) Z717 b, Miscellaneous
3, Temperature, © F f Bed Height Above Dist,, ft. =)
Retort Gas Outlet 12,4 Pressure Drop, in HpO )
opent onale vutlet 7 3 Dist, Back Press., in HoU 1 A
Raw Shale Inlet 47 NaCl Solution, Wi % o
Recycle Gas Inlet {¢, = |  NaCl Rate, gal/ton RS [}
Dilution Gas Inlet - 9, Yields & Balances
Alr Inlet 2O 0il Collected, vol % FA 40| .
Retort Air Inlet ) Carbonate Decompe. % 3, fm
b Raw Shale Propertles Water Recovered, gal/ton RS .6
Fischer Agsay, gal/ton RS 24.77 Overall Balance, % 12
011, Wt % O, Carbon Balance, % 57.A
Water, Wt % 2,0 Hydrogen Balance, % 13
Gas, WL % 1.6 Ash Balance, % Assumed o0
Mineral COs, Wt % .9 Oxygen Balance, % o)
Ash, Wt % 69.7 As Measured Ash Balance, % 96.4
NMoisture, Wt % 0. = | REMARKS
Carbon (Total), Wt % 14,77
Hydrogen {(Total), Wt % .53
Nitrogen, Wt % 0.32,
APD, in 0.293
5. opent Shale Properties
Fischer Assay, gal/ton A
Mineral CO , Wi % 13,72
Asgh, Wt % g84.5
Carbon (Total), Wt % £.0
Hydrogen (Total), Wt % 0. L83
6., Liquid Product Properties
I, OLL, Wi % B804
a, Carbon Content, Wt % 84 .2,
b, Hydrogen, Wt % 0. 3
c. Density, lb/gal 72.83
d. Gravity, APL 1o N
e, Viscosity SUS @ 130° F 163
f, Viscosity SUS @ 2100 F ne D
g. Ramsbottom Carbon, Wi % Z.7%
h. Pour Point, O F & e
i. ASh, Wtﬁ % 5’.13
J. Nitrogen, Wt & 2.7
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APPENDIX

GAS~COMBUSTION RETORT NO. 1

/ DETAILED TEST SHEET Date |- 3S-65
Purpose:

L, Gereral ’» Product Gas Properties
un No. 4551 (| Water Vapor, lbs/MSCF {(dry) O
Length, hours. \ L 0il, lbs/MSCF (dry)

s Rates & Quantities Analysis (ary) R
Raw ohalc, 10/ (br)(£t2) 40,2 C0n, VoL G S
Spent Snale, % of RS £35.0 Op, vol % 13
Liguid Product, lbs/hr 97. % No + Argon, vol % 1.7
0il Collected, gal/ton RS 1. 8 CHj,, vol % .73
Air, SCF/ton RS (dry) T CO, val % 53
Total Recycle, SCF/ton RS {wet)i{3 240 Ho, vol % 2.7
Dilution, SCF/%on RS (wet) O Other, vol % 3.3
Calc,Vent Gas SCF/ton RS {dry) | 707+ Gross Heating Value (cale),Btu/SCFlio=./,
Gas Losses, SCF/ton RS 3400 Carbomn (To%al), lbs/MSCF {(dry) 10.1
Propane, SCF/von RS O Hydrogen (Total), lbs/MSCKF (dry) [n.49
Total Flow, SCF/M (wet) 29 ¢ B Miscellansous

R, Temperature, © F ; Bed Heieght Above Dist., f%. el
Retort Gas Outlet {35 Pressure Drop, in HpO (IR
opent ohale (Cutlet 2.3 &) Dist. Back Press,, in HoU { R
Raw Shale Inlet 4 5 NaCl Solution, Wt % o
Recycle Gas Inlet ¢ 3 | NaCl Rate, gal/ton RS O
Dilution Gag Inlet ~— ¢, Iields & Balances
Kir Inlet A 0il Collected, vol % FA 20,4
Retort Air Inlet A Carbonate Decompe % 49,7

;. Raw Shale Properties Water Recovered, gal/ton RS 12.7
Figcher Assay, gal/ton RS Z4 (. Overall Balance, % L7

0il, Wt % 0.3 Carbon Balance, % 104
Water, Wb % 2. (s Hydrogen Balance, % (2l
Gas, Wt % 1.4 Ash Balance, % Assumed 00
Mineral COp, Wt % 17.5 Oxygen Balance, % 92.4
Ash, Wt % 9.5 As Measured Ash Balance, % 23,5
Voisture, Wi % 0. 3¢: pAMARKS

Carbon (Total), Wt % L4.7

Hydrogen (Total), Wt % \.4 (o

Nitrogen, Wt % 0.3%

APD, in = 2.273

5. opent Shale Properties
Fischer Assay, gal/ton 2.7
Mineral CO , Wt % [0 62
Ash, Wt % 24, ]

Carbon (Total), Wt % Xy
Hydrogen (Total), Wt % 0.2 5%
5. Liquid Product Properties

- 1, OL1, Wb % E0
a, Carbon Content, Wt % 389.0
b, Hydrogen, Wt % 0. &
c., Density, lb/gal .84
d, Gravity, API L)
e, Viscosity SUS @ 130° F 1AL 5
T, Viscosity oUs @ 2100 F 55 o
2. RamsbotLom carbon, Wo % 2.6
h, Pour Point, O F 8w
T. Ash, Wt % m—
J. Nitrogen, Wt & 2.22,

OSKC-ro




APDENDIY B

GAS-COMBUSTION RETCRT NO, 1

/ DETATLED TEST SHEET Date |-S-C S
Purposes
L. Gereral 7, Product Gas Properties
[ Ran ho. ac=an] Waber Vapor, 1bs/MSCE (dry) 8.1
Length, houry 12 0il, lbs,«MSCF {dxy)
V. Rates & Quantities Analysis (dr"g)

Raw onale, 1b/(hr)(ft2) 52 C0», vol & 2%.1
cOpent _Suale. % of RS 83,3, 0n, VOL % 0.6
“"E?‘ Uld Product, losfhm L0 Wo F Avfeng Yoi B ;
011 Cvllacted, gal/ton RS 19.0 CH),, vol % T /.2
Adr, SCF/ton RS (dry) 4900 CO, vol & 4.2
Total Recycle. SCF/ton RS (wet )i 920 H?. vol & 3.3
Dilution, SCF/%on RS (wet) D Other, vol % 2.8
Calc,Veny Gas SCF/ton RS (dry) | <oww Gross Heating Valus (cale),Btu/SCFisg |
Gas Losses, SCF/ton RS Z010 Carbon (To*al), lbs/MSCF (dry) 74,7
Propane, SCF/tuon RS 7] Hydrogen (Total), lbs/MSCF (dry) |o.7

Total ¥low, SCF/M (wet) 207 B. Miscellanecus
i, Temperature, © F ! Bed Helght Above Dlst,, fte 15
Retort Gas Outlet 134 Pressure Drop, in HpO 2135
opent vhale Cutlet 2213 Digt, Back Press,, in HoU 2 2
Raw Shale Inlet 47 NaCl Solution, Wt % o
Recycle Gas Inlet 1.3 , NaCl Rate, gal/ton RS [&)
Dilution Gas Inlet — P, Yields & Balances
Ar Inlet 2(» 01l Collected, vol % FA 79.3
Retort Air Inlet A Carbonate Decomp. % 35.4
1. Raw Shale Propertles Water Recovered, gal/ton RS 10,3
Fischer Assay, gal/ton RS >4 0 Overall Balance, % 98.|
011, Wt 9.0 Carbon Balance, % 88.0
Water, Wt & 2, Z Hydrogen Balance, % 6|
Gas, Wb % /.7 Ash Balance, % Agsumed 100
Mineral CO5, WE % /7. ¢ Oxygen Balance, % £6.5
Ash, Wt % 9.2 As Measured Ash Balance, % 57,7
Volsture, Wb % 0.36 pEMARKS
Carbon (Total), Wt % 1S, 72
Hydrogen (Total), W% % /.52
Nitrogen, Wt % 0,34
AFD, in 0.200
EN Spent Shale Properties
Fischer Assay, gal/ton 4./
Mineral CO , Wt & /3.8
Ash, Wt % £83.2
Carbon (Total), Wt & Gt
Hydrogen (Total), Wt % 0.3
6. Liquid Product Properties
I, 0L, W& % 80
a, Carbon Content, Wt % 2.2
b. Hydrogen, WL & 10. 4
c. Density, lb/gal 2.84
d., Gravity, API 8.9
€. Viscosity SUS @ 1300 ¥ /sC-2
f, Viscosity SUS @ 2100 F 52.8
g, Ramsbottom Carbon, Wt % 2.50
he Pour Point, O F 85
i, Ash, Wt & —
Js« Nitrogen, Wt % 2%
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APPENDIX B

GAS~-COMBUSTION RETCHT NO, 1

/ DETAILED TEST SHEET Date_/-6-65
Purpuzas
i, General o Product Gas Properties
—__Run No. 45/3.* Water Vapor, 1bs/MSCF (dry) 9.5
Length, hours /2 0il, lbs/I\’SCF {dry)
P. Rates & Quanticies Analysis (dry) R
Raw Shale, Th/{hr ) (£t2) 509 €05, vul % 282,
ey kales % of RS 2270 Opy yol % Y
“Tiquid Product, 1bs/te o= T No T Afémngaw%
01l Collacted, gal/ton RS 19_ P Chy,, vol & 2
Air, SCF/ton RS (dry) 5135 CO, val % 5.1
Total Recycle, SCE/ton RS Twet 12 10 Ho, vol & 3.3
Dilution, SCF/%on RS (wel) O Other, vol % 2.0
Galc.Vens Gas SCF/ton RS (dry) e 807 Gross Heating Valus (cale),Btu/SCF{92.)
Gas Losses, SC0¢/ton RS 32E Carbon (To*al), lbs/MSCF (dry) W4
Prapane, SCF/tom RS o Hydrogen (Total), 1lbs/MSCF (dry) l|o.6
Total Flow, SCF/M (wet) 15 B, Miscellaneous
1. Temperature, © F | Bed Helght Above Dist,, fte s
Retort Gas Outlet | 34 Pressure Drop, in HpO 18.5
vpent onale Cutlel 223 Dist, Back rress.,, in HoU 23
Raw .Shale Iniet 4 3 NaCl Solution, Wt & o
Recycle Gas Inlet i | NaCl Rate, gal/ton RS [>)
Dilution Gas Inlet — 9, Yields & Balances
Ar Inlet 73 0il Collected, vol % FA 78.8
Retort Air Inlet 273 Carbonate Decomp, % 311
1. Raw ohaie Properties Water Recovered. gal/ton RS 2.3
Fischer Assay, gal/ton RS 24,0 Overall Balance, % 106. (o
0il, Wt % 9, 4- Carbon Balance, % (06
Water, Wt & 2. o Fvdrogen Balance, % |oS
Gas, Wb &% . & Ash Balance, % Assumed |00
Mineral COp, Wt % 1 6.0 Oxygen Balance, & 57.8
‘Ash, Wt % ~0.4} As Measured Ash Balance, % 97.3
Noisture, Wt & 0.0 ¢ REMARKS
Carbon (Total), Wt % (4. 2| WECOVRNRY FiRor) ESP 4 i7M st éH
Hydrogen (Total), WG % [-43| vorage oF F bs/ire 2803
Nitrogen, Wt & 0.32 _
APD, in 0.2577
>, opent Shale Properties
Fischer Assay, gal/ton z2.2
Mineral CO , Wt 2% 12,1
Ash, W& % 85,3
Carbon (Total), Wt % 5.8
Hydrogen (Total), Wbt % 0.2
6, Liquid Product Properties
I 0iL, WE & BO
a, Carpon Content, Wb % 84
b, Hydrogen, Wt % 1.0
c. Density, lb/gal 7.81
d. Gravity, APL \ 8.4
€ Vlscosmy SUS @ 130° F 141.9
T, Viscosity SUS @ 2100 F $1.3
g. Ramsbottom Carbon, Wt % 2.09
- h, Pour Point, O F 80
R ASh, h\‘ % —
Je Nitrogen, Wt % 2.2%

TR Y
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J (GAS~COMBUSTION RETORT NO. 1
DETAILED TEST SHEET

APPEU

DIX B

Date /-G -G S

Purpose:?
Lo General 7, Product Gas Properiies
Run Nu., Q53 F Water Vapor, lbs/MSCF (dryl 0.0
Length, Lours |2 0il, 1bs/MSCF (dry)
©, Rates & Quanti.cies Analysis (dry) .
Raw ohaicC. 1b/(hr)(ft2) s98 €0, vol & 127.0
Spent Shale, % of RS 3.6 0s, vol % 0.4
Liquid Product, lbs/ur =Y No + Argon, vol % 0.8 62.5
0il Cullected, gal/ton RS 20 4 Ch),, vel % P
Adr, SCF/ton kS (dry) 4942, €O, vol & 5 1
Total Recycle, SCI'/ton HS [wet)i13430 Ho, vol & 3,
Dilution, SCF/%on RS (wei) o Other, vol % O
Calc.vVent Gas SCY¥/ton RS (dry) {ez4l Grrss Heating Value (calc),Btu/SCFl4cg,>
Gas Losses, STCF/ton RS BBl Carbon (Tohsl), lbs/MSCF (dry) 1.2
Propane, SCF/{in RS o Hydrogen (Yonal), 1bs/MSCF (dry) ls.52
Total Flow, SCF/M (wet) 214 bo Miscellanecus
3, Temperature, 9 I ! Bed Helght Above Dist,, ft. 5
,Retory Gas Outlet 136 Pressure Drop, in HnO 16,5
~opent oshale tutlet 225 Uist. Back lMress,, in HoU 20.%
‘Raw Shale Inlet 42 NaCl Solution, Wt % j)
“Recycle Gas Inlet I | NaCl Rate, gal/ton RS o
“DITution Gas Inlet — 9,, Yields & Halances
~Ar Inlet 77 01l Collected, vol % FA g3.0
. "Retort Air Inlet 77 Carbonate Decompo % NA
1, taw Shale Properties Water Recovered. gal/%on RS 2.3
~ Fischer.Assay, gal/ton RS 24.b Overall Balance, % 100.%
0il, Wt % 9 4. Carbon Balance, % (08
-~ Water, Wt % 2.6 Hydrogen Balance, 99,
7 Gas, Wb % 2.7 Ash Balance, %  Assumed =
Mineral CO;;, W % 1L .0 Oxygen Balance, % 9s.L
CKsh, WH % K 20, le As Measured Ash Balance, % 96.3
r Molsture, Wo % .50 REMARKS
“Carbon (Total), Wi % L4, | Bocoved2y_rizo  ES5L s 7 e GH
Hydrogen (Total), Wt % .87\ vee 271G o JEs/HC 2L5
Nitrogen, Wt % 0.37 .
APD, in 0.282
>, Spent Shale Properties
- Flscher Assay, gal/ton 2.2
~ Minervel CO , Wt % 13,1
"Ash, Wo % 84 .0,
Carbon (‘I‘otal), Wt % G, 23
Hydrogen (ifotel), Wt & 0.32
« Liguid Product: Properties
AL 011, WL A 00
a. Carbon Content, Wt % £3.6
b. Hydrogen, Wi % 10.8
c., Density, lb/gal 5.6873
de Gravity, API 19.0
e, Viscosity SUS @ 1309 ¥ R
T, Viscosity SUS @ 2100 F 49.9
g. Ramgbottom Carbon, Wt % 5.4%
h, Pour Point, O F B
i. Ash, Wt % —
Js N‘Ltroggan 2.2%

- OSke-ro




/' QAS-COMBUSTION RETORT NO. 1
DETAILED TEST SHEET

APPENDIX R

Date /~7-465

‘ Purpuse:

1, General s Product Gas Properties

—_ _Run No. 454¢)] Water Vapor, 1bs/MSCF (dry) 9.9
Length, nhoure N2 Cil, lbg/MSCF (dry)

2, Rates & Quantities. Analysis (dry) L
Raw ohaic, lo/(ar)(ft2) 519 €05, vol % 2¢ 4
Spent Snale, % of RS 82.6 0o, vol & 0.3
Ligquid Product, lbs/hr os No + Argon, vol % ¢ LB
01l Collected, gal/ton RS 19,0 CHy, vl % -0
Ar, SCF/ton RS (dry) S0 V4 CO, vol % 4,9
Total Recycle, SCF/ton RS (wet)i|3¢,3) Ho, vol % <}, 5
Dilutlon, SCF/%on RS (wet) o) Other, vol % i1
Calc.Vent Gas SCF/ton RS {dry) | 2410 Gress Heating Valus (cale),Btu/SCF|49.8
Gas Losses, SCF/ton RS 3547 Carbon (To%al), lbs/MSCF (dry) 1.2
Propane, SCIF/ton RS &) Hydrogen (Total), 1bg/MSCF (dry) | 0.7
Total Flow, SCF/M (wet) V&3 B, Miscellaneous

3, Temperature, O F ' Bed Height Above Dist., fte 5
Retort Gas Ouliet V26 Pressure Drop, in HpO 1 &
opéent ohale Cutlet 220 Dist, Back Press,, in HoU 20
Raw Shale Inlet <47 NaCl Solution, Wt % o
Recycle Gas Inlet A= NaCl Rate, gal/ton RS [&)
Dilution CGas Inlet —— ¢, fields & Balances
Ar Inlet 27 0il Collected, vol % FA 25.8)
Retort Air Inlet 77 Carbonate Decompe % 372.3

1. Raw Shale Properties Water Recovered, gal/ton RS 12,1
Fischer Assay, gal/ton RS 25.0 Overall Balance, % 88w

0il, Wi % 9.6 Carbon Balance, % 103
Water, Wt % 2.¢ Hydrogen Balance, % 99.]
Gas, Wt % 2.0 Ash Balance, % Asgumed 100
Mineral COo, Wt % \7.0 Oxygen Balance, % 52.8
Ash, Wt % 6.3 As Meagured Agh Balance, % 93,3,
NMolsture, Wt % 0. 5] REMARKS

Carbon (Total), Wt % 14 = =S P on \hs vz, 24.8
Hydrogen (fotal), Wt % a5

Nitrogen, Wt % 0. 3%

APD, in 0. 285

5. Spent Shale Properties
Fischer Assay, gal/ton 2.0
Mineral CO , Wt % 12.9
A8h3 w‘b % 85:[

Carbon (Total), Wt % 543
Hydrogen (Total), Wt % 0,27

6o Liquid Product Properties
L, 0L, Wb % K[

a, Carbon Content, Wt % £2.5
b. Aydrogen, Wt % A
c. Density, 1lb/gal 2,873
d. Gravity, API 19, 0
€. Viscosity SUS @ 1309 ¥ 3B
f. Viscosity SUS @ 2100 F 49.7
g. Ramsbottom Carbon, Wt & 2.$0
h. Pour Point, O F 8355

i, Ash, Wbt % . e

J. Nitrogen, Wt & 2.16

OSRC-/0




APPENDIX B

GAS~COMBUSTION RETORT NO. 1

4 DETAILEDL WEST GHEST Datve | -1-6%5
Purpose:
l.e General P, Product Cas Prooestics
Run No-. 4541 Water Vapor, ibs/MSCF (dry) 2.7
Lengt hj nows e V2 Cil, 1lbs/MSCF (dry)
t2 Rates & Quanoi ties Analysis (dry)
Raw Shaic, 4b/ur)(£t2) La4q0 C0s, vol % 23.5
Gpent Snale, % of LAY &9 On, vol % 2.3
Ligquid Product, lbs/hLr 86 N5 + Argon, Vol % ¢l.9
01l Cvllected, gal/ton RS 20+l CH),, vol % 1.0
Air, SCF/ton RS (drv) 4 3073 €O, vol % 4.9
Total Recycle, SCI'/ton RS (wet lj4 4L0 Eo, vol & 3.4
Dilution, SCF/%on RS (wet) O Cther, vol % 2.8
Calc.Vent Gas SCF/ton RS (dry) I gizo Grrss Heating Value (calc),Btu/SCF|j .3
i .Gas Losses, 5CF/ton RS 5420 Carbon (To%al), 1lbs/MSCF (dry) 12,2,
Propane, SCI/ton RS O Hydrogen (Total), lbs/MSCF (dry) |p.6¢¥%
Total Flow, SCF/M (wet) 310 B, Miscellanecus
3¢ Temperature, © F ! Bed Height Above Dist,, ftae =
Retort Gag Outlet V3¢ Pressure Drop, in HpO 227
gpent ohale Cutlev xS DIst. Back Press,, 4in iol 21.7
Raw Shale Inlet sS4 NaCl Solution, Wt % o
‘Recyele Gas Inlet | & NaCl Rate, gal/ton RS o
-Dilution Gas Inlet —— P, Yields & Balances
“Air Inlet T 20 0il Collected, vol % FA 86.2
"Retort ALp Inlet 20 Carbonate Decompe % 42.3
. haw Shale Properties Water Recovered, gal/ton RS T
“Fischer Assay, gal/ton RS 23 ) Overall Balance, % 100,73
0il, Wt % 3.) Carbon Balance, % 14
- Water, Wt % 2.4 Fvdrogen Balance, % 105
> Gas, Wt & . 1.8 Ash Balance, % Assumed 130
NMineral COo, W‘h% {fo.lo Oxygen Balance, % S0 7
“Ash, Wt % 0.7 As Measured Ash Balance, % 26 .
Toiotuire, Wo% 5 =7 LEMARKS
Carbon (Total), Wb % 14 ESP on  lbs Avz 1.7
+Hydrogen (Total), Wt % 152 4 !
N{trogen, Wt % 0.33 Mu/STURE oud Raw SwptE AS
~APD, in DB _meZiseREDd oA sArrpLes  rend :
EN Spent Shale Properties 27 _70P  oF LeTORT  uwsT%h 2,710
. Flscner Assay,.gal/ton N i
Mineral CO , W& '% .7
Ash, wo & 83.3
~Carbon (Total), Wt % 5.6
Hydrogen (Total), Wbt % 0,20l
8. Liquid Product Properties
le UlL, WU % £9.]
.a, Carbon Content, Wt % 852.9
b, Hydrogen, Wt % (0.6
c. Density, lb/gal 2,75
d. Gravity, API 2.t
e, viscosity SUS @ 1309 ¥ ) 48.7
f, Viscosity SUS @ 2100 F s/ 0
g. Ramgbottom Carbon, Wt % ;.5
h. Pour Point, ¢ F T as”
i, ASh, Wt % e
J. Nitrogen, Wt & FTHER

oS PC-s0




APPENDIY B

GAS~-COMBUSTION RETCRT NO. 1

/ DETATLED TEST SHEET Date /= 3-¢ 3
Purpose:
", General ’» _Product Gas Properiies
Run Nu. 45471 Water Vapor, ibs/MSCE (dry) (A
Length, hourg 0z 0il, lbg/MSCF (dxy)
?. Rates & Quanticvies Analysis (dry)
Raw Shaic, 1b/(ur)(ft2) 494 €05, vol & 2.7
Spent Snale, % of RS EEN 0o, vol & 0.8
Liquid Product, los/Lr 107.% No + Argon, vol % 1.9
011l Collected, gal/ton RS 23.5 Chj,, vol % 1.2
Alr, SCF/ton RS (dry) 532 | GO, val % 4.5
Toual Recycle, SCIF/ton RS {wet)lwqo0 Ho, vol & 4.1
Dilution, SCF/%on RS (wel ) o Cther, vol % —
Calc.Vonte Gas SCF/ton RS (dry) 1497 Creoss Heating Value (calc),Btu/SCFi47.2
Gas Losses, SCF/ton RS 35397 Carben (To%al), Llbs/MSCF (dry) (2.5
Propane, SCF/vwon RS’ O Hrdrogen (Toval), lbs/MSCF (dry) [o.e2
Total Flow, SCF/M (wet ) 322 U, Miscellaneous
3s Temperature, 9 F . : Bed Height Above Dist,, £t oY
Retori Gaz Oublet - T 12s Pressure Drop, in Hp0 14
opent ohale Cuiled 20 Dist. Back Pregs., in HoU 3 43"
Raw Shale Inlet 39 NaCl Solution, Wb % o
Recycle Cag Inlet =N NaCl Rate, gal/ton RS [)
Dilution Gas Inlet — , 1ields & BHalances
AT Inlet , 52 0il Collected, vol % FA 88.9
Retort Alr Inlet v Carbonate Decomp. % 471.%
J. Raw Shale Propertiles S Water Recovered. gal/ton RS 7.3
Fischer Assay, gal/ton RS 26.4 Overall Balancs, % 39,1
0il, Wb % 16.0 Carbon Balance, % 107
Water, Wt % 1.3 HBvdrogen Balance, % Y=Y
Gas, WE % Z.0 Ash Balance, % _ _Assumed 100
Tineral GO0o, Wt % M4 Oxygen Balance, % 56.6
Asf, Wt % 29,71 A3 Measured Ash Balance, % _ 90.%
Moiature, Wt % 0,53 REMARKS ,
Carbon (Total), Wt % 15, ESP _or  Jbs /e 22.1
Hydrogen (Total), Wt % 1. - i
Nitrogen, Wt % 0.3
APD, in_ ~ 0.23L
5 S_pent ‘5hale -Properties
s Flscher Assay, gal/ton 0.9
Minevral CO , Wﬁ % ; /. &
“Ash, Wb % . RL.9
'vCarbon (Total) Wt % 520
Hydrogen (}.otel)LWt % 0.7
0, Liguid Product Prcpgrtn.es
Iy Oil, WG 7 192. 6
a, carbon Content, W ? NN
2b, Hydrogzan, WL % - /0.53
“c., Density, lb/gal 7.7
d. Gravity, API 19.9
e. Viscosity SUS @ 1300.F . 129.5
f, Viscosity SUS @ 2100 F 48,3
g. Ramsbottom Carbon, W % | 2.56
h. Pour Point, O F' s gl
i, Ash, Wb % —=
. Nitr‘ogen, Wt f 3 zo

- NN L oa y e
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ADPPEINTTY P
GAS~CCHYZUSTICN FE.LCR? WO0. 1
/ DETAILED TEST SHEET Date f=/rio s
‘Purnoses
i 7, Product Ces Proneriics |
e T Waner Vapor, sos/mscr idme) {:-’f.‘,/w
bzt D11, lbs,M5CE {(dov) | !
| inalysis (&) ' b
n7 ] CCs. vol % R
N Co. wol 5 o =
IPERRY K 7 Avfieh, vaL W =S
7z, Ch:a; vl % 1.2
ton 3 S50 €O, voL & L a
Voie, oCy/Gon BS welb iz 200 Ea, wvol 9 2.8
SCI/%on PE {wel) o | Other. vol % In, =
an Sow/won RS ATy, |7 RA77 Grrss Heaving value (catic),bbu/SCH 273
STi/Ton 18 2950 | Carbem (huhai), iDS/ESCE (erv) T
CYODATC, i:CI*‘/“x;sn, 23 o 3% ca‘ogen (Towal), Lbs/MSCF (dry) |~oo
Coval ¥low, S0/ (wel) 3R < D, Miece "ar%us
3. fomperature, O & 7 Bed Helgnt Above Disto, It 5
nctorty Gas Oz Let |37 Presswre I}ropg in 0 1y
SPELY DhaLlc Gewlilo ERO D150, Back ress,, in ho0 Tl
Rawr Shele Inist A NaCl Solution, W % O
Hecycie Gas Iniev {6 7 Nall Rate, gal/ton RS ~
Dilution Gas Inlet — 9, Lields & Balances
Z3ir inlet 75 0il Collected, vol % FA &5
Retort alr Inled -7 Carbonate Decomp. % 1,0
li. faw Shaie Properiies "~ "Water Recovered. gal/ton RS 1.9
Fiscner nSSuV} gal/ on RS Overall Bm.anceg % 1995, 251
Cil. Ws % Carbon Balence, % (0=
Vater, Wt % Fvarogen baLance, % 100
Gas, Wi % Ash Balance, % Assumed oo
Mineral CO?, WE % o Cxvzen Balance, % A
Azh. Wo % £, 71 As Measured Ash Balance, % A
Folsoure, Wo % | o RBNMARKS
Carbon (Total)., Wt % [ 2
nvarogen (Tobat), Wi % WAL
Nitrogen, Wt % O,
ADD in 0. <A !
. OD Dent Snale Properties !
FT5cher Ausiy, Zal/uon 2./, !
Mineral CO , Wt % LG |
Ast, WO % 20 4% .
Carben (Total), Wi % S.84
aydrogen (Total), WH % 0. 2%
5, Licuid Product Properties
1, Oil, Wi % \ £7.,7
2, Carvbon Content, Wt % &)
. T'VL;‘L“O"c‘,n, Wt % VoL
Ca nsity, 1b/gal .79
C. C“t,v;w APL =N
| e, viscosity SUS @ 130V 7 J4o. 7 ]
| T. Viscosity SUS @ 2100 ¥ Ve s
g. Zamsootwom Cardon, W& % R
h. Pour Point, ¢ 7 s
1. Ash, Wo & 2,0 <
3« Nitrogen, Vo % 2.7 7
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' APPTHDIX B

GAS-COMBUSTION RETORT NO. 1

/ DETAILED TEST SHEET Date /-//-4 &
Purposa: .
[.o General . s Product Gas Propertiiles
i Run Lo 2591 Water Vapor, ibs/MSCF (dry) 2.3
Lenplh, houcs 1 12z Cil, Ibs/MSCF (dxy)
P, Rates & Quaniicies ‘ Analysis (dry)
Raw Shaie, 1b/(hr)(f12) 455" G5, vol % 24,11
Bpehb RAale, A &F &9 £a.9 Bnz vok % . - L
Timaid Product, sbs/tr . Lip7.x No + Arpon, VoL B . o 59,4
(T 0il Coilectex, gal/ton HS 24,5 CHy,, vol % 1.2
AMr, SCF/ton RS (dry) : 56773 €O, vol % 5.7
Total Recycle, SCF/ton RS (wet 172 284 Eo, vol % 4.2
Dilution, SCF/%on RS (wel) o Cther. vol 2.1
Calc,Vcny Gag SCX/ton RS (ery) 1957 Grrss Heating Value (calc),Btu/SCF|73,¢
Gas Losses, SCU/ton RS 472973 Carbon (To%al), lbs/MSCF (dry) 1%.77
Propane, SCI'/uon RS O Eydrogen (Total), lbs/MSCF (dry) lo..2
Total Flow, SCF/M (wet) 33} B, Mlscellanecuy
+ Temperature, © F 1 Bed Height Above Dist,, fte o
Retory Gag Outlet | 33 Pressure Drop, in HpO 1
spent chale Tutlel P Dist, Back Fress., in Hol0 24
Raw Shale Inlet 43 NaCl Solution, Wt % =
Recycle Gas Inlet /¢, |  NaCl Rate, gal/ton RS o
Dilution Gas Inlet ~— ¥, Yields & Balances
Ar Inlet . 74 0il Collected, vol % FA 94.7
Retort Air Inlet A Carbonate Decomp. % a4,5]
L. Raw ohale Properties Water Recovered. gal/ton RS 10,1
¥Flscher Assay, gal/ton RS 27.0 Overall Balance, % 1004
0il, Wt & (0.3 Carbon Balance, % 114
Water, Wt % = ¢ Hydrogen Balance, % 98.4
Gas, Wt % > Ash Balance, % Assumed 0o
Vineral COo, Wt % |73 Oxygen Balance, % 51.7
Ash, Wt % 5. As Measured Ash Balance, % 841
Moistwre, Wt % 0.7 HBMARKS .
Carbon (Total), Wt % /5.2 LOISTURE o4 RO} <piils EEB
Hydrogen (Total), Wt % L5 T, Tpl  ofs J2eTORT AT rAAe)
Nitrogen, Wt % 0,33 -
APD, in 0.490
5« opent Shale Properties N
Fischer Assay, gal/ton 2.0
Minerval CO , Wt % 120
Ash, We 4 86,6
Carbon (Total), Wt % w49
Hydrogen (Total), Wt % 5,272
64 Liouid Product Preperties
T, 0iL, Wt % £8.0
a, Carbon Content, Wt % 24,5
b, Hydrogen, Wt % Vo, 2
c. Density, lb/gal 775
d. Gravity, APL 14,7
e, Viscogity SUS @ 1309 F 138.9
£. Viscosity SUS @ 2100 F <@ .9
g. Ramsbottom Carbon, Wt % | 2.9
h. Pour Point, O F o3
i, Ash, Wt % —
J. Nitrogen, Wt & > 8 ,
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APPENDIX B

GAS-COMBUSTION RETCRT NO. 1

/ DETATLED TEST SHEET Date  /-/5 £S5
Purposes
", _General 7s Product Gas Propertles
i Run No. S5 L Water Vapor, lbs/MSCF (dry) g 2
Tength, hours Y 011, 1bs/MSCF (dcy) 15
' Rates & Quantities Analysis (dry)
Raw.oheains. b/ (ar)(ft2) 4Py C0s, vol &% 99
DPBhL vllale, # OF hg FE 2 OR, vbL & 24
Ligquic Product. 1lbs/hr rg 7 No + Argon, Vol T2 LT oy
01l Cullected, gal/tcm RS Yy CH),, vol % N
AMr, SCF/ton RS (dry) 4574 €O, val & 4. b
Total Recycle, SCF/ton RS (wet i 2757 Ho, vol % 7 /-
Dilution, SCF/%on RS (wet) ¢ Other, vol % .4
Calc.Vent Gas 5CF/ton RS {dvy) {449 ¢ Gross Heabing Value {(calc),Bbu/SCFly¢ 4
Gas Losses, Sui /ton K8 (er) | 4247 Carbon (Tuhsl), lbg/MSCYF (dry) 9,4
Propane, SCI¥/ion RS o Hydrogen (mtdl);, 1bs/MSCF (dry) |2 42
Total ¥low, SCF/M (wet) 3« L 0. Miscellanecus
3, Temperature, © F i Bed Helght Above Dist., fte 5
Retory Gas Outlet /19 Pressure Drop, in HnO 144
Spent vnale Cutlet D Dist. Back Press,, in hHol ;7
Raw Shale Inlet P, NaCl Solution, Wi % ~
Recycle Gag Inlet 42 NaCl Rave, /4 /ton RS 7
Dilution Gas Inlet - ¥, Yields & Balances
Ar Iniet 777 031 Collected, vol # FA 99,/
Relfort Air Inlet 777 Carbonate Deconps % . 42,/
. naw Shale Properties Water Recovered, /& /ton RS 7.2
Fischer Assay, gal/ton RS 2L/ Overall Balance, % 1004
011, Wt % g 9 Corbon Balance, % (7o72/) 1608
Weter, Wt % /.8 Hydrogen balance, % /7.75/) PrZ.
Gas, Wt % 2. | _Ash Balance, % Assumed 00
Vineral COs, WL % 7.0 Werey . Balaince, & )
Agh, Wt % 49 o As Measured Ash Balance, % Jof4
Moisture, Wt A . o « REMARKS
Carbon (Total), Wt % 15
Hydrogen {Toval), Wt % 177
Nitrogen, Wt % 2
APD, in Py
. opent Shale Propsrties
Fischer Assay, gal/ton o
Mineral CO;,_, Wt % /4.9
Ash, Wb % L./
Carbon (Total), Wt % L rah
Hydrogen (Total), Wt % o
6. Licuid Product Properties
ie Onl, Wo % 22 4
a, Carbon Content, Wt % g 7.4
b, Hydrogen, Wt % //. 1
c. Density, lb/gal 7. 9%
d. Gravity, API 20/
e. Viscosity SUS @ 1309 ¥ 1475
f. Viscosity SUS @ 2100 F 47 5
7. Ramsbottom Carbon, Wi % ey
h. Pour Point, O F 25
1. Ash, Wt % 2.04
Je Nitrogen, Wt 2 7,97

NDC o 11~




APPENDIX B
J GAS-COMBUSTION RETORT NO, 1
DETATLED TEST SHEET Date /- /7- & 5
Purpose:
', General 7, Product Gas Properties
: Run No. Y 5 ug Water Vapor, Ths 7PSCF (dry) 0.2
Length, hours 24 0il, 1bs/NSCF (dov) 7}
P, Rates & Guanticies fnalysis (cry)
Raw Shaiz, 1b/(kr)(ft2) 497 " CCo, VOL % 2.7
Spent Snale, % of RS 79 2 0o, vol % 24
Liguid Procuct, Tbs/hr 0.8 No + Argon. vul % S L
0il Collected, gal/toun RS 245 CH,, vol % Y%
Air, SC¥/ton RS (dry) 4 347 CO, vol & 4.8
Total rzevele, SCF/ton BS Twetl 0,77 Ho, vou & 2L
Dilution, SCILgn RS (wot) P Other, vol % 2.7
Calc.Veno Gar SCy/ton RS Laxy) | /447 Gross Heating va.ue (calc),Btu/SCF|7/./
Gas Losseg, Sul /ton 1S (wer) |as58 | Carbon (Tchal), lba/MSCY (dry) 147
Fropane, SCI/iLon RS P Hycrogen (rotal), 1bs/MSCF (dry) |a sz
Total ¥low, SCB‘/M (wet) F4 0, Miscellanecus
ve Temperature, © b ‘ Bed Heleht Above Diste, ft. s
Hetory ffac Out.et 93 Pressure Lrop, in HnO s
Spent nhale Cuolel a4 5 Dist. Back Iress,, in HoU 1T
Raw Shale Inlet 3 NaCl Soluticn, Wy % O
Recycle tras Iniet /L2 ] NaCl Rate, /p /ton RS o
Dilution Gas Inlet - 9, Yields & Balonces
Ar Tniet 7 Oil Ccllected, vol % FA 20,7
Retort Air Inlet 7 Carborate Deconp. % 428
L. llaw Shale Properties Water Pecovered‘ [b./ton RS 73.2|
[ Fischer Assay, gal/ton RS AL, 5 Overall Bﬂancs, % /p0%
: Cal., We % A Carbon Balence, % (7e7s/) 7.2
YWater, Wt % LA Hydrogen batance, %o (To7»/) 974
! Gas, Wt % 1.9 | Ash Balance, % Assumed )00
Vineral CO0s, WL % 7.2 1 \Woate~ Balance, & 77
Kok, Wt @ Ly 4 As Mzasured Ash Balance, % (L
VMoisture, Wt A . 4 4 REMARKS
Carpbon (Fotali), Wt @ L5
Hydrogen (Toval), Wt % 2. 74!
Nibrogen, Wt % 9.2%
AFD, in 0. 24 &
[:. Spent Shale Properties
| Fischer Assay, gal/ton o
| Mineral CO,, Wt % 1 2.7
! Ash, WL % K4/
Carbon (Total), Wt % 527
Aydruben (TOtal), WL % . 17
5. Liouid Product Properties
Ly Oul, Wo % 997
a, Carbon Content, Wt % %2,/
b, Hydrcgen., Wt % /L7
c. Density, 1b/gal 17,77
d. Gravity, API S0,/
e. Viscosity SUS @ 130° F 7Y
f. Viscosity SUS @ 2100 F £ 7
g. Ramsbottom Carbon, Wi % .7/
h, Pour Point, ¢ F <
i. Ash, Wt % o, 04
Je Nitrogen, Wt % 2,351
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APPENDIX

]

i

GAS-CUMBUSTION RETCRT NO. 1

/ DETAILED TEST SHEET Date /-/7-& 5
Perposs:
i}.‘ bc;.erul 7, Product Gzs Properties
[ Run No. yru,4  hater Vapor, lbs/MSCF (dry) o
| Tengbn, hours 27 Gil, 1lbs/VSCF (dov) . /03
2, Rates & uanticies Analysis (cry) P
Raw onhains, lb/(hr)(ftQ) s 5 C0s, VoL & 273
Sperit umlek 7 of RS 75/ 05, vl % o2
T g Yroduct, lbs/htx R No + Arpcn., VoLl & 5y
0il C.tleclewr, gal/ton RS J53 CH,, vol % /.0
Ay, SC¥/ton A5 '(d:,'y} GG GO, vol % “#. L
Total Recycle, SCF/ton RS fweh)/a 4y Ho, VvCi. % 3
Dilution, SCIé_f,on RS (wot) o Other, vol % of. &
Calc. Teno Gor 1 SC¥/von RS (Cry) ML o9/ Gross Heabing Valus (calce),Btu/SCFige.7
Gas Losses, Sv.s‘/ton WS (wes)  |«d7/)  Carbon (Tohai), 1bs/MSCF (dry) /2.4
fropane, SCIX/Lon RE o Hydrogen (Woval), 1bs/MSCF (dry) |o.fv
Total IFlow, 4"F[M (wet) =57 8 Miscellanscus
£ Tomperature, ¢ V Bzd Helgnt Above Dist., i‘tn P
Retors ffag Out. 5.2 Pressure Drop, in HpO /
Spent GHale Or ".l.eu ) e Dist. Back Fress,, ia hoU 5
! Raw Shale Inlint “5 NaCl Solution, Wi % e
Recycleo Gas Inliet , ¢+ 2 ' NaCl Rate, zal/ton RS o
Dilution Gas Inlet — Y%, Yields & Balsnces
Ar Iniet 5 0il Collected, vol % FA 979
Retort &ir Inlet 5 5 Carboriate Deconip. % 747
. law Snale Properties(See RemsvAs) Water Recovered. /4 /ton RS LA
Fischer Assay, gal/%on RS 24,9 Overall mlmce, % o
Oxl, Wt % N Carbon Balence, & (To75/) ?¢.0
Water, Wb % /.5 Ivdrogen balance, % /7o 70/) .0
Gas, Wt % /-7 | _Ash Balancs, % Assumed 200
Mineral COo, Wi % 7.0 Witey Balance, % 2/.52
Ash, Wi % [0 4 As Measured Ash Balance, % 100.4
; Youooure, Wi 3 . 7 REMARKS
! Carvon (Toval, Wt b Lo T W Shafe p{:-Pevf}e\s‘ Dye. _ow
| fydrogen (Total), Wt % (78 | ovevage cf MFO Sompley wos
' Nitrogen, Wt % .20 | byokese and grab Save D/c" (s o7
! A'PD.‘ in o F4.2 YRl S 2l 7"4&’3
. Spent Shale Properties APD S om gyab Svymple.
i IIscher Assay, gal/trn = - ’
Yineval C0,, Wt % s
Ash, WU % $ L.
Carben (Total), Wt % .93
Hydrogen (Total), Wt % 2 7
15, Liouid Product Properties
o L. Oul, WO % G4t
a, Carbon Content, Wt % §9.%
b, Hydrogen, Wt % e
c. Density, 1b/gal 7.9
d. Gravity, APl 1202
e, Viscosity SUS @ 130¢ F B4,/
‘f. Viscosity SUS @ 2100 F 295
g. Ramsbotiom Carbon, Wt % 9,84
he Pour Point, O F S <
i, Ash, Wbt % OO
3o Nltrogen, Wt % '2.23

O.S’ﬂ?d /0




APPENDIY B
GAS-COVBUSTION RETCRT NO. 1
/ DETAILED TEST SHEET Date  /-/7- &5

Purpoze:

ILe Gerersl 7, Product Gas Properties

' Run No. 5 T ater Vapor, lbs/MSCF Cary) v 2
Lenguh, hours 4 | Cil, lba;/M5CKF (doy) a0

2., Rates & Guanticies | Anaiysis (dxvy)
Haw Shain, lo/(or)(ft2) g 5 | COs, vol % 27/
Spent Snale. % of RS ).y 0o, Vol % o
Liguic Product. lbs/ur AR No + Argon. vol & <)Y
0il Collacted, gal/ton RS 2 5 ¢ CHy, vol % [ 2
Air, SC¥/ton RS (dry) oy €O, vol % 4 7
Total fecvele, SCI/ton RS lweb )i a0 Ho, VoL % J.oy
Dilution, SCF/%on RS (wal) N Other, vol % /o 2
Calcn.Veno Gen SC¥/ton RS (dry) { L7377 Gross Heabing Valua (calc),Bbu/SCF|y.» 4
Gas Losses, 8C8/ton S (1. ov) #7555 | Carbon (Tohal), lbs/MSCF (dry) /2.5
Fropane, SCX/iLon RS - Lyarogen (<Joval), Llbs/MSCF {(dry) |2 &3
Total Ylow, SCH/M (wet) C 2,5 Be Miscellanscusm

5. Temperature, © T i Bed Helght Above Dist,, fte 5
Revor, Gas Outlet e Pressure Drop, in HpO 1/
OPEL G HELE URLiel 24 5 Dish. back iresss, in HoU /5]
Raw Shale Inlet s 7 NaCl Solution, W& % o
Recyele Uas Inlet /59 ' NaCl Rate, gal/ton RS o
Dilution Gas Inlet — ¥, Yields & Balances
AT Imiec 7 5 031 Collected, vol & FA D
Relort Air Inlet 75 Carborate DeconD. 2 Y1t

4. Naw Shale Properties Water Recovered. /#./ton RS 739
Figcher Assay, gal/ton RS 2.0 Overall Balence, % v Jea s
01, Wt & o Carbon Bale 'qr‘e, % (0T /) 101 &
Viater, Wt % ) TIrOgen BALEAGC, BT Ta/ ) Jnl.2,
Gas, Wt % A Ash Balance, % Assumed 160
Vineral COo, We % i P Watey . Balance, % 1194
Ash, Wi % /g As Measured Ash Balance, % 1015~

vousture, Wt »

200 EMARKS

Carbon (Yotal), Wb % AL
Hydrogen {Toval), Wt % . 75
Nitrogen, Wit % O3
APD, 1in -4

|~ Spent Shale Properties

1 Fischer Assay, gal/ton o
Mineral CO,, Wt % 9.5
Asn, W 94 L
Carbon (Total), Wt % 275
Hydrogen (Total), Wt % 0./

%, Licuid Product Properties

T. 0.1, W% % F.

a, Carbon Content, Wt % [ VA
b, Hydrcgen, Wt % /. &

| c. Density, 1b/gal 778
d, GI‘dV’.LL“{, APT 90
e, Viscosity SUS @ 13(}° 1oL F
f. Viscosity SUS @ 2100 F S
g. Ramsbottom Carbon, Wt % 4
h. Pour Point, O F [o7x
i, Ash, Wt % o 03

| J. Nitrogen, Wt % FNZ

OSRC-1D

e e m——




APPIN

DIX 7

GAS-CCIBUSTION BETCRT NO, 1 ,
/ DETAILED TEST SHEET Date /-AO- £ 5
Purpose:
. Gerersl I, rrodiuct Cezs Provertles
[ T Mo, A S Tasar vapor, Lbs/FSCF {dxy) %, 2
i Lengun, hours I Cil, Ibs,n5CF {(deov) oA
2, Rates & Woanitinies ] Anaiysis (dl‘Y) S
Do Sneic, 1o/ {nr)(£3e) 4 f 5 0o, vol % 7o
Spent Snale, % of ES AR 0s., VOl % A
Liguic Praduct, ma/w A No + Armnl vol ixZ
il Gollocted, gal/sion RO R Chy,, vol /-2
Air, SC¥/%ern 45 (’g:z, T A | CO, vol ffo 4.4
Total Heoyclie, SCX/ton B3 Dwet /7977 Es, veLn % 33
Dilubion, SCF/%on BS (wat) o Other., vol % 2.0
i

Calc.Veny Gas SCI/on RS ey gy

Cross heabing value (cale),Btu/SCI|/azé

Gas Losses, S08/%0n a3 (wez) lsldvi ! Carbon (Tehal), lbs/MSCK (dry) 22 -
Fropane, SCo/iuon BS T o | Avarogen (4o al), 1bg/MSCF {dry) |~ 4y
Total ¥low, uv,‘*/r’ (vet) | by Be Miscnllanscus
b. Temperature, © F : Bed Holent Above Dist., ft. g
fHetory Gas Cut.et EVER Pressure Drop, in ipd 12,5
ODONT Ohale CuLieh Sy 9 | Digh. Back Pressa., in HoO s
Raw Shale Inlet 572 | NaCl Solution, Wo % o
| Recycle Gas Lilet s NaCl Rate, gal/ton RS o
! Dilution Gas inlet D Xie’ ds & Balances
Ay Tndev PER il Collected, vol % FA 9.9.4
Retort Air In.et /5 Caronrate Deconp. % 479
1« Haw Snale Properiies Water Recovered, /p4 /ton RS 799
F Fischer Assay, gal/ton RS 2.2 | Overall salance, & 10§
1 Cal, Wo % oy | Carbon Balance, % (7+7>/) Yy.3
deber, Wt % A Hvdrogen balance, » ( 7e7s/) 162.3
. Gas, WL % /4 Asi Balance, %  Assumed /20
Mineral COo, Wi % L Luntey . Balance, % /4.8
Ash, Wt % fe.2 | As Moasured Ash Balance, % =Y
Mo.sture, Wt A o 24 REMARKS
| Cervon (Total), Wt % ]
) dvdrogen (Toval), Wt % 2z
Nitrogen, Wt % &35
APD, in g 257
I~ 5% ort Shale Pﬂooermeu
] Fiscner Assay, gal/tn o
j Mineral CO,, Wt % i1 7
T Ash, W% % 7
Carbon (Total), Wt % Lot
tycrogen (Total), Wi % G4
5. Licuid Product Properties
I, Oul, W0 % Y90
a, Carbon Content, Wt % T
b. Hrdrogen, Wi % 1.3
c. Density, lb/gal SAS
d, Gravity, APL 20.&
e, Viscosity SUS @ 1309 7 S
., Viscosity SUS @ 2100 F 49
o, Ramsbottom Caroon, Wb % 7,90
h, Pour Point, @ ¥ 5
T. Ash, Wo 3 o
Je Nitrogen, Wi % X

OSM ~10
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APPENDIX D-2

TEMPERLTURE PROBES

NUMBER ONE RETORT

RUN & ToST 0O, A DATE L T-2/- L
TIME PROJZS START / p 2 » IND =y

OPERATOR 5 75y o/« &

THERHOCOUPLE 1 | TLIPLRATURE, °F .

WUMBER D e oo DHERSION INWOBED_ _ ______
______ SN IS o L I - B L I =L E <L N - ) B (o L
w2 S| J5 0 _tel (25| [30l 125 a5 L3e
T2 270 || 155 135\ sasl sas. _2# 0 ]
Lo -T2 /5| /LT _Y2e | f0 |\ el £80) 2eS| L0850
TR 203 | 925 _|4do|\ g0 | T2o) Jbe\ 450 (78S ]
M2 L 082 02451080 0\ eqd | SLHEE
L33 _ | so e || FES|\gus | 225 | T _ _ 275 _
o _IR=3-6___ | _ B 5| SES | 565 D85\ 52 S| _ SES
T30 | HES o wnl | 450 wro s | | 57T

TR- 2= /2 00 785 25 pyo 592 spe 620
SKIN TEMPERATURE °F
TI-1 /22 °F STl /) 2 3 °F -
: 2 J R 9 °p 127/02‘4Q’£9:9 .
3 /23 °F : 13 /2200 7 er
b ol °F w_ /Y °F
s /g% 7o 15 [// & _°F
6 327 °F 16 72 °F
1. 4 °F w7 9§ °F
8 Psr 2 op .18 g2 7 cF
9 F2Y¥ _°F 19 T/ oF
10__//o g °F 20 O FH eF

OSRC-3




APPENDIX D-2

TIMPERATURE PROBIS

NUMBER ONE RETORT

RUN & TLST NO. & 7 4 DATE - 5 55
TIME PROJZS START 2§ 7 o o) o9 25
OPERATOR _
THERIOCOUPLE TLIPLRATURE, °F
WUMBER Mo ___ . DUERSION INIOBED__ _ _ _ _ _ _
__________ SO N NS S U S |
Rk T 3o _(SF0| (30430 432 /e | L3 _ _ L
o __TR-2-6 __ _ | _ _ /32 _| /30| 132 130 _/fé’_;_/.i’e L o432 . ]
L __MRe20 /E| __boa |65\ bTT | boelsp0 | 375 350 _ ..f
M= 2e13 | Jre 555 | T85| T00) 40\ 550 L0
L __TR-2-26 _ _ | __T___ I N I P e e ]
- MRe33___ | _ /262 g0 130,774 12820 _§52 _
o _MR=36_ __ | ___ R M IS PR R B
| __M=3-l0__ | __ 7o ts’_og | §09|gv0| §00  g00| _ T7o _
TR-2-05  Jobo NS 75D 587 450 swv g4O
SKIN TEMPERATURE °F

-1 /R ¥ °F T /00 °F

2 /Zo °F 12 /200 _ °F

3 s 30 oF 13 /209 °F

L 3% °F W /6§ °F

5 /78 . °F 15 /)% ©  °F

6 /52 °F 16 TO __°F

7. FsF °F 17 g 22 eF

8 224  °F 18 g2 _°F

s 4o o 9 b§0 or

10 Joés  °F 20 b A

OSRC-3




APPENDIX D=2

TMPERATURE PROBES

NUMBER OWE RETOST

RUN & TLST NO. L T R DATE ) 4l — 5
TINE PRO3ES START /.7 /2 END A g5
OPERATOR Ao o fer 5 d
THERHOCOUPLE ]' TLMPLRATURE, °F
WJUMBER _ _ _ _ _ _ __ _ DuBASION INTO BED_ _ _ _ _ _ _ _
IR T N
LTk 5| 3o el l30]l3al teaisse | S
__TRe2b___ . __l30 _|f3a | /30 30| 150|520 _ 255 __
- TRe 230 s & | _730_ |20 | 42 |580 | 430 | S0 | _TI0 _ _ j
W2l L 90 g 790|730 780|990 1140 _
[ w2t _| /52 o e e Fee| g | 12 56 _
o _TR=33___| P2 _goe| 952 588 o\ Fbo | - Fos _
0?.. - _IR=3-6__ _|__ Joo _| gyol 155 782\ 7é2 T _ Beo _
| woMR=3-10 _ _|_447 | L —__—J _:_ [ ]
TR-2-45 P72 Jyo 4P 590 569 450 &P
SKIN TEMPERATURE °F

TI-1 /7 4 °F I /22 2 CF

2 /T o °F 2 2p0  °F

3 /30 °F 13___ /220 °F

b /3 & °F w___ Pz °F

5 23 £  °F 15 /T2 °F

6 /b2 °F 16 Q0 °F

7 H#3 O °F 17 Ll LL °F

8 P34 °F 18 §3 0 °F

) 9 J#4E  oF 19 b0 oF

10 /222 °F 20 #34  °F

OSRC-3




APPENDIX D-2

g TERWPERATURE PROBZS
| NUMBER OND RETORT
RUN & TLST WO, <5 G DaTE ) -5 LT
TIME PRO3ES START OF 70 : ZND 09 25
OPERATOR 22 ¢ /u yil.
T e = """""""——"‘"’—-“‘"‘—"""‘“"""“"“"""'-""“I
THERIMOCOUPLE ‘ TLHPLRATURE, °F ]
SUMBZR | _ _ S DLERSION INIO BED_ _ _ _ _ _ _ _ |
I S N b L A L I i o0t __J
oMol /HO | /yo| Mo (Kol K ise | A
i... _-Id=26 | _ /Fo_ _lye L f.’.‘?f.c”_I VR AN SR LR N A ..a
MR 2 /R | _bbo_ _\(boo| $y0 350|230 /80 228 _
2B __ | FHo _|Jdol sio | te 50| 5220 LD _
T _.MR-216_ | (LS o \0f0| Qo d20) 772|202 L0/
RPN 5 DU L2 5| Vbo Tse| fpae) 672\ 705 - _222_
o IR2 36 L g2 _|799| 720 boo | 632\ 432 _ _Tio _
30007 T L L) i _T___
TR-A-rS s ol /00 FIo LHAS FTO Haeo s 0 /0
SKIN TEMPERATURE °F
TI-1 /32 __°F LIl /82 °F
2 / 34 3 12 2,8 °F
3____ /94 PF 1B /2o °F
b J HL °F C1 Lo 72 °F
5 /FF°F 15 L 7o °F
6 ) G <y °F 16 7 5 °F
1 Z#S °F 1w oo
— 8 Y44 . °F 18 74 85 oF
9 594 °F 19 4 O °F
10 9 74 ¥ 20 4 24 °F

OSRC-3
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APPENDIX D-2

TEMPERATURE PROBIS

NUMBER ONE RETORT
RUN & ToST MO, L 5L DaTE J- LB S
TIIE PRO3ES START /S 2D o275
OPERATOR
THERHOUOUPLE TLHPLRATURS, °F
JUMBZR | _ o grg_mgs;og INFO_BED_ _ _ _ _ _ . |
USROG L - D LN N5 LR
e MRe2k f | s30 132 135 se | preisso Lge ]
- 28 ] _ /30 130l sag i mel se sa | _sve_ “:
M2 2 | 420 _|572|lro ypo| Hpa i paa| _HEO_
i_' L B - 250 _8lo 2o | 7se Foo |joop . [ Se_ _1|
| _ _TR=2-06_ _ _ | L 2L D U150\ /0RO o3 Il (1902 | 4 Pz
Lo -M=33___ | A0 50 _|re#5| 230|755 7ée | F2 | ¥R _
o _MR=36_ |2 §20 _| Qo qoo | 752 750|772 _ 708 __
,____;_'7:___._; _______ I R J___:___,, _______
R 2 IS )/ S0 100" 900 350 yso 00 Jo b2
SKIN TEMPERATURE °F
TI-1 /30 oF 11 Jsoo  C°F
2 /34 _°F 2 76 °F
3 ) 3% °F 13 /Je o °F
L L O °oF 1L (/22 °F
5 /s 2 °F 15 /o222 °F
6 /HF °F 16_ 74 _°F
7 370&£  °F 17 Qoo °F
8 932 °F 18 7 30 °F
9 JoF oF 19 IEL _°F
10 /! 30 20 STH °F

OSRC-3




APPENDTX D-2

TIPZRATURE PROBZ

NUIBER ¢O0 anent
RUN & TLST NO. _ & 57« F DATE S -l - Lo
TIiE PRO3ZS START __/ 7 /2 A 2D ) P sl
| OPERATOR S/ vs d /o &
THERIOCOUPLE | TOHPLRATURE, °F %
JGHBIR _ _ _ _ ____ _ ;oERSION INTO BED ;
IR NS g"_TL - LR s ;. ._7}.] Ny
By NG ANV Ve SRV T W LA 7 NP L SN
___M=26___ | __ (Ko g /30 (80| el ge | | Lro
L __We2%r 2l sea \37lhs0 570220 250 _ _Lgo_
T2l __ | _bze_|ssel g 730 go0lS5e _ Lon
=216 _|_ LEae 1170 550 525 565 1090 _lobl
o _me3___ L0 25 ess| 750\735) 78T o g3 _
o TR=3-6_ __ | __ S0 QUL | E/5 e 702 e | _ 732
i - - IR- 3-10_ _ dlS Buyyert = L i _ 1 —_L"_ L — __J
R-2-/5 9é2 700 750 §50 $30 450 gé e
SKIN TEMPERATURE °F
TI-1 /22  °F I /2 pe T CF
2 /34 °F 1 /200 7 cF
3 138 °F ‘ 13 /2007 °F
L /LY Py W__ spg @ °F
5 /4#d  °F , 15 J/0 Y  °F
6 )46 °F 16_5716 Lorod °F
17 F#§ °F 17 2,6 °F
“8 950 °F 18 7 5o °F
9 Job __°F Q W 420 °F
10 /05T °F 20 385 °F

OSRC-3

g -




APPENDIX D-2

-~

TLPEU.TURS PRO3IS

BUBLR Onl HLT0RT

RUN & TiST W0 54 4/ O DaTE - Py
TL:E PRO3IS START /4 7/ IND ) T &
OPERATOR
THZRI0OCOURPLE ’I‘EIIPLIL’&TURE, °F
NUMBZR | _ _ _ _ _ _ _ _ _ DLER S REJIOR _J;I\._x_O_BED _______

______ o i_ e _an || _en i TE| ot

L Wezk sl | o /g0 ppo)|lss| 125 sE | 182

o286 | L LFS (ke s 145 ] Ao\dss| 2L

o mm20_ __|__ e RO AR U S B IS
L__me2w | 822 g0 S5 ) 2e0| 785|502 _oas _‘

| _mo26_ 1240 _hasgl 75 9509351995 1345

L _M=3-3___ (0T O _loyol QIS | Tys |50 940 L1252 _

L __Re3b___|_KIC 970, 860 50 | g1 572 _§ZT_

_HCET | 1085 e g (tes) 820 950 ssgs

SKIN TEMPERATURE °F

TI-1 /I g °F CIL. /R0 =
2 /.3 2. _°F 12 /2 po L oF

3 /25 °F - 13 /200 7 °F

4 /b 2 °F /o 78 °F

5 /94 °F - 15 /270 7 °F
6 226 °F 16 //38 _°F

7 F3¢4  °F 17 g7 S °F

8 75’/7 °F 18 735 °F

9 922 _°F 19 L2/ °F

10 [/ Q. °F 20 LS Lk o

OSRC-3




APPTNDIX D=2

SUR3IR O RZTORT

RUN & TLST W0, . Lo T DATE /-5 L=
TINE PROJIZS START  J/p o ZND 2 2.3 5
OPERATOR o Lo &
THERIOSQUPLE | TLHPLRATURS, °F
§ NUMBIR T gﬁg@gﬁ;pi INT _BED_ - ———- |
o1 __. o" Az LM _erl o7k 1ot __
R R MY R VA WETA VLV W P R R
ezt __|_goo_ s mollisl 30 _Li5
-T2 5] 42 f O 2701055 §20|75. 55401 1220,
L_me2sl | L8 _ 970|.775) 754 772 945 /342 _
S T W N T Rl AR ZTAV A W WE
2 N L1223 950 45 Gz 514\ yode j2 T2,
S -Texb L _fdo_ 574 TH S 50g Jool | 722
L omezwo |- ol oo i
SKIﬁ TEMPERATURE °F

TI-1 A °F “TI-11_ [/ B °F

2y Fo  °F 12_yp 00 0¥

3 /28 °F 3 Jgpp " °F

L /A °F W/ 20 °F

s, 44 oF 5 J2op "t o

6 JgF °F % /2 00 o3

1__ TR C°F 17 9¢ & °F

8 94 0  or 1§28  °F

5 o 56 o3 19 Jo4  ep
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