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DEr~O~·!ST'I?ATION OF HIGH-YIELO-RETORTIlJG 
~T 500 LBS/(HR) (FT2) SHALE RATE 

I. 	 Introduction 

Pilot Re~ort N9. 1 was operated for four weeks beginning
the l~D~ week 1n December 1964 at the operating conditione of 
an earlier run (Number 433). This earlier run showed that the 
Gas-CoMbustion retort could be operated 500 lbs/(hr) (ft2), at 
nearly t"'ice the shale rate that the Dureau of tfines ooerated, 
"lith yield above 90 vol % Fischer Assay. The objectives of this 
period of operation "/ere to: 

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

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

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

4. 	 Obtain a supply of typical Gas-Combustion shale oil 
for filling sample requests from the Partici~atin~ 
Parties. 

Operating Gifficulties 11ere encountered at the first atteMpt 
to precisely ~urylicate the onerating conditions of ~un 433. 
This difficulty \-las traced to excessive water in the raN' sha.le 
feed (4 - 7 \<It % of ralft1 shale versus the normal 1. 5 - 2.0 wt %). 
The excessive water along with the belm·, freezing ~"eather pre­
vented smooth control of the rat" shale feed rate anc caused 10\" 
temperatures in the combustion zone of the retort resultinq in 
incomplete retorting. This nroblern ~'1as overco~.e by installing 
a shale crying system.' The retort operat~~ very smoothly 
after drying the shale and five 24-hour material balances t'.'ere 
completed without any difficulties. 
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II 	 CONCLURIONS 

1. 	 The hiah yield of Run 433 was re'Oroduced as sho~.,n belo,.': 

454 L - P 
Run" 433 (Ava) 

Operating Conditions~ 
Raw Rhale Rate, Ibs/(hr) (ft2) 
Air Ra,te, SCF/Ton RS 
Recycle (;as Rate, SCF/Ton :?S 

480 
5,150 

14:,150 

495 
4,Q6 A 

12,294 

Yields: 
Oil Yield, vol % F.A. 91.2 92.9 
Dry Gas ~1ake, SCF/Ton RS 6,519 6,661 
Hineral C02 Decomposition, % 30.9 42.8 

A more detailed comparison is sho',m in Table 1. 

2. 	 The nrecision of control of the process variables appears 
adeauate as shol·m beloN bv the ]'I'lean and the standard 
deviation of-the five demonstration runs: 

Mean and 
Process Variable Standar~ Deviation 

Rat'Y Shale Rate, lb/ (hr) (ft2) 495 :t 8 
Ra'll Shale -Assay, gal/ton RS 26.8 ± 0.4 
Air Rate, SCF/Ton RS 4,964 ± 105 
Recycle Gas Rate, SCF/Ton RS 12,294 ± 266 

3. 	 Accuracy of our process variable rneasure]'l'lents and ]'I'lajor 
sampling procedures also annears ~ood, with exception 
of the raw shale rate as in~icated by the ash balance, 
based on the Mean and standard deviation of the ]'I'laterial
balances as shown belo,¥~ 

~~ean anc 
Balance Btandard Oeviation 

Overall 	 100.7 + 0.2-
Ash 101.6 ± 0.6 
Total Carbon 99.2 ± 1.7 
Organic Carbon 99.0 +- 2.4 
Organic Hydrogen 98.2 ± 1.9 
t~Tater 101.0 ± 15.1 

The water content of the vent aas is being measure~ since 
cOIrpleting this study, and ~'I7ill further i]'l'lprove the nre­
cision of the hydrogen and water balances. A more rigorous 
and more frequent calibration of the raw and spent ~hale 
weighing systems will be used on future runs to imorove 
the ash balances. 



-6­

4. 	 The precision of the results fron the five ~e~onstration 
runs, which indicates the precision Ne should expect from 
future runs, are shoNn beloN: 

Reported Result 	 Rtnnocrd Deviation, 

Oil Yiela, % F.A. ± 1.6 
Dry Gas Make, SCF/Ton RS ± J.~O 
Mineral C02 Decomposition, % ± 3./ 
Offgas Te~perature, 0 F ± 2 
Spent Shale TeMperature, F ± 30 

S. 	 A. sufficient quantity of typical Gas-Combustion shale oil 
HCS produced from Runs 454 L throug-h P and drummed for 
sending to Participants on request. The nroperties of 
this shale oil are shown in Table 2. 

6. 	 Excessive t'Jater in the ra\"l sha,le feed increases operating 
problems and can reduce oil yield if not compensated for 
by increasing air rate. 
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III. Detai1ee Discussion 

A. No. 1 Pilot Retort Description 

This study \'las carried out in the pilot ~etort fTo. 1 Hhich is 
a cylindrical retort 20-inches in dia~eter. ~ 10.5 foot bed 
height was usee with the top of the hed 5.0 feet above the air 
distributor. The peripheral air distributor ,,,as used \,,'i th 12 
equally spaced ports around the retort and one in the center. 
A diaCJram of this clistributor is sho~/m in FiCTure 1. The ratio 
of peripheral air flo\'! to the center air f10~' 1:1as ae.justed to 
produce a uniform temperature pa.ttern across the retort. r, 
surge vessel was added to the retort offqas line prior to any 
of the recovery equipment to settle any large pieces of shale 
that may be carried out of the retort. Fines carryover, however, 
during the demonstration run "1as negligible. p._ conaenser­
demister was aoded in parallel to the electrostatic ryrecipitator 
to test its ability to recover the fine mist. ~ block diagram 
of the process flow '-lith the recovery alternatives is sho\,ln in 
Figure 2. 

B. Run History ane. Retort Performance 

The first ''leek' s operation \'las hampered by a 2-inch pipe that 
was placed horizontally to the center of the retort about 1-foot 
above the table feeder. This pipe was put in to direct part 
of the recycle gas to the center of the bea and thus imnrove 
gas distribution. Hm'1ever, the pioe caused the shale to be 
era1.'n off faster do~m one side of the retort than the other anc1. 
thus created c. severe ma1distribution of shale and gas flow. 
Horizontal temperature probes variee 1,000 0 F at the co~bustion 
zone. 

The first run, Number 454, ,-ras accomplished by directing the 
majority of the inlet air into the faster moving shale area ­
this forced a uniform temperature profile thus RPparent1y cor­
recting the poor gas distribution. Oil yield for this first 
run '-Jas 94.5 vol % of ra~.,., shale Fischer Assay ".1hich lI1as Detter 
than the 91.3 vol % for Run 433 \-1hich 't'las being duplicated. 

After removal of the 2-inch recycle pipe ~ood temperature dis­
tribution was obtained by adjusting the ratio of center-air 
flow to peripheral-air flow to 0.25. JI.t this time a suop1y 
of very wet shale \'las encountered '''hich along \<11 th be1m.' freezing ~'leather caused shale feed control problems CI.nd poor 
retorting for Runs 454 A through K. The ra~!1 shale dL1ring this 
period contained 4 - 7 ,,,t % 'tIlater cornpc.rec~ to the normal 1.5 ­
2.0 wt " and yields averaged 78 vol % of raw shale Fischer 
Assay \-1ith about a vol % of ra-N shale Fischer Assay leaving 
with the spent shale retorted. TeMPeratures in the combustion 
zone were erratic 'tIlith the peak measurenents beloll 1,300 0 F. 
Air rate was increased about 500 SCF/T for Runs H through K in 
order to determine if a greater heat input would COMPensate for 
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the effect of higher raw shale moisture. The hinher air rate in­

creased oil yield to an average of 87 vol % Fischer Assay. It 

apryeared that a further increase in air rate would co~oletely 


comnensate for the higher moisture content. Ho"rever, since "'Te 

~'7ere attempting to C!uplicate "un 433 v,there the ra',' sh?le con­

tained only 1.7 wt % water, a raw shale drying syste~ was in­

stalled and five P.uns, 454 L throuqh P, "Tere mace to comDlete 

the objectives of this stucy. The raN' shale feee system and 

the retort operated smoothly without incident durinq this period. 

The eff'eet:- of air rat.e en ei:l yield fer dry and ",et. shale in 

shown in Fiqure 3. 


Shale oil product quality appeared reasonably constant ~urina 


the entire study including the period of ooeration ,·.rith high 

raw shale moisture. The sh~le oil product was eecanted to 

reMove excess water, dru!"'\I'!led, and storec. The oronerties of 

this oil are shown in Table 2. 


A check on the srent shale weigh hopper nrior to nun 454-~ 

indicated that the hoP"')er ueiCfht was apryroximatelv 3% liqht. 

This correction does not aopear in the data for P~ns 454 A 

through K since it is not known for how lonq this ~iscrepancy 

existed and ,-,hether this \'las a gradual change or a sudden one. 

The SDent shale system was cleaned and checked prior to 

Run 454-L and checke~ after Run 454-P. The system at this 

time was ,·,11 thin 0.2% of the true "reiqht. 


C. 	 Reproducibility of Run Nn. 433 

The high yield of Run 433 '-las duplicated ",hen operating with 
dry shale as shown in Table 1. Operating conditions were 
essentially the same except a sliahtly smaller particle size 
raw shale was processe<..~ and the qas recycle rate ",as about 12% 
lm'ler. 

Results were very similar, the minor differences ,.,ere; 

1. 	 Oil yield ~as 1 vol t higher than Pun 433, probably be­
cause of the ~as condenser-n.emister 't7hich was added to 
the Mist recovery system. 

2. 	 Carbonate decomposition was 40% higher than ~un 433, 
probably the result of the lm·Ter recycle rate, which 
produces sliahtly higher peak temperatures, and the 
smaller particle size. 

3. 	 Offgas temperature ",as 20 Q F 10'\'1er than :q,un 433, probably 
the result of the smaller particle size and higher car­
bonate decomposition. 

4. 	 Heating value of the gas was 10\,Ter than Pun 433 because 
of calculating it from measured carbon content instead 
of estimating'the amount of C2+ from aas chromatoqraph 
analyses as had to be done for Run 433. 
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D. 	 Precision of Control 

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

Raw Shale Rate, lb/(hr) (ft2) 495 ± 8 
Raw ShalQ Assay, qal/ton RS 26.S ± 0.4 
Air Rate, SOF/Ton ns 4,!H'i4 ± 105 
Recycle Gas Rate, SCF/Ton RS 12,294 ± 266 

E. 	 Accuracy of Process Variable ~'easure'1\ents and Samplinq 
Proced.ure 

The accuracy of our measurements and sampling procec.ure 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 shoun below: 

Standard 
Balances ~1ean Deviation 

As Measured Balance: 
Ash 101.6 + 0.6 

Ra,.., 	 Shale Pate Calculated 

From 100% Ash Balance~ 


+Overall leO.7 - 0.2 
Total Carbon 99.2 + 1.7 
Organic Carbon 99.0 + 2.4 
Organic Hydrogen 98.2 =f- 1.9 
~'later 101.0 ± 15.1 

The ash balance is not as good as desired for these runs because 
of calibration difficulties t<1ith the rat.., shale feed system. 
The ra~7 shale ,.;reigh system was calibrated prior to Run 454-L 
and found to have a calibration factor of 20.4; hO,"Jever, it_ 
",as 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 lb/hr correction "TaS necessary. The spent 
shale weigh system, as discussed under Run History, was cali ­
brated before Run 454-L and estimated to be 'iTi thin ± 0.2% 
~.,hen using the calibration. Because of the- .drift or error in 
original calibration of the raw shale feed and the good 
precision of the spent 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 ra\', 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 systero more rigorously 
will be used on future runs. This should improve the ash balance. 
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The initial carbon balances averaged 108% but a careful exa~­
ination of the raw shale carbon analyses revealed the~ to be 
low due to selective removal of rich shale particles during 
sample preparation. The raw shale samples were reanalyzed 
with an improved sarr.ple 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 r'~ean Deviation in the Mean 

Products Recovered 
Oil Yield, vol % RS FA 92.9 + 1.6 + 2.0-
Dry Gas, SCF/Ton RS 6,661 + 119 + 149 
Mineral CO2 

+ +­Decomposition, % 42.8 3 4 

0Eerating Data 
0Offgas Temperature, F 121 + 2 + 3 

0Spent Shale Temp., F 245 ± 3 ± 4 

Product Properties 
Shale Oil 

0Gravity, API 20.1 + 0.1 ± 0.2 
Ash, wt % 0.03 ± 0.01 + 0.02 

Dry Gas 

Gross Heating Value, 


Btu/SCF 80.4 + 8.7 + 10.9 

Total Carbon Content, 


lbs/HSCF 12.3 + 0.4 + 0.5 

CO2, vol % 28.2 + 1.3 ± 1.6 


Spent Shale 

Organic Carbon, \"It % 1.6 +- 0.2 +- 0.3 


The precision of these results apnears 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 temperature profile is co~pared to the 
average measured probe temperatures in Figure 4 for both Runs 
No. 433 and 454 L - P. The measured profile is close to 'Vlhat 
was expected I the nearly bro foot 1m·, temperature-gradient zone 
at ~he tpp ef the bed and a three foet low tempeFatu~Q~q~ad'Qnt 
zone just belo~.1 the air distributor. ~~~¥th moc'lels' nrediction -' 

I~ 	 - '.of spent shale temperature was 160 0 F - than the measured -,-Ir-." 
temperature. This difference is probably a combination of: ~ 

1. 	 Inability to measure the precise mean shale 

teroperC'.ture at the bottom of the bed "There 

temperatures are changing so rapidly, and 


2. 	 The model is calculating much lONer carbonate 

decomposition, 14% versus 40%. Thus less 

heat is removed from the soent shale by the 

model than by the pilot plant. This effect is 

further evic..'ienced by the lONer measured tem­

perature of the low temperature-gradient zone 

below the air distributor. 


The horizontal temperature profiles for Runs 454 L - Pare 
shown in Appendix D-l. These ~rofiles show a reasonably 
even temperature distribution across the retort. 
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FIGURE 3 

EFFECT OF AIR RATE AND RAl'l SHALE 
MOISTURE ON SHALE OIL YIELD 
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CJ'..LCliLA!:::ED AXe l'·:Zl\SU:RI:Sl VE:2TIC.~L TE:.1PERATURE PROFILES 

FOR RU~S 433 AND '54 L-P 
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D1'.':':-:: ST.i\~TED 

LENGT!·r OF RU~'l, Hours 

OI'EI'}\.'l'T,'!G eOl';~!''::Im!: 

!}2.1:l S::a1e :{ate, 1bs/(!1r) (ft2) 
-fS.schcr 2\ss<1Y, gal/ton RS 

~on. Size Range, inches 
T:?c:..".:.er Content, vlt % 

Air, SCF/Ton RS 
Total Recycle Rate, SCF/Ton RS 
H0t1 Height it\1;>o\re. Air Distr~, ft 

OP:.<RATDJG DAT]\: 
--Ofzgas Tempe~ature, 0 P 

Recycle Gas Temperature, 0 F 
Spent Shale Temperature, 0 F 
Average Retort Pressure Drop, 

II H20/ it 

PRODUCTS RECOVERED: 
Oil Collected, vol % RS FA 
Oil Lost as Mist, vol % RS FA 
Oil in Spent S!1a1e, vol % RS FA 

Total Oil Measured, vol' RS FA 
Total Water, 1bs/Ton RS 
Calc. Dry Vent Gas 
Mineral C02 Decomposition 

MATERIAL BALANCES: 
As ;\1ci.:sured 

As~ 

Ra,', Shale Calc. from 100% Ash Bal. 
Overall 
Carbon 

Total 
Organic 


Organic Hydrogen 

Water 


SHALE OIL PROPERTIES: 
Gravity, API0 

Ramsbottom Carbon, wt % 

Ash, vlt % 


GAS PROPER.T::.:r::S: 
Gross Hea-:::ing Value, Btu/SCF· 

SPENT SIIl\LE: 
OrganiC Carbon, \.;t % 

--- ..~~-..- ­

433 454 L - P 
11-11-64 ----------~1-15-6~5~--------­

12 120 

9S~' Con d. Li~it~ 
of of Futurc 

Sir.a1e Run 

4 rl?u_ 495 + 9 + 20 
27.7 26.8 ± 0.5 ± 1.1 

1/4 - 1 1/4 - 3/4 
1.7 2.1 + 0.2 ± 0.5 

5,150 4,964 + 130 + 290 

14,150' 12,2<)4 ± 330 ± 74(\ 


5.0 5.0 

141 121 + 3 ± 6 
161 161 ± 3 ± 6 
238 245 ± 4 + 8 

1.2 1.09 + 0.14 + 0.32-

91.2 92.9 ± 2.0 + 4.5 
1.0 0.2 
0.0 O.C 

:J~-­92-:-i 9:r:-i .:.. _.0 ± 4.5" 
75.9 73.2 ± 10.9 ± 24.2 

6,519 n,661 ± 149 ± 330 
30.9 42.8 ± 3.9 ± 8.7 

95.9 101.6 + 0.8 ± 1.7 

102.2 100.7 + 0.3 + 0.7 

111.3 99.2 ± 2.1 + 4.6 
117.0 99.0 -I- 3.0 + 6.5 
115.5 98.2 + 2.3 + 5.2 
114.5 101. 0 ± 19 + 42 

19.7 20.1 ± 0.1 ± 0.3 
2.27 2.26 ± 0.16 ± 0.35 
0.07 (j.03 :l: 0.02 ± 0.02 

114 80 + 11 + 24 

2.4 1.6 + 0.3 + 0.6 



TABLE 2 

PROPERTIES OF SElI.LE OIL PRODUCED 

DURING nill1 ~54 L - P 


Gravity, API0 

Viscosity, sus @ 130 0 F 

, SUS 

Pour Point, 0 F 

Rarnsbottom Carbon, \,It % 

Ash, wt % 

Carbon, wt % 

Hydrogen, wt % 

Nitrogen, \,It % 

Nater, \'It % 

142 

52 

85 

2.32 

0.02 

83.7 

10.9 

2.19 

0.3 



----~. 

- .. -IRU~l' t:llFiiJ"f:k {..L} 454 454.,.\ 4546 4'54 C.J 454D 
rDA'i'E ST]\.RTED i'l.- :3 \-64 -4-:6:i \- 4-65 \-".5-65 \-'0-6.5 
. LE!!GTH OF P.UN, hours 10 1'2. \'2­ 12. \Z 
~ETORT TYPE NUfJBER 
OIL RECOVERY SYSTErT l'lurIiBER 
OPERATING CONDITIONS: 

RaH Shale, Ibs/ (hr) (ft2) 4B7 6'2.0 52.1' 464­ S~'?. 
Fischer Assay, Gal/Ton RS 27.6 25.\ 24.-r 2.40.6 2:4.0 
Nom. Size :Range, inches '/4- '3/4­ V4-:V4 V4- 3(4­ V4- '3f4 '.£:\.3/4
Avq. Part. Diam. , inches o. aB.2. 0.268 0.2..93 0.218 O.Z6Ct 

Air, SCF/Ton RS 5065 5016 492.3 Sf, \4­ 4900 
Tot. P.ecY,cle, SC:F'ITon RS (\'.'et) \.(.) 13451 1l5tO 1\ 52.6 l~ ?-40 \\ 9?.0 
D1lutlon Gas, 5CFl'l'on P.S (Wilt.) 0 C") 0 ~ 0 
Propane, SCF/Ton RS 0 () 0 n 0 
Brine, Gal/Ton RS 0 0 Q 0 0 

-Air Temo. Enterinq Retort, of 70 ~3 eo 7t:.. in 
Bed Hgt. Above Air Dist., ft 5 5 '5 ~ 5-

OPERATING Dl\Tl.. : 
otfgas Te~perature, of 125 I '5 '2. 134 \'35 \34 
Recycle Gas Temnerature, of 159 158 l63 \63 \63 
Snent Shale Temperature, of 2:2..0 235 'Z,38. Z~8 2.3e_ 
AVCJ... Retort &, in. H20/ft , l.OO \. 2."1 I 18 I, \S \.2. '3 
~P Above Air Dist. in H20/ft ~ 

Overall Oper. Performance G~OD GODD GaOD ~CCI'l ~aaD 

PRODUCTS RECOVERED: 
Oil Collected, vol % RSFA 94.s 74.\ 76.0 80.5 19.. 3. 
Oil Lost as Mist, vol % RSFA - -­ - - -I Oil in Spent Shale, vol % RSFA .-; 8.a 5'. ,. q, I I "t. 2. 

Total Oil Meas., vol % RSFA - - - - -
'-Total Pater, lbs7Ton RS 2B.8 lC4R 96.7 \05.9 8'5~ 

Calc. Dry Vent Gas, SCF/Ton RS 65'53 6550 912.9 1014 5965 
!1ineral C02 Decomposed, % :\ 5. 3-. 36.4 35.6 49.*1 35A 

HATERIAL BALANCES~ 
Ash, wt % (measured) IOg.8 LC6.Cl 96.6 73.5 9"1.'7 
Basis for Yields & r~at 1. Bal. SS I S5 5S 55 55 
Overall Balance, wt % 98.5 \C\.3 'Q~IQ \02.0 98 t 
Organ1c Carbon Balance, wt % '"'­ - - -
Total Carbon Balance, wt % tOI.2. 99.6 91.S \04-.0 ~P,.C 

Organic Hydrogen Balance, Nt % - - - - -
f'7ater Balance I \-It % - - - - -
Gas Loss, SCF/Ton RS (dry) 3208 34\7 3'2. '2.0 3406 29lC 

HEAT BALANCE: 
Heat of Combustion, .MBtu/Ton RS - - - - -
Unaccounted Heat, MBtu7Ton RS - - -- -SHALE OIL PROPERTIES~ 
Gravity, i.iAPI 2.0.0 \94­ \g.O \B.G \8.9 
Rarnsbottom Carbon, wt % 2.1 f2 I '2. Z 6 ~,:Z~ 2..64 2.50 
Ash, ,.,t % 0.67 o \4 0.13 

GAS PROPERTIES JDRY): 
r·101sture I lbs/HSCF of dry gas O.S5 10 a 9.3 9.5 ;:(\ 
Gross Heating Value, Btu/SCF 1'5.9_ \ \ 4 2. 84.1 \ '2.. S. 6 S8. \ 
02 vol % 0.3 C .9­ Q 6 I::' 0.6 
C02 vol % '2.~.5 '2..6 3 '2.1.2. 203.4 2S I 

SPENT SHALE: 
Fischer Assay, Gal/Ton SS 0.1 '2..5 \.6 '.0_." 4.1 
OrQan1C CarbonL wt % a.o 2..7 2, Ii­ 2.') Zo.S 

":e prefl.x.~J.)Retort No.1 runs - no pretl.x, Retort No. 2 runs ­
(2)Measure Recycle + Dilution Gas Rate r1inus ~~Tet Gas Loss 

OSRC-ll 



APPENDIX A 
SU~-tMARv srp:"t:"T,> , - • ,l_""",, 

RUN L,:u:mER{l} 4'54E. 
DATE ST]\.RTED .1-6-65 
Lr:~lGTH OF RUN, hours 1'2 
RETORT TYPE NDrlBER 
OIL RECOVERY SYSTErt NDrIiBER 
OPERATING CONDITIONS:- Ra"l Shale, lbs7 (hr) (ft2) 509 

Fischer Assay, Gal/Ton RS 24.6 
Nom. S~ze Range, inches 1/4 -3/4
Avg. Part. Diam. , inches 0.251 

Air, SCF/Ton RS 5135 
Tot. P.ecycle, SCF/Ton RS (Tt!et) \') i'3.640 
Dilution Gas, SCF/Ton P.S (t-let) '0 
Propane, SCF/Ton RS 0 
Br~ne, Gal/Ton RS 0 
A~r Temo. Entering Retort, of 73
Bed Hgt. Above Air Dist., ft 5 

OPERATING E5i\TA: 
Off~as TemEerature, of t34 
Recycle Gas Te~perature, of \65 
Soent Shale Temperature, of 22.3 
Avg. Retort .DP, in. H20/ft 1.6B 
OP Above Air Dist. in H20/ft -
Overall Oper. Performance GOoo 

PRODUCTS RECOVERED: 
Oil Coiiected, vol % RSFA 1e.8 
O~l Lost as Mist, vol * RSFA -
Oi~hale, vol % RSFA 7,,+ 

as., vol % RSFA -
Total t',Yater, lbs/Ton RS \Q'2. .7 
Calc. Dry Vent Gas, SCF/Ton RS ?,B07 
t1ineral C02 Decomposed, % 3'1.7 

MATERIAL BALANCES~ 
Ash, wt % (measured) 9?L6 
Bas~s for Yl.elds & Hat'l. Bal. SCO 
Overall Balance, wt % tOOA 
Organ~c Carbon Balance, wt % -
Total Carbon Balance, wt ~ \06.0 
Organl.c Hydrogen Balance, wt % -
~ater Balance, wt % -
Gas Loss, SCF/Ton RS (dry) ~QQ.Q. 

HEAT BALANCE: 
Heat of Combustion, NBtu/Ton RS -Unaccounted Heat, MBtu/Ton RS ..-­

SHALE OIL PROPERTIES~ 
Gravity, uAPI \9.4­
Ramsbottom Carbon, wt % 2.0<;
Ash, ,.,t % 

GAS PROPERTIES (DRY): 
r1o~sture, lbS/MSCF of dry gas 9.5 
Gross Heating Value, Btu/SCF ~Z.l 
02 vol % C.6 
C02 vol % '2..~.2. 

SPENT SHALE: 
Fl.scher Assay, Gal/Ton SS 2.Z. 
Orqanic Carbon, wt % 2 / (" 

(.1) Retort No. 1 runs - no retl.x; Retort 

454F' ' 4'546 454 \-\ '454-1 
\-6-65 \-'-"'5 \-1-6S \ -8.-65 

\'2. \'2. \'Z. \'l. 

S '2.e 5"\~ 44-0 4~4 
'2.4.6 2'5',0 2. 0,<:) 2.6.4 

V4- 2/4 V4-'3(4 1/4- '3/4­ V4- 3/4­
0,-262­ o.ze.s O.ze2. C.2'?J6 
4942 50\4­ .6~63 ~~'2..1 

'l.3 430 \'0 ~'O\ 144AC \I 700 
0 a 0 a 
0 0 0 I"'l 

Q 0 D <" 
.17. 17 Be 72. 
.5 5 5 CS 

L36 \"?>6. \'36 \2..5 
l6B \6e \hB \58 
Z'Z.S '2.1.0 '2.2.15 2.10 

, t60 (,45 2..07 I 2, 
- - - -

G..OO~. G,CDt) Gcct'\ I~("'}l"'ln 

B3.0 75.S 96.2. P.~.9 

- - - -
7,.8. .s.lo ~,8 2.7 

- - - -
\ 0'2.."'7 IOLO 98.4­ 60.9 
62.46 64lD. Bl1,Q 6iCH 
3L6. 3'1.3 42..2. 42..~ 

~tS.~ 93.:' 8.6.5 9C).~ 

$:.5 SS ss, SS 
lCC.n 99.5. \OQ.~ ~~.i- - - -
tOB.o. \c-a,o \\4.0 \a"'\..c - - - -- - -
~S~6 354"1 541.0 389i 

- - - -- - - -
\g.O \9,0 ZO.6 l~.l 
~A3 Z.50 " Sl a.on 

~O 9.9 9.1 6.6 
45."1 69.8 \\0.3 4i.~ 

0.4 0,3 2..5 a.a 
'2..:1.J1 26.4 2.~.5 2.6.7 

2·3 2.0 L\ 0.9 
~.7 #.,'1 Z;7 2.,~ 

No. 2 runs - "B prefix.p 
(2)Measure Recycle + Dilution. Gas Rate fUnus ~·'tet Gas Loss 

OSRe-ll 
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1.1)Retort No.1 runs - no prefl.x, Retort ~ o. 2 runs - "Il prefix. 

. SU~"11ARv ST{~'F'T 

RU~l 1,;-tFWER'l.) ; 454J 4S4K' 
DATE STJI..RTED -

1-\()'65 -11-65 
LE~IGTH OF RUi'l, hours \Z \2. 
RETORT TYPE NUMBER 
OIL RECOVERY SYSTErJ NUt'mER 
OPERATING CONDITIONS: 

Ra\'l Shale, lbs7 (hr) (ft2) 467 455 
Fischer Assay, Gal/Ton RS 25.6 Z].~
Nom. Size Range, inches V4- 3/4- V4-4I4 
Avg. Part. Diam. , inches 0.488 O,4c:,O

Air, SCF/Ton RS 5540 ,~~73
-Tot. Recycle, SCF/Ton RS (\-Jet) \~J i'2. 1.00 'l '2. 2J~4_

Dilution Gas, SCF/'l'gn PS (t'let) Q Q
Propane, SCF/Ton RS C (") 

Brine, Gal/Ton RS C C 
A~r Temo. Entering Retort, OF 15 76
Bed Hgt. Above AIr Dist., it 5 5 

OPERATH1r; Dl\TA: 
Oftgas Tewperature, OF \'32. 1'30 
Recycle Gas TeMPerature, OF l64- l62. 
Soent Shale Temperature, OF 230 2.50 
Avg. Retort L'-P, in. H2O/it l.OO \.00 
~P Above Air Dist. in H20/ft ,... -Overall Oper. Performance ~oon 6(")0(') 

PRODUCTS HECOVERED: 
Oil Collected, vol % RSFA .83.8 _9.0J 
O~l Lost as Mist, vol % RSFA - -
Oil in Spent Shale, vol % RSFA 8.'2- 5 

L
,_ 

Total Oil Heas., vol % RSFA - -
Total t··?ater, lbs/Ton RS <j9.3 89.3,
Calc. Dry Vent Gas, SCF/Ton RS '''?lO7 7'!Sil 
!1ineral CO2 Decomposed, % 41.C ~..5. 

HATERIAL BALANCES: 
Ash, wt % (measured) 89.6 84.1 
Bas~s for Yields & r1at' 1. Bal. 55 55 
Overall Balance, wt % \OO.S \00.4-
Organ~c Carbon Balance, \<It % - -
Total Carbon Balance, wt % \Os.a \\4A 
Organic Hydrogen Balance, \<It % 00:::. -
f'~ater Balance, "Tt % - -
Gas Loss, SCF/Ton RS (dry) 395~ 4Z9~ 

HEAT BALANCE: 
Heat of Combustion, NBtu/Ton RS - -Unaccounted Heat, MBtu/Ton RS - -SHALE OIL PROPERTIES~ 
Gravity, uAPI \9.5 \~.1 
Ramsbottom Carbon, wt % 2..44 240, 
Ash, ,<It % 0.04 

GAS PROPERTIES (DRY): 
r1o~sture I lbS/MSCF of dry gas 8.6 8.3 
Gross Heating Value, Btu/SCF 62.g _"'121...6. 
02 vol % 0.5 0.5 
C02 vol % 'Z.B.S 

, 
~.-.l

SPENT S-:~:.;LE: 

Fisch~r Assay, Gal/Ton S5 2,~i Z.C_ 
Orqanic Carbon, wt % z..? a.2. 

. I 

i 

(2) Measure Recycle + Dilution Gas Rate t1inus ~ Gas Loss 
OSRC-ll 
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SU'~:~ ..L.,,::<, y 8 :~;::::? . 
.~~_~o~(·~~J...··;_n.•"'__••------...'-...""'~'-:"'7 ~F~~~~"':r":'" '/.1 ,.',::',) I.','::'''' :1 ..!i.'S:-3• '.\.01 . 

•. ..... ' ..:.. '.' .... :....':'?" '1/" • ~'l " ._.,) )-1 '-i J ,,'~/C' I I~-/""\\ 11/·-,1
- - - • - • - _:..I • - .' -', ::: : - .• - " - " -, • ~) 1 ~ I -,.:.~ ; - "'.- ~ I - . ...,. I 

__~i_,__~___-·~·__~I________I__~:~.I_,__i __~7~._~1,__1 \L I 
I! 

i ;~-,J~~~7 .'.t'li--:'-:G C(;:< u:L rr I 01" S !--.- -- ---._­ ~ 
.. -: \~) ? .. ": 4BZ. 

~ischer Assay, Gal/Ton RS 
_ :<""'. oJ ;:;:;2.18, l':Js/ (11::) (ft.L) 

1.1 .. :.l.,} Z. 1.1 

4SS'.~ 

\ 01,-5 

OSRC-1L. 




APPFNDIX 13 

I 

GAS-COI1BUSTION RETORT NO. 1

/ I 
DETAILED TEST SHEET Date 12.- '3 \ - (,"I I 


I 


I 

Purpose-. 

II General 17 0 Product Gas Properties-.Hun No,. A'-"'/· Hater Vapo:'. lbsh'sCF (drx) () .....').-::;':) 

I J::en~th.z hours /0 Oil, IbsLMSCF (d ..~v ) 
i). Rates &. QuantiC:\.es Analys is Jdry) 

Raw Shal~, Ib/(hr) (ft2 ) 4~,' C021 vol if; L':; .s. 
~.ndh:!J! f1r!~ihl'l ~ f. ef HS ....,(;1 • .., OlL YOl.. ?",.. D.:..:..~Liquid Product;­ 115s!~;r--- '.• f\~;J "--'?-~crl.t vo~_ ~ ( ".\ 
Oil CI?11~~fT;J]~0n RS 2G.1 ORb) vol % i '1 
Air. SC:tton ns dry) SC'8~) CO, v..)l % • <:;:~ 
T,)tal Recycle.! SCl"Lton RS (wet/,:?> 4,:")\ H?, vo: % -, . 7. 
Dilut:Lo1}2 SCFt,on PS twet) () other!. Y~l.! I().7 
Calc"Vun::. 0<'.1.': !:lCl"7to:J. as (dry) lG,.,.; s-) Gross Heating Va.lue (calc) ,Btll/SGF 7::;,'> 
Gas Lost;:~ 881:'Zton liS '32C'f\ Car bon [.To":",al), I bs7MSCJ:<'---r<I!'Y) l\.8 ' 
Propane, SCli'/t.lm RS 0 Hydro~en J~otall"lbs/VBCF (dry) :\,(-><\­

Total Flo..!, ~CF'/M \wet) Z 54 tl... Miscella."1ecu8 
13. TcmpGrp.1iUJ:·e ~ F : Bed. Hei.~!1'b Above Dis~o.!. ft .. 5 

Gas ·0n.t\0t ~-..Ret,or-:; \2.'5 Pressu:..~e Drop, in E:p'O \\ 
bper..v 31::i1ITeL'"'Ut..Le't 22,( lJurt..., l::iacj.; lTebs ~ ,:I,1'1.E~ \9 
Raw Shele Inlet· ~(, NaCI Solutton~ Wt % (') 

Recycle Gas In:Let 1':'>9 NaCl Rat~" gal/ton RS 0 
DiIllti0!l Gas Inlej:, - ~') YieJ.dc & BG.J ,?nces 
Air Inlet 70 .. Oil Cc,llected-. vol %FA (,)."1 • ..:: 

Retort, Air Inlet _70 Carbona:te Decw:D,. ~. :.>, 0; • ~-,-..-~--
~. Raw Shale Properties Wate~ Recovered~ gal/ton RS "",.\ .:; 

Fischer Assay, ga17ton RS 2 7.t~ Overall Balance •.. ~ ,,)\~S 

I 0:1.1 2 WI; % \ O,t., Ca~,·bor. Balcmc~_~~ I tOt.7.. 
hVIRter, Wt% Ie: Hyd.r.'oge::1 Dalance. ~ ~y\,?,. ' 

Ga~t % t .'-2 Ash Balance.! ~ Assumed ((0 

Mineral CO?, W·\.i % II::.. () OX;y'[en Balai.1ce, /0 <..)'3."::1 

-A'Jh, Wt. % 1-7.7 As M3asured Ash Balance, % IOl,.7'· 

I .. 1'10 '.Lstur e , Wt p . O. 3'S £I'L'lliKS 

I Carbon (Total) , Wt 5b U;, .1 Y()IZ\-c;:, I il, Ei l\7.. ?\..I-\(",(k\'> • 

Hydrogen (Totall~ Wt % .L--l..G ' , 
Hitrogen, Wt % 0.40 2" R~LYC Lc::. Ll 1..lG:. -.c _(""N\ci~. 

AFD, in 10.26 '2. WI~~g;: OP""'N, 

I15· Spent Shale Properties 

I Fischer Assay, ga17t('n 0.1 2." ~e'-'1<.'. L IZ LI":'::: .0 e.2\'>~-L·~. 

Mineral CO , Wt % \ 3.0 ('A J <I'~ ::.~u ,., h I-\.L.(C ~ v,...., \() \'~ ."CI 

Ash, Wt % 6'5J) rAC,\<2,~ . L'1II .J....... ..::::;:c SlblS • 

Carbon (Total), Wt % ..,;.':->6 1?-t:Y\('> 1.>'':;: \) A\, ,1\';: .C.c-::>1'Jl bLOC.) ()~I 

H~"drc..\G£)il (Tot,<,!.1), \-it % 0.2 o.F 11-"-:;' Rl~ 

6. Liquid Product ProEE:Jrties I 

I I. 0:1.1, wt % <)0.0 
a o Carbon Content,. Wt ~ t3A.l 
b. Hydrogen; Wt. % I\.\ 
c. DensJ.ty~ lb/gal 1."18 

I 0. Granty, API Z() (; 
e. Viscosity SUS @ 1300 I:" 12~.\ 

f. Viscosity SUS @ 2100 F 4<:).9 
g. Ramsbottom Carbon, Wt %_ Z;7 -:::; 
h. Pour POint, o F ..fis.. 
i. Ash, wt % O. "'I 
j. Nitrogen, Wt ~ z.. \g 

a~I?C-lo 



APPE~JDIX B 

/ 
GAS-C0r1BUSTION RErORT NO. 

DETAILED TEST SHEET 
1 

Furoose: 

..( 

Raw Shcl.e Inll3'C. 4 \ NaCl Solution,_ i'it/ ...:'::'%~__•___-t....;..()~ 
RecY£fo Gas In:Let I '::l B NaCl RatB. ~al!ton RS ('> 

r---';D"";:ll';;"ution Gas Inlet ~ r-~ YieJ.dr: & 3"7i]..::>.nces 
74.\Air Inlet ~3 Oil CClllectod-;-:Vol %P'A 

Retort. Air Inlet L}~ ~.?rAat~ DeE...;.o--:r'l.;:.p•.;..."'•..;J:.--::;::'~_--;:;c=-___ -t....:"i....".;...-•....,\' 
.l. uaw Shale Proper'tl.os lllate::o Reco'.TereL,;;;g_a;....lL:....·.;...l:.o.;...n_R_S___-+".I.~..~~::_tl 

Fischer Assay, gal/ton RS 25'.1 Over8.11~b-:-a~1.;..;a,,;.n;;.;;c...;.e..;,.-;:;J-~:.:.---___-_i-'-'I(:.::.)\:..;.:""'i::) 
O',~ WI:. % IO.() Carbon Balance1~_.1>..:.:....-;;r-______-+<.....;..)...;..().=('1 

I---O:-:\<J'-[~ter. 'Wt ~ 'l,O Hyd:rogen Balance 1. ~ 1\ P,\ 
Gas, Wt % Z.u Ash Ba~l:.:.:a:-n..:..c..:..e;.;;.;;::;}'~r;;...r.....:.;A;...s-s-um-sd~----t'\.....o.:...:o""'-i 

i-----:rv:'""'li:-neral CO?, W·t % n.4 Ox-,rgan Bala.;,1ce...l...! ttl),.:' 

A'3h. Wt­ % {'i.~.;~ As Moasured Ash Balance..! % \()(")( 
I l"JO'J..8tu:re, Wt % C')."i:' ~,Er-'~~~ 

I Carbon (Total), Wt % l';::; . I I ~a::. t'h.>'\l P'l ::5HA.l. 10" 
r---Ilydrogen (Total), Wt If> I.'-)f~ Ff>-~\..'.L "5J:-'\Clli:l\.:l. ~'-'\..C; ~~(-,~....1. 

Fischer Assay, gal/t:'n 
Mineral CO , Wt % 
Ash, Wt 7b 
Carbon (Total), Wt % 6.4.'6".-:.t------------------1----1 
Hydrogen (Tota~.1~)~,~W~t~~%----__~O~.2~L~t~--__--------------------------~--~ 

16. Liquid Produet PropE)rtiee 
.L. 	 u:.t.I, tit % 787 


a .. Carbon Content J Wt % 

b. Hydrogen. Wt % 	 \ \ • \ 
c. Densit~y~,1~b~)/~g~al~--------~--~7.~8-\~------------------
d. Gravity) API 
e. Viscosity SUS @ 130Q F 
f. Viscosity SUS @ 2100 F 4')\ 

g • Ramsbottom Carbon, wt % z _ 2.. 6 


~~~~~~~~~~.~~--------~--~-------------- ------------------+--~I h. Pour Point, 0 F 	 80 
i. Ash, Wt % 	 o. \4 
j. Nitrogen, Wt % 	 2. \I 

APD, in 	 O. U-,B
~~--~~~~~~----~----------~---~9-·--------------------------------_+--_41~ent Shale Properties 

DSRC-IO 

E' 



------------- == ___ ",-­~,_c~--·- _________ 

GAS..cOHBUSTION RETORT NO.1/ DETAILED TEST SHEET Date /- '?- 0 5' 

Purpose: 
'1" General \7., Product Gas Pronertics 

\ ~), S-R\m Nv" 45~'7E;1 Hater Vapor',_ lbsll'1SCF (dry) 
l.enp,th,2 llO"J.:c'S I ,.~ Oil, 1bs/ ftJ5CF {dry) I 

2. Rates & Quantities Analysis (dry) I l 
Raw Shale, Ib/{~r)(ft2) ~7.1 C02, vol % 1].71 

QPQnt$nalE;! ~ %of RS e;tdi­ 0" vol % 10,(.... 
L:i.quIa: J.'lrO'duciJ lofl/hr Ib5, N., + A~'6I;ln, voJ. ~ (,,(j (. 

Oil CD11acted. gal/ton RS \ B, fj CHl) vol % ' • 1.3 
Air. SCF/ton RS (dry) 4CJl..::) I CO, v;:)l% ~.S 

Total Recycle~ SCFi~on RS ~wet /I '5 2~; H? vol % ~ ~ 

...",)" ::--, 

Dilutionz SCF/<,on RS (wet) 0 Other, vol % I I. t... 
CalcQVcrri;, Gas SClf/ton RSldry) (,,47.. Cl Grc)ss Heating Value (calc),Btu/SCF ,S-'\.\ 
Gas Losses~CF/ton RS -;;;:-,2.0, Car'b(Jn (To".al) ,_ lbs/YlSCF (dry) \0. \ 
Propane, SCF/i'.I)11 RS () Hydrogen (Total) z Ibs/YlSCF (dry) (l·_':U5
Total Flow, SCF/M\wetl Z,7 tlo MiElcellaneous 

[3. Temperature,_ 0 F I Bed Height Above Dist., It .. · '5 
Retort Gas Outlet tZ 4 Pressure Drop, in H!2 0 ,'?} 
opent. 0 naJ.e \ ../ut._J.et. Z·3;"'-~ lJ1.S'to tlacK: l"ress&, in l:i?U \PI 
Raw Shale Inlet 47 NaCl Solution~ Wt % 0 
Recycle Gas Inlet I C. -:!, NaC1 Rate. gal/ton RS 0 
D1..l.ution uaslnlet - ~, Yields & Balances 
Air Inlet 80 Oil Collected, \'01 %FA 7f-. .f) 
Retort Air Inlet eel Carbonat~_Decomp" % ""l~" .(­

4- Raw Snale Properties 
24.7' 

Water Recovered, gal/ton RS ILb 
Fischer Assayz gal/ton RS Overall Balance. % IL'2. 
Oil, 'W~ % 9.4­ Carbon Balance, % 97.P:. 
Water, Wt p 2. ':>.' .. Hydrogen Balance 1 ~. 1\3 
Gas, Wt % I. ~> Ash Balance, % Assumed Icc) 

Mineral CO?, Wt % \ to..::) Oxygen Balance, % \0_1:). 
Ash. Wt.;<, G').7 As Measured Ash Balance} % <)<::".6 
l"101.sture, Wt % 0.5 I ,,:MARl\~ 

Carbon (Total), Wt % 14. -Z 
Hydrogen \ T ota.l.), Wt p. (.'S,?> 

Nitrogen, Wt % o. '3. 2.­
APD, in O.2.c)3 

~. Spent Shale Properties 
Fischer Assay, gal/ton I. (~ 
M1.neral CO , Wt % 13.? 
Ash, Wt% 84.5 
Carbon (Total), Wt % b.O 
Hydrogen tTotal), Wt % 0.2..8 

~. Liquid Product Properties 
J.. U1.J., \vt % Ro ..q· 

a o Carbon Content, Wt % 8<:1..'2., 
b. Hydrogen, Wt % If). (3 
c. Density, 1bl~al 7.B3 
d. Gravity, API I C)./) 

e. Viscosity SUS @ 130101 ]' 1(",3.b • 
f. Viscosity SUS @ 2100 F !:5'5.? 
g. Ramsbottom Carbon, Wt % Z.lC' 
h. Pour Point, of ~),~.~ 

i. Ash, Wt % 0.1.3 
j ~ N'ltrogen, W~}i 2.1-1 



APPEr:DIX E 

GAS-COMBUSTION RETORT NO. 1
/ DETAILED TEST SHEET 

Purpose-. 
i7& Product Gas Properties 


Run No, 

10 General 

Hater Vapo:::'. Ibs/I"lSCF (drx) 19.'5 
Lenr,th, !lO"J.:rs, 

""L":;S'~ C 
Oil, 1bs1MSCF J dl~y ) 

eo Rates &Quantities 
Il-

IAnalysis _\drn 	 I 
\? ...:-:-1Raw 	Shale, Ib/(hr)(ft2 ) C021 vol % ~ ""104 

Spent Si1ale~ %of RS SS.< ) I. ? 
Liqui~ Produc~J Ibs7tr 

0ll 	vol ~ 
91.-:;: N? + Arr:;on,t vol !h '7.1 

I Oil Collected} .Eal/ton RS I. -,CHIll VQl % 

Air, SCFfton RS (drl) 


l'=?B 
5:, 

Tota.l Recycle ~ SCFZton RS l:wet ~i1 3.340 

CO, 	 v;)l %2(..\':' ­

H? 	 vol % i Z.I 
Diluti?~, SCF/\on RS (wet) 0 Other~ vol % 3.3 

iCaic~Vcnt, Gas SCF/ton RS (dry) Gross Heating Value lcalc),Btu/SCF i17 .-:;.!~ 
Gas Losse~ SC:fF/ton RS 

707'}­
liar'bon ('1'o.... al)1. IbsLYJSCF (dry) 10.\ 

Propane" . SCF7ii'~11 RS 
340(" 

0 H~drogen ~7otal)~ Ibs.LYSCF Jdry) 0.1'.;) 
'l'()tal 1!'low, SCF/M \wet) 29 ~ tj .. Miscellaneous 

\3. Temperature, 6 F , 	 Bed Height Above Disto, ftf' !5" 
Retort Gas Outlet Pressure Drop, in H!JO l~L'3S 
;:Jpent. ;:Jna.Le vut...Let. .u~s~o ~a~~esse, :tn .ti2~"2..3B IR 
Raw 	Shale Inlet NaCI Sol1:ltion.2 vlt %~.::" 0 
Recycle Gas Inlet 

.> 
NaCl Rate, galLton RS 01G:. :3 

Dilution Gas Inlet 	 I """- V~Y~elds & Balances 
A~r 	Inlet Oil 	Collected~ vol %FA7(~ PD. '0:: 
Retort Air Inlet Carbonate,Decomp~~ 1-1<).1 

~. Raw Snale Properties 
_7~t::. 

Water Recovered, gal/ton RS 17.7 
Fischer Assayz gal/ton RS Overall Balance2 ~2~.(,. I ()?_ 

Oil, Wt, % . Carbon Balance ~ % \04 
Water, Wt ~ 

9.3 
1"2..(", 

Gas, Wt % 
2 (/) Hy'drogen Balance,..2...e 

,00I. <} As h 	Balance, ~. Assumed 
Oxygen Balance--1 % Mineral C021 Wt ! c)L.417.S 

Ash. Wt % As Measured Ash Balance--t-'! 73. .:;60.P> 
~l'.JVjAK.~Mo~sture, W1j l' O.~~\ 

Carbon (Total), Wt If> \ 4. ") 

Hydrogen (Total), Wt % 
 1.4 f.:. 
N~trogen, Wt % o. '3 ~~ 


APD, in l:). 2. 7:3 

,. 	Spent Shale Properties 

Fischer Assay, gal/ton ?.. -, 

Mweral CO , Wt % 
 I O. "~ 
Ash, Wt % B~.l 
Carbon (Total), wt % 5. S'l. 

hydrogen (Total) '- wt % 
 0.3 ~ 

f~. Liquid Product Propprties 
1. Oil, Wt If> EP 

a o Carbon Content, Wt % 6<-1,(:) 
b. Hydrogen, Wt % I () ,0, 

c. Density, lb/gal 
" 

!.tA 
d. Gravity, API 	 : '~.j-
e. Viscosity SUS @ 130u It' '.It:lb c:; 
f. Viscosity SUS @ 2100 F 5'5.$l, 
g. Ramsbottom oarbon, Wt~ 'Z. t,'1 
h. Pour Point, 0 F 8'$ 
i. Ash, \it.p -
j. Nitrogen, Wt If> Z. "Z. z.. 



APPENDIX B 

GAS...cOMBUSTION RETORT NO.1/ DETAILED TEST SHEET Date /- S-<P:S _, 

'Purpose-. 
17" Product Gas Properties 


Run t,i)., _.._­
f_o GE;r_er~! 

Hater Vapo~ lbsL.NSCF (dI:;'{) BIl4S"'fll 
Lengtr.. !lO';E-8 Oil, IbslFJSCF (drL)j2. 

Q. Rates & Quantities Analysis\drU 
Raw Shale, Ib/\hr}(rt2 ) CO:;:>, vol i6 2S.\5'3'2­

O?, vOf 1. _ 10.(..83.~'-'~1i~~~~~~~~~t;~~.i1 l.e.r.t:c-
CHh· vol .. 

lO~ Nt;! ~ M~H~~.I £f~~ ~ ..:.=Oil Cnllacted, galLton RS 7.'2 
Air, SCF/ton RS (dryl! 

.1.9.0 
CO, v.Jl % 4.1. 

Total Recycle. SCF/ton RS ~wet 
4'1oc> 
II <12. 1) H? volE. 5.'S 

Dilution, SCFL~on RS \wet) ~.eOther" vol %,D 
Ualc.Vcnt, Gas SC}:I'Lton RS ldry) Grnss Heating Value \calcL.Btu/SCF 513 I~5"~~!1' 

Carbon lToJ.,alLt Ibs/MSCF \dry)Gas Los~~~.t SC:li'/ton RS 2e,\0 1/./ 
Propane ~ SCF/ti!)n RS Hydrogen (Total)" ,lbsi.Y.lSCF \dry) 0,7 
'1' otal }<'l0 1-1 , SCFIl'! (wet) 

0 
.'302. ~o Miscellaneous 

~'. Temperature, U F I Bed Height Above Dist o , ft. "S 
Retort Gas Outlet Pressure Drop" in l!2.0 . 13.S' 
bpent, bna..l.e vut,..l.et, 

11~ 
J.J~s~., _.!jacK: ~ess8,.!. III tl.2u 2.? 

Raw Shale Inlet 
na 

NaCl Solution, vlt % 0 
Recycle Gas Inlet 

-93 
()NaCl Rate. galLton RSUI !>. 

D1.1ution Gas Inlet )'., Yields & Balances 

Air Inlet 
 7(P Oil Co1.1ected,.!. vol %FA 179,) 
Retort Air Inlet Carbonate Decompc er{P 3:5'.4 

~. Raw Shale Properties Water Recovered1 gal/ton RS lID. :) 
Fischer Assayz gal/ton RS Overall Balance, ~ ')8.1 

011, We % 
291-D 

Carbon Balance, .! \<)6,0 
Water, Wt % 

"i.. 0 
'2, Z. Hydrogen Balance.! J" I<-)b.' 

Gas, Wt % As h Balance..,! ~ Assumed IIOD 
Mineral CO?, wt ~ 

/.7 
17, y_ Oxygen Balance, ~ E'ft,.S' 

Ash, Wt % As Measured Ash Balance..!..! (,?-Z ~7.1 
i"lois"('ure, Wt If> o:Sf; ':~lU> 

Carbon ~(Total), Ht ~ 
 ;0),7­
Hydrogen(TotaJ.), Wt ;;t; 
 , _~:{z. 


N~trogen, Wt % 
 0, ',S'Lf 

APD, in . 0,2("'0 
j. Spent Shale Properties 

' 

Fischer Assay, galLton 4./

M1.neral CO , Wt ~ 
 '/3.8 .Ash, wt % A3.7.. 
Carbon ,Total), Wt /b '1_
Hydrogen tTotal), Wt % 0, ;('" 

1. U1.1, Wt 70 
/6. Liquid Product Properties 

80 
a o Carbon Content, Wt % 81,B 
b. Hydrogen, Wt. ~ 10. q 
c. Density, Ib/gaJ. 2.Blf 
d. Gravity, API )8.9 
e. Viscosity SUS @ 1300 F ./.;,.2 
r. Viscosity SUS @ 2100 1" :_.:)La 
g. Ramsbottom Carbon, Wt% 12.50 -.h. Pour POint, 0 F Bf5 
1. Ash, Wt % -
j. Nitrogen,! W~ % 2./5 

http:1i~~~~~~~~~t;~~.i1


APPEN"DIX B 


GAS-Cm1BUSTION RI:.'TCHT NO.1/ DErAILED TEST SHEEr Date /-6-65 

Po....po.,"'·.~ ~.....-

.. 

..( . 

Ij Generalr" Run NOr; 
Length, 110"-1"'8 

11., Product Gas FToperties 
145/J:~ Water Vapo~~ lbsLf5CF (dry) 

I /2-
i 

Oil, lbD/MSCF (drYL 
9.6" 

I~. Rates & Quant,Hies Analys is {.drl)IsoC) -1-··-Raw Shale. lbj(hr)(ft2 ) C021 vul % ~ z ~.1. 
.:l~f>Oh-l-. l=l\1ft=l-P.} .~ ~f RFl I a:G.rr 0,.; lYI'!'J:l.~ "",,-,-','- , ! /'J •./_ 

Liquid. Produc}, lbs/r.r··-·-- -'1 10'::; -'''-N.j-+ltrgon:-"VoJ.. .~ ISI:}•.t. 
Oil Cnl10cted, gal/ton RS J9 . .c- Chll) vnl ~ 1.2. 
Air, SCF/ton RS (dry)- 5135 CO, v;)l % 5.1 
Total Recycle ~ SCF'Zt,l)Tl RS (wet / 12, .•• !O H? ycl ;& 3.3 
Diluti~~, SCF/\on Rs-(Wot) 0 Others vol.! 2.0 
Calc. Vcrr~ Gas SCl7ton RS {~rv) c;, gOI Grr.,ss Heating Value (calc) ,Btu/SCF iIlL1 
Gas Los~p.E.2.. S~ton as 32E:3 Car·bon (To-lo,al), lbs/MSCF (dry) \ \.4-
Propane y SCff7ti ')l1 RS 0 Hydrogen JTotalJ.,. IbsjMSCF ,dry) o.~ 
Ti'ltal l!'lO:-l, SC:B'jM (wet) 315 tlo I'1iocellaneous 

~. Temperatuie;-o F I Bed Height Above Dist., ft~ 5" 
Retort Gas Outlet 134- FTessure Drop, in H2.0 18.s 
;:-;pent S h-ale v1.liJ.Lelj 22 '3 lJl.SiJ., !i.a~ .t!'.ess", )Jl ti2U 'Z? 

Raw.Shale Inlet 43 NaCl Solution, Wt % 0 

Recycle Gas Inlet 14:. 5 Na01 Rate. gal/ton RS D 
Dilution Gas Inlet - F., Yields & Balances 
Air Inlet 7~ Oil Co~lected, vol %FA 78.S 

-Retort Air InIet I~ Carbonate Decomp~~ 137.7 
~. Raw Sha..l.e Properties Water RecOVered; ga17ton RS IZ.3 

Fischer Assay, ga17ton RS 24,t~ Overall Bala.l1ce, % 100. Co 

Oil, 'W'I:, % 9,"!- Carbon Balanoe. % 1,0,," 
Water, Wt % 2.. ~" Hydrogen Balance...t~ IO'E\ 
Gas, Wt % 1 • 40- Ash Balance, iO Assumed 100 

Mineral C02, Wt % \G:..O Oxygen Balance,. ..! <:>7.!. 
'Ash, Wt % iO·~r As Measured Ash Balance, % 197~3 
l"lo:tsture, Wt % 0, r. 0 U:w'1ARKS 
Carbon (Total) , Wt % /4.2 /?~cuJ,..-r-y ri!M1 ESP IV 17}-/ J.J.I '''' Hydrogen (Total), Wt % / • .tf '3 vt:>t.,m t.::E o,l!"p" . /hs/IHC!. 2S.3 
Nl.trogen, W"t;, % (). 3 'Z. 
APD, in ".z.S7 

i-'. Spent Shale Properties 
Fischer Assay, gal/ton Z • 2-
Mineral CO , Wt % I'Z, I 
Ash, Wt % 86.'3. 
Carbon (Total), Wt % 'S·~1 
Hydrogen (Tote,l), Wt % O.Zi 

16. Liquid Product Properties 
I. O:l.l, Wt 'to 80 

a o Carbon Content, wt % 81.[ 
b. Hydrogen, Wt % (1.0 I 
c. Density, lbjgal 1.81 ' 
d. Gravity, API \<..').4 
e. Viscosity SUS @ 130u Ii' 141.C) 
f. Viscosity SUS @ 2100 F n·3 
g. Ramsbottom Carbon, Wt % z.09 
h. Pour Point, o Jf 80 

is : i.; Ash, Htj % -
j. Nitrogen, Wt % '2.. z.~ ., .. 



APPEnDIX B 

GAS-COMBUSTION RETORT NO. 1/ DETAILED TEST SHEET Date / - C; -C- 5' 

.. I 

Purpose', 
'[1_0 General Vo Product Gas PropertiAs 

(dry)Run N.j" i4S1F Water Va~o~L IbB/~~CF 10.0 
Lengtr:.2-.!~v",.[':8 12. Oil, IbfJLy.sCF .~ dryL 

r2, Rates &, Q-u.ar.ttc,ies Analys is1drl1. r-­ .._\ 
Raw Sh~lc. Ib7(hr)(ft2 ) 5"2.6 CO?, vCJl % - 'Z7!£ 
Spent Sh,lle ~ _~ of RS 83.~ 02.1. vol~ 0.4 
Liquid. Produc~ i' Ibs/t,r 115 N? + Argon~ vo~~ ",6 c:>vS 
Oil C;jll"cted, gr./t;cn RS 20.1}. C~k v('\l,~ I. "t 
Air. S~"?Ztor. FtS d~" r 494,: CO] v;)l % :5.n 
Total Recy'cle, SCFjton RS ',wet; 13430 H;:> t vol ~ 3.t. 
Dilution SCP!~;on RSTwot) 0 Others vol % 0, I 
calc ..V~n~ Gus SCF/to!'l RS {dry) t:<.'24{" Grr'\ss lieatin~ Value lcalcJ..BtujSCI< 145.7 
Gas Los~:~ S~ELt0!l RS 3'50(.. Carbfm \,L' OJ'.9,1JJ., Ibs/MSCJl ~d't"Y') 1/.'2. 
Prcipane ~ sCI'7i"m RS - 0 Hydrogen ~TG-::,al12, Ibs/MSCF ~dry) 16,::)'2.. 
T\ltal l' lovr, SCF/M ~wet) 314 tjo Mibcella.."1ecu3 

13. Temperature, o F Bed Hc{gh'c Above Disto~ ft. 5 
"Retor~ Gas Outlet I::' t:, Pressure Drop, in H~O 1'''.5
:\:>pent. Ciha..Le \../llt..Let • '2.:2.'5 1)'1.8t,., 1:iac~ .t'ress 0 ~'l.n _!!~ 2O.,;) 
maw Shale Inlet 4~ NaCl Sol~tion2 Wt % Q 

Recycle \.ras Inlet ,lbS NaCl Ratei galLton RS CJ 
Dilution Gas Inlet - if., Yields & Balances 
~Air Inlet 7r Oil Collecte~ vol %FA 83.0 
'Retort Air Inlet ]] Carbonat~,Deco~o~ 3>LG:, 

~., Raw ShaIe Properties Water Recovered. galLton RS 11'2. ~ 
Fisclier.·Assal~ gal/ton RS 2£t .Co Overall Balance...!..-! 100.'5. 

',' Oil, WI:: % C?A· Carbon Bal8.n~ % lOB 
Water, Wt % 2 _f', .> Hydrogen Balance...t.E '1~.1 ,­ Gas; Wt % 2.7.. Ash Balance, Jt; Assumed 100 

Mineral CO?, 'Wii% lG. ..0 ,0x'Y'gan Balance...!. ~ <ts.L. 
ABh, Wt, %' \'i 70. (p As Measured Ash Balance..! If, I~".~ 

, lV10'.lsture, Wt %' b.'-)() tL~vlAtiKS 

, Carbon {Tota.l), Wt ~ 14,~ R;:::col/e-i2y ra 'I~ L..:s'P /(.)/'72/ .#/.15.N 
i----flydrogen {Tota].), Wt %, \.-'5"7 VoL 7...Y1c,C c!>iV /p:<:/Jle ? 7.1') 

N'1.trogen, Wt % D. ~'2 
. 

.APD, in 
~ .. ~. 

0, '28'2. 
15. Spent Shale Prop~rt~es 

,Fischer Assay, gal/ton oz.!. 
'. M1.nera.l CO ,Wt 1 '''& I 
'Ash, wt % " ,: 84.(.:1_ 
Carbon (Total), Wt}o " 2.3Hydrogen ~Tota.l), wt % o. ~ '2. 

6. Liouid Product., Properties 
.L. Uil, \'it % [. 

.Be? 
.a.. Carbon Content" Wt % B3'(o 
b. Hydrogen, Wt % 1O.H 
c. Density, Ib/gal 1.B'3 
d. Gravity, API \'1.0 
e. Viscosity SUS (gJ l)OU b' lB81 
f. Viscosity SUS @ 2100 F ' 4"\'1.5 
g. Ramsbottom Carbon, Wt % 2 ,4 ~ 
h. Pour Point, o F 85 
i. Ash, Wt ~ -
j. Nitrogen, Wt ~ 2. .'L'Z. 

, OS'Re--/(/J 



APPEtJDrX R 

GAS-COMbUSTION RETORT NO. 1 
DETAILED TEST SHEET Date /- 7- tI, ':S" 

"'~. -
fl" General p$ Product Gas Properties 

Run No, 45·161 i'later Vapo:;:'. Ibs/IvlSCF (dry) 9.~ i 

Length~ l1O"J.:.S /2 Oil. lbslMSCF (dry)
t2. Rates & Quantities Analysj.s (.dry) 

iZC~4Raw Shale, Ib/(hr)(ft2 ) . 51<=) OU), vol % 
Spent Shale~ %of RS 8Z·6 O?, vol % 0.3 
Liqui<! Produ~}~ lbs7r.r /0'5 N? + Argon z vol ~ GI.B 
Oil O:lll~ctedz .~al/ton RS 1').0 oHlu.-.!:' 1 % 1... 0 

Air, SCF7ton RS rd~V)- $0 Ill· CO, v~l % 4.'1 
Total Recycle, SCF/ton RS ~wetl I~',B 1 H? vol % ""t, '5" 
Dilution SCF/~on RS (wet) 0 Other, vol % 1.1
(.:alc"Vc::r~t G~w SCl''Lton RS ,dry) '.LfIO, Grcss Heatin!; Value {oalo). Btu/SCIf ~C).8 
Gas Losae~ SCJ:i'/ton RS '2>.547 Car'bon tTo·.al), lbs/MSOF (dry) 11.'2.. 
Propane, SCF/l:,;m RS o ~~en (Total), lbs/MSCF (dry) 0.7 
Total lnov-Tz SCF/M (wert) '$ \ '8 t)" ellaneous 

3. Temp~rature, 0 F Bed Height Above Dist., ft~ 5' 
Retort Gas 01ltlet , '3 Co Pressure Drop, in H90 /0 
opent. 0 na.Le vut..Let. '220 I u~s'ti .. .!jaCK .t'ress.~ in 1"i2U ZO 
Raw Shale Inlet 47 NaCl Solution, Wt % 0 

Hecycle Gas Inlet It,B I NaCl Rate. gal/ton RS 0 
D~.lution Qas Inlet - ?, Yields & Balances 
Air Inlet 17 I 01,1 Collected, ·/01 %FA 7S·8 
Retort Air Inlet 77 Carbonate Decomp" % 3?~ 

~. Haw Shale .Properties ! Water Recovereda gal/ton RS \'2..1 
Fischer Aasay, gal/ton RS 25.0 I Overall Balance, )lb 1<)<).'5 
Oil, W·t; % C:>.(.. Oarbon Balance~ % 10"3, 

Water, Wt % z.Co Hydrogen Balance, )lb 9').' 
Gas, Wt % 2.0 Ash Balance, % Assumed IDO 

Mineral CO:h Wt ~ 11.0 Oxygen Balance, % <;2.8 
Ash, Wt % ID.3 As Measured Ash Balance, % 1'1'3.!. 
I"I01.sture, Wt % () SI tt.t!;MARKS 
Carbon (Total), Wt ~ 1'1.:-.; t:: sP DiJ \~sJ~ '2~ .s 
Hydrogen ~l'otal), wt, I? /,48 
N~trogen, Wt % I') 3:' 
APD, in it> 'Z f:3.:) 

D* Spent Shale Properties 
Fischer Assay, gal/ton 2.0 
Mineral CO , Wi;, % 1'2. • ') 
Ash, Wt % 8S1 
Carbon (Total), Wt % '5.~.3 
Hydrogen (Total), wt % o.l'!. 

i6. Liquid Product Properties 
.L. _\J1.l, ~t. lb. 80 

Bo Carbon Content, wt % 132 e, 
b. Hydrogen, Wt % \0.(." 

c •.])ensity!. lb/gal 7.6'3 
cI.. Uravity, API \'?v 
e. Viscos1.ty SUS @ 130'" ~. ;\~\,& 
f. Viscosity SUS @ 2100 F 1 4'7.1 
g. Ramsbottom Carbon, Wt % 2.'5() -h. Pour Point, 0 b' 65 
i. Ash, wt.~ / -
;l •. Nitrogen, .wt ;fJ 2. d t!> 
.' 



APPENDIX B 


GAS..cOMBUSTION RETORT NO~ 1/ D11'AILZD '.!.'E':£ S:-lEZ,r Da'LCiI ) -J-4 5 

Purpose­ , 

tI.. General YI) Product Ga.s Pt·, coer·t ~_,;s 
Run No,. L1 SLlHi i:!ater VapC';.7". It;;7JV)SCr~ (dI~y) 
Leng1;h...2..Jl'2.~:·f:: 1'2. Oil t Ibs[rtSGFldry)p, Rates u Q\1ar.t.:l. c·ies Analysis tdr"ll 
Raw Shale, lb!l.hr)(ft2 ) ;~Q GO" vCll ~ 
Bpent Sh:ll@! \ % of liS 61 ,c.,) 09. vol.% 
Liquid Produc}j Ibs7~r BCD' N, + ArgonL vo! !l 
Oil Gtlll.3ctec. z ~al/ton RS 20·'" GBh v(ll % 
Air, SGF7ton RS Cd::'y) ~ 3~-~ C0.t v-Jl% 
Total RecY'cle~ &CFZton RS (wet, 14~!) H? vol 'j'.J 

Dilution~ SGFl~~on R§ \wet) 0 Other~ vol~ 
Galc"Vc,rc, 0<'8 SG~'/tO!1 RS ""{dry) 61 Lt) Grc,ss ~_eatin~ Value (calc)--,Btu/SCF 

t· "Gas LOsses 1. SC:t!'fton RS 5:gdt 
Car bon J'1' o.l..alh IbsiHSCl!' tdry) 

ProRane, SCF/li'm RS ;HYdrOgen ,'iotal) , .lbsiMSGF ,dry) 
T\lt~vl, SGF1M \wet) 310 " lif:;cI311a.c'1ecus 

13. Temperature, o F I Bed Height Above Dist o , ft. 
Retort Gas Outlet _\3G. Pressure Drop, in F~O 
tipent tina.Le L'Ut.Le1j '2.2'5 J:)l.st", ~ac.K: ~ess.--l. l.n 1:i2U 

Raw Shale rnl~t SA NaCl Solution, Wt % 
'. Recycle Gas Inlet J (p E:> NaGl RataJ galiton RS 
. Dilution Gas l:Ifle1 - p>.,Yl.elds & Balances 
·Al.r Inlet, ~ 80 Oil Collected~ vol %FA':. 
. Retort, Air InIet Bo Carbonat~. Decom;Q,l'I .E 

4. Haw Shale Properties 
'Z 3.<:) I Water Recovered; galLton RS 

., Fl.scher Aasal~ gal/ton RS Overall Balance~-.! 
OJ.l, W·~ % ~ 

<:) .1 Carbon Balance, %: 

. Water, Wt ~ 2..4 H,rdrogen Balance, ~ 
> Gas,. Wt ~ , . \,g Ash Balance.t_1D Assumed 
Mineral C02, Wt % ,," ((o.Co Oxygen Balance,..! ~ 

. A'lh; Wt, % ~' ., 
70.~ : As Measured Ash Balance-1 % 

MOJ.sture, Wt % O,J2 ,,-.1~Jg) 
Lbsl~Carbon (Total), Wt % 14.4 ESP ...DJ..) 

iHydrogen (Total), Wt% 1. '5' 2.. 
Nitrogen, Wt ~ 0,33 11/J/fjTVI2' o,tj IlIftV ,!WItt- E ,AS 

,.APD, in ' . ,; ," :'le. 'Z. t'tL.71s""E_I£C ()_A..L ,s,ttrtj>/rc"'-$ "77J~a.1 

~. Spent Shale ~operties 4'1" 'TOP e:>r j(i!c-l1>a:r' k..Ir°,h 
.·,l<'ischer Assay,. gal/ton j,.L 
Ml.neral CO , Wt:~ 1\ •.7 
Ash, wt% .. 

8:5'.8 . 
Carbon (Total), Wt % 5'£,3 
Hydrogen, \,1 ota,l), wt % o. z.(, 

~. Liquiq Product Properties 
.L. ViI, Wt % 89./ 
,a" Carbon Content, Wt .. ?O ! Bi..C; 
b. Hydrogen, wt % ·IO.t. 
c. Density~ lb/&al 7.i"; ­
d. Gl'avIty, APr "?t).l.,.., 

e. Viscosl.ty SUS (.y 1)0"" .If 1'18· 7 
f. Viscosity SUS @ 2100 F 5/. (. 
g. Ramsbottom Carbon, Wt % /. S'I 
h. Pour Point, of 8S" 
1. Ash, Wt ;6 -
j. Nitrogen, Wt ~ 2./i 

'9.7 

n.'; 
2 • .; 

It-I." 
I. I,) 

.4.':; 
:'.1 
2.B 

1/10. '3 
I '2,z. 

D.l. '" -~ 
22..1 

1'2.1.1 

0 
6 

80.2. 
1"l2 ~':i; 
It.S 
IO~,':! 

1\4­

\0'5 
1,,0 

C>a.'"1 
IB(".; 

\1.1 

'2. .7 

, 

I 



APPENDIX 13 

GAS-COMBUSTION RETORT NO. 1/ DErAILED TEST SHEET 	 Date 1- & ... (, '5' 

Gas Loss~22.S8Xy-t0!lRS '38971 Carb(.'ll ('1'o....al), lbsLMSCF (dry) I 2.. t..;' 

Propane,_ ~m as ,.. , 0 H;'rdrogen (Tot.a.l), lbsLMSCF ldry) 10. (.2. 
Tlital l"lovl , SCF/K (~e§), ~z. Z~.. Miscellaneous 

13. Temperat't'!r~ 0 F . l.';.:~ 
Retort. Ga::: Outlet ". '.' .: .12'5 
"pent .::;naJ.e UU'tiJ.et. L 7 0 

Raw Shale Inlet . , 3''=-) 
Recycle Gas Inlet '. I -:;8) 
Dilution Gas Inlet· -
Air Inlet I 72. 
Retort Air Inlet 7 Z 

~. Raw Shale ..fI"operties . . 
Fisch~r Assay, gal7
Oil, We % 

tonRS '2G."'t 
10 .. 0 

Hater. Wt %. l.f) 

: 	 Bed Height Above Diste~ ft .. 
Pressure Drop, in Hl',O 
lJ~S~<I ~a~ ~ess e, In .1:12~ 
NaCl Solution, Wt % Q 

NaCl Rate.1.. gall.ton·~R'-:=;S--·----t--o:;:;:-l 
'1? l'ields & Balances 

Oil Collected, vol %FA 88. e: 

Cal'bonate Decoffi21' -.! <4 L 'I: 

Water Reco--v"':e"':r";"ed-t;~g~a""l"7Ltj::'"o--n~R.-:=;S--- 1 ... 3 
Overall B31ance.--t ~ g9.{ 
Carbon BaJ.:rol·-0..:::.;....:e--'.,~:i--------t--'-lo:::..:;'-'-I 
Hydrogen Ba.laJlcEI, :;b loS 

Gas, Wt /0 'Z.o Ash Balance.t.~ Assumed ItDO 

Mi~eral C02, Wt. ~ 1e.."1" Oxygen Balance..!.-! Ictb.c.. 
I----:-A-""8h. Wt. %(,.,),'7 As Measured Ash Balanco] % 190.~ 

i"lOloture, Wt ~ o,.;·~ '.l<;~~ 

Carbon (Total), Wt ~ IS',I lu..h.S;t..;.~;..a'Jre.~______..p:2·2·61?~(j~U~..... .........I..l\ 
HydrogenJTotal), Wt ~ 1.5'1 ' 
Nitrogen, Wt/ % 0.3'1 

APD, ·in ' 0 :23(... 
[). Spent ·Shale·Properties 


, Fischer Assay, gal/ton 

': M1.neral CO , Wt % 1/.6

. Ash, Wt % 
 . 

S'~~~+-______________________________~__~IICarbon (Total), Wt % 

Hydrogen (Tot,a.l), wt % . 0./6 


16. 	 Liquid Product Properties . 

.1.... Ul.:.L, Wt ~. ; , 9/. B 


'~a" Carbon Content, Wt%"" '~3.7 

~~.:~.b~.~Hy~d=;-~:o~g~~~n~,W~t~~%________~~L~v~.~~~-.______________________________~~~ 

:·c. Density, lb/gal-Z:](') 
d. Gravity}_ API 	 J 9. J 
e. Viscosity SUS @ 1301;),1"<.. /1;9,'3 

f. Viscosity SliS @ 2l0o 'F :.tJ.B/3 
g. Ramsbottom C~boni wt ~ ',\ 
h. Pour Point ,. <:I :b~ ." :" " ". El:::; i 

1. Ash, wt'~ .':;' .. 

j'~ N1ttt'ogen" Wt .'.~ .. ,.;;...... 'Z~'z 0 '." 


'. 
• " '>\l'••~ '.~'~ • ' .... • 'Y" 't • • I, \' ,", . ,"' .. 

... 1:.1 ~i' 
--'---.~~~.- 'tAr!! _.• "', ' 

\ . 

, 



GAS-CC>3US7IOX F.~4C3.':' XO. 1
/ DETAILED ?ES7 SHEET 

,. S~:;'t ~~ale Properties (\;1­ IY 
:--}'ischer ),ssay, gal/ton LZ-•.{. 
r---M-::'r.t:3ral co vit % ! \ • CJ 

t, I 

Asn,> \-It ~ I 2{,. "r I ,j! 
Carbon ,Total), Ht ~o ~.~..J J 

hydrogen ('" J. ~).1. Ove..L , lit % 0, Z·1·J L 
~o Liquid Product Pro:eerties 

I 
I 

I .L. 0:..1, hit % <:'"7 ., I( l,'., 
= 

I £..0 Carbor. C ... . Ht % -.J f~ '~-l ~ 1on ... em:;, z 

I c. Jensi'cy, 'l_l?Zgal t 1./'-:) I I 
i Q. Gra\~"!"':v:r .• A?I I Ic). '') I II 
I e. Viscosity SUS @ 1300 F ! 140.7 !i 
I ~, Viscosity SUS @ 2100 F Ii .... :<:.0/1 

! g. 1lz...'T:sbo"(:,tor;-. Carbon, \'it co 
I 

~, .. /f·::' I/0 - 1h~ Pour Poi!:t, 0 7! j "" .- .... I'" ::. 

i. Ash, F~ c· i rJ, /) ./­ I" .., I~ 

j. ~itroge:1. \,]t ~~ I 2,17 I . 



- -- - -'---"---"-"'-.-..",- .............. -.. ..-~. -----.' 


.. 
APPENDIX B 

GAS-COHBUSTION RETORT NO. 1/ DETAILED TEST.5HEET 	 Date /-11- t, ~ 

Tvt.al Recycle, SCFjt.on RS I.wet/ 1"2..7.$3'11 H2, vol-.! 4.. 2 
Dilution, SGF,!~on RSTw'cll 0 Other; vol ~ /,/ 
Galcn Vcn:tcfi:i:D SCl1torJ. fis (dr:l) '"757 i Grr.·ss HGat.in~ Value !,calc) • BtujSCFI73,," 
Gas Lossesl. SC(i'7ton RS 14 2.Cj~ Carbon \'.t'l)L.all~ Ibsjt-'SCl!' (.dry) .1),.'7 
Propane, SCr7:I;fmRS 6 H:'rdro[~en('l'otal),.lbsjI1SCF ~dry) (j.G.'Z. 

T,"ltal Flo\-I, SCF/M _lw~t,) 331 t)o Mibcellaneous 
13. 	 Temperature, 0 F Bed He:Igh'~ Above Dist.! It" 

Retort Gas Outlet I L3Q Pressure Drop, in l:!2..0 /I 

Raw Shale Inlet 4 ~ NaCl Solution, Wt % o 
Recycle Gas Inlet .. 1 (, "2.' NaGl RataL l!,al1.ton RS o 

. .:". DilutfOri"Gas Inlet - 1'., Y~elds & Balances 
A~r Inlet; -L6 Oil Collected1 vol %FA 9(}.1 

.,'. Retort Ail:~ Inlet 7t. Carbonate Decomp" p 144,S' 
~. Ra-,.; Shale Propert,ies Water Reco-v-e-r-e-,:'d"-'.-g";"a""l.1-r.-to-n-;::R:-;:;S~-- 10/1 

: , . F~scher Assay, ga17ton RS '2. 7.0 Overa.ll B3.lance..,!.-! IIOO,~ 
05.1, Wt, % 10."3 Carbon BaJ.e.n?.:b. p 114 
Waterslit /6 2..." Hydrogen Balanc6-11': ')B.~ 
Gas, Wt, % 2. D Ash Balance, % Assumed 100 

I-~M-r-ineral CO?, Wt % l].'S_ Ox:y.-gen Balance..!-.! 91. '1 
A8h. Wt, % c;, c:;. "r As Measured Ash Balance....!-.e 184.1 

l'1o).stu.re, Wt % (). 7 :_~~ 


CarbOnTTotall, Wt % 15."2. /'1,)I:577/I2E h.J J2/h1J ~.JH1lJ;; ££I?_ 


~. 

Z .L.D 
N~trogen, Wt % i () ".;' 

APD, in 
D. 	 Spent Shale Properties .... 

Fischer Assay, gal/ton 
M~neral CO , Wt % 
Ash, Wi:, % 
Carbon (Total), Wt% 
Hydrogen ,Tote.l), wt % 

16. Liauid Product Properties
1. 	ChI, Wt % 


a& Carbon Content, Wt % 

b. Hydrogen. Wt % 

0.490 


0.2.7. 

88.0 

10.2. 
c. Density, 	 +~7~1~bjg~al~__________ ..7~'7~________________________________r-~ 
d. Gravity, API 	 ['3,7 
e. Viscosity SUS (j) 130101 F 13 e.9­
f. Viscosity SUS @ 2100 F '11S.9 
g. Ramsbottoffigarbon, Wt % 2,'10 

\h. Pour Point, 0 F 
i. Ash, Wt % 
j • Nitrogen, w~ ;f, J'2 I B 

" 

.~ . 

http:l'1o).stu.re
http:Overa.ll
http:SCFjt.on


·.....-..-.-.. -.---_._.--- --. --=.""._'-'-----­

APPENDIX R 


GAS-COHBUSTION RETORT NO.1/ DETAILED TEST SHEET Date j. If'· (. S 

Purposo'J' 

I 

.: GClleral 17. Product Gas Properties.,r---R:un No., 4.J~ ·L Hater Vapo;:', Ibsljvl.sCF (dry) r;(. ;LI Length;- hours 44 Oil, Ibs/lVl..SCF (d,4V) l {'. IIJ 
;~. Rates &: Quantit,).es Analysis J dry) 

Raw. Shal'3. Ih/(br) (ft2) # 9"1 
" 

:J ,,/./'CO?, vol ~? 
opet:H, Bl~';tl 0.1' nQ 1- 'Ii.;'. P;w I ¥~t ~; A4 
Liq11id. Produc t., lbsp;r 11"1,1 N? + Argon~' 'vor-%"''''''' ............ ~5i;s) 

Oil C'ill.3ctec~ gel/tun RS ,~ "/. ,4 CH),) vol- ~o 1.0 
Air, SCP/ton RS dr7) , '-I 'If.1,;;. CO, v.)l % "/.A 
T"tal Recycle, SCli' to,)!). RS (.wet i 1:;..1,7 H? • "Irel ;& .f'! 
Dilution; SCfi~on RS lwnt) (.'7 Other, ,,':)1 % "1.4 
CalceVent, Gar: BGF/tO::-l RS {dry) 6-'19'1 Gross Heatinr, Value (calc) ,BtuLSCF _'d'(.4 
Gas Lo.ss:~ SG.i:}ton hS ('vu,r) L,t.41-9 Carbon \f7.~a.l), l:§LMSCl<' ldry) /.1.11 
Propane, SCI"I iJon RS C1 Hyrlrogen (''(otal).z.lbs]MSCF {dry) 0. 6~ 
'l\")tal FlO:if , SCFr

/ M \ wet) 3t. [. ti. MiSC0l1~'1eC1l8 

3. Temperature, (. F j i Bed Height Above Dist o , ft~ ,"ji 

netor'~ Gas Out:1.et 119 ?ress~~e Drop, in H9..0 II.) 
::;pent btme ('ur...Leti :1;,< (' J)~S~bS~:1. in tl?u ,? 
Raw Shale Inl~'i:i .,4 NaCl Solution, w~ % D 
RE'lcycle Gas Inlet 1 I- .J. NaCl Rate. Ib /ton RS (') 

Dilu-tlon··(}as Inlet - p~ Yieldo & BaJ.ences 
A~r Inleti /1/ O:l.l Cop.ectedz....Yol %FA 'l::t./
Retort Air Inlet / 1/ C6rb::mat~. Deco~('\ 1 ..t,I~.1 

f-l.. Haw tlhale Propert~es Wate:::- Recoyered; Ib /ton RS 1J..;1. 
I Fischer Assay, gal/ton RS :11-. / Over",ll B:1lance, % It'a. 'I 

I O:tl z We % '1.9 Ca-,:b~.n Ba1:.~-mc~ % (T011>/) iJ!X'.J 
! 'HHter, Wt % I· ~' Hyc'trogen Dala;.1ce, % (,,,""'/1, I) ') ft·' 

S'~t.~ .:7.t:' Ash Balance, % Assumed L/2C' 

Mi~~l CO?, Wli % ; j '1. 0 W"I 1'e. ~ . Balance, % 'X/-./2-
. A:Jh. Wt. i§. ,,9.4- As M'3asured Ash Balance,! % IltJPI 
I l~o::Dture, Wt % r.~4 Ii:MARKS 

Carbon (Total), Wt % I.j'" 9 
Hydrogen (Total), \-Jt ;t, 1·7.1 
NH,rogen, 'Ht % C>.,1-/ 
APD, in laif'LS. Spent Shale Properties i 

Fischer Assay, gal/tf\n 0 
M~neral CO~, Wt % j"J ·9 
Ash, Wt % <;?t. / 
Carbon (Total) l Wt % ;5..::.dJ~

! Hydrogen {T ot,al), \1t ~ : t'- PI-
lb. Liquid Product ProEerties 
I I. ChI, wt % 9~;' 

a o Carb,m Content, Wt % 8" .1..1' 

1 b. Hydrogen 2 Wt; % 11.1 
c. Density, 1'b7gal 1.71 
d •. Gravity, API .:).(? I ; 
e. Viscos~ty SUS @ 1300 F I/~A!J-
f. Viscosity SUS @ 2100 F if'/, .? 
G' Ramsbottom Carbon, Wt % :2. /J b 
h. Pour Point , o F 'ii.' 

I 1. Ash, Wt % CJ. 04-
j. NJ.trogen, Wt % 1. 91 



APp:sr:DIX B 

GAS-COMBUSTION RETORT NO.1/ DETAILED TEST SHEET Date / - / 1- t .? 

Purpose: 
p.• General \7 ~ Product Gas P:ronerties 
!--lJun NOr 16"<; -}f i \'.'ater Va~o::::-1r:~'i7l:...i:.:"lS;:;C:.:F=--(~nr.::·~~y)'----I~1'7,.:..=.:L~ 
I .Lenr;th, hours .'J "I Gil, lbslr-lSCF (d~~v) VI All 

! APD, in 0, /). 6' /;:
15. Spent Shale Properties 
r--Fischer Assay, gal/tt...n CJ 

! Mineral CO:,! J wt % J /2. 1 
I Astl, Wt % <t t. / 
~~C~ar~b~o~n~.~(IT~ont~a~1~)*,~W~t~%rorr______-r~·1.·,2~1~______---------------------------+---4 

Hydrogen (Tota.l), Ht % 1"2- Ij 

lb. Liquid Produut ?roperties 
i 1. OJ-l, Wt. % 9.(..]
i a" Carbon Cont.ent , Wt % 9.;2, / 

b. Hydrogen;; W"C % II. / 
c. Dens {t'...:.y~,.Ll=-~b,-'-'-:gg,~...:..al;;;;;"';.--.-------------------!-i_1?~:1~"~7-t-_________________t_-_I 

d. GraVity, API -1 c. / 
e. Viscosity SU{3 @ 1300 F I/~ 1. 1/ 
f. Viscosity SUS @ 2100 F 50. 3 
g. Rarnsbottom Carb"'"o~n.;.olJ:.._W....:.t_.:..-%_ _+.........~~~."""1.:...1+-______ __________-+_-1 
h. Pour P01.nt, 0 F s=.f 
i. Ash, wt % 
j. Nitrogen, Wt % 

OSRtJ-/o 

http:t'...:.y~,.Ll=-~b,-'-'-:gg,~...:..al


APPE~:DIX R 

Gl~-cmlli(JSTION RETORT NO. 1/ DErAILED TEST SHEEr 	 Date /- / 1- /- S 

I Mineral eoi , Wt ~_ 
I ASh, Wi; ~o 
~!__~c~a_r,b_o_n_.~(_T~omt_al,)~$~W_tTTI~~~______t4~._r~.-J~__________________________________+-__~ 

~~og~ (T~~~)~,~W~t~%~___~o~.~/~~~L~_________________+_~ 
15. 	 Liouid Product ?ropert.ies 

ol. OJ-I, tit, % 97' 

b. Hyd:rogen. Wt ;6 	 /c::/. 
c. Densi~t·-y-L,l:b-?L:g';L.:'-al::.-_-:~~~::::::-t-1.:;..;,,/::...;,;...:::'l'-,/1 
d. Gravi' ~A~P~I~~~·~~_____F~~c~.~;~t+-________________________________+-~ 
e. Visco y SUS (gI 1300 F II j/-. / 

'f. Viscosity SUS @ 2100 F I tl ,'1-:1! 


g. Ralr;sbottom Carton, Wt % 2,8.1"' 	 ------+---1 
~~-------~~~.~-----------------------h. Pour Point, 0 F 	 ~'i' ! 

1. Ash, Wt % .(>, tJi) 

j • Nitrogen, Wt % •tl. ;)..; 


o£' /(r!- -ID 

I 



APPE::DIX B 


G.A.S-CQ;:.:sUSTImr RETCRT NO. 1
/ DETAILED TEST SHEET Date I-/f- (..5 

Pt:rpose: 

l".o·....nture, Wt % /""3 ,'J ,fitl1flRKS 
!-I-"""C-arbor;, ('iotal), iVt % I/:...L:-­

Hydrogen (To"..;al), Ht % 1-'! '7.2' 
Nitrogen, Wt. ::0 C.3-1 

1 APD, in Cl !'l {, 5' 
15. Spent Shale Properties 

Fischer Asss.y, gal/tt'n 0 

Mineral COx, \.Jt % ,itJ. ~:) 
Asn, 'V-lt /; 1'8't-. ,.:L 
Carbon. (Total),; Wt % ::>:::L..~5________________j----t 

nydrogen\Total~)~,~~~ft~%~o________~L1~.~/~/-+__________________________----------~____ I 
16. Liauid Prod1.lut :roper t.ies 
I 1. O:L':', Wt % 9'~~I a o Carb::m Cont.ent, Wt %~'1.;" 

e. Viscosity SUS @ 1300 .I!' / :;;/-. 7 
f. Viscosity SUS @ 2100 F ,?C.~ 

g. Rarnsbottom Carbon, ''it .% ;1.:3t:'
h. Pour Point, 0 F~~--------~~~~'c·}~,-r---------------

j. Nitrogen, Wt % .:2. .!iO 
I 

----'-.-.---~ 



GAS-CO:-::stiSTIo:r RETC5.':' NO. 1/ 
DET~ILED TEST SHEET Date /-.;2t' - /-) 

I APD, in let :1,fJ
13. Spent Shale Properties I ' 
~ischer Assay, g-al/V,n C't---------------------+---1i, 

1 Minere.l CQ" Wt % I j /. 1
I Asn, 'i-It % ''0'1..:£ 
I Carbon (Total)} \'ft ~o JI.!-,;-;;.k1-_________________+-_-l 

hydrogen (Totall, vJt % c.c~;i16. Liauid Prociu~t-~?r~op-8r~t-7:-es-----~i·~~~-----------------------------4----; 
j I . 0:..1, \'it % i Cj ('J 

: a. Carb;:m Content J Ht % 
• ,.. 1.( ci
b. :4'CO:' ogen j 1'. t. Ie J /. '1 
c. Density, Ibl""'g"-a_l r-.... • .<-""';1-1-------------------1----1______ ·Z.;:...~~ 
d. GravityJ API 
e.Viscosity SUS @1300 F 
f. Viscosit.y SUS @ 2100 F 

, , 

g. RCLi:sbottom Carb'!""o_n...:,_W_t-'-%___-+-.""'2..:;..,..,;,.?..:;..(,_..,..I__________ _______ ------r---l 
h. Pour Poini:., 0 F ?,' I 
i. Ash, Wt ~ o. C';J­
j. Nitrogen, \1t % 

http:JI.!-,;-;;.k1


c. _____ • ____________________________________ _ 

'- APPENDIX C 
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C.OMPAR,.\SCt-l OF P,A.RT\Ct-E SiZE D\S"fR\BI..1T\oH FOR RUl-l "4'3"3C 

W\TH R.UN 454-L,M,t-l,O)P~ ..i 

o\o"~"''''t.~ Sc.ve.'-",- C>-'A ....\'-\t\$. 
_ e... ~w. ...\c~ ~~"'Y' (. ....¥u.~:...'J ~..... 

~.. "'\l. ...-.;.."' ..,·..o... ¢"."'" c .... 01.,- .. ""'-lc 1';"''''''1'''' 
Co " .....\ " ...... 

., 454-L,M, 0) P. ..., 

~ 

L-______~____-L__-L~L_L_~~LL________~__~L_~~~~~l~ 

2 .3 4 5 6 7 e 9\0 20 30 40 50 GO 'TO 00 <}O ICC 

PE.R CE.NT OF TOTAL. MA"T'e;.B.lAL PASSl~G SCREEN 
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APPENDIX D-1. 


TEMPERATURE, PROF\L£, FOR f\UN, __ 454·L 
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APPENDIX D-1 


TE.M?ERATURE. PROFlLE FOR 'R.U~ 4-!54-N 

"! 
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APPENDIX D-l 

TE.MPERATURE PROFILE FOR RUN 454-0 

~ 0 r 
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APPENDIX 0-1 


TEMPERATURE PROFlL.E. FOR RUN 454- P 
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APPENDIX D-2 

TEN?ERATURE PROBES 

NUNBER ONE RErORT 

DATE __,,-/~i!.:...--...:.S,-,/~·.;;../.-:~~_ 

TINE PROJF.S START / e? t:J C/ :END __~/...!/;....:;::.:t--!i:.:.c?:"-___ 

1- ~~~O=O~~- -1- - - - - - - - - - ~ -T~';~~~;~1:~ ~F-. - - - - - - ~ - --, 

I 1~ill'lBER llrr'iERSlmI INTO BED 

_____,_ ____ __-_-_-Q~_rll"-=~,,= M~ ~6~ +=7l'~ =~O~= =_ ~ 
__ !R.: £¥-_ 1'_ _ _1..%_ t!. _ /f tZ L~5 i:J..O lJ.~J.J~ _ LJ'2. __ ~ 

- - !R= .?-L __ .T- Jf_ '.: - 'f:t2. 1JI.1' .L.1.5 L.1..s: I../.J:L _,: i!: ~- - J 
- - !R:. .2.-~ J.2-j J i 2.~ - :2<: _i/t'~ 2<0.: .fZd.7.f':f - i::!q - J! 

1- -!R= '?'-],3_ - - t -_~.f~ - 6..Jg vt' ~ Z~~ ...7..112 j..J!! - - U:2_ 
I -- !R= .?-1.6- - - . -"-"'-&.: tZ - d-!! .:MjUP .9.2t!. L'£!. tif - -/.,(J" <:. ~ 

I l - - !oR;: .1..J - - - ..1.£1J:..~ - f/f? tb:..s:.I.a;~5.f~.[ l/'p - - 2 Z:?'" J 
f 

___ !R;: J..§. _ _ _ _ _~k. ~ -lr~~~~U~ ff ~~~ Z -2 _ §P_6.: _ Jt__ !R;:,J-1:P_ _ _ _ ~_~..[_ Wt:: L~"=..tJ-I (Ztt' :zf~ 1../05. ,_ Yf2:. _J
I 
 -r/?- ~- /:L <6"0 7&"!) ?c?$ b~" .5'9.t:J s;?CJ 6.,:10 


SKIN TEMPERATUHE of 

I 	 1'1-1 L,;J .2- of • TI-l1 LL -2. j of 

2 I; 2: of 12-.L2 ~ C2 ~._!F 
Ii OF3 /~ 3 	

.\OF 13 1...') .I t' 

qF OF4 /f(~ 14 .LIL <j 

5 /6 g' OF 15, /..1/ 1 OF 

6 OF 16 ?;l OF11. r2. i:. 
7 6/'71 OF 17 9y? OF 

8 ~~02 OF 18 7:;J 7 OF 

9 o;LS/ OF 19 '7/ :L- of 
i 

! 
j 	

10 II tJ z: of 20 .5'37: of , 
OSRC-3 

! 
.-----------~..---~ 

I 



APPENDIX D-2 

'.i'El·l?ERiSURE ?ROBES 

NUNBErt OHE RL?ORT 

RUN & T:'S'.i' NO. 1<1:£ d DA'.i'E __..;;.1_---'-1"_-____/._,,.;;..::r___ 

TINE PROJZS S'.i'ART C) ("r:? tJ 

__ !R.:. £-2. __ _ 

_ _ !R.:. £-!3__ _ 

SKIN TEMPERA'.i'UltE OF 

OF OFTI-1 t..-l 71 . TI-11 /;/t'tJ 

2 /.3 C'J OF 12--.1 -2 t? _p____oF 

.1 

3 /3CJ OF 13 /2 () c' OF 

4 /:1 7' OF 14 t.L b f? OF 

5 LS6 . OF 15 L).rr 0 OF 

6 / ?'.;L OF 16 7t!J OF 

7 3L/ ~1 OF 17 9 9// OF 

8 Yo2 L; OF 18 <{;l CJ OF 

OF f, f (/ OF9 tleJ 19 

10 It?" /£ OF 20 715' t:? OF 

OSRC-3 

->....--~--~ .. - .._. 



___ 

. . 
APPENDIX D-2 

TZN?ERATURE PROBES 

RUN & 'L:.ST NO. 4 f 9' II DATi _--'-I_-_1""---_?;....-·..,;;;·::>___ 


TINE PROJifS START /,;':'; c? END _______/-:;,7/---o:;.:}_....;...:>____ 


! 
.,- ;J~~O~O~~- -1- -----------?~,;~~,;~~ :F- ---- -----­ I 

t 
I 

_ _ ___ Q."- Lli" l!.t~ _6~ +_7!'~ _ !O~___ I 
l~_ill.rn_ER___. _ . - - - - -; - - - - ~Jt.iERSION :CN~O_B~_ - - - - - ­

I, 
. __ !R= ~4r _-.f _ _ .-/..3_0_ _ ..lt2. ~.3.p Lc2.O LLf.t2..i"/f~ _ .!f'3. __ ~ 

~ __ 1rt= .?-§. _ _ _ _ _ ~~~ _ L3P L.2C2.i./£<z _ ...I.Y~__ J I 
L__ !R:. £-10: 1_ -= __ ? ~ £ _ '2tZ _tf>.J.P -2~t)-< :t:it2-.! ..!tZ. _ j'~~ __ J 
~ -__- -_::_: -_:~1_~-_ -_ -_ ~(.t:. - ~fZ Z9.fJ ~Jd :lit*!. .:lt2 i~~12 - - JI - ­

~ ! .Il'_""- _ ~.;t-',? L9-'"~ Lt>Lt' .J!'t'!.. j.r~ ~z ,] p_ _ ~ 
L__ !R.:.l-1 _ _ _ JL.Pf/_._ k:lt'e 2 llZj $f. _C('..I~ ~t~ _.Y..P.P- _ J 

[= =~:; ~~!o= == ==~~J~~ ~J ~~t> ~~~ ~=~ ~ =~==J 

..,-J?- ~ -/ S 9 j' t:J 9~t:' .g'9-t:J 5'ft:> 56(7. t? (it:" ~ 0' 0 

SKINT.EMPERATUHE of 

TI-1 /2 c: OF . TI-11 1..;2 c? c of 

2 /.-:£(2 of 12---/~ .. CZ__~F 

OF3 L.S 0 	 ~F 13_ L.r2. If? 0 

qF .OF4 /(3 ~ 	 14 iL Y L7 
1, 
1 5 . L..3 ff' . of 15 i.l..~ OF 

1 6 OF 16 (0 of 
i 

/6e? 

1 
I 

7 //8t:' OF 17 I{!/h OF 

I 

I 	 8 93i OF 18 D:J 0 OF 
I ~ 

! 
9 ;7~~ of 19 "fC? OF 

10 / t:J;2a-°F 20 7".J,b of 

OZRC-3 

fd .~E".~ ~ 
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• 

Rlh~ & T::'ST NO. __.....9:......;:::..,'?_Z''---C_ 	 DA.TE __.l...I_----:.,r:....-·.....;/-;..-'.;.;;,,-5___ 

Trt~ PROJES START Off'~t? 	 ~ ____~O;.._.{...2~~~~~______ 

OPERATOR ..c%A i2:c.4 kd 

r--------- -----------------------------1 
, 7HE.RHO-':OLJPLE 	 TDiP;:"::U,TIJRE, of II 

!~UNBffi 	 HlhERSIOlr INTO BEDI	 --1---i--:-- 7 --l----- !! --- ­

311 611
I. 	 0" l\li: I 41.lIt i 7!.n lOll Ir ----..----- ------ .<?. .... - - r_2_ - ...I.. - .<?. - - - - ­- -	 - - ---l 

r- - - ,TR.:: ?-,\r.£ _ ~ _ ~~ ,£J_ _ /2'e~ £',=..0~ .!~G' I -"1:'~>.2"e .../.7'..""_ - - ~ 
~ __ ,Ta.:: H ___ 1_ ~ fq __ ~i'<2 ~ ,:::~~ L~d !~"'_I..l1'<O -L~~ __ J 
~ - - IR:.?-!8.:. ~~~ _ ~~~__ b.Pe 1--&-"'1,1-[0 2-Jevf''2 ..t.2c - -..: 
i- - _1R.:. ~-13__ - _ :ff_~O_ _ ~.e~..:[j..!~?-j :2-f2.C/ £ZCl. J2t2 ..ILe ~__ ~ 
~ - - ,TR.:: N.6__ _ J~.£!2_ <2.1'.~p/.(>~ Z..!i? .J2 t2 -~(! jj'./F -1 
LI' !R.:.~-~ ___ ~~~§'- ~er2.9'P-j"i"O -"Zq 1-61' __ 2.t2t2_ ~ 
___ ,!R:. 2,-§. _ _ _ _ _~:!.. q _L7..ff7t"v..?16.?'.P p!<E ~3q __ 7~<::? _ ~ 
L- - ~O_O_4'Z- __ =-___ L::- : _-1::- ____ L__ +-.__ ::-___ J 

-,-R·.;1-/s /t?tPO /t:J/t/ "i{30 6.l5 37?J 7'dP /CJ/C/ 

SKINTEMPERATU1:u!: OF 

'1'1-1 I..:J .;1.. OF . TI-11 LL. 7> :L OF 

OF2 I,J~ 12 L...5!....t2.. £? ._0Ii' 

OF OF3 /.Jk 	
.'. 

13 Ie? et2 
qF OF4 liL.:L 14 /CJ 7 C7 

OF OF5 I?-]L 	 15 L.L :7c? 

6 J 7L 'Sf OF 16 75 OF 

7 r:1~4- OF 17 9 ;;... d OF 

OF.r- 8 V6.1' OF 18 ?" J?' 

9 :)"Q /f OF 19 6</0 OF 

10 9?1 OF 20 1L- .;2 b OF 

OSRC-3 
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APPFNDIX D-2 

TEl~EMTURE ?ROBES 

.. 

;:::u;~ <.: T~ST HO. l',:£7' E DhTE __~/_-~I-_-_-~~_,~S_______ 

TDIE PROJ~ START Q 8" IS: 2ND __--..I..a~P~/_'....2:_____ 

OPERATOR 

SKINTEMPERATUHE of 

T1-1 /3 t' OF - TI-11 l:L ,(J CJ of 

2 /.34 OF l2:--'/L7 b OF- -- ----­

3 J3L/ 
.'.OF 13 1-1 t:7 0 OF 

4 /9 C' qF 14 /Irtt:? OF 

5 /9;2 OF 15 / tfJ ;2 ,;l. OF 

6 /-7L ? OF 16 14 OF 

7 3t1? OF 17 9tJe" OF 

8 93;6 OF 18 730 OF 

j 
( 
J 

I 
i 
I 

9 

10 

7t7f 

113t:J 

OF 

OF 

19 

20 

~~.(J 

:3 5'.y-

OF 

OF 

1 
! 

, 

---­ -­--------, 

OSRC-3 
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Ru;.~ & T::'ST NO. 4,r.c1 F 


Tli!E. PROJ2.S START / 7/L7 


~--------~-------------------------------
I TrIi;P110~OUPLE ~ 	 TD·iP~R.;lTURr::, OF I 
i i~UNDER I 	 Iilli'iERSIOi>! INTO BED : 

1- - - ;R~ ;_~ - - --;;;- -I IS'; /~~I ~9~ -/;('- i /~; f. - - ~$£-; - -: 

~ - - ~R~ ;-;; - - r --=-;(7- - ~1-1~ I : ;oj ~-j -; ; j- - ; r --; : ~ -­L- - - - - - - ../gl -~- ---~ _.z ,.)- - Q..L -; S. - --,..;2$- ... - - _t. - - ~.
I 	 I ! i I I I I r - _lIt.:. .?-;1:.3_ - - + - _9_--l.~2 - ....8'JtJ. L&::3p~ :J;]c?.I..7.£'CI$$"'.Z L _ i/_t:.~ _ ~ 

~ - - !R~ ~-!6___ t_~.:[tZ.<? - ~lji'lUf? ~ US" .ffc£l.l~~l _L".£t? - ~ 
l~ - - ~R.:.l"2. - - -1- L €..? 2_ Y"HL Ut?{US ..lk. ,7.tf' L-?J.!'_ ~ 

- - - :£R~ H. - - - - _iL11. f' -J~12 ~ ~13+7d 2 t..c: ItVe ~ __ J'_3_ ".: ­

I- - _lR.:. 2.-10_ _ _ £-£ fjl-J.)' JJ.t?.J! ... =--_ L --=- _I --= _-= _L=-- _ ---=- __ JT*.­

rR....;l-15 9tfo~ '1$'0 9Y~ f5t? SSt? /fYO /J t? 

SraNTEMPERATUliZ OF 

TI-l 1..,1.2 OF . TI-l1 /.. J, /'J tP 
f of 

2 /3. I:. OF 12_1,:J t?JL_:-'fJ F 

3 ,131 
.\OF 13 / ~ t' 0 Y OF 

4 !...t/ 9 	 "F. 14 t..t!' 8: (? OF 

OF OF5 L;t;. OZ 15 L/c) L) 

6 ) L/-b OF 16 "-;-t(> G;<r(:. J. OF 

OF OF7_. :?? f 	 17 9/t? 
,/ OF:1.8 750 

9 7t't OF 19 bat!} OF 

10 It'S 1 OF 20 3t"t of 

OSRC-3 
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------------ -- --------

D.S:!' I - '7 - /- .t./ 

7D~ PROJ::::.5 ST;"RT If, -1/ 
O?ZR.1.TOR 

SKIN'i'EHPERATUHZ of 
. '.-r-

TI-l 1..1. ? of . TI-l1 J ,;; tJ C) of 


2 OF 12 ./-LCJ tI f ~F
/ :1·;L. 	 . - -- ._-_._­-

I- of3 	 L >~ .,-

.'.OF 13 /(2cJti 

4 	 1..6. .::2- OF 14 !.o7g' OF 

!.9ij OF 15 /.1 c1 Ci 
..;. OF5 


6 
 .~.;2 t OF 16 ) /3 g OF 

7 :l. ,1. ? OF 17 ?9~ OF 

8 7ft OF 18 7.3~ of 

9 2~ c:? ,OF 19 b02 / OF 

10 II/,;?. of 20 2:fL7: OF 

OSRC-3 



._---------------------­ ._-----'. 

of ofTI-l ;.1{ ' TI-l1 /; r:~ 
I­2 L ,:I(.J of 12~ cJ <l_ ____0 F 

,'. f­
3 Id CJ "F 13 Ijc?) of 

OF4 L 7'- 1).. ClF 14 L / ,1 C/ 
I-of OF5 ,/,PI 15 1;2tt'tJ 

6 .j: rrr OF 16 /.;L CJ tJ 
I- 0"'] 

7 fl:.c:L OF 17 2.~ {') OF 

8 9 f. a OF 18 fr.:) :? OF 
I 
! 9 / t? 5'0 OF 19 70Lj OF 
I -I­, 10 I J-o() of 20 :506 of 

j 0~RC-3, 
! 



____ _ _ _ _ _ _ _ _ __ 

Dh'l'E / - / t:' - c: s 
--~~--~--------

'l'IUE PRO].;;s S'l'h.R'l' I It>O ZND /,J. 0 t:? 
----~~~----------

OPERA'l'OR t&.r f PIe ( st~ y 

1---------1-----------------------------­
I 'l'a2..;-~,EO_.;Ou?LZ 
I ..WNI3:R 

~_ 

__ 1il.:: ~-J{!__ 
- - .'!:n= ~-~ _ _ _ 
__ !T\:. g-J#_ L..[ 

L- _1R.:. ~-13_ - ­
~ __ .'!:R= ~-1,.6_ _ _ 

f 'l'El,i.P~RB.'l'UR:::::J of 
ilfi'iERSION INJ.'O BED 

- - -O~ l~-l~lIll -~,,- ~ ~J.~J -6~ T-1~1I_ _ _ _ _ _ 2. _ _ _<l_ _ _ ..s.. _ 2. _~ 

, I , 

- ~O~ - - --i 
' 

__).:1 ~__ i ~ t2 ,-.:f!? l ~-fL.!' .If.~ :.!~c:_ ../2.c__ J 
_ J!IP - - ~ t2. ~/.i'L'-18'P~ /ij....<"-l-'~<:: [ - J.:l'.P_ -1 
_~~t?_~ _ 9.fel_&£j .2£t' 2Zt2.I_b-.I!? _..?Lc:. _~ 

- - (~~ - If.5t2. 7..;ff! ['2.0_ ZI.P_ t21(? ./:2-.IP_ - J 
J1 f P _ -vL%> lij.f'~ LP<2t2. Lt>f t2 .fI.h'! _,(3..1"'J' - J 

~- - .'!:R= 1-L __ T../P_3'-"__ltLt'" s:'-:lP_! ilt? Lt'.!C kt'.?.!' __~-: 'C _ J 

i- - _:£R= 1-L ­
L__ :£R.:. .1-10__ 

TI-l 

- T - .JUJ/_ JUpL02l 2£t? ..fie ~(.J~ 1- J'_b.:t? - ~ 
... 1__ :. : __ L__ L___I_ _ _ __ L__.l- ,_ __ _ __ J 

SIaN 'l'EMPERATUHE of 

of ofI. S:L . TI-l1 L.t! :18' 
OF / ;:) t) 0 ...;..2 I. If t- 12 --_.,--!>F 

3 J ?t cJF 13 I; tJO f- OF 

qF OF4 t..tr. ~ 14 L.a 1t7 

OF OF5 t. ..:,i.4. 15 /,J.CJtJ f 

6 /-:/:.1 OF 16 LJ 00 
f- OF 

, 1 :J..~r- OF 11 <?rO OF 

.--- 8 t""54 OF 18 ?.lJ.O OF 

9 96/; OF 19 b:3t:J OF 

OF OF10 / t?6 'f 20 /f 6'1 
OSRC-3 
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",'tv. D..~?:':: 1-11-65 

--~~~~~----------

0-135 

----------~------------------------------I 

r:.'R - 2 - 15 870 780 685 635 815 1200 1580 
SKIN jl~I?..~7"'1..b.l.\'C:\Z. of 

r'\- ­J.J..-.L 3.? 8 of - 'LI-11 1()78 of 

2 of 12-...-l2QQ+ _______'::l2 ~p 

~F ' ~ of:3 131 ~j 1')(')0-'­

QF4 I 1 Cl 14 1 ('\ 5 1 °7 

of OF130; 15 ]?nn+5 

of OF6 1 s;:; 16 1?()1l+ 

of OF7 '1 ~ ~ 17 Cl1P• 

/"" 8 RO! OF 18 7fi!' OF 

9 C; 7' of 19 hln OF 

10 1 nc)t. of 20 !16t! of 

. OSnC-3 .' 



_ _ 

_ _ 

__ 

_ _ 

_ _ _ _ 
--
_ 

P" "'''''''1: F.""", 
nll.IIH."'!l.a 

- s.'\- TI-l \2.6 

.. . 

RUN & 7":'ST NO. 454 '­

7IllE PROJl!.S STAH.T 2( 0 '5 

APPENDIX D-2 

TZl·i?ERATURE PROBES 

N1J}ii3ER ONE RETORT 

OPERATOR eALDW \ N 

DATE '-I S- 6 '5 

END '2. 'Z. 0 0 

---------1~ ------~---7-----------------
THERHOCOUPLE ~~ <Il 

l~m-1BER I~ L" ~ ---___ ­ -__ ~~ ~ 
lR.:: ~-L _ _ 1"2..5 = ~~O= CoI::!~ I-L~.9- J.'\:..O J.'r.O_ :_I~Q _1_~.9__ _ 

!R:. ,g-lP_ _ _ 
tlLtlN'T cSO IN 

lIt:. .?-!3_ _ _ '7t: \ _!2 LO_ ~~Q 8Q,O eLO~ l~QQ J7J5.o M.l~t.. j)..o._ 
!R:. g,-1,6_ _ _ _'L'2..P_ t'l4Q 100 HOT I..IDIN _____ _ 

_ ~ _ _ _ _ . _ ~Q.Q. LS1Q _ .§)~9__ 
!:: ~~! ---E8S.. _Il.':a . .o_ IL8§ ~1Q. Q...~ _lCL2..o__ 

_ !R.= ~-1P_ __ \'2:9 _t:2.'9_ L7P9 a 1..9_ 1'19 _9.?G1..~3G ,_ ..:9j-9__ 

SKIN .TEMPERATURE of "',,"'/11," , ..,,., 
'r.O~. IAI ,....,. 

of - TI...11 l~lO of 80., 

- TLIlP:"1H.TUR:S, of 
Il'lNERSIOn IN.!.O_B§D__--0: rl~"r ;,,- !&~ _6~ L7~1~ 
=~O~~ =_ 


'-<: 

0 2 \ 1..8 OF 12 11 2.5___	~F 80., 


OF
13.S 	 ~F 13 1315 80.1
3 12.1 

2 8.~ OF 	 of 9G..fo4 l44- 14 \\50 

'37. Co 5 '16 of 15 Hg5 OF 84. '" 

....... 'Z. 6 356 OF 16 \ '2. 35 of 6 roo Gt 


wti.CJ 1 7,00 OF 17 \0'2.6 OF , " f.t 


lId 8 965 OF 18 860 OF j oa.e. 


;'.1 OF 72.0 OF I , •• '1
9 10"30 19 


7/.1 of OF
10 Joe 	 20 442. I"~o 


N.a.e, "i>"~""L". __.. ""\\'" ......""....u ", '\''101, "., • .to ~,,\I''''~,\I;\ ~"".. \1I ...... .\rI.I... ~.. ~ OSRC"'3'i 'n.1' ,"'-k\.......~ \, ...\."" ..,,'" "of', (............ ", \'.4.- ••\ .. ~~\~., .... E?;;"r'\"\'~j 10 ..\ ......". ~.,. 
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H • 

TEIvi?ERATlJRE PROBES 

NUi.''iaER ONE RErORT 

RUN & '.1...ST HO. 	 454-M DATE _....:1_-...:..'..::::6~-....:61o.L....:o5,,--____ 

TINE PROJZS START 12. \ Q 	 END _-..!..I'?.>i..'3~O=---_____ 

OPERA'i'OR SIANpI es; 

---------1-1---~-----~~-----------------
THERHO-':OUPLE 	 'r~ ~ .:, TI:.tll\...::iATUR.I:, OFif' J

1~m.'ffi~ ~ : ~ _ _ _ _ _ _ _ ll:t..iERS.lOZI I!~1:0_B§D_ _ _ ___ _ 
, .. ~ I • __________ ~1 __ Q."_ ~ l!" _ ;1"_ l!1~ _6~ L7±~ _lP~_ _ _ 


_ _ !R.= .?-L _ _ I~'" 


-

_ _ .!:R.:. .?-~6___ B.Q. _ <z~o_ L'L4Q L\'2Q.o~ L95 Q..TJ~f3t__ 


_ _ !R.:: d-d _ _ _ _I~I_O_ L\~Y21_\1~OJ _~~o _9~Q 9]Q _1.91-.9 __ 


- - !R:. d-§. ___ 9,2.6 _ ~q~tlQ.Q.5L ..5~~ ~2Q _9?Q 913Qrt _\.99Q __ 


_ _ lR.: 2.-1:0___ \\~.9 _ 5ta.Q. 6~QL~~5_1 :?Qo ~1Q 1..~5Q .__9'?Q __ 


____ ~ _ _ _ __ :_ _ _ _ _____ ~ 

• - _.!:R.:: ,?-§. _ _ _ _ 1'_'5_ 't\:?:'§. \3-.91J LO _q.'p_ !_\l~ - J '-0_ - -1 
__ !R::. g-10_ _ _ 5.. _ 6~..o_ ~t9Q _ti6..9~ ~<z.o _51Q..l_'5JQ. _ .9~Q.. __ j 

__ .!:R.:. g-!.J_ _ _ _ ~ lo_l9j-Q., ~\Q ~ Jt2.o ..JeQ..1 93Q _ Ll~9__ 

SKIN 7EMPERATUHE OF 

TI-1 12.6 OF ' TI-ll 1'?:I25 OF 

2 , '2.8 OF 12 1\ 7.5 __!F 

OF OF3 	 12.7 
.'. 

13.. ~~O5 

qF OF4 l44 14 1\85 

5 \80 OF 15 1\ c"O OF 

6 340 	 OF 16 I Z. '30 OF 

OF OF7 600 17 \062­

8 \02.5 OF 18 890 OF 

10\0 OF 19 -,154 OF9 

10 590 OF 	 20 47:1:: OF 

OSRC-3 

---~-........­
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APPE}JDIX ~-2.. . 

DATE I - \1- 6 '5 

TINE PROJZS START 1'2.00 END _.....;1W:3~O=-9=:.-______ 

OPERATOR STANDLEE. 

r~ rill co· TEl,;P:':"::lATURI:, OF'J.'Hi:.RHOCOu1'LE 
i~UNBER :z r uJ Il'lhERSIOi',j INTO BED 

~o3 ---l--l--­ ---:-­ ----­
____.•_____ ' 01'­ __ Q."_ lin _ ~"_ !it~ _6~ _7il~ _10~__ _~<t~ r 1 

! 
! j-----­ -----­i 

_8::JQ 9.1-9 

~:JQ 9';~ 

_..\ LQ. - -1 
840 I------ ..... 

_IJ:;.I;:? __ ~ 

---------1-------~----~-----------------



••• 

-----

_ ____ _ 
_ _ 

. ,-= ,--"'---------------------------------- ­

APPENDIX D-2 

RUN & 7.wST HO. 454 - 0 DA'L'E _...:..'_-\~B='_-....:61oo1...:::5~____ 

'L'Il'IE PROJiIS S'L'ART ...;::C~~:;..:;2.::...:.I___ END _---J.\.x:Q:..Io2"-<;~_____ 

L==~H: ~-~= ==, 1~.\ _~o_o_ ...9_69 ~\.9 ]a'S 

- ;n~~o~o~p~- - -Jlw~ ~ 
i'JtmBffi ~ ~ ~ 

~O:z. 

___ _ J' _	 ____ a~ 

TR- 2-4 1\3.5---------, ­
__ 1:R=,g,-§. _ _ _ 31:6 

TR- 2-10 65.9 

. __ !R;: ,g,-;h6___ 


_ _ !R;: .J-,;}, _ 

-= =~:~ ~:~= 

TI-1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

== 


---~ 	 ---------­----~- -T~;~~';~~ ~F-

DIHERSIOn---l--l--- -­

__ Q."_ l~IIJ _~"_ bit~ 

__I __ 

_ l~O_ l~ §. \ \ a 

_ ~9_'5_ 6.i3Q _6_'0 560 

8.9.\ JQas_ L,-~§ [11§~oJ _-= 

8.§.~ J ~~5_ Lr~~ \.91.0_ ~~5 j; 1..~ 9~.9 

INTO BED .
--7-­
_6~ 1 _7~'~ 

\ 
t 

JQ.S_I_\Q§ 

_5~~.1_5'?Q 

.1~Q _9.;>9 
_-:. __ =-_ 


~:~ ===~~= r=[~!J:~ ;::~:~ 

SKIN TEMPERATURE of 

OFI 'Z. 4 ' TI-11 


of
\ 'Z.6 	 12­
~F\ 2.6 	 13 

'IFi~O 14 

OF\ 10 15 

OF34'L 16 

OF62.0 	 17 

OF\0\5 18 

OF915 19 

OF6\0 	 20 

OF\345 

.illS !F 
----~ 

OF~'2.'3S 

OFi 2.0 S 

OF\7..\0 

OF\2.30 

OF\080 

OF92.,0 

OF78~ 

OF518 

. ........- _.__...... .......
-~ 

_10~__ _ 
' 

_ j Q~ __ J 
_ 'p~Q _ 

= 

_ I 

_ '-6.;5.9__ 

_ l.O.h.0__ 

.: ~~~~ 
"'" , 

-~.~ 
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APPENDIX 0 - 2 .... • 

TSi'iiER.h.TURE ?ROB::.s 


NUh:3ER ONE RETORT 


nUl: &. z:,ST NO. 454- P DATE __..:..'_-\l-9"--~6",,,-=,,5~~__ 


7I~3 PH01~ START 1300 ~ ____l-14~Z~O~__________ 

'X'r 

I"'" - - - - - - - - - 1 uJ-0....- - - - ~. - - - - - ~ -:- - - - - - - - - - - - - - - - .. ­ i 
t"'I":';:.Jl."O 'OUIPLE ~ 0 V'l • I""1";,:'n"":,), MOOT:' OF III J.fu.Ll.I.I> v I- uI . "". J.U ....u.l.liJ. J..l, \ 

I IWNBffi ~ s: ~ - - _ l ____ Ii'Jt.iEB:SIOli INI0_B~_ -' - - - - _ 
, ~o_ I , l 
I . a! __ QII_ llllJ_.111

_ !±!~ __ _ 

I· 

_6~ 1_7l'~ _10~ 

~ ==;a:~-~ ===I~L _ _ _ 

~ _ - I".: .?-L - - 316 _2.99 _ 11~ L4.9-j J ~s J 1~ i-'§Q _J §Q __ J 
~ __ !R:. 3,-10___ 6~.cz. _€L4.Q _ -:Log t6.19~ 9~O §Q.Q..j§Y2. _ nL _~ 
f- - - Ill.: £-13_ - - 7.1.,1 - ~8.9 - L':L4Q I ·:t5§ ~ .e~!Le]Q J~Q - Ll_6.9- -1 
f- - - !R.: .?-!,.6_ - _ B,Q·L _IU.o_ Lr~1.9""]El9l--= _-:: ___-= ______ I 

L__ !R.: .1-.1 ___ 8~." .n.<>_O_ p?"4.9 LI LO_ll' ~o .9~Q OJ!) _lC_5-"i__ 

L- - !R:. .1-~ ___ t9g,·6 J 9,0_0_ rQ.6Q IQ~'51_920 ~ilQ. I QO.Q _ 1 Q. ~s__

L__ !R.:. .:2.-]P_ __ .lll~'<1 _6..99. _ L6§~ t!8.9_I_~§S _~~~ l...'9o.9 .__\9 LS__ 

SIaN TEMPERATUlG 0 F 


TI-l____-J\.....;'2..;::..4..1.-__ o F - TI-l1____....13='Z.=--S____oF 


2__.....:I:,...;L.......;e=--__o F 12__\_\_'-9__'!F 


3~__\:....:9"O=--__~F 13___\_~_O_O'--_OF 


4.___"2..=.o;;:.o=--__q F 14~_\.;...1.._C>..;..O~_oF I 
I 

5__...!:2::...::6=..:6=--__oF 15__.;...:\\_J....,Q__oF. 
j 
; 
\ 

6___4.:..;:6~2.~__oF 16__..::..\..::::,-..;::o;,.;::o;......-_oF 


7_----.;:6:=...7J.....::O'---_o F 17__.;.;:\6::;..;8::..4....L.-_o F 


8__-=<):..,:SJ:;.;::8'"--__oF 18__....;::9....;.2......4a...-_oF 


9__-=9~S"-!O==---__o F 19__..:B;..\;..::'2..=--_oF 


10. 640 OF 20.__....:::......;...;::.-- __...;:S;;..;6=Q,--_oF 

OSRC"3 

http:7_----.;:6:=...7J

	Technical Memorandum No. 65-2 Demonstration of High-Yield-Retorting at 500 LBS/(HR) (FT2) Shale Rate
	Table of Contents
	Introduction
	Conclusions
	Detailed Discussion
	Effect of Air Rate and Raw Shale Moisture on Shale Oil Yield
	Appendix A: Summary Sheet
	Appendix B: Gas-Combustion Retort No. 1 Detailed Test Sheet
	Appendix C: Gas-Combustion Retort No. 1 Detailed Test Sheet
	Appendix D-1: Temperature Profile for Run 454-L
	Appendix D-2: Temperature Probes Number One Retort

