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SUMMARY

In its work under the Synthetic Liquid Fuels Program the Bureau of Mines has
developed on a 6-ton-a-day-pilot-plant scale a continuous, gravity-feed retort for
distilling oil from oil shale. The development work covered by this report was done
from January 27, 1950, to January 26, 1952, at the Oil-Shale Experiment Station near
Rifle, Colo. Over 300 pilot-plant tests were made during the investigation. The
basic retort developed has been named the Gas-Combustion retort.

In this process, part of the heat for retorting of the shale is generated by
burning recycled product gas in a combustion zone within the descending shale bed in
the retort. Additional heat is supplied by combustion of the carbonaceous residue
remaining in the spent shale after the o0il has been distilled. Air for combustion
is admitted through an air distributor in the center of the bed at about the mid-
point of the retort. Hot gas rising from the combustion zone heats countercurrently
the descending raw shale and liberated shale oil by pyrolysis of the shale. After
passing through and exchanging heat with the incoming raw shale, the oil is con-
densed as a fog or mist in the gas, which is withdrawn at the top of the retort.

The cool gas is then piped to an oil-recovery system where the oil is separated from
the gas in centrifugal separators or other types of mechanical or electrostatic sep-
arators. The hot, spent shale below the combustion zone is cooled by heat exchange
with recycle gas, which is a portion of the effluent gas from the oil-recovery
system.

Important desirable features of the process are:

1. The spent shale leaves the retort at a low temperature of less than 200°
F.; heat is conserved, and handling and disposal of the spent shale is simplified.

2. The temperature of the exit gas and entrained oil is not over 175° F. At
this temperature the oil is in the form of a mist that can be separated almost com-
pletely by mechanical means without further cooling.

3. Owing to the high overall efficiency of the retort, energy in excess of
that required for the process is available. This excess energy, in the form of low
heating value gas, is suitable for steam or power generation or other purposes.

4. No cooling water is needed either at the retort or in the oil-recovery
system. This is a highly important point since most of the richer beds of shale in
the United States lie in semiarid or desert regions where water is scarce.

5. The yield of oil from the Gas-Combustion retort, under properly controlled
conditions, is high, approximately 95 percent of the Fischer assay of the shale.

Operating problems of the process are:



1. The temperature of the combustion zone must be controlled within fairly
narrow limits, If the temperature is too low the fire may go out; if too high the
mineral constituents of the shale fuse, forming clinkers.

2. Refluxing usually occurs unless conditions are controlled properly. This
results in excessive cracking of the oil and a consequent lower oil yield. It also
may result in agglomeration of shale particles owing to the formation of pitch or
coke in or somewhat above the retorting zonme.

3. For the best operation the combustion zone must be uniform across the re-
tort. An uneven combustion zone invariably causes erratic operation and low oil
yields. Such a condition may result from clinker formation or from refluxing.

4. Rich shales containing more than about 33 gallons of oil per ton tend to
agglomerate and form coke in the retorting zone, which interferes with the uniform-
ity of shale and gas flows.

Most of the troubles listed above can be surmounted by careful control of the
shale-air ratio and the shale-recycle gas ratio. These ratios must be determined
through experience for shales of different compositions. With average Colorado
shale as mined, containing about 30 gallons of oil per ton, the pilot plant has been
run continuously for weeks with only minor operating difficulties.

Preliminary tests indicate that addition of a small amount of sodium chloride
to the raw shale causes the formation of a more stable oil mist in the retort gas,
owing to nucleation effects of the sublimed salt. When salt is added operating con-
ditions may be varied more widely without loss of oil by refluxing and cracking in
the shale bed.

This report describes the step-by-step development of the Gas-Combustion retort
and the various modifications and means of air admission used to obtain a workable
unit. Work is continuing on the process to improve yields, simplify operation, in-
crease the throughput of shale, and to learn more about the chemical and physical
phenomena encountered in the pyrolysis of oil shale by this process.

INTRODUCTION

Under the Synthetic Liquid Fuels Program, work was begun by the Bureau of Mines
in 1945 near Rifle, Colo., on the production of liquid fuels from Colorado oil shale.
The NTU process3/ tested initially included a batch-type retort heated by the inter-
nal combustion of retort gas and residual carbon in the shale bed. The development
work showed the practicability of pyrolysis of Colorado shale and gave information
regarding the properties of the oil produced. It also pointed to the need of fur-
ther investigation which could be done most effectively in a small pilot plant of a
few~tons-per-day capacity.

The first pilot plant, erected in 1947,5/ was a retort in which a fixed bed of
crushed shale was retorted by direct contact with a stream of hot gas heated by re-
circulation through pebble stoves. The principal reason for studying this batch-
process was to obtain fundamental information on heat transfer, product yields and
properties, and general operating techniques.

3/ Bureau of Mines, Synthetic Liquid Fuels, Annual Report of the Secretary of the
Interior for 1949, Part II. - Oil from Oil Shale: Rept. of Investigations
4652, 70 pp.

4/ Cattell, R.A., Guthrie, Boyd, and Schramm, L.W., Retorting Colorado Oil Shale -
A Review of the Work of the Bureau of Mines, U.S. Department of the Interior:
Pres. before Second 0il-Shale and Cannel Coal Conference, Institute of
Petroleum, Glasgow, Scotland, July 1950.



For economic reasons the use of a continuous process was indicated. Data from
the batch process were used to design the first continuous gravity-feed retort used
at Rifle.3/ A bed of shale moving downward through the retort between two parallel
sets of louvers was retorted by a stream of hot retort gas flowing horizontally
through the bed, entering at one set of louvers and leaving through the other. This
was called the Gas-Flow process. A cost-evaluation study showed that investment
costs would be high for this process and that the cost of producing liquid fuels
from oil shale is influenced to a rather large degree by the magnitude of investment
cost., Furthermore, the heat economy of the Gas-Flow process is poor. Accordingly,
the efforts on retorting were diverted to development of a low-investment-cost,
thermally efficient process.

From the experience gained, a retort was designed as a multipurpose unit capa-
ble of several operating arrangements. Continued operations and modifications of
the new unit finally led to the development of the Gas-Combustion retort. This re-
port describes the development of the Gas-Combustion process and operation of a 6-
ton-a-day pilot plant from the time the unit was first operated in January 1950 to
the completion of a 1l0-day demonstration run in January 1952. 1Included in the ap-
pendix are complete data for all operations during the same period. Subsequent
work on the unit will be reported later.
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Boyd Guthrieb/ and J. D. Lankfor ,_Z/ Along with the authors, J. B. Jones, Jr.,§/
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PROCESS DEVELOPMENT

The Gas=-Combustion process was the outgrowth of a series of experiments, the
prime objective of which was to devise a thermally efficient, low-cost retorting
process, In all these experiments the shale was heated with hot combustion gases
generated in the retort vessel. The same basic vessel was used for all but a few
of the experimental runs., It was a vertical, refractory-lined, cylindrical retort,
12 feet high and 20 inches inside diameter. For flexibility it was divided into
three flanged sections, which could be interchanged or used for various modifica-
tions of the retort., In all the modifications the retorted shale was removed at
the bottom of the retort by a turntable, which could be operated at varying speeds
to control the rate of shale flow through the retort. Chains attached to the bot-
tom of the turntable carried the spend shale to an opening above a sealed container.
The principal dimensions of the retort are shown in figure 1.

5/ See work cited in footnote 3. )

/ Superintendent, Oil-Shale Experiment Station, Bureau of Mines, Rifle, Colo.

/ TFormerly chemical engineer, Bureau of Mines, Oil-Shale Experiment Station,
Rifle, Colo. Present address: Office of Helium Activity, Bureau of Mines,
Amarillo, Texas.

8/ Formerly chemical engineer, Bureau of Mines, Oil-Shale Experiment Station,

Rifle, Colo.
9/ Chemical engineer, Koppers Co., Inc., Pittsburgh, Pa.
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Dual-Flow Retort

The first adaptation of the basic retort is shown in figure 2. Raw shale of
1/2 by l-inch size range was charged at the top of the retort through a double-lock
hopper arrangement designed to prevent loss of gas. Two funnel-like restrictions of
stainless steel were supported between the flanged sections of the retort, forming
three separate zones - a shale preheating zone in the upper section, a retorting
zone in the center, and a combustion zone at the bottom.

The combustion zone was formed by burning a mixture of recycled retort gas and
air entering the bottom of the retort and preheated by the descending bed of hot
spent shale. Additional heat was supplied by combustion of organic residue in the
spent shale. Part of the hot products of combustion were withdrawn at the disengag-
ing space below the lower funnel and bypassed to the top of the retort. From here
the gases flowed down through the retort to a side outlet, preheating the unretorted
shale in transit., The remainder of the gas from the combustion zone flowed up to
the center section where the preheated shale was retorted. This gas, carrying the
distilled oil, was then withdrawn from the retort through the side outlet under the
upper funnel, together with the preheating gas from the upper zone. Owing to split-
ting of the combustion gas and its two-directional flow, the retort was called the
Dual-Flow retort. Provision was made to vent part of the gas at the top of the
retort if so desired. ’

Figure 2 also shows a flow diagram of the oil-recovery system used with the
Dual-Flow retort. It consisted of a water-cooled tubular condenser, two low-velocity
centrifugal separators, and a gas blower. The condenser tended to plug with depos-
ited carbon and soon was eliminated from the system.

Instrumentation and controls for this pilot plant were designed as simply as
possible. Gas quantities were measured by conventional orifice meters and were con-
trolled by hand-opérated valves. The shale rate was controlled by varying the speed
of the spent-shale extractor, using the temperature of the combustion zone as an
index of control. This temperature was quite sensitive to rate of shale flow. Ther-
mocouple locations in the shale bed of the retort are shown in figure 9 in the ap-
pendix to this report.

In this exploratory phase of the investigation the flows of shale, air, and re-
cycle gas were varied widely to secure fundamental information. Shale feed was
varied from less than 100 pounds to over 200 pounds per hour per square foot of bed
area; air, from about 6,000 to 16,000 cubic feet per ton of shale; recycle gas, from
about 10,000 to over 30,000 cubic feet per ton. In a few tests no recycle gas was
used. In general, higher oil yields were obtained at the lower air and recycle gas
rates; high air rates caused excessive clinker formation in the combustion zone.

The Dual-Flow retort was operated as originally designed for only seven runs.
Subsequently, the bypass line from the combustion zone to the top of the retort was
closed, which eliminated the preheating of the shale and caused all of the combus-
tion gas to pass through the retorting zone to the side outlet.

0il yields obtained while operating the Dual-Flow system as originally designed
were low, averaging about 65 percent of the Fischer oil-shale assay. 10/ As shown by
the data of runs 1 to 7 in table 11 of the appendix, the gas outlet temperatures were
high.
10/ Stanfield, K. E., and Frost, I. C., Method of Assaying 0il Shale by a Modified
Fischer Retort: Bureau of Mines Rept. of Investigations 3977, 1946, 11 pp.
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In the beginning it was thought that the shale must be preheated and the gas
withdrawn at a high temperature to prevent condensation or refluxing of oil on the
raw shale. However, after the preheating zone was eliminated, the yield and prop-
erties of the oil did not change. Moreover, decreasing the temperature of the out-
let gas did not appear to affect the yield adversely even when the temperature was
as low as 150° F. This discovery was of considerable consequence since it meant
that the preheating of the raw shale could be dispensed with and that the gas and
0il could be withdrawn from the retort at a low temperature. This would eliminate
the need of water-cooled condensers, an important advantage in oil-shale regions
where the water supply is limited.

From observations and results of the tests it was theorized that oil can be
removed from the retort at a low temperature because a stable oil mist if formed
within the retort shale bed. In the retorting zone the oil undoubtedly is liberated
as a vapor. As the vapor moves upward through the descending cool shale, it is
cooled to a temperature below the dew point of the oil. The gas then becomes super-
saturated with oil, which condenses as minute droplets directly in the gas stream
instead of depositing as a film on the shale. The oil mist is carried out of the
retort by the cooled gas without any significant loss by impingement on the shale
particles. The mist-formation theory seems to be confirmed in these tests in which
the oil was successfully removed from the retort in the form of a mist at tempera-
tures far below its normal condensation temperature.

Countercurrent Retort

The next step was to develop a simple countercurrent retorting system with the
injection of air and recycle gas into the bottom of the retort. The Dual-Flow pilot
was modified gradually over a period of 3 months until it was operating as shown in
figure 3. The flow of shale was similar to that of the Dual-Flow process, except
that there were no funnel restrictions between the preheating, retorting, and
combustion zones.

As before, the mixture of air and recycle gas, preheated in the spent-shale
bed, formed a combustion zone near the bottom of the retort. The resulting hot flue
gas effected pyrolysis of the shale in a zone immediately above the combustion zone.
In the upper section of the retort, heat exchange with the unretorted shale cooled
the gas before its exit at the top of the retort.

The oil-recovery system also was modified gradually and is shown schematically
in figure 3. The oil separators were a low-velocity centrifugal type; the blowers
were a positive displacement type; the scrubber contained 5/8-inch Raschig rings.
Both water and shale oil were used at different times in the scrubber, although in
most runs the scrubbing medium was water. The blowers are an important part of the
recovery system in that they agglomerate some oil through violent agitation of the
gas-oil mixture. A detailed description of the evolution of the Dual-Flow retort
to the Countercurrent retort and of the changes in the oil-recovery system is given
in the appendix.

As with the Dual-Flow system, conditions were varied widely to explore the
operation of the Countercurrent process. Good correlations of data were not ob-
tained, but certain trends were noted. The air-recycle gas ratio was found to be
important. At high air-gas ratios the combustion and retorting temperatures were
too high, resulting in excessive clinker formation and low oil yields. Best opera-
tion was obtained at an air-recycle gas ratio of about 1-2. A further increase of
recycle gas resulted in low retort temperatures with a consequent loss of oil. 1In
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this event the shale was not completely retorted, and there were indications that
some 0il was lost owing to refluxing in the upper part of the bed.

A summary of the data of two extended runs, runs 42 and 45, is presented in
tables 1 and 2. Only the data from those tests that were considered satisfactory
have been averaged and included in the tables. Detailed data of the runs and an
explanation of satisfactory and unsatisfactory results are given in the appendix.
Tables 3 and 4 show material and heat balances on the two runms.

TABLE 1. - Countercurrent pilot plant; operating conditions and yield
data for two extended runs

Run history:
RUN NUMDEY ..iutvveveersossecsosssnsssosssscasasssssoses ceee 42 45
Number of 24-hr. runs in average ......cceceeeececccccocscsss 4 4
Shale feed:
Fischer @S58y ...veeeereeeeecesncecnceeesesess gal./ton ... 28.3 20.4
Size Tange ....ieccverrrrccnnsecnns Ceeeenenn .. inch ....|1/2 -1 |1/2 -1
Feed rate 1b./hr. x sq. ft. bed area .... 207 215
Operating conditions:
Air rate .....ceevevvesesscseeesse. std. c. £./ton shale .... 8,980 7,920
Recycle 8aS YALE .t.iveeesvoovcsossosssosssssssssasss 00 4o 16,800 14,300
Gas outlet temperature ......ceeeeeecevescssvesscce Fu coue 152 144
Spent shale temperature .......ceceeeesseveassssecces dOs o0 590 565
Yield:
0il collected (water-free) ......eeeee. . gal./ton shale .... 25.1 18.8
OLl ....ieveereescasesnssaassss VOl.-pct,-Fischer assay .... 89 92
GAS +evceevoesssossassssssaassasss Std, c. f./ton shale ....| 11,840 10,750

Both runs were made at about the same shale feed rates; however, the gas rate
and shale assay both were higher for run 42. The higher gas rate used in run 42
may have caused some refluxing of oil in the retort, resulting in a slightly lower
oil yield than for run 45. This is confirmed by the oil properties listed in table
2. The oil from run 42 was lighter and of lower viscosity than that of run 45 and
therefore apparently had been subject to more cracking. Experience shows that oil
mist separated by impingement on the raw shale is partly cracked during redistilla-
tion when the oil-coated shale approaches the retorting zone.

Retorting by this method was found to be more promising than by the processes
previously investigated. A relatively high yield of oil could be obtained when re-
torting a commercial grade of shale at a throughput rate of about 200 pounds per
hour per square foot of retort cross sectional area. This rate was considered to
be a reasonably high throughput. The properties of the o0il were similar to those
obtained from other retorts. The product gas had too low a heating value to have
much economic worth.

Study of the operation of the lower part of the retort showed that considerable
heat available was not utilized since the temperature of the retorted shale dis-
charge was over 600° F. in some runs. The quantity of gas injected in the bottom
of the retort was enough to absorb the sensible heat of the retorted shale if it
could be transferred. Unfortunately, this did not occur because the mixture of
air and recycle gas ignited as soon as it reached combustion temperature, placing
the combustion quite near the bottom of the retort, which caused the retorted shale
to leave the vessel at a relatively high temperature. The high sensible-heat loss
in spent shale is shown in the heat balances of table 4.
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TABLE 2. - Countercurrent pilot plant; properties of retort
products for two extended runs

Run number 42 45

Properties of crude oil:
Gravity, PAPT ..cveeeetanssooscesssnsoessanssnsees 60° Fu ..., 21.5 19.3
Specific gravity ...eceeeeneeceeceessneenncencseaensss do. ... 10,9248 | 0.9383
Viscosity:

Saybolt Universal @ 130° F. .....cvveveeeessss. seconds .... 118 129
Saybolt Universal @ 210° F. ...vecuvvennonsesanssss d00 ouus 46 47
Ramsbottom carbon residue ........e00eeevneeeees WE.=pCt. ..., 2.2 3.9
Water ..vieveossssoacososssssacnnnna esseesesess VOl,=pct. .... 0.5 1.0
NitrOZeN .uvveriereseononosesscssssnsssssasannses Who=pct. ... 2.0 2,1
SULEUL L .iiiiiiiernsonsnsnsenscsnssssccnssesssnssssss GO0 tus, 0.71 0.70
Vacuum distillation (40 mm. corrected
to 760 mm.):
Initial boiling point ......cvveveervenenerenneanss “Fu tuis 410 404
2 percent .....cieeveencnnes Cereceaaseenen cerene vees do. ... 444 434
T =5 of <13 » ¥ A T« J 494 510
10 percent ........ O « [« I 538 554
20 percent ......... N« [« 615 624
30 percent ....iiveunnnn ceeecencnoaan R < TN 702 692
40 percent .....ciciietteniittinoieacnnns Cereareneaas do. .... 764 773
50 percent ...... AU [« I 844 845
60 percent ....eieeecessesecsscessssssasssscescnssas 0. . 896 |. 892
Cut point ....ccevnuevvennnns O [ 900 900
RECOVEXY ..iveesvsnsnnss ceseecens teesesssseesess percent .... 60.3 61.7

Properties of product gas:
Gross heating value ......occeeeeunn. .. B.t.u./std. c. £. .... 58 57
Water vapor content at outlet temperature ..... vol.-pct. .... 9.2 10.3
Orsat analysis - (dry basis):

CO2 ...... P . do. .... 22.4 23.6
I11uminants ...ceeeveovovacnoessonsssscsesessnsnses AOs (oun 0.8 0.5
02 tivenennn PP [ J 0.0 0.0
CO vivvnnnnnnns PR« (o JO 4.1 2.4
H2 tiviivennennonnncnnnnnas Cecerssesaanas ceseeseeas dOo. L. 3.8 6.7
Hydrocarbonsl/ Chescisecsccacersasrssanas vesesssees dO. ... 1.7 1.7
U« [ 67.2 65.1

Properties of retorted shale:
FisCher 8SSa8Y ....eecetoscessscocsnsaseasassnasss gal./ton (... 0.1 0.1
Mineral carbon dioxide ........... Ceeteeciesiens wt.-pct. .... 11.7 8.3

1/ Hydrocarbons consist of about 80 percent CH4 and 20 percent CyHg with traces of

C3 and C4 compounds.
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TABLE 3. - Countercurrent pilot plant; material balances for two extgnded runs

Basis: 1 ton of raw shale feed

Run number 42 45
Pounds | Wt.-pct. Pounds | Wt.-pct.

Material input:
Shale feed .viveveevvonesesscoonssenonans 2,000 74.4 2,000 76.7
- S o 689 25.6 609 23.3
Total tiveeeveeeecoscecccosconncnss 2,689 100.0 2,609 100.0

Material output:
Shale 0il, water-free .....ceceeeeeececs 193 7.2 147 5.6
Gas, saturated at vent-gas temp. ....... 916 34.0 815 31.3
Water condensed ......cceveeevvccccccccs 52 1.9 58 2.2
Spent shale ...vieeieeeenesnceceeccennns 1,475 54.9 1,533 58.8
Unaccounted for ......ccvveeeeecenccccaes 53 2.0 56 2.1
TOtAl oioveuueooooesooosasocsosssns 2,689 100.0 2,609 100.0

TABLE 4. - Countercurrent pilot plant; heat balances for two extended runs

Basis: 1 ton raw shale feed Datum temperature: 60° F,
Run number 42 45
B.t.u. Percent B.t.u. Percent
Heat input:

Heat of combustionl/ ...................| 898,000 90.3 | 792,000 89.7
Sensible heat:

- 2,500 .3 2,200 .2

Recycle 888, Wet .veveeeveeeseranonas . 15,600 1.6 14,800 1.7

Raw shale ...iiveiieennncennnnncnnnses 0 0] 0 0
Vaporization of water in recycle gas ... 78,000 7.8 74,400 8.4

Total ...iivveeecacennocscoscnnneas | 994,100 100.0 883,400 100.0
Heat output:

Sensible heat:

0il, water-free ......icevveeenecoceas 9,100 .9 6,200 .7

Gas, wet ...... et cessesessesesassanes 52,500 5.3 33,600 3.8

Spent shale .....cieeveveennneneenases | 175,500 17.7 176,500 20.0
Vaporization of water in gas ........... | 190,100 19.1 167,700 | 19.0
Carbonate decompositionZ/ ceesesssesesss | 276,300 27.8 319,000 36.1
Radiation and convection, calc. ........ 75,000 7.5 75,000 8.5
Unaccounted for (by differencelz/ ceeses | 215,600 21.7 105,400 11.9

Total .. ..ocveveveoasoeassasenssssss ]| 994,100 100.0 883,400 100.0

1/ Basis: 100 B.t.u. liberated per std. c.

f. air.

2/ Basis: Heat of decomposition: 57,000 B.t.u./mol. MgCOj3
77,900 B.t.u./mol. CaCO3

3/ 1Includes heat of eduction of oil.

Air Into Combustion Zone

In order to reduce the temperature of the discharged spent shale and possibly
reduce clinker formation, it was decided to admit air through the side of the re-

tort, allowing the recycled retort gas to enter the bottom as before.

In this man-

ner the hot spent shale would be cooled by heat exchange with the recycle gas, and
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and the latter would be preheated for more efficient combustion in a zone at the
point of air admission higher up in the retort. As shown schematically by retort E
in figure 11 (appendix), the air was admitted at two points on opposing sides of the
retort about 2 feet from the bottom.

Only two runs were made with this arrangement (runs 31 and 32). The oil yields
were low, and there was considerable clinker formation in the combustion zone, al-
though the outlet temperature of the spent shale was lowered. It seemed apparent
that the air distribution was not uniform in the fuel bed, and the method was
abandoned.

Next, a perforated pipe was installed across the retort about 4 feet from the
bottom, as shown in retort F of figure 11 (appendix). Thirteen runs were made with
this arrangement, although not in chronological order. Again, clinker clusters were
formed at the point of air admission, which tended to stop the flow of shale aggra-
vated by the restriction of the perforated pipe extending across the retort. At
air-recycle gas ratios high enough to achieve complete retorting, clinkering was
severe,

It was reasoned that air entering the shale bed in this manner might still re-
act preferentially with the carbon in the spent shale and cause excessive heating of
the shale surfaces with resultant fusing of the minerals., With this in mind, the
first air-gas mixer-distributor was installed. The distributor is shown schematic-
ally as installed in retort G in figure 12 (appendix). It consisted of a 4-inch,
open-end cylinder about 2 feet long mounted vertically in the center of the retort
and shielded with a conical cap a few inches above the cylinder to prevent shale
from entering. Air was admitted to the cylinder from two pipes extending through
the side walls of the retort, which also acted as supports for the distributor.
Because of gas-flow restriction in the shale bed outside the cylinder it was rea-
soned that a portion of the preheated recycle gas would enter the bottom of the
cylinder where it would mix with the air before flowing into the combustion zone
above the distributor. In this manner the air would be diluted with considerable
excess gas, and combustion would be spread out over a longer but less intense tem-
perature zone.

Runs 60 to 87, the first series using the new air-gas mixer, gave much better
results than had been obtained previously. These results will be described, to-
gether with those of later runs, in another section of this report entitled "Gas-
Combustion Retort.'" Following run 87, mixers of different design were tried, but,
in each case, the principle of combining air and recycle gas in a mixer within the
shale bed was followed.

First, to eliminate the possibility of restriction to shale flow by the cen-
trally located distributor, the device was cut in half longitudinally, and the
halves were mounted on opposing side walls of the retort at the same elevation as
before. The arrangement is shown by retort H of figure 12 in the appendix. The
flow of shale was perhaps a little more uniform with this arrangement, but the
shale oil produced was lighter and of lower viscosity than that obtained with the
center distributor, indicating that cracking of the oil was more severe. Runs 88
to 105 were made with this wall-type of mixer-distributor.

The next step in the development was the installation of a peripheral-type
distributor, as shown by retort I in figure 13 (appendix) and more in detail in
figure 4. The distributor consisted of a cylinder mounted in the lower section of
the retort from which the refractory lining had been removed. The projecting walls
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Figure 4. - Gas-Combustion process isometric section of peripheral type air-gas mixer.
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of the lining of the retort above prevented shale from entering the annular space
between the cylinder and the shell of the retort. Air entered the annular space
where it mixed with recycle gas before entering the combustion zone in the retort.
Runs 106 to 130 were made with this type of distributor.

It was soon found that there was considerable burning of recycle gas in the
annular space. Clinker formation was reduced, but cracking of oil was moderate to
severe, and the oil yields were not as high as desirable. In runs 131 to 161, oppo-
site quarters of the annular space were blanked off to increase the gas velocity
therein and prevent burning. However, burning in the distributor still occurred,
and there was only a slight improvement in results.

Rectangular Retort

Studies of the design of commercial-sized retorts had shown that a rectangular
vessel would have certain advantages, and it was thought that pilot-plant studies
using a vessel with a rectangular shape was desirable. Accordingly, a rectangular
unit was built and was used for runs 162 to 173. As shown schematically by retort
J of figure 13 (appendix), the inside cross section was 15 by 24 inches. The air-
gas mixer-distributors consisted of plates extending the full length of the long
walls at a point about one-third the way up in the retort. Shale was prevented
from entering the 3-inch space between the walls and the plates by the projecting
refractory lining of the combustion and retorting zones above. As before, air en-
tered the space through pipes in the side walls and mixed with preheated recycle
gas entering the distributor at the bottom. The mixture then flowed through the
opening at the top of the distributor into the combustion zone.

The average oil yield obtained with the rectangular retort was about 82 percent
of the Fischer assay, although in a few tests the yield approached 90 percent.
Clinkering was considered as moderate in about half the tests; in the others little
or no clinker trouble was noted.

The comparatively low oil yields may have resulted from poor air-gas distribu-
tion across the retort or from corner affects of the rectangular retort. Dead cor-
ners in which little combustion or retorting took place probably had a marked influ-
ence on overall results in the small vessel.

At the same time the described changes were being made in the retort, a number
of changes and relocations of recovery units were made in the oil-recovery system.
The water scrubber was replaced with an electrostatic precipitator; high velocity
centrifugal separators were tried in different locations; and a baffle-type sepa-
rator containing woven wire mesh was installed. The details and chronology of
these changes are given in the appendix.

Gas-Combustion Retort

As stated previously in the report, several preliminary experiments were made
(runs 60 to 87) using a cylindrical air-gas mixer-distributor in the center of the
retort. This distributor was constructed of mild steel about 1/8-inch thick and
was considerably warped and burned at the end of the preliminary runs. However,
this type of distributor was considered to have more promise than any of the others
tried, and it was decided to resume testing with it. Several changes, intended to
minimize warpage and metal deterioration, were incorporated into the design, and
18-8 stainless steel was used instead of mild steel. Details of design are shown
in figure 5. It will be noted that the air is blown into the conical cover to cool
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it, after which the air enters the cylindrical mixer below. The air-gas mixture then
flows through the space between the cylinder and cover into the combustion zone where
it is burned.

Runs 174 to 222 were made with the revised Gas-Combustion retort, type K in the
appendix. In these tests the raw shale, air, and recycle gas rates were varied to
determine the best operating conditions, particularly in regard to operability of
the process and oil yield. The grade of shale also was varied, over a range of
about 21 to 32 gallons per ton, to provide a means of evaluating the importance of
this variable. Operational difficulties were encountered during many of the runs
in this exploratory program. In general it was found that clinkering became trouble-
some at air rates much over 4,000 cubic feet per ton of raw shale and that refluxing
of oil in the upper portion of the retort bed was apt to become pronounced at re-
cycle gas rates much over 18,000 cubic feet per ton of raw shale. It also was noted
that refluxing of oil and agglomeration or coking together of shale particles was ag-
gravated when charging shale assaying 30 gallons of oil per ton or more as compared
with shale assaying 20 to 25 gallons. O0il yields varied from less than 80 percent
of the Fischer assay to over 95 percent during this period, tending to increase as
the operational difficulties mentioned decreased. The best conditions were found to
be approximately as follows: Shale rate, 230 pounds per hour per square foot of bed
cross sectional area; air rate, 3,800 cubic feet per ton of shale; recycle gas,
16,500 cubic feet per ton. This is an air-recycle gas ratio of approximately 1-4.3.

During the preliminary testing of the retort a 10-day evaluation run was made
to determine the operability of the process during sustained operation. Shale aver-
aging 24 gallons per ton was used during this run. Later the National Petroleum
Council requested that a similar run be made using a shale of the grade that proba-
bly would be mined commercially, 28 to 30 gallons per ton. Therefore another 10-day
demonstration was made feeding shale that averaged 29 gallons per ton.

Table 5 shows the average operating conditions and yields for the two, contin-
uous, 10-day operating periods, table 6 lists the properties of the products, and
tables 7 and 8 show material and heat balances. Yields and operating data were cal-
culated for consecutive periods, 24 hours long in most cases. The period averages
are listed under runs 79A to 79J and 222A to 222J in the appendix.

The results of the 10-day operations were much better than any obtained pre-
viously with other retorts. The oil yields averaged 96 and 94 volume-percent of the
Fischer assay for the two runs, respectively, and the throughput of 230 pounds per
hour per square foot of bed area was considered high. The outlet temperatures of
the products were very low ~ 143° and 123° F. for the gas-oil mixture in the two
runs and 157° and 185° F. for the spent shale.

A small amount of clinker was produced on one or two of the days during each
run, but the amount was not enough to interfere seriously with the operations. The
low API gravity (high specific gravity), the high viscosity, and high carbon residue
of the crude oils produced indicate that refluxing and cracking of the oil in the
retort was not excessive. The retort gas had a higher heating value than that from
previously described processes and undoubtedly could be used at the plant site for
power or steam production.

The material balances of table 7 show 98.9 percent and 98.1 percent recovery of
total products, indicating that the measurements of flows were accurate. The heat
balances of table 8 indicate that the heat required for the eduction of the oil is
low but that considerable heat is used in decomposing the mineral carbonates in the
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shale. The sensible heat loss in oil, gas, and spent shale is unusually low for a
retorting process owing to the low outlet temperatures of these products,

TABLE 5. - Gas-Combustion pilot plant; operating conditions

and yleld data; 10-day runs

Run history:

RUN NOS. tvoveceeessoseveasacsonsssesonsssssnnsssscsss | 79A to 793 | 222A to 2223

Length of run ......cciiiitiiniienennne vess. days ... 10 10
Shale feed:

Fischer 2sSa8y .eveveeecscssssessssasssss gal./ton ... 24.0 29.0

Mineral CO2 .coceeeerevosesnscssssssoses Who=pct. ... 19.5 17.0

SiZ@ TANZE .t.vvrvcresvsncrnssoscosssanoss in. ... | 1/4 -1 1/4 - 1-1/4

Feed rate ........... 1b./hr./ x sq. ft. bed area ... 230 233
Operating conditions:

Air rate ......ci00veeeeere. std. c¢c. f./ton shale ... | 3,780 3,760

Recycle-g8as rate .....eevecccessscsoessesesss do. ... | 18,190 16,620

Superficial linear gas velocity ........ ft./sec. ... 0.80 0.73

Gas outlet temperature .....c.eeeeceevesssees Fo oo 143 123

Spent shale temperature ......ecceeeeeeesess. do. ... 157 185
Yields:

0il collected (water-free) ....... gal./ton shale ... 23.1 27.3

Oil........ teeesssessssss VOl ,-pct,-Fischer assay ... 96.1 94.1

0il ..ivveerveencsansensss Wto=pct.-Fischer assay ... 98.3 96.4

GAS +vveeevsonccsssaneacsssss Std, ¢, f./ton shale ... | 6,070 5,810
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TABLE 6.

- Gas-Combustion pilot plant; properties of retort

products; 1l0-day runs

Run Nos. 79A to 79J

222A to 222J

Properties of crude oil:

Gravity, ®API ...c.ceeveceececcccaneaees 60° F. ...
Specific gravity..ieieeeereeerocevencosennees doe oon
Viscosity:

Saybolt Universal at 130° F. .v.veseusss S8€Ce ouss

Saybolt Universal at 210° F. ....c00000. dO. oe.
Ramsbottom carbon residue ......0000.. WE.=pct. ....
Water ....ciieceeieecsecnenassaeneasss VOl,=pct. ....
Nitrogen ...eeeeeceeesceensosnssnsssss WEo=pct, ....

19.3
0.9383

147
51
2.4
2.3
2,08

Sulfur .........
Ash ....ovvevnes

Vacuum distillation (1 mm. corrected to 760 mm):
Initial boiling point at .......e0e0000.00 °Fu o0t 373

2 percent ....
5 percent ....
10 percent ....
20 percent ....
30 percent ....
40 percent ....
50 percent ....
60 percent: ....
Cut point .....
Recovery ......

Properties of product gas:

P - 1« B 0.62

vee 0.13

Y« (o 8

Y < (o T 417
Y [« 2O 434
..... PP « (o S 512
Y« [+ I 612
Y (o I 692

Ceecscsccctcctcccsecanssasss dO. ... 769
Y« [ T 833
Y« [ 894
Y « (o J 900
Cereretesesesssneesss VOlo=pct, ..., 61.7

Gross heating value ......... B.t.u./std. c. £. .... 93
Water vapor content at outlet temp. ..vol.-pct. .... 12.6
Orsat analysis (dry basis):

COyp vevvvnnnnn

Illuminants ....

[
CO tiviennnnns

H2 ....... ceene

Hydrocarbonsl
Ny ...t .

Properties of retorted shale:

Cesiestssssessessesss VOl.=-pct., .... 2
U« L«

U « [ T

cetcsescessessseessesnanen do. ....

N « Lo J

7.5
1.2
0.2
Y < (o I 4.3
5.1
3.6
8.1

ceetececsrecaenans ceveesses dO. ... 5

Fischer assay ...
Mineral carbon dioxide ....ccoveseevoes WE=PCE. ... 16.5

teeveccecnsssesssess. gal./ton ..., 0.3

20.1
0.9334

127
52
2.4
6.6
2.16
0.66
0.06

360
405
448
505
596
680
758
837
900

1/ Hydrocarbons consist of about 80 percent CH; and 20 percent CoHg¢ with traces of
C3 and C4 compounds.
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TABLE 7. - Gas-Combustion pilot plant; material balances; 10-day runs

Basis: 1 ton of raw shale feed.

Run Nos. 79A to 79J 222A to 222J
Pounds | Wt.-pct. Pounds | Wt.-pct.
Material input:

Shale feed ....icietrrienccnccnceencseess]| 2,000 87.3 2,000 87.4
N 290 12.7 289 12.6
Total ..ceviuennencnecnnnannnenneassl 2,290 100.0 2,289 100.0

Material output: [
Shale o0il, water-free ....eeevevensnnness 180 7.9 212 9.3
Gas, saturated at vent-gas temp. ........ 453 19.8 448 19.6
Water condensed ....ceeeeevvcnsssossnsnas 25 1.1 26 1.1
Spent shale .....ccvveeveeccncnsessnnssss| 1,602 70.1 1,560 68.1
Unaccounted for .....eeceevvenccccsnnnnes 30 1.1 43 1.9
Total .eecescooeosseseasssssnsssssasl 2,290 100.0 2,289 100.0

TABLE 8. - Gas-Combustion pilot plant; heat balances; l0-day runs

Basis: 1 ton raw shale feed
Datum temperature: 60° F,

Run Nos. 79A to 79J 222A to 222J
B.t.u. Percent B.t.u. Percent
Heat input:
~ THeat of combustionl/ ...................| 378,000 73.2 | 376,000 4.4
Sensible heat:
P 2,200 A 1,700 .3
Recycle 8as, Wet .s..eveevovonnsnsnnnsse 20,600 4.0 22,200 4.4
Raw shale .....ccvvvvenne ceeeseeaas ‘e 0 0 0 0
Vaporization of water in recycle gas ...| 115,700 22 .4 105,500 20.9
Total ..... ceseaesearescsssscassees]| 516,500 100.0 505,400 100.0
Heat output:
Sensible heat:
0il, water-free ....cceeeeecececsacnns 7,600 1.5 6,800 1.4
GaS, WeL ...ieeevevosssssssscssssseses| 40,900 7.9 30,000 5.9
Spent shale ...iiivevencrconsnsssnnnns 33,600 6.5 40,600 8.0
Vaporization of water in gas ...........| 181,700 35.2 170,900 33.8
Carbonate decomposition2/ ..............| 163,000 31.5 | 115,100 22.8
Radiation and convection, calc. ........ 50,000 9.7 50,000 9.9
Unaccounted for (by difference)3/ ...... 39,700 7.7 92,000 18.2
TOtAl & iveeeeereecooceceoncocooesost 916,500 100.0 505,400 100.0
1/ Basis: 100 B.t.u. liberated per std. c. f. air.

1
2/ Basis: Heat of decomposition: 57,000 B.t.u./mol. MgCO3.
77,900 B.t.u./mol. CaCOj.
3/ 1Includes heat of eduction of oil.

Figure 6 shows a temperature profile in the shale bed from top to bottom of the
retort. Figure 7 shows an isothermal cross section of temperatures throughout the
retort. The highest temperature (1,400° F.) is at the lower part of the conical
cover of the distributor just above the point of admission of the air-recycle gas
mixture. Although there is considerable difference in temperature between the
center and edge of the retort at the combustion level, the temperatures are quite
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uniform over the cross section a short distance above the combustion zone. The dips
in the isothermals above and below the combustion zone (fig. 7) indicate that there
probably was a slight difference in the flow rate of shale from wall to center of
the retort or that there may have been some channeling of gas.

The 18-8 stainless steel distributor under the optimum conditions of retorting
lasted for about sixty 24-hour tests, although at excessive air rates and high tem-
peratures its life was somewhat shorter. By using a more heat-resistant alloy and
heavier gage metal it is probable that the life of the distributor can be extended
greatly.

During the investigation of the Gas-Combustion retort additional changes were
made in the oil-recovery system. The main change was the substitution of a high-
velocity centrifugal separator for the low-velocity separators previously used.
Automatic controllers were installed in the gas and air lines, although the speed
of rotation of the spent shale extractor was still controlled by hand. A flow dia-
gram of the retort and the oil-recovery system as used at the end of this investi-
gation is shown in figure 8. Details of the development are given in the appendix.

0il-Mist Formation Studies

During the course of the development work a new idea for improving the process
was conceived. As noted in a preceding part of this report, one of the conditions
for the formation of a stable oil mist is that the gas stream be supersaturated with
respect to the shale o0il. A further condition is that a large enough quantity of
suitable nuclei be present upon which the o0il can condense as very fine droplets.

It was thought that under certain conditions of operation there are an insufficient
number of naturally occurring nuclei, which could be corrected by adding a material
to the shale to form additional nuclei. 1In other chemical processes, uniform,
stable mists are sometimes formed by cooling a dilute stream of a high-molecular-
weight organic compound in the presence of minute crystals of sodium chloride.

These crystals are formed by vaporizing the salt and then cooling. To test the idea
on shale retorting, it was decided to add a small quantity of saturated sodium
chloride brine to the raw shale charge.

Runs 134 and 135 were made at comparable operating conditions, but, during run
134, 1 gallon of saturated sodium chloride brine was added to each ton of raw shale.
As shown in table 18 in the appendix, there was a marked difference in the oil
yields - 71 percent for the run without brine and 89 percent for the one with brine.
There were also significant differences in oil properties. Run 135, without brine,
produced a comparatively light oil with an API gravity of 23.1 and a viscosity of 70
seconds (Saybolt Universal at 130° F.). Run 134, with brine, gave a heavier oil of
20.7 API gravity and 109 seconds viscosity.

Further to demonstrate the effect of adding brine, comparisons were made of the
average results obtained during other brine runs with those for nonbrine rums. Of
30 consecutive runs (runs 131 to 161), 22 were made with brine and 8 without.

During this time, the peripheral distributor with opposite quarters blanked off
was used. In order to explore the characteristics of the retort, operating condi-
tions were varied considerably, and for this reason it is not possible to isolate
the effects of the brine. However, a comparison of the average yields and proper-
ties of oil obtained during the 22 brine runs with the averages for the 8 nonbrine
runs has some significance and is indicative of the effect of the brine. Such a
comparison is shown in table 9.
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TABLE 9. - 0il yields and properties with and without use

of brine; runs 131 to 161

With brine | Without brine

No. of runs in average .....cooeeeeecscceccsccssasssssns 22 8
Shale rate ............. lb./hr. x sq. ft. bed area .... 246 230
Shale, Fischer 8sSa8y ....c:eseecesseseses. gal./ton .... 22.4 23.0
Recycle gas rate .....eveceveeescos. 8td. c. £./ton ..., 18,200 18,400
Air rate ..v.eeeeeeeeceocossscsnscscsccsscsccne O vuun 4,730 4,690
0il recovered .......... vol,-pct. of Fischer assay .... 90 81
0il properties:

Gravity, AP ....ieveescoessencsnsceancsss 60° F. ... 20.8 21.5

Viscosity, S.U. at 130° F. ....ceeveesse.. second .... 132 103

Ramsbottom carbon residue ......cv000... WE.=pct. .... 2.3 1.6

Brine was added during all runs of the rectangular retort (runs 162 to 173);
consequently, there is no way of evaluating any effect the brine may have had
during this period.

In the second period of testing the Gas-Combustion retort, brine was used in
six consecutive runs toward the beginning of the period (runs 176B to 180). For
comparison, the results of 3 runs preceding the brine runs and 3 following them
were averaged (runs 175B, 175C, 176A, 181, 182, 183). The comparison is shown in
table 10.

In table 10 it will be noted that more air was used in the brine runs than in
those without brine. This was done to obtain higher bed temperatures on the premise
that at the higher temperatures more satisfactory sublimation of the salt would take
place. More recycle gas was also used during the brine runs so as to maintain a
fairly constant air-recycle gas ratio for all runms.

TABLE 10. - 0il yields and properties with and without use
of brine; runs 175B to 183

With brine | Without brine

No. of TUNS 1IN AVETABE ..vieeteronenecansosssonnsscassas 6 6
Shale rate ............. lb./hr. x sq. ft. bed area .... 200 229
Shale, Fischer assay .......ec000e00s0.... gal./ton .... 27.6 29.6
Recycyle gas rate ....evvvveeessess. std. c. £./ton ..., 20,700 18,600
Alr rate ..ieieeeeeeerssssssssssscsssssscsccnes dOs o0 4,750 4,080
0il recovered .......... vol.-pct. of Fischer assay .... 92 80
0il properties:

Gravity, °API ....eveevssesaccocccseseaness 60° Fo . 19.8 21.6

Viscosity, S.U. at 130° F. ¢iveiveevenee.s Second .... 135 85

Ramsbottom carbon residue ...ecoececoccc WE.=pct. .... 2.6 1.6

The method of obtaining comparisons by averaging a number of tests with widely
varying operating conditions is not the best. Yet the differences in average oil
yields shown in tables 9 and 10 are large enough and consistent enough to indicate
that brine has a beneficial effect. Apparently it is responsible for the formation
of a more stable mist in the retort, which is more easily removed from the shale
bed. The theory that the mist is more stable is substantiated by the fact that
when brine is used more of the oil passes through the centrifugal separators in
the first part of the oil-recovery system and separates later in the other recovery
equipment.
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Many tests have been run without brine in which high oil yields were obtained.
The data show that in most of these tests there was little or no refluxing and
cracking of oil. From this it appears that the addition of brine to the shale
allows the retort to be operated under more varied conditions of shale, air, and
recycle rates. Without brine these flows must be held within narrow limits to
prevent refluxing. Refluxing is undesirable not only because it reduces the oil
yield but also because it causes the shale to become coated with oil, resulting in
the formation of agglomerated masses by the coking of the pitch remaining on the
shale after redistillation of lighter portions of the oil.

At first glance it might seem that production of a lighter and more fluid oil
by refluxing in the retort would be advantageous. However, refluxed oil of 23° API
gravity is still too viscous and has too high a pour point to be transported far by
pipeline without visbreaking or other processing. Therefore the advantage of the
lighter oil is more than offset by the disadvantage of the much lower oil yield
and attendant operational problems.

The use of a nucleating agent is regarded as having potentialities for improv-
ing the Gas-Combustion process, and it is planned to conduct extensive studies on
nucleation techniques, on the mist formation phenomenon, and on controlling mist
formation in the retort. The results of the studies will be disclosed in a future
Report of Investigations.

DISCUSSION OF RESULTS

It will be noted in the report and appendix that the amounts of air used in the
tests varied greatly with different types of retorts. In retorts where the air en-
tered the bottom, the air rate was between 7,000 and 10,000 cubic feet per ton of
shale for most of the tests, although there were exceptions when more or less air
was used. Later, when air was admitted into the combustion zone 2 to 4 feet from
the bottom of the retort, the air required decreased to 3,000 to 5,000 cubic feet
per ton, again with exceptions.

The large difference in air requirement resulted mainly from the difference in
temperature of the spent shale discharged from the retorts. When air was admitted
at the bottom, as in the Dual-Flow and Countercurrent retorts, the combustion zone
was low in the vessel and the spent shale was discharged at 500° to 600° F. or
higher; but in the Gas-Combustion and other types of retorts in which the air was
admitted higher in the retort, the spent shale was cooled with recycle gas and
was discharged at 200° F. or lower. Since the spent shale comprises about 80 per-
cent of the total material output of the retort, its outlet temperature is a major
factor in the heat efficiency of the process. 1If the shale is discharged hot, more
combustion, and therefore more air, is needed to replace the heat loss, which re-
sults in a hotter combustion zone and more clinker formation. Also, the retort gas
produced is diluted with larger quantities of COy and Nj, lowering the heating value
and utility of the gas. The gas from the Dual-Flow and Countercurrent retorts had
a heating value of 40 to 50 B.t.u. per cubic foot, probably too low for use as a
fuel; whereas, that from the Gas-Combustion retort had a value of 90 to 100 B.t.u.,
about like blast-furnace gas, and undoubtedly could be used for fuel.

Similarly, it was found that for the best operations an air-recycle gas ratio
of about 1-2 was required in the Dual-Flow and Countercurrent retorts, compared to
ratios of about 1-4 to 1-5 in the Gas-Combustion retort. The use of the relatively
larger quantity of recycle gas in the latter retort tended to lower the temperature
of combustion, a definite advantage in preventing clinkering.
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Although greater air rates give increased combustion rates and temperatures,
the increase is not necessarily proportional to the air rate, owing to the greater
decomposition of mineral carbonates in the shale. The raw shale contains about 18
percent mineral COz, mainly as CaCO3 and MgCO3. The mineral CO; in the spent shale
from the Dual-Flow and Countercurrent retorts varied from less than 1 percent to 10
percent or more, depending on operating conditions and temperatures. Mineral COp
in spent shale from the Gas-Combustion retort was much higher, averaging 12 to 17
percent; thus, only a small proportion of the carbonates was decomposed in the lat-
ter retort, an important feature heat economy-wise.

The shale-particle-size range was narrow for some runs and fairly wide for
others, varying from plus 1/2 minus 1 inch to plus 1/4 minus 1-3/4 inch. There was
no apparent difference in oil yields attributable to the different sizes, but it
appeared that when shales containing the finer 1/4-inch sizes were charged, coking
of organic constituents and clinkering of inorganic materials increased. Investi-
gation of the effects of sizing was not exhaustive and is continuing.

There is no question but that the mixer-distributor in the center of the Gas-
Combustion retort holds up or restricts the flow of shale when clusters or agglom-
erates of unretorted shale are formed above or around the distributor. However, if
the shale-air-recycle gas ratios are optimum within close limits, the retort can be
operated continuously for extended periods without trouble. When large, dense ag-
glomerates form, the masses of coked shale are not completely retorted in the re-
torting zone, and the oil contained in them is either burned in the combustion zone
or is discharged and lost in the spent shale. Therefore, it is important to operate
any retort under conditions such that agglomeration does not occur., If this is done
the central distributor of the Gas-Combustion retort does not interfere with shale
flow, and the higher oil yields obtained give it a distinct advantage over other
process modifications tested in this investigation. Development of an air-injection
device that will minimize the formation of agglomerates is being emphasized in the
current research program.,

APPENDIX

Description of Pilot-Plant Modifications

During the course of the investigation a number of different modifications of
the basic retort were tested in an effort to improve yields, throughput, and oper-
ability. Likewise, several changes in the oil-recovery system were made in order
to improve the efficiency of separation of oil mist from the retort gas. Figures 9
to 18 show diagrammatic sketches of the various retorts and oil-recovery systems
used; tables 11 to 24 show results of the 222 runs, comprising more than 300 tests
made from January 27, 1950, to January 26, 1952.

Retorts

Figure 1 shows the design and principal dimensions of the main body of the re-
tort used during most of the investigation. 1In all, 11 modifications of the retort
were made, most of which were directed toward improving the method of admission of
air into the combustion zone. 1In one short series of runs a retort of rectangular
cross section was used in place of the basic round retort. A line sketch of this
retort is shown in figure 13, retort J.
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The raw shale was crushed and screened to the desired size range and charged by
hand in weighed increments of about 70 pounds through a hopper at the top of the re-
tort. The moisture content of the shale as charged was approximately 1 percent, or
about the same moisture content as mined.

Several factors were used at different times to judge the required speed of the
turntable and the resultant throughput of shale. These were: Temperature of the re-
tort gas at the outlet; temperature of the spent shale; weight of raw shale input;
and weight of spent-shale discharge. All of the methods gave fair control, and the
one chosen for a particular series of runs depended in part on the characteristics
and modifications of the retort under test.

Temperatures were taken with thermocouples at various locations along the
length of the retort. The couples extended through the refractory walls about 2
inches; experience showed that a further extension than this caused stoppage of
shale flow. The thermocouple locations are denoted by Arabic numerals in figures
9 to 14, and the temperature records in tables 11 through 24 are identified by
these numerals,

Following are descriptions of the 11 modifications of retorts used during the
investigation.

Type-A (fig. 9, runs 1 through 17, table 11)

In type-A the basic retort contained two funnels used to provide spaces at the
sides of the retort from which exit gas could be withdrawn. During the first seven
runs a portion of the gas from the combustion zone was withdrawn at the lower funnel
and recirculated downward through the top of the retort to the gas exit at the upper
funnel. The remainder of the combustion gas passed upward through the retorting zone
where it entrained the distilling oil and exited at the outlet under the upper funnel.
After run 7 the recycling of hot gas to the top of the retort was discontinued, and
all of the gas flowed directly from the combustion zone to the retorting zone and
thence to the side outlet.

Restriction and stoppage of shale flow in the narrow lower funnel occurred
frequently in this retort.

Type-B (fig. 9, runs 18 through 26 and 33 and 34, tables 11 and 12

The design of type-B was the same as that of type-A except that the lower
funnel was enlarged to provide freer shale flow.

Type-C (fig. 10, runs 27 through 30 and 35 through 36, table 12

In an attempt to raise the combustion zone, the gas outlet was moved from the
center to the top of the retort, thus providing more area for heat exchange between
the rising gas and the descending shale. Some stoppages of shale flow still oc-
cured owing to restriction by the two funnels.

Iype-D (fig. 10, runs 40, 42, 45, and 55 through 59, tables 12, 13, and 14

The two funnels were removed from the retort since they caused irregularities
in feeding and were no longer necessary to provide exit space for the gas. Shale
flow was more constant but, as with all previous retorts, the combustion zone was
near the bottom of the retort owing to the admission of air at this point. This
resulted in high spent shale temperatures and a waste of heat.
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Type-E (fig. 11, runs 31 and 32, table 12)

Before the funnels were removed two runs were made in which combustion air was
admitted directly into the retort ummixed with recycle gas. The air entered through
two pipes in the sides of the retort about 2 feet from the bottom. The object was
to raise the location of the combustion zone and allow the spent shale to be cooled
with recycle gas entering at the bottom. Distribution of air from the two side jets
was poor, and channeling of air caused an uneven combustion zone.

Type-F (fig. 11, runs 37 through 39, 41, 46 through 54, tables 12 and 13)

In an attempt to obtain better air distribution, air was admitted through a
perforated pipe extending across the center of the retort about 4 feet from the
bottom. Air distribution still was poor.

Type-G (fig. 12, runs 60 through 87, tables 14, 15, 16)

A cylindrical air distributor was installed in the center of the retort, pro-
tected with a conical shield to prevent it being filled with shale. By this means
better air distribution throughout the shale bed was obtained, and the combustion
zone was moved upward to about the 5-foot level in the retort. This lowered the
spent shale temperature owing to heat exchange below the combustion zone with re-
cycle gas entering the bottom of the retort. After run 67 the height of the shale
bed was increased from 11 feet to 12-1/2 feet to provide a longer column of shale
for heat exchange with the ascending retort gas.

Type-H (fig. 12, runs 88 through 105, tables 16 and 17)

Since the center distributor of type-G was thought to interfere somewhat with
shale flow, the distributor was cut in half longitudinally and the halves were
mounted on opposing sides of the retort. Again, air distribution in the combustion
zone was poor.

Type-1 (fig. 13, runs 106 through 161, tables 17, 18, 19)

The bottom section of the retort was enlarged enough to install a cylindrical
air distributor at the side walls. Descending shale was prevented from entering
the air space around the cylinder by the projecting walls of the upper portion of
the retort. This peripheral-type distributor did not give optimum air distribution,
and often there was burning of recycle gas in the annular air space. Beginning with
run 131, opposite quarters of the air space were blanked off to increase the veloc-
ity of air through the distributor and perhaps reduce the burning of gas in the
annular air space, only a slight improvement was noted.

Type-J (fig. 13, runs 162 through 173, tables 19 and 20)

To study the effect of retort shape, a rectangular retort 15 by 24 inches cross
section was constructed. Air was distributed by shields along the long walls under
the projecting retort walls above. With such a small cross sectional area the cor-
ner effects were large, as evidenced by incomplete combustion and retorting.

Type-K (fig. 14, runs 174 through 222, tables 20, 21, 22, 23,24)

The K retort was the last design used in this investigation. In it were in-
corporated several of the best features of the previous retorts: Central air
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distributor with conical shield about 5 feet above the bottom of the retort, heat
exchange between the spent shale and recycle gas, and 12-1/2-foot bed height to
provide more heat exchange between retort gas and unretorted shale. Details and
dimensions of the air distributor are shown in figure 5.

0il-Recovery Systems

Type-I (fig. 15, runs 1 through 12, table 11)

The first unit in the recovery system was a water-cooled condenser, installed
in the belief that much of the oil in the retort gas would be in the form of true
vapor, which would require conventional condensation methods. Experience showed
that almost all of the oil was in the form of fog or mist and could be separated
mechanically. For this reason, and owing to cokelike deposits in the tubes, the
condenser was eliminated in subsequent tests.

The two centrifugal separators were low-velocity types 12 inches and 8 inches
in diameter and consequently were not particularly suited for the service intended.
However, each removed a considerable portion of oil. The action of the impellors
of the blower agglomerated some of the finer mists, conditioning them for removal
in the smaller centrifugal after the blower.

Type-ITI (fig. 15, runs 13 through 17, table 11)

This system was similar to that of type-I without the condenser, except that a
spray was placed in the vent-gas stack and operated alternately in different tests
with water and oil. Only a slight additional amount of o0il was recovered with the
spray.

Type-III (fig. 16, runs 18 through 67, tables 11, 12, 13, 14)

Based on experience with the stack spray, a scrubber containing 5/8-inch
Raschig rings was placed before the stack. Water was recirculated through the
scrubber, the bottom section of which acted as an oil-water separator. The recovery
of oil in the scrubber was small.

Type-IV (fig. 16, runs 68 through 91, tables 14, 15, 16)

The scrubber of type-II1 was replaced with an electrostatic precipitator to
separate extremely fine droplets of mist. The precipitator was not of the best de-
sign for gas saturated with moisture, and only a slight improvement in oil recovery
was noted.

Type-V (fig. 17, runs 92 through 115, tables 16 and 17)

A coalescer consisting of a layer of several inches of fine wire mesh was in-
stalled before the electrostatic precipitator of the type-IV recovery system. This
unit recovered nearly all of the oil formerly obtained in the precipitator.

Type-VI (fig. 17, runs 116 through 138, tables 17 and 18)

The 12-inch diameter, low-velocity centrifugal separator after the retort was
replaced with two high-velocity separators, which could be operated singly or in
parallel. Two commercial types were tried, both of which were more effective than
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the low-velocity separator. No additional oil was recovered ultimately, however,
since recovery in succeeding units in the system decreased proportionately.

Type-VII (fig. 18, runs 139 through 173, tables 18, 19, 20)

One of the high-velocity separators of type-VI was relocated just before the
electrostatic precipitator. The pressure loss of this system was high, and little
additional oil was recovered.

Type-VIII (fig. 18, runs 174 through 222, tables 20, 21, 22, 23, 24)

The high-velocity separator before the precipitator was removed, and a pulsa-
tion dampener was installed after the blower. Automatic flow controllers were
located in the bypass line, line to the stack, and recycle line to the retort.
This was the last modification of the oil-recovery system for this investigation
and was the most efficient in terms of oil recovery.
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Run No. 1 2 3 I 5 6 7 8 9 10 1 12 13 L 15 16 17 18 19 20 21 22 23
Date 1-27-50 | 1-28 | 1-29 | 1-30 | 1-31 | 2-1| 2-1| "2-9| 2-20 | 2-12 | 2-13 | 2-15 | 223 | 2-2h | 225 | 2-26 | 2-27 | 3l | 315 | 3-16 | 3-22 | 3-23 | 3-26
Duration hre--{ 24 2l 2l 2l 20 - 2l 2l 2l 2l 2l 2l 2l 2l 2L 2L 26 | 21,5 | 1865 | 16 2l 2l 2l
Retort type No. A A A A A Iy A A A A A A A A A N A B B B B B B
0il recovery system type Noe=—=—=-—-————v 4 I I I I I I I I 1 1 I I II I II II I III | IIr| IIr| IIr | Imm| 1III
Raw material flows:
shale-—J},/hre x sq. ft. bed area—- 8l % | 110 96 90 9 173|102 14| 137 1ok 151 90 861 105|186 _ 156| 119|  _ 125| _ 17% 25| 168
Recyg}e gas = ==stdecefes/ton raw shale-< 20,200 |26,400 pP2,100(32,L400 |23,L400 26,500 ol 0/15,800 |27,100 |26,800 0 013,500 |21,700f 20,100| 15,100| 20,100| 13,900 7,3&0 m,%oo 0
Air ~d0=—=ad 16,000 fLli,900 {2,800 |1k,500 (13,100 1L, 900 13,000| 11,200| 7,800 7,600 |10,700|1k,800 {12,200 12,900 [10,700( 5,800| 7,200| 9,300 9,000| 9,600{10,300( 9,900
Products recovered:
ale 0il=——-=ev0ol.~pct. Fischer assay--| 1 61 77 69 55 72 66 80 93 88 92 78 83 90 76 72 73] 103 101 8ly 8L 7
Shale 0ilemmom-==—==gale/ton raw shale—| 17,0 12.9 | 16.,0| 1L.3| 13.2 1542| 1he6] 18.6] 21.3| 20,3 | 20.8| 17.9| 19.5| 21,8 18c3| 16.8( 17.2f 39+2| 38.9( 18.,0| 19.2| 1741
Gas vented /---stdece.fe/ton raw shale- 18,600 [17,100 }9,100 [17,200 [L6,700 17,800{16,800|13,700| 9,600 | 9,600 3,800|19,900 |16,L00 (17,000 [LL,kL00| 7,000( 8,800 [12,300|10,700|12,000 [10,200{12,700
Spent shale ~e==ro-=~lb./ton raw shale-- 1,370 | 1,380 | 1,530 1,560 | 1,380 1,500{ 1,kLoo| 1,L20}| 1,k20 | 1,370 1,380 1,380] 1,370 1,380 1,L20| 1,600| 1,620( 1,L00| 1,L00| 1,420 1,630| 1,390
Water condensed ¥/ eememma—mcam e edo=—mni 58 6l 81 57 63 LL 38 3k 11 55 36 16 48 32 27 62 36 11 28 58 85 55
Material output------wte-pcte of input—- 95 93| 103 98 95 99 96 ol 93 92 97| 100 97| 100 98 97 91 99 95 93 96 96
Raw shale properties:
Fischer assay--———m==m-m—m——==gale/ton——| 2L.0| 21.2 | 20.7| 2046 | 23.8 21.2| 22,1] 23.3| 23.0| 23.0| 22.5| 23.0| 23.7| 2he3| 2Le2| 23.h| 23.5| 37.9| 38.5| 21.5| 22.8] 23.0
Mineral COp itempcte==| 17.5| 1648 | 16.7| 17.0 | 17.3 17.1 1645 17.3| 17.4| 16.8| 17.0| 16e2| 16.0| 1649 | 15.7| 16.8 -=| 17.8] 1647 17.L4| 17.3| 18.1
Particle size rangee---—-eee———- - inch - 1w -1 =1 =1 i 3= 3= =1 1 =1 =1 =1 - 31 3-1 =1 31 =1 3= = = 31
8Shale oil properties:
Cravity gAPI- 1867 | 191 | 1947 19,7 | 1843 1945 16.6] 1849| 1845 | 18.5| 20e3| 2045| 2065| 21eL| 20.1| 21,2| 21,2| 20.4| 21.5] 20.1| 19.5| 2006
Viscositymmmmmnmnmm -=5.5.U. at 130° Fe=d  127| 121| 121| 104| 159 121 1Ll 83 157| 12| 1oL 88| 100| oo 121 90 9L 100 -] 1.6} 151 92
S.S,U. at 210° F,- L7 L6 L5 L7 L6 L5 68 L3 50 L9 L5 inn Lk L5 50 L5 L3 Ll - L8 52 L5
Ramsbottom carbon 5/ e e g =pC L o = - - - -— - - - - - - - - - - - - - - - = - -
Gas ieg:
MoiSture &/ —mmmmmeomcmmmmm e V0le=pCte=o 3.8] 6.0| 94| 8e3| 102 Be0|  BeB|  buli] 646 | 646 6.3| BaT| TeO| TeS| 99| 63| 8e3| 9e3| 8e8| 11le3| 11.6] 901
Analysis, dry:
CO2 ol=pcte-~ 27,1 2he2 | 23,6 21.9| 26.0 26.14|  2Le5| 2Le3| 2642 | 27.1| 30s2| 2848 | 3049 | 2949 | 2848| 2243| 21e3| 23.3| 18.3| 2046| 25.6| 2648
m.YV dOmmrmen 0e2| 040 003| Oobi| 0ol 0s0]  1e6] Le2| Oeli| 065| 0e3| 1e3| 0.9 L1e2| Ooki| 11| 05| 0a7| 068 0.0] 0e3] 009
0 ~do. 040 0s0] 0.0] 0.0 0.0 060 0s0| 0e0| 040 0s0| 0s0| 00| 0.0| 0s0| 0s0] 0s0 0s0] 040 0.0 0s0] 066] 0.0
co. do 0.8] 068 21| 2.0 1.7 0e5] 25| 242 2.0 2,1] 1.0] 22| 18| 18| 2.1 1.9| 1e8| Le2| 241| 0.7| 0e8] 2.1
Hp 5 d 006 15| 0.0 19| 1k a 0.5  1a2| 140f 21| 2.h| 13| 1eB| 049| 063 2.3| Le2| Loh| 348 3e6| 0.7| 1.2| 1La1
Hydrocarbons &/. d 1.0[ 0.9 1.9 1.2| 1.8 8 0.8 2.8 1.9| 1| Lai| 1.3 1.6| 2.2| 2.1 'Lb| 3.0 3.9] 2.5 2.5 6.8] 1.8] 1.7
N ———=|  70e3] T2.6| T2.1| T2,6| 6847 TLeB| 67el]| 69eh| 67.9 | 6645 | 65.9] 6he3| 63.3| 6LeT| 6540| 70.5| 71.l| 65.5| 72.7| 71e2| 6947' 674k
Heating value, gross (calc.) *
Betoue/StdeCefe— 19 18 3k 33 37 g 13 71 51 36 39 27 53 i 51 37 63 63 66 67 8l 33 n3
o
SEnt shale properties: ]
Fischer a.ss'ay--gz----—----zal./ton-- 0.2] 11| 05| 0o5| 0.8 = 1.1 0 0| 0.3 o] 0 0 0 0f 0.5| 1.6 - | L7 21| 043 0.3 0
Organic residue 2f------ et e=pCto—m 062] 13| 11| 11| 0.8 0s6]| 042 O 0,57 [ 047 | 0e3]| 0.05 0| 1.9| 0.96] 2.12 — | Le37[ LoSL| 0ok2 | 0.72| 0,33
Mineral COp d 0.5 Ledl| 648 10,0 | 7.6 o8 16| 243 | 5a7 763 042 15| 2.1 0.7 2,3 | 1kLeS = | 18s2| 1646 2.9 5.k 1.2
QErati_ng datas
Press. drop/ft. bed heightee—=in, g; — - - - - - - — - -— - - - - - - - -— - -
Retort gas outlet temp,------——--%F.— | 370| 270 270| 300| 3% 2lo| 180 160| 200| 220| 15| 109| 102| 10k| 120| 169| 109| 158| 122| 133| 31| 109
Becycle gas temp.ld/--—oo—- 4o~ 771 91| 106 102 | 109 02| 1oL 93| 95| 95| 93| 1ou| 97| 99| 108| 93| 1202| 106| 1okh| 13| 113| 105
Air inlet temp. d 50 L8 57 55 61 61 57 57 50 59 66 6L 61 n 59 59 59 7 57 73 12 8L
Bed temps., thermocouple Nos.:l-]/
1 °Fem| 120| 950 1,190 1,170 | 690 610 - - - - - - - - - - - - - - - -
2 0= 120 --11,150| 800 | 530 300 - - - - - - - - - — - - - - - -
3 dOmmme 90| 570 7tLo| 830 | 510 290 - - - - - - - -— - - - - - - - -
L do. 150 - - - | Léo 280 - - - - - - - - - - - - - - - -
dommmm 720| 3Lo| 380 1,030 | 350 150 - - - - - - - - - - - - - - - -—
6 d 850| L1o| k2o | 540 | 350 230 390 330 Lo | 3% | 160 - - - - --| 120| 23| 110| 100]| 190| 1LoO
g :32““ 1,150 520| 5S80| 760 | L8o 350| L50| 320 | L2o | 470 290 160 | 120 | 130 | 160 220 100| 2Lho| 130| 110 | 180| 130
—— - - - - - - - - - -- - - - - - --| 120| 250 370 - - -
12 4:0--- 2,210( 1,260 920 970 620 660 810 670 L8o 690 - 210 240 310 550 390 130 Lko 300 350 360 160
11 d o %0 50 1o
- - - - - - - - - - - - - - - -1 320| s5ko| sLo|1,190| 580| 610
13 do-—--| 2,180| 1,6L0| 1,780 |1,660 |1,010 1,140 1,230 | 1,380 | 1,470 |1,180 |1,280 | 1,380 |1,210 [1,220 | 900| 910| 290| 160| 530| ‘880 | 720| L20
h dOmmmm -_— - - - - - - - - - - - - - - --| 560 |1,k60| 710]1,520 |1,270] 1,150
4 do. 1,L60| 1,150| 990 [1,000 |1,110 1,330( 1,160 990 | 830 | 990 |1,500 | 1,410 |1,500 |1,480 |1,150 8Lo| 560 |1,210 770 | 1,670 |1,550] 1,350
ié ~do---~| 1,550| 1,140/ 1,0L0 {1,070 |1,180 1,3L0| 1,530 1,180 {1,000 | 970 {1,ko0 |1,L80 |1,L00 [1,410 {1,070 B8Lo| 730 |1.050| 660 |1,500 |1,210] 1,040
AOmmme - - - - - - - - - -— - - - - - --1 970 (1,610 8LO |1,710 |1,570] 1,290
17 d0=mmm - - - - (1,270 1,330| 1,320 1,160 - --| 990 ]1,080 | 720| 860 | 880| 880|1,020 |1,0L0]| 1,070 |1,2L0 |1,520]| 1,020
18, spent shale temp.—e——m—m- S I Y— - - - - - --| 580| 600| 380 370 k20 500 | 520 | 510} 5o Loo 570 | 5Lo| 680 660 7L0 720
Qgerati_gg characteristics:
gree ol c Ting of cokin 12/ Mod.{ Mode| Mod. | Mode | Mode Mod, |Severe [Severe | Mod, | Mode | Mod. | Mode | Mode | Mode | Mod, | Negl. | Negl. | Mode | Mod. | Mod. | Mod. |Severe
Degree of refluxing of oil ——————— Negl.] Negl. Negl, | Negl, | Negl. Negle| Negl.| do. | Negl. | Negls| do. [Severe| do. do. | Negl. [Severe |Severe | do. do. |Negl. [Negl. Do.
Other troubles-=--ee-----see note No,=- 19 - -— 15 16 - —_ - 15 1! — - — - —F — - —_ 17 - — -—
Bvaluation of results —————————— Satd Unsat.| Unsat.| Sat.| Sat. Sate| Unsat.| Sate|Unsate |[Unsat, | Sat.| Sat. | Sat. | Sat. | Sate.| Sat.| Sat. [Unsat.|Unsat, [Unsat. | Sat.| Sate
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TABLE 12. - Results of oil-shale pilot plant tests

Run No.
Date

Duration hr o=m
Retort type No.
0il recovery system type NO,wm————ecccae-

Raw material flows:
Raw shale--1b 7hr. x sq. ft. bed area--
Recy& gas L/ -stdecefe/ton raw shale—
Air JOmmmm

Products recovereds
Bhale Oilew--=vole~pcte Fischer assay--
Shale 0il--sg==~=e-gal./ton raw shale--
Gas vented &/ --std.c.f./ton raw shale--
Spent shale---—- E7—-1b./ton raw shale--
Water condensed ¥ emem—emccem—- (O m———
Material outputee——=wte=pcts of inpute=

Raw shale properties:
Fischer assay-—-—-=m-—mm——me=gale/ton--

Mineral CO Whe=pCto~=

Particle size rangeew=----==-—m==e=inChe=
Shale oil properties: °

ravity: APIew

Viscositye----emeeeeS.5.U, at 130° F.--

S.U. at 210° F.--

Ramsbottom carbon &/ —eeeew-. —=WteepCto--

Gas ertiess:
"ﬂ;iz;tm 5 —eememmceeeec——aaV0leapCt o -

Analysis, drys

COp VOle=pCte==
ni. V. Ldo
02 Adn.
CO. S0P, S—
HZ -0
Hydrocarbons ﬁ/...----.--.....-do....

N dOem—e=
Hea%ing value, gross-=Beteu./stdecefe=-

§%'x_xt shale properties:
ischer assay=e--— ~emeemegal,/ton--

Organic residue 27---------wt..pct.--

Mineral COp do-

erat. datas
ss. drop/ft. bed height-==-in, Hp0--

Retort gas outlet
Recycle gas temp.

Air inlet temp. ll?dc
Bed temps., thermocouple Nos.:

1 oo
2 do.
3 do
L dOmeme
5 do
6 do.
7 do
8 do
9 do-
10 Qe
11 do
12 -do
13 do
1l ——d o
15, do
lé do-
17 do
18, spent shale temp,e=---—-v-ed0—e—-

Operating characteristics:
Degree of clinkering or cokigg 2/
Degree of refluxing of oil ——————
Other troubleS—~——-eee-- ee note No,--
Evaluation of results

2L
3=27
2h

puss

2Ls
10,700
10,700

85
18.1
13,900
1,h63

96

21,2
17.3
i1

19.2
52

11,6

27.1
040
03
1.8
069
1.0

6849

22

0
0422
1.1

180
170
120
730
1,120
1,620
1’7h0
1,L60
1,750

1,L30
710

Negl.
do.

Sat.

25
3-28
2heS

111

200
11,600
5,600

61

6,500
1,700
60

98

23,3
17.5
1

S=1

2046
107
L6

946
19.L

150
150
24,0
360
Lso
1,0L0
1,L00
580
1,350
1,120
570

Negl.,
Mod,

Unsat.

26
3-29

III

151
16,200
7,800

2062
1646

Pl
18,2
So

1044
25,6

Negl.
do.

Sat.

Te9
23.L

1,k20
1,L10
1,L00
1,240
960
390

Negle
Severe

Unsat.,

28
2l
III

121
09,1400
9’500

18.0
12,200
1,420

95

1949
1646

-1

19.L
L8

10.6

2648
Oll
0.0

Lok
0.8
68.6
23

0
0,16
1,02

620
950
1,080
1,300
1,380
1,380
1,580
1,290
870
300

Negl.
do,

Sat.

30
Li-9
2l
Y

III

176
3,300

12,k

18.2
0.7
040
0.9
L.o
3.1

7301

69

3.1

530
520

600
630
720
970
960
1,050
1,070
650
300

Negl.
Severe

Sat.

31
L-11
2l
E
111

171
26,100
k,000

61
lh.9
14,800

32
L-12
2l
E
III

2Ly
20,700
L,000

7
1642
5,800
1,6L0
27

98

k.8

28.3
045
0.6
1.8
342

64,0
51

246

150

33 3L
L-19| L-20
2L | 15.5

c c
III 111
131 262
10,900 0
10,600 |12,700
N 69
15,0 1h.l
13,500 [16,L00
1,ko0| 1,480
Lo L3
2N 99
20.2| 2046
17.1| 1649
PN
18.3| 19.2
162 -
52 -
9e3 9e7
27.7| 2L.8
0.0| 0.8
0.0 0.0
0,0 2.1
2,2 2.7
1.6] 1.5
68.5| 6841
3L L7
0.5 0
1.2 0
15| 069
202| 11
106| 107
75 65
k701 5%
310 Lo
1,250| 1,L20
1,255 1,h15
1,h90} 1,590
860 860
870| 1,300
1,300| 1,110
890| 660
870 760
80| 70
Mod.| Mod.
Negl. | Negle
Sa;: Sa;:

35
L2l
2l
c
II1

253
11,000
10,800

85
17.8
15,400
1,380

L9
98

21.0
16.6
-1

18,3
190
55

1,780
1,320
1,850
1,840
1,280

620

Mod,
Negl.

Sat.

36
L-25
20

c
III

208

10.1

2'8.3
0.3
0.0
2.6

1.6
6lie3
L2

0002
1.2

Negl.
Mode

Sat,

1
L-26

III

153
n5,300
]

97
2049
74600
1,L90

21.5
1745
i

2046
107

346

842

26,9
0ll
0.0
3e7

6343
L7

1.23
1.5

125
101
7

830
920
910

1,050
990

690
6Lo

670

520
270

Nod.
do.

Sat.

225
15,000
3,200

57
12,6
k4,100
1,7k0

98

22,1

2
2045

2,8

10.0

18.9
045
0.0
1.0

'0.8

7649
36

11.5

Negl.
Mod.

Sat,

5=1
2L

III

268

570
3ho
480
530
1,090
570
1,420
1,3k0
1,100
1,270
19550
890
L70

Mod.
do.

Unsate

Loc
5-8
2L

III

210
L7,700
8’700

2044

1,370
850
1,070
1,530
1,210
1,0k0
L3

Negl.

Sat,

LoD
5-9

III

27
1L, 700
8,000

76
17.L
10,700
1,530

L7

98

22,8

780

1,020
700
990
690

1,180

1,250
810

1,390

1,460

Sko

Mod.
do.

Sat.

LoE
5-10
20

III

228
11,600
8,080

80
1840
10’690
1,kLkoo

93

2246

19.2

6o
910
800
700
980
700
1,270
1,280
730
1,480
1,480

170

Mod,
Negl.

{Unsat.,

1
6,900
6,290

Mod,
Negl.

Unsat.

5-18
2L

III
27
15,900

600

?

83
23.9
12,010

31

28,8
19.3
1

2242
2‘3

96

MIEREREN:

1.7
12,7

U3
109
75

360

1,500
820
990

1,160

1,150
880

1,390

1,320
850

1,310

1,L10
980
510

Mod .
Do.

Sat.




TABLE 13, - Results of oil-shale pilot plant tests
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Run Noe
Date.

Duration Y gem
Retort type No.
0il recovery system type Noo==-==cme=e-=

Raw material flows:
Raw shale-1b,/hr. X 3q. ft. bed area—

Bec;g}s gas =~/ std.c.f./ton raw shale--
Air V.V, S

Products recovered:

e 0il----vol.=pcte, Fischer assay—-
Shale 0il------——gale/ton raw shale
Gas vented 57 ~stdoceLe/

Spent shale-----pw-lb,/ton raw shalee-
Water cond d §7~ d
Material output-——ewt.-pct. of inpute-

Raw shale properties:
SCher assay--—-——---—-==——=gal,/ton--

Mineral CO. Wieepcte——
Particle -i:e range---————ceemee. inch=

Shale oil properties:
Gravity OAPT—
Viscosity=——mwm==eeS,.S.U. at 130° Fow-
eSeUs at 210° Foee

Ramsbottom carbon 27

—wt,-pct.—
Gas T 4
isture &/ eeecmcccccancca-yolapctom—
Analysis, dry:
Co2 Vole=pcte—
ni. V a
02 do.
CO. -
'LY‘ Ao
Hydrocarbons &/. do
N. d.
Huging value, gross (calc.)
Botouo/‘fdoeof.-
Spent _shale properties:
'ischer agsay=—--=—-=-- gal./ton=-
Organic residue &/ em—w—ecwewit~pcte=—
Mineral COp i O

Operating data:
Press, drop/ft. bed height===in, HyOw-

Retort gas outlet
Recycle gas tempe 30/ e edOm
Air inlet tempe 4o

Bed temps., thermocouple Nose: g;p

o= mmmmm [ g e

1 o
2 4
3 |
L o
5 Vs o P
6 i
7 ~do——m
8 7 S—
9 7,1 S——
10~ o, T
11 S, [, —
12 do.
13 4
1. 4
15 . —
16 4
17 dOmmm=
18, spent shale tempe======e=edom=e=

Qgﬁratggg characteristics:

egree of clinkering or co 32/-—-—
Degree of refluxing of oil ————————
Other troubleg-—----- ~=r56e note Noe=—
Evaluation of results

186
18,700
95920

87
25,8

ton raw shale—-|13,060

1,460

2946
19.0
1

21.9

246

L2c
5=20

D
III
207

16,900
8,880

96
25,8
11,270
1,5L0

100

Sat.

L3
5=23

III

No data taken

19

L
52l

III

No data taken

19

Lsa
6-1
2l
D
III

002
1.3
5¢5

1.93
9

81
390

860

770
1,l00
1,010
1,360
1,100
1,500
1,630
1,310
1,220
1,550
1,350

670

Mod,
Negl.

Unsat.

L5B
6w2
2l

III

L5
Sels
945

19e3
1.0
0.0
2,8
9e2
6645

69

1.6
8.8

Lsc
6=3
2L
D
III

223
14,250
7’630

88
17.8
10,520
1,500
80

98

2042

L5D
6=l
2L
D
111

193
16,020
8,830

97
2044
12,740

1,
88
108

21,1

062
008
847

139
16
73

K10

760
790
800
820
1,110
1,000
1,670
1,470
1,110
1,510
1,560
1,200
5Lo

Mod.
Negle
20
Unsate

LSE
6=5
2l

III

Negl.

[Unsate

LsF
6-6
2l
D
III

206
13,060
8,250

87
18,0
11,840
1,630

58

101

848

9

Lso
750
750
780
8lo

1,010

1,390
1,390
1,110
1,320
1,490
1,180

510

Mode
Negle

Sat.

207
15,190
8,300

99
20.0
10,790

0.2
0e7
643

1.98

s

-

Lvo

7L0
820
790
830
990
990
1,380
1,380
1,090
1,350
1,500
1,270
550

Mod,
Negle

Sate

46
6-16
2L

F

III

U7
18,730
6,490

96
19.7
8,430
1,360
112

91
20k
17.3

2=l

2

Severe
Negle

Unsate

13.8

270k
003
0.0
342

2.1
63e1

L8

1.1

23,5
040
0.0
1.2
0.0

7249
L7
3ok

3.5
12,2

160

Negl.

Sate

L9 50
628 | 6=29
2L 2l
F F
III | III

166 182
20,290 [18,120
5120 | 4,910
80 89
16,3 | 1843
,110 | 6,690
1,720 | 1,760
oy 11
102| 107
20,4 | 2046
17.4| 17.5
31| 31
19.8| 1946
uo| 139
50 L9
2.5 242
12,1 1344
22,8 2542
0e9 1.1
0,0 0.0
2,5 2,9
3.5]  2eb
1.9 1.5
68LL| 6609
sk 51
1.7 1.9
24,0 246
13.8] 1249
0625 | 0027
135| 135
us| 19
88 89
310| 280
660| 690
620 680
890 1,100
720| 760
1,710| 1,580
810 870
570| 610
Lkgo| 570
430| sko
850| %00
500| 570
320 L20
180| 220
Mod. | Mode
Negle | Negle
Unsat, |Unsat.

51 52
6=30 | 7-1
2L 2l
F F
III | III
202 265
16,230 [LL,610
5,880 | 5,600
96 8L
1948 | 17.3
8,220} 7,
1,690 | 1,640
33 55
103 99
20,6 | 20.6
1740 | 1761
3el| 3wl
l906 1803
W8 | 12
Ly Lo
2.9| Le0
13.9| 1346
2748 | 2349
042 o7
0.0 040
19| 242
248 Le3
17| 19
6566| 6740
38 53
0e2| 1.0
15| 262
102 12.3
Oe3L| 0457
134 15
120 120
91 88
280| 3%
670 700
730| 1,580
1,250 1,Lk90
830| 780
1,700 -
900 870
700 730
690 790
650| 650
1,020 990
660 720
550 520
250 320
Severe |Severe
Negl. | Negle
Unsa;: Sa;:

Sk 55 56
76 | 7-16 | 7-17
2L 17

III III III

3| 185
9,730 18,500
5,490 | 6,000

76 57
25,7| 1846
10,680 | 7,960
1,440 | 1,560

93 70

- 96
33.8] 3246
17.5| 1746

31| a1

2040 2347

19 58

3L 37

25| 07
12,2 13.2

- 2046

- 1.3

| 0.0

— 2,0

g Z| 28
a1 -] 6846
3 - 15
2

2,2 0.2

36 3ok
1309 17.1

—| 0,18

17| 159

us| 19

87 82

230| 170

LB0| 6o

600| 6L0

580 620

570] 680

720| 690

700

880 980

934 | 1,0L0

—| 9o

—| 1,k30

950| 1,110

570| 790

520| k2o

Severe|Severe| Mode

21 22 22
Unsat.|Unsat,. |[Unsat ,




TABLE 1. - Results of oil-shale pilot plant tests

Run No.

Date
Duration
Retort type No.

0il recovery system type No.

Raw material flowss

e oil-lby/hre x 8qs ft. bed area--
Recycle gas~ stde e.f./ton raw shale--
Air 2/ ~do~=-d

Products recovereds
Shale oil--~-vol.-pct. Fischer assay--
Shale o0il--==-«-==galy/ton raw shale--
Gas vented 3/-std.c.f./ton raw shale-o
Spent shale------==lb./ton raw shale--
Water condensed ~do ===
Material output-——--wt.=-pcte of input--

Raw shale propertiess

Fischer assay-—-------------gal./ton--

Mineral COp=====-==w==—=n-= ~Wte pCte=o

Particle size range=——-~=—=-===--- inch -
8hale oil properties:

Gravity. O API -

Viscosity—---------8.5.Us at 130° F.-4

«S.Us at 210° Fo-d

S
Ramsbottom carbon 5/

Gas propertiess
= Hoisture §/<-----mme-—-==vol.-pct.-1

Analysis, dry:

COz vol.=pct o=
i, 1/ ~do=-—
0z ~do==--
co ~d0=~—o
Hp ~do==-d
Hydrocarbons 8/-----=-=----~ ~do=~-o
No Q===

Heating value, gross (calc.)
Betoue/stdec.f .=

Spent shale propertiess:

Fischer assay=—====e-c=ec-aa gal./ton--
Organic residue 9/--——ee—o- ~wt.~pcte=-
Mineral CO2 40 ===

Operating data:
ess. drop/fte bed height-—-in. ggo«

Retort gas outlet temp.e-====w-- - Fo=o
Recycle gas temp. lO;----------do----
Air inlet tempe——-=-==-=---ceeecedo-—-

Bed temps., thermocouple Nos.: ;16/
F

1 -
2 =4 0==~=ef
3 —do---4
In do=-=—d
5 ~do===
6 ~do---4
7 P p—
8 ~d0=~=
9 do=~--

10 e [

11 -do

12 ——d Q===
3 ~do----

1k ~do--=-

15 do-~--

16 ~do=-==«

17 ~do--~

18, spent shale tempe--------- -do----

rating characteristics:

?sgroo of clinkering or coking 12/--—o
Degree of refluxing of oil 13/
Other troubles=e~-==e--=gee note No,=-

Evaluation of results 1L/

57 59 60 61
7-14 7-28| 7-29| 68-8 8-9
21 2 21 20 2l
D D D G G
III 111 111 | 1ir| 111
2Ly 157 | 137 127| 16L
6,320 [18, 74O -- 7,650 0,600
6,430 8,940 |7,8L40 | 2,380 3,320
87 2N 92 L7 100
29.6| 324 | 31.0| 9.8| 20.9
89230 u9830 - 551140 h,hoo
1,660 | 1,500 {1,400 | 1,740 | 1,650
L9 116 - R L2
--1 103 - - 97
34e1| 3Le6 | 33.7| 20. 20.9
18.0| 18,0 | 18.0{ 17.1| 17.3
31| 31| 31| 31| %-1
22,3 | 19.5 | 20s1 | 21.5| 19.5
7 3 - 87 160
NG L9 - L2 50
1.2 2.7 - | 1.2| 2.7
13.2] 12.1 --| 17.0| 11.5
-] 20.6 - -1 23.0
-] 1.1 - --| 0.9
--| 0.0 - ~| 0.0
-] 2.7 - -~ 2.7
== 5.7 - --| L.O
-1 2.0 -_— -] 2.1
--1 67.9 - -~ 67.3
92 68 - L5 60
0 0 0| 6.7] 0.7
3.3]  2.2] 2.4 L8| 2.5
17.2 13.0( 13.7 | 15.2| 1L.5
0.68| 0.23] == 0.12| 0.13
7 158 16| 127| 128
120 116 113| 125| 113
83 82 85 85 83
500 L90| 450 330 3L0
660 | 1,080( v80 --1 590
500 9701 900 530 | 650
5L5 760| 760 470 590
6701 1,250 960 - -
590 760| 720 390 650
700 | 1,130 (1,000 - -
1,010| 1,1101,010 350| 610
1,120| 1,080| 970| 3u0| 610
820| 1,460(1,240| 210| 630
1,500 | 1,510{1,400 | 280| 770
1,260 810| 850 - -
640 730| 780| =200) 520
470 510| 510| 130]| 210
Mod. Mod. |Severe| Negl. Wegld
Severd Negl.™} Mod.| Severe do,
22 22 22 - |-
Satd Unsat, Unsa'-c—.l Unsatd Satef

62
8-104
24

G
III
171

19,710
L, 560

[
N

n
e ¢ o o o .

MUnwuno ot

WHEWOKHO

o
Y

65

0.25

390
680
1,000
650
780
740
710

490
820

390
190
Negle
do,

Sate

63
8-11
2L

G
III

215
15,500
5,560

oL
18.6
7,390
1,560
L

9L

740

1,000
94O
890
720
970
600
310

Negl.
do,

Sate

6L
8-12]
2l

G
111

109
20,860
L, 900

93
19.1
6,390
1,540
Sk

SL

20.6
16.8
31

19.5
153

2.8

10.8

23.1
0.0
0.0
3.9

1.6
67.9

37

1.2
10.5

0.13
127
111

86

380

1,240
720

920
860
820
740
920
540
260

Negl.
do,

Sat.

65
8-13
2L

G
III

1u8
18,650
4,220

95
19.2
6,880
1,620
u2

0.2
1.4
11.8

0.13
128
113

86

360

600
990
680
820
820
780
480
8L0
380
190

Negle
do,

Sat.

66
8-14
36

G
III

225
18,000
4,280

98
20,2
6,440
1,680
28
100

20.7
16.9

3-1
19.6
162

2.7

620
1,030
650
890

8L0

510
860

L0

220

Negl.
do.

Sate

67
8-16
2y

G
III

1Lk
R 3,880
2,870

99
21.0
3,960
1,740
33
100

21.1
17.4
i1

19.8
139
u?
2.3

o]

o N
ENEEOOW
* e v s e e e
VINMiOw oo w

-
o

0.8
2.2
1.6

0.13

Negl.
do.

Sat.

68 69 70
9-23|9-28 9-29
2l 18 22
G G G
v |1Iv v
279 287 202
19,760p8,810 18,630
3,660] 3,510 | 3,990
78 68 88
21.8| 16.0| 21.8
5,620| 5,090 | 5,8L0
1,700|1,6L0 | 1,680
32 v 1L
100 95| 100
27.8 | 238 | 2L.T
17.5 118.3 1 18.9
31| 31| 31
21.0 | 2.4 | 21.0
95 75 101
u2 Lo L5
1.7 1.6 2.l
18.0 {16.8 | 13.9
18.1 | 20.5| 22.2
1.3] 1.1 0.8
0.0 | 0.0] 0.0
503 | Le2 Le7
8.6 | Le9 642
L.O| 3.9 3.k
62.7 | 65.L | 6247
125 | 112 98
1.0} 3.8 1.9
32| Le3| 2.2
1643 [16.8 | 1644
047k | 0s53| 0.25
162 | 15L| 137
130 | 127 120
83 87 93
-- | LYo 460
--| 730 610
--| 780 610
--| 700 680
--| 670 740
- | 6Lo 720
-1 770 630
--| 680 760
- | 620 700
--] 570 620
--| 620 670
--| 520 590
--1 370 330
--| 200 220
Mod.| Mod. Negle
do, | Severe Mod.
- 20 -
Unsat.| Unsate Sat.

L8o

680
740

800
880
880
8Lo
L8o

690
L60

280
190

Negl,|
do,

Sat.

72 73
10-Y 10-4
2l 16
G G
Iv Iv
ln3f 355
14,070 L5, 300
3,220 | 3,290
82 3
19.2 | 18.1
4,710 | 4,810
1,660 | 1,760
19 22
96 99
23.5| 2Le7
18.7 | 18.6
1| 31
19.1 | 22,0
137 T2
L8 L2
3.0 1.2
1547 | 1569
214 | 20.9
1.2 1.9
0.0 0.0
L.8 2.6
5. 9 6 o1l
2.7 L3
640 | 6Le2
93 -
2.6 -
3.6 -
17.9 -
0.72 | 0469
131 L9
125 125
82 86
390 480
640 | 670
580 640
710 690
810 680
760 650
790 740
890 770
740 | 670
6L0 | 780
770 720
610 590
460 Loo
310 330
Mod.| Negl.
Negle| Severe
Sate. Sag .

N 75 76A 76B 76C 76D
-50]10-4 10-4 10-6 10-1 10-8 10-9
8 12 17 2l 2l 20
G 1] G G G G
w v v Iv v Iv
2751 21 327 323 301 245
23,00087,900 [L4, 900 }5,100 J16,000 7,300
2,280 3,900 | 3,220 | 3,270 3,530 | 3,8L0
38 73 82 82 87 106
968 | 18,6 | 21.7 | 22.3| 23.5| 2Ua5
2,720 E.890 4,800 | 5,050 | 5,560 | 6,010
1,960 f,700( 1,620 | 1,6L0| 1,700 | 1,660
21 21 19 a
-1 102 96 97 102 102
2547 | 25.4| 2645 | 2740 27.0| 23.2
18.8 {18.0| 18.L | 17.8} 17.4| 18.3
1] 31 31| 31| 1| 34
2366 | 1949 | 22.4 | 22.L4| 21.4| 208
61| 166 75 (pS 76 100
42 L9 g Lo L2 Lk
0.6 ] 2.5 1.3 1.4 l.u 2.3
16.3 | 13.6| 1562 | 15.6| 1L.B| 1ksO
-=]25.2| 22.6| 22.8| 26.5| 30.3
-=| 1.6 2.3 2.l 242 1.0
--| 0.0 0.1 0.0 0.2 0.0
- ‘4.6 3'0 300 303 hol
-1 u.9 5.2 6ol L.8 3.9
-1 3.2 Lli| L8 L.2 2.0
== 60.5| 62.4 | 60s6| 5848 | 5847
95| 09| 137 145 127 15
7.7] 6.2 1.7 1.9 1.2 1.0
7.51 | Sel 3.80 | 3.85| 3e49| 2.92
19.4 {1742 1649 | 16.5| 16.7| 16.1
0,47 | 0els3| 0455 | 0e55] 0.57| 0.ké
1461 143 152 155 156 140
1251 119 123 124 122 120
51 87 8L 85 87 91
L50 | LLO 480 470 470 L60
630 | 6L0 640 6L0 6L0 6L0
630 | 650 650 610 630 650
680 | 690 700 690 690 690
680 | 700 720 690 680 640
650 | 640 750 730 780 750
690 | 700 7.0 690 660 640
670 | 820 810 760 810 850
680 | 64O 700 750 780 750
Lyo | 620 760 770 760 730
670 | 600 670 710 730 660
560 | 550| 530| 600 o] 510
610 | 430 350 390 390 320
220 210 240 270 270 210
Negls| Negle Negll Negl. |Negl. | Negl.
Severe do, | Severe| Severe| Severe| Mod.
Unsat. | Unsat.| Sat. |Sat. |[Unsat.| Unsat.




TABLE 15. - Results of oil-shale pilot plant tests
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Run No.
Date
Duratior hr,=-
Retort type No.
0il recovery system type No.==---------ac

Raw material flows:
W shale--lf . X 8q. ft. bed area--
Recyg}e gas _7-std.c.£./ton rav shale--
Air ~do=-==

Products recovered:
Shale o0il-----vol.=-pct. Fischer assay=--
Shale 0il===v-====-gal./ton raw shale--
Gas vented 2/--std.c.f./ton raw shalee=
Spent shale-----=--- 1b./ton raw shale--
Water condensed & =--=--=ce-eomn ~doe===
Material outpute=----wt.=pct. of inpute=

Raw_shale properties:

Fischer assaye--——-===m==——==n gale./ton=-
Mineral COp Wte-pcte=-
Particle size range--------—-—---== inch.-
Shale oil propertiess

Gravity OAP] =
Viscosity==---===-= -SeSoUe at 130° Fowe

5/S.S.U. at 210° Fo=-
Ramsbottom carbon &/ =e-e-e--- e=pCle=—

Gas grggegzi;ax
Moisture ¥/ ==-ceccecmccmcnaan VOle-pCte=-

Analysis, dry:

CO, vole=pcte=-
ni. 7 dommmm
02 ~do====
Co- ~dO==m=
H‘ B [
Hydrocarbons §/ -do
Nyw—m- ~dome==
Heating value, gross (calc.)
Betoeu./Stdecefo==
Spent shale properties:
Fischer @ssay—--=o---=-======| gal./ton--
Organic residus 27 ----------- e=pCte==
Mineral COp dOmmmm

erating data:

Press. droﬁlft. bed height----ine H,0=-
Retort gas outlet
Recycle gas temp.
Air inlet tempee==-~==ce-ccea-- ::?o--—-
Bed temps., thermocouple Nose.: 11,

1. o=
3 ~d0==—
3 —dommmm
n ~do====
5 ~do=-=-
6 ~do----
7 ~do=--~=
8 -do=---
9 -do----
10~--- ~do=m--
11 ~d0ommnm
12 o —
13 ~do=---
1L ~do=--=
15 -do---=
16 =qO===-
17 —do----
18, spent snhale tempe--------- ~do---=-

Operating characteristics:
Degree of clinlering or cokigy lg/--—--
Degree of refluxing of oil
Other troubles----------- see note No,==
Evaluation of results l&/

76| 77l 78 7a| 798| 79c
10-1d 10-11] 10-12]10-13 10-14f 10-19
8 16 2 2k 2L 3L
G G G G G G
v v w| 1v v v
2l8| 226 2u2| 227| =230 | 226
17,200 16,800 [18,600 p9,3oo 18,100 18,500
3,730 | 3,180 | 3,610 | 3,480 3,780 | 3,8u0
107 9 69| 100 95 92
22.3| 18.4] 16.7| 2L.3| 22.8 | 22.6
6,350 | 6,730 5,300 5,030 | 6,250 | 6,180
1,640|1,700| 1,740 | 1,620 | 1,580 | 1,600
Lo 19 21 2l 15 25
102 - 100 97 981 100
20.8 | 23.3| 2bel| 24.2| 2L.0| 2L.6
18.5| 1943| 19.5| 18.3| 20.0| 20.0
I I S S S
18.3| 21.0( 21.9| 19.8| 19.L| 19.7
102 92 W) 131 1Lk 134
L L3 Lo L8 50 L9
2.2] 1.7] 1.2 24| 2.2 2.4
o7 | 13.6| 13.7| 12.5| 13.3] 12.7
31.5 —| 23.0| 2l.b| 25.7| 29.6
1.5 -] 2.5| 1..0| 1.4] 1.3
0.0 —] 0.0 0.0] 0.0] 0.2
2.9 -=1 16| L.O| 3.9 Le2
6.5 - 6.1 6.0 7.8 Sely
3.2 —| Le5| S.1| 6.1 3.1
Shely -=| 62.3| 62.5] 55.1] 56.2
111 --| 136| 107 130 98
12| 1.2 L.6| 0.8)] 0.5] 0.5
2491 | 3415 | LeWB| 2.48| 2.20| 2.35
16.5| 17.5| 16.8| 17.2| 16.8 | 17.0
0,61 | 0.58 | *0.83 | 0.LO | 0.L6 | 0.L3
142 150 159 13 1l N
122 19| 10| 16| 118 | 116
96 90 N 90 95 92
220 230 | 290 2Loj 270 | 29
u6o | 46O | LBO| L70 | L8O 500
650 | 650 | 650 670 | 670 | 68O
630 620 620 | 650 670 660
720 690 | 670| 730| 730 | 730
720 650| 600| T00| 680 | 660
70| 700| 690) 740 710 | 690
850) 680| 720] 860 | 850 | 8LO
880 820 780 890 8L0O 850
690 650 6L0 | 620 600 | 570
760 660 660 6L0 630 580
630 610 590 540 510 L70
L80 L0 430 400 390 310
280 280 270| 23| 230| 200
190} 200| 210] 160f 170| 160
Mod. | Mod. | Negl.| Mod. | Negl. | Mod.
Negl. do. |Severe | Negl. do. | Negl.
Unsate |Unsate. Sat. Sat. Sate Sat.

790
10-17 10-18

2
G
v

228
n8,500
3,810

12.5

3l.k

O.ub

220

k9o
670
650
720
660
690
8L0O
850
590
610

500
320

220
150

Negl.
do,

Sate

T9E
2l
v

12.9
25.1

2lo

u70
660
6L0
720
650
710
850
8L0

590

560
L20
200
160
Negl.
do.

Sate

T9F

10-1.
24
G
v

2L2
17,300
3,590

97
22.9
5,610
1,580

98

13.0

29.9
1.0
0.2
LeO
LeS

58:1
70

0.5
2,24
16.7

0.L40
L0
17
91

230
L60
670
6L0
690
680
720

80
670
640
600
380

230

160
Negl.

do,

Sat.

796
10-20
2l
G
v

230
18, 300
3,780

100
23.6
6,120
1,600
2L
100

23.5
19.8

31

19.7
12

50
2.5

0.5
2.2
16.4

0.35

91
250

L60
670
660
730
700
720
870
870
640
590
580
3Lo
210
150

Negl.
do.

Sate.

T9H
10-2]
2l
G
v

225
1.8, 300
3,855

98
23.8
5,320
1,620

98

12.3

2045

65.2

0.2
2.33
16.0

0.38
w5
115

90

230
480
690
670
770

Negl.
do.

Sate

791
10-22
23
G
b

235
17,700
3,700

95
23.3
6,010
1,620
25
101

2L.6
19.4
i

19.3
2.6
12.3

1.8

Negl.
do.
20
Sate

79JJ
10-2
22.9

Iv

230
3,780

12.7

3045
103
0.1
L.
Sel

55.0
89

0.1
2.51
16.3

0.35
140
116

92

250
L30
650
660
730
720
690
870
900
630
620
570
360
210
150

Negl.
do.

Sat.

79K 80A 80B
10-24] 10-29 10-24
2L 2L 2l
G G G
v Iv Iv
219 227 283
18,500 p6,900 6,800
3,890 | 3,580 | 3,140
92 88 58
26.0 | 2.2 | 17.1
6,190 | 5,720 | 5,370
1,580 | 1,600 | 1,620
31 21 37
99 100 97
284 | 27.6| 29.5
19.9 | 16.9 | 20.0
41| 4=1| %-1
20.6 | 22.0| 2347
127 105 67
L7 L3 39
2.2 0.2 0.9
13.1 | 13.9 | 13.9
26.6 | 28.8 | 25.6
Lok 1.1 1.7
0.1 0.1 0.1
L9 5S¢0 | 346
5.6 Le6 7.0
Le3| 3.0 8.l
57.1| 57.L| 53.6
106 86| 143
1.1 1.1 Tol
2,43 | 3.76| 5.6
16.7 | 1ke6| 18.8
050 | 0665 | 0e72
146 151 154
117 119 119
91 92 88
240 230 2L0
L90 L8o 480
760 | 720 | 650
690 680 626
790 790 703
730 700 590
650 580 620
890 830 590
970 | 1,000 920
590 580 650
450 610 670
uEB Sia 670
320 350 L90
130 210 320
150 180 240
Mod. bevere Severe
Negl. | Mod. do.
Sat. | Sate | Sate

81A
10=-2
2L

v

221
45,400
L, 060

9
27.0
6,100
1,580
26

99

29.3
20.0

3-1

2.5
119

2.0

11.7

25‘1‘
1.2
0.0
L1
6.3
305

59.5

107

1.0
247h
16.9

0.43
L5

Sk
170

560
680

890
750
850
920
910
610
360
490
250
180
1L0

Mod.
do.,

Sat.

81B
10-39
2l

v

224
19,400
4,130

95
27.2
5,850
1,560
26

98

28.7
19.5
3-1

21.8
120

1.7

0.8
2.L8
16.8

Oel5

13
91

160

580

760
920
800
970
$80
900
720
350

6L0
300

220
160
Negl.
Mod.

Sat.

82
11-1
22

v

226
08,800
4,370

720
1,090

970
)
8L0

390
360
520

260
1Lo

Negle.
Mod.

Sat.

83
11-2]

Iv

No data taken

Severe

21

8lLA
11-3
2l

Iv

229
L9, 300
L,030

95
28.1
5,930
1,560

99

29.7
18.0

3-1

21.3
128

0.2

150
500
880
770
800
900
990
90
710
1400
660
280

180
160

Mod.
Mod.

Sat.

13.0
2k.5

60.3

0.1
l.ul
15.9

0.51

150
117
86

150

510
700
670
780
770
980
1,060
1,020
780
480

720
310

230
170

Negl.
Mod.

Sat.

8LC
11-5

v

2Lk
17,700
3,820

87
26.4
5,790
1,560

98

30.2
19.0
31

22,1
lek

13.h

23.6
1.6
0.0
L.9

L3
6001

107

1.4
2.9
17.0

0.5k

155
118
85

160

520
700
760
900
740
980
1,020
960
710
570

250
180

Negl.
ISevere

Sate
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TABLE 16, - Results of oil-shale pilot plant tests

Run Noe
Date--
Duration hre==
Retort type No.
0il recovery system type No¢======-ce=-e-

Raw material flowss

W shala--lb./hr..x sqe..ft..bed area——
Recyg e gas X/ -std.c.f./ton raw shale—
Air ~do=---

Products recovered:
Shale oil-----vol.-pcte. Fischer assay--

Shale 0il-=~-------gal./ton raw shale--
Gas vented &/ --std.c.f./ton raw shale--
Spent shale---------lb./ton raw shale--
Water condensed -do
Material output----- «=pct. of input=-
Raw shale properties:
FiscCher assay-—---======—===-| gale./ton=-
Mineral CO2 wt.-pcte-—-
Particle size range==------w---- inch ==
Shale oil properties:
Gravity: OAPT ~-
Viscosity---------=-5,S.U. at 130° F,-=
.S.U. at 210° F.--
Ramsbottom carbon 2/ --------- e=pCte=--
Gas grogertggat
Moisture =4~ vol.=pcte==
Analysis, dry:
CO. vole=pcte=-
nt. V ~do=-m-
0. =dO====
c@ ~d0====
Hy -do=e==
Hydrocarbons §/ -------------- ~do====
Np ~do===m
Heating value, gross (calc.)
Betous/stdecef.=-
Spent shale properties:
Fischer assay=-----==s======= zal./ton=-
Organic residue 2/-— --------- e=pCte=—
Mineral COp do:

rating datas

Press. drop.ft. ved height----in. HpO==
Retort gas outlet tempe=-----===-- OF ==
Recycle gas temp. E.?p

meemmmmemeeadQe———

Air inlet temp. .—70
Bed temps., thermocouple Nos.: 1,

1 OF 4 ==
2 ~dOo===m
3 -do==-=
I -do----
5 do
6 =do:
7 ~do:
8 ~d0====
9 ~-do
10 -do=-=~
11 do
12 do====
13 ~do=--=
1 ~do-=-=
15 ~do=m-m
16 ~do
17 ~do
18, spent shale tempe=-------- ~dQ====

Operating characteristics:
Degree of clinkering or cokin lgl -----
Degree of refluxing of oil _Qﬁ
Otrer troubleg=------- wsee note Noe--

854 85B 85C
11-19 11-16] 11-1§
12 12 12
¢ G G
Iv Iv v
243 25u| 25y
17,700 p6,600 {17,000
3,800 | 3,880 | 4,145
62 61 76
15.5| 15.7| 19.0
55570 | 6,470 | 6,410
1,720 1,600 | 1,600
37 L3 36
100 - 98
25.0 ] 25.7| 25.2
1| 1) ¢
25.0] 22.8| 23.0
12,6 | 13.7| 13.4
22.6 --| 26.4
1.8 - 1.6
0.0 - Ools
hoB - h07
S-h - )40 7
h-3 - 3-2
61.6 -~ 59.
13 - 99
6.0 5.8 3ol
0.60| 0.60| 0.56
150 161 19
116 119 118
82 82 83
310 380 380
370 460 530
640 660 640
630 650 650
880 800 730
680 680 700
790 820 820
855 8L0 880
810 800 820
620 615 620
720 660 650
s80| s60| 560
k70{ L8O L50
320 290 300
270 280 260
Negle } Negl. | Negl.
Severe |Severe |Severe
Sate| sat.| sat.

85D
11-17,
12

Iv

250
17,000
4,450

87
23.0
6,470
1,500

9L

26.5

$-1

19.9

0e49

Negl.
do.

Sate

86A
11-17
12
G

v

236
8,700
k4,730

83
25.7
7,000
1,760
25
106

1.0

21.8
1.8
0.3

5.7
3.9
62.0

113

2.4

0.58
187
120

86

L60
610
830
7L0
840
730
870
850
890
670
660
700
760
420
230

Severe
Mod.

Unsate

868
11-18
2l
G

IV

250
n7,500
4,730

13.3
2kl

0.53

390

800
960
780
810
920
970
690

630
580
310
210

Negl.
do.

Sat.

86C
11-19|
2l

G
v

222
18,400
5,330

96
27.3
7,820
1,6L0

30
102

L4oo
580
720
880
1,050
790
830
970
1,050
650
580
520
530
280
160

Negl.
do.

Unsat.

874 88 89 90A
11-20| 12-13| 12-17|12-18|
2L 20 2L
G H h k
1V v v v
231 287 273
18,400 4,200 15,100
k4,810 L,010 | L, 350
88 72 91
25.8 22,6 26.7
7,160 5,730 | 7,050
1,500 1,620 | 1,L80
19 L3 27

95 -- -
29.5 3.4 29.3
19.9 17.4] 18.0
%-1 3-1] %11
19.7 23.6| 21.0
3 56| 101
L8 36 Ll
2.4 0.5 2.1
13.2 13.7] 12.1
22,0 - -
1.2 - -
0.1 -- -
5.3 § - -
R - -
351 % - -

61.3 :’é
91 o - -
=

0.0 2,91 0.5
2.43 Lhel2| 2.49
15.4 18.1| 15.9
0445 0.63] 0.60
161 150( 150
118 119 115
86 80 7
L20 Lo 380
610 550 570
750 7101 %10
930 670 810
1,070 980 1,020
800 8oo| 810
800 - -
1,010 810 950
1,050 980| 1,200
590 630 olo
550 650 660
L60o 710 660
520 640|610
250 L30| Lso
150 2701 230
Negle |Severe| Negl.| Negle
do, Sevege Mod.
- 21 3 -
Sat. Unsate Sat.

J0B
12-19)
12
H
v

230
[17,L00
5,080

98
2845
7,950
1,6u40
32
105

29.0
19.1
$-1

2.6
3031
1h.1

0.55
167
116

78
L20o
540

1,070
710
1,100
710
910
1,070
680
580
660
510
o)
230

Negl.

do,

Unsat.

91A
12-19
2l

H
v

257
15,000
L,L0o0

25.1

12.9

21.3
2.3
0.0
3.0
La7

64.0

108

Negl.
Mod,

Sat.

91B
12-20f
18

H
v

251
Ll , 000
L, 500

87
26.8
6,360
1,540

0.8
3.07
16.7

0.48
180
116

9

520
570
950
740
1,320
890
9ko
1,160
710
730

770
660
L0
250

Negl.
Mod,

Sat.

92 93
1-11-51|1-12
PIN 21

H H

v v

198 217
17,000 17,500
6,060 | 6,450
90 98
22,61 25.9
8,720 | 8,960
1,500 | 1,550
52 52

97 99
25.0| 26.4
18.3| 18.2
$-1| %1
21.5] 21.4
103 98
L Ly
2.3 2.0
12.k| 12.8
27.0} 20.9
0.5 0.6
0.2 0.0
3.5 Le3
L8 7.8
1.5 1.2
62.5| 65.2
60 76
0.0 0.1
1.30| 0.95
11.1| 11.9
0.47] 0.69
150| 170
116 117
78 76
Lso| 530
670 830
1,070 950
1,050] 1,280
1,260] 1,3%0
850! 1,030
950} 1,000
650 730
670 770
730 780
610 700
370 LsSo
220 230
Negl.| Negl.
Mod, | Mod,
Sate Sate.

N
1-14
2L

230
16,300
55660

90
23.9
7,860
1,510

96

26.6
17.4
%-1

21.6
202

12.8

2L.1
0.9
0.3
345
u.o
1.9
65.3

70

0.0
1.20
12.0

0.L49
150
117
81

L6o

1,160
1,090
1,170

980
1,170

750

750
650

L30
250

Negl.
Mod,

Sat.

95
1-15

13,9
25.0

Negl.
Mod,

Sat.

96
1-14
2l

287

66.1

0.0
2,01
146

1.01
170
122

85

580

770
1,160
1,100
1,270

870
1,080

860

690
720

630
290

Negl.
Mod,

Sat.

25k
JJJ: 700
5,160

104
26.3
7,2L0
1,600
39

2542

3-1

o

T

0.94
160
122

83

570
760
1,080

1,280
1,330
1,320
990
770
880
9L0
710
520
310

Negl.

Unsat.

98
1-2l4

0.3
2.24
15.4

0.78

12l
82

630
890
1,150
1,300

1,070
1,260
670
700
670
790
54O
280

Mod.
do.

Sate

99
1-29

15.0

26,0
OQ 7
0.5
349
L6
1.7

62.6

1.1
2,32
el

0.88
150
123

81

L30
850
970
1,350
1,370

1,290
1,380
6L0
710
650
730
530
280

Mod.
do.

Sat.

100
1-26
2l

306
15,700
5,090

86
22.8
7,470
1,580
L2
99

2605
17.7
3-1

21.9
102

2.0

420
270

Neglo

Sat.
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TABLE 17. - Results of oil-shale pilot plant tests
Run No. 101 102 103 1oL 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123
Date 1-27 [1-28 [1-29 [1=-30 p-31 [2-10 [2-11 |2-12 |2-13 |[2-14 R-23 2-2L [2-25 |[2-26 |[2=27 |[3=9 3-10 [3-11 [3=12 [3-13 |[3-14 |[3=21 |3-22
Duration -hr.=-| 24 24 23 24 2l 24 2k 2l 24 2l 24 2L 2k 2l 2L 28 2k 2l 20 2l 2l 24 2k
Retort type No. H H H H H I I I I I I I I I I I I I I I I I I
0il recovery system type Noy==-=vom-eeccee v v v v v v v v v v v v v v v Vi VI Vi Vi Vi A28 VI L 2¢
Raw material flows:
shale-~-lb./hr. x sqe.ft..bed area-- 3u7 391 246 299 298 28l 306 275 287 283 22k 217 212 201 212 260 250 226 281 25L 264 195 300
Recycle gas 1/-std.c.f./ton raw shale--|15,300 [13,90018,000[15, 300 f15, 300 {16,200|1L,800{16,L400}15,800|16,000 13,700 [16,100 |19,400|22,600]23,L00 8,900 P1,500 25,000 RO,800 19,200 |16,000 {16,000]15,800
Air _2/ —do----| 4,750 L,660| 6,Lk00| S5,230] 5,290 5,160| L,860| 5,360 5,130| 5,200 | 6,LLO| 6,000]| L,LS0| 3,530| 2,670| 2,990] 2,510 | 2,310 | 3,420 L,5u0| 5,L450] 8,630{ 5,010
Products recovered:
Shale oil-----= vole=pct. Fischer assay-- 79 67 81 97 85 78 85 90 86 82 8o 85 87 85 87 88 89 58 60 91 85 89 8s
Shale 0il=-==ece=x gal./ton raw shale --| 21.2| 17.9| 22.5| 28.0| 33.6| 16.5| 18.5| 17.0| 16.3| 17.1| 16eu4| 18.1| 18.2| 18.7] 19.0| 17.8| 17.8| 12.0| 12.8| 19.2| 18.6| 18.5| 17.9
Gas vented 3/--std.c.f./ton raw shale—-| 7,0k0| 6,180| 9,500| 7,780} 7,4LO| 6,250 6,680| 7,100| 7,100| 7,180 | 8,650 | 8,350| 5,910| L,550{ 3,210] 3,670 2,940 2,530 | L,260| S,LLO| 7,530]10,930] 6,840
Spent shale--------= 1b./ton raw shale--| 1,670] 1,580] 1,520f 1,600} 1,600} 1,680 1,620{ 1,680( 1,620 1,720 | 1,600] 1,650| 1,700{ 1,720] 1,720 1,700} 1,780 | 1,840 | 1,820 1,680 1,640} 1,540 1,560
Water condensed Lf-------=---- —wedO==== L3 72 57 38 33 32 35 28 29 27 9 31} 23.3 36 21 23 27 23 21 23 29 17
Material output----wt.-pct. of input =-| 101 93| 100 101 - 97 97 99 98 101 97 98 99 98 96 96 99 99| 100 97 99 N 95
Raw _shale propertiess
Fischer assay--------------—=gal./ton=--| 27.0| 26.7| 28.0| a8. 39.3| 21,0| 21.8| 18.9| 18.9| 20.9| 20.4| 21.3]| 20.9| 22.1| 21.8| 20.3] 20¢1| 20.5| 2lek| 21.1| 21.8]| 20.7| 21.0
Mineral COj-=ecemcmcmnccenax: wto=pcte==| 16.9| 17.5| 15.7| 15.6| 15.7| 16.5| 16.2| 17.0| 16.k4| 16.6| 16.8| 16.3) 15.7| 16.1| 16.L| 16.8| 1648 | 17.4 -=| 17.5| 17.4 13.1 16.1
Particle size range=-----—------- inch--|  $-1] %-1 -1 31| %-1{3/L-1%|3/k-1%| -1 %-1{3/8-3/4 %-1| 1| $-1| $-1| d-1| 1| E-1| 41| #-1| 1| 4 -1 %-1
Shale oil propertiess:
Gravity OAPI=-| 22,6| 22,2| 21.0| 22.0| 21.6| 21.1] 21.6| 21.4| 21.9| 22,0 21.9| 20.7| 21.3| 21.6] 22.4| 21.4| 22.7| 23.1| 22.5| 21.0| 20.8| 21.2| 22.1
Viscosity=—=--—--===5.S.U. at 130° Fo=- 70 7 100 81 93 80 79 80 78 68 79 86 87 88 76 85 78 67 70 95 92 N 95
5.5.U. at 210° Fom 39 Lo L3 [y L2 42 Lo [he 39 39 ln L2 Ly L3 Lo Lk hl 39 Lo L5 Lk L2 Ll
Ramsbottom carbon S/---------wt.-pct.-- 1.0 1.2 2.2 1.5 1.9 1.5 1.5 1.4 1.2 1.0 1.5 1.5 1.2 1k 1.3 1.2 1.2 0.7 0.8 1.7 2.0 1.6 1.5
Gas pr ies:
oisture §/~—mewe—cccceen- -=vole~-pcte-=| 26.6| 20.5| 17.0| 14.5}| 13.4| 1k.7| 15.9] 1k.3| 13.5] 13.5| 12.1| 12.5| 11.9] 1.k 9,81 13.8| 12.2| 10.6| 14.9| 10.9| 13.5| 11.7| 13.8
Analysis, drys
Qgi ~-vol,-pcte~=| 18.6] 18.3| 22.8| 22.1 - | 14.9| 21.1| 2Ued| 2UeT| 2.5 23.9] 2642 22.6] 19.0] 1he6|{ 13.2| 11.2| 1246 1649 | 1740| 2L.8| 20sk| 2Le5
nit. do==== 1.5 0.9 1.1 1.2 - 0.8 1.3 0.6 0.6 1.0 Ook 0.5 0.9 1.0 1.2 1.1 1.0 0.6 0.7 1.2 0.5 Ouly 0.9
02 ~do==== 0.7 0.0 0.2 0.3 - 0.0 0.0 0.1 0.4 0.5 1.2 0.6 Okt 1.0 0.3 1.2 0.6 0.0 0.0 0.0 0.0 2.2 0.6
co ~do=-== 3.8 1.7 L.3 5.6 - 1.9 2.3 1.9 2.5 2.8 2.5 2.7 2.5 2.2 2.2 1.8 1.7 1.5 1.1 242 3.3 1.5 1.8
Hy. ~dO=mme Te7 2.3 5.0 6.2 - 3.3 L.0 2.0 3.7 3.1 3.0 4.0 3.8 L5 L8 Le3 L.0 1.3 2.6 1.9 L.0 3.7 3.3
Hydrocarbong 8/====-e=eec-ccccado=-== 3.8 2.0 2.3 2.7 - 2.k 3.1 1.6 2.0 1.8 1.2 1.5 1.9 2.7 3.5 .0 Le5 3.2 Lol 3.6 1.2 1.0 1.7
2 ~do=~==1 63.9| TheB| 6Le3| 61.9 ~=| 76.7| 6Be2| 69.T| 66.1| 6643 67.8| 6Le5| 67.9| 69. T3k | Theli| 77.0| 8048 | 7The3| Thel| 66e2| 70.8| 6742
Heating value, gross (calc.)
.Beteus/stdeCefe==] 116 62 87/ 100 -- 72 88 51 61 61 L5 51 66 80| 102 93| 106 Th 91 89 52 N 61
Spent shale propertiess
ischer assay=---=c=--co-caac gal./ton=— 2.9 2.6 0.8 2.6 7.1 Oel 0.3 0.1 0.3 0.3 0.2 0.3 0.3 0.5 1.1 0¢5 0.5 5.0 5.2 0e3 0.3 0.5 0.3
Organic residus 9/=--------- —ewto=pCte==| 2.28| 2.19| 2.53] 3.88| ke66| 1.2U| 1e66| 1e6k| 1.28| 1.59| 1e29| 1.48| 1.00| 2.22] 2.52| 2.16| 2.6L4| 3.73| Le.62| 2.3L| 2.35] 0.55{ 1.LO
Mineral COp ~do=~==| 16.6| 16.3| 11.9] 1h.2| 16.2| 15.0] 12.9| 12.2| 12.2| 12.0| 11.1] 12.4{ 14.8] 16.4] 17.5| 17.4| 17.9| 18.5| 13.9| 15.2| 16¢4 B.7| 10.9
erating datas
Press. drop/ft. bed Leight-—--in. §20—| 1.25| 1.L8| O0.74f 0,91} 1.,02| 0.38| O.k2| 0.88| 0.73f 0.88| 0.33| 0.29| 0.32 0.34] 0432 0.u43| Ookli| 0033 O0uSL| Ook6| 0.49| 0.33] 0461
Retort gas outlet temp,--=e==-=-e Fo-= 160 150 180 160 190 170 160 160 170 160 150 150 160 160 150 150 150 150 160 160 150 150 150
Recycle gas tempe. ;g/ e e ] 127 135 128 122 ny 122 125 121 119 119 s 116 114 114 108 119 115 110 122 1nl 19 11k 120
Adr inlet temp. ~do~-=-- 81 81 7 79 7 81 86 81 78 81 8o 8 81 82 80 83 79 76 82 8o 80 86 82
Bed temps., thermocouple Nos.: 11/,
1. Fow= 530 350 500 510 630 520 LBo 590 580 560 L60 Léo L90 L8o L9o L70 L70 L70 L50 Léo L20 480 L50
2 -do-——= - - - - --| 6uo| 6201 710| 70| 6LO| 5560 S60| 560[ 570 60| 5S80| 570 580 S50( 550 sko| 570
3 ~do 800 650 Lo 750 820 - -— - - - - - - -- - - - - - - - - -—
L -do---~| 1,030| 1,040| 1,120 950} 1,000| 1,120{ 1,050 1,260 1,080 1,090 750 680 690 660, 690 750 730 690 780 790 720 710 790
5 ~do----] 1,130| 1,220| 1,360{ 1,410} 1,220 850 850| 1,130{ 1,100 870 690 680 700 700 700 720 710 620 720 W0 710| 1,010 950
6 -do----| 1,330| 1,200| 1,280| 1,340} 1,230| 1,870| 1,750| 1,160| 1,280| 1,320 | 1,000 980 | 1,020 980 840 | 1,000 960 760 | 1,080 | 1,060 980| 1,050| 1,140
g ~do---= - - - - --| 1,230 1,280| 1,460| 1,380{ 1,240 950 940 | 1,010 970 850 950 - --{1,0501{1,190| 1,000{ 1,550{ 1,530
e L -— - - - -— - - - - - - -— - - - -— - -— - - - - -
9 -do=--=| 1,150 1,090| 760| 1,200} 1,200| 1,130| 1,210( 1,000| 1,090| 1,260 | 1,390 1,230 | 1,190{ 1,030 790| 830| 720| LSO| 8%0{1,140]| 1,320} 1,740| 1,540
10 ~do-=-={ 1,220| 1,080 1,090| 1,290} 1,270 720 740 640 670 720 | 1,470 1,340 | 1,140 9Lo| 680 670 600 500 700 820 1,470| 1,480| 1,070
n ~d0=m—= 790 630 630 680 930 730 750 630 660 701,540 1,280} 1,020 8Lo 670 6L0 580 L4oo 620 780] 1,360 1,330 820
12 ~d 730 670 L10 650 670 780 800 700 710 780 | 1,490 1,270 970 8L0o 670 660 590 410 640 780 1,270 1,330 830
13 ~do==== - - - - - 860 870 810 820 8801 1,190 1,100 | 1,010 Lo 810 880 830 770 8Lo 860] 1,170 1,190{ 1,020
1 do 760 650 590 660 740 — -— - - - - - - - - - - - - - - - -
15 ~do===— 660 650 380 610 670 - - - - - - - -— - - - - - - - - - -
16 ~do==== - - - - - 830 820 790 800 740 860 800 640 470 450 570 500 L8o 8Lo 640 740 830 820
17 ~do 520 460 2Lo 430 L20 - - - - - - - - - - - - - - - - - -
18, speat shals tempe=—=-=-——-- ~do=—== 300 280 200 240 260 220 230 200 220 230 240 220 170 150 140 160 140 130 200 170 210 250 250
Operating characteristics:
Degree of clinkering or coking l"y ----- Negl. | Negle | Negl.| Negle | Negle | Mod.| Negle| Negl.| Negle.| Negl. | Negl. | Negl. | Negls| Negle| Negl. Negld Negl. | Negl. Negld NoglJ Negle | Negle| Neglo
Degree of refluxing of oil y --------- Severe [Severe | Mod.|Severe | Mode do.,| Mode| Mode|Severe |Severe Severe| Mod. | Mode| Mod.|Severe Mode Severe Severe Sevirl Modq Mode| Mode| Mode
Other troubles —--~-----= see note Nos. -- - - - - == -- == == -- - - - - - - == - 20 2 - - .
Evaluation of results ll/-------------= Sat.[Unsate| Sate.| Sat. | Sat. | Sat. | Sat. Sat.| Sat.| Sate| Sate| Sat.| Sate | Sat. Sat Saty Sate.| Unsatq Unsat Sat} Sate | Sat. [Sate




48

TABLE 18, - Results of oil-shale pilot rlant tests

Bun No,
Date

Duration hre--
Retort type No.

0il recovery system type No,=—=———e-—e|

Raw material flows:
aw shale-lb, oX 5Quft. bed area=--
Recycle gas

2/ std.c.f./ton raw shale--

Air dOmmme

NaCl brine added to shale
gale/ton——

Producta recovered:

e oil-vole=-pcte Fischer assay=-
Shale oil-37—-gal./ton raw shale--
Gas vented

stdecefs/ton raw shale--
Spent shale-----1b./ton raw shale=—
Water condensed ¥ wmceemaea-. =0 wmme
Material output-wte=pcte of inputee

Raw shale properties:
Fischer assay———————-=—=-m gal./ton--

Mineral COpee=e=eaa—aa- —eWto=pCte=m

Particle size range-=w--=--—inch..
Shale oil properties:

Gravity. CAPTmm

Viscosity-======S8,5,U, at 1300 Femm

SeSqUe at 210° Fo—m

Ramsbottom carbon </ -emewwt,=pcte=—

955325222££§;£=
P Y — ===V0le=pCte==

Analysis, dry:

0le=pCto=—

niz. G0

o] 4

05 (O

Hy Lo [ T,

Hydrocarbons §/-----------do....

N. A==

He;iing value, gross

Beteue/stdeCefemm

Spent shale properties :
iischer YT L m—. " Py 7).
Organic residue 2/ ----- —=Wto=pCte—=
Mineral COy d0mmm

erating datas
Press. drop/ft. bed height=in.H,0-=

Retort gas outlet

Recycle gas temp, 10/—cecececdoem—
Air inlet tempe-==—ececeaceead
Bed temps., thermocouple Nos.:.
1 L Jaand
2 dOmmm-
K} -
£ QO weeemen
G, -
é 4
g B T
d
9 = Ommem
10. ~dOm———
11 =dommm=
12 wd O
3 dOmm e
1[ do=emw
15 do:
16 dOmm——
17 qOmm——
18, spent shale temp.--——— dOmmme

Operating eharacteristics:

Degree of clinkering or cokin lgé—
Degree of refluxing of oil 135----
Other troubles=—me=m—- ] ote No.--
Evaluation of results iﬁ/ﬁ---------

12}
323

Vi

269

18,100
1,260

88
18.7

5,770
1,680
15

98

21,2
16.6
1/2-1

22,0
88
k2.0
1.5

1L.0

22,3
1.0
1.0
1.3
L.2
246

67.6

81

0.3
1.10
1.6

0453
160
120

99

L70
570

850
770
1,110
1,0L0
1,10
680
690
960
870
210
Negl.
Mod.,

Sat.

0.3
1.37
1L.8

0455
0

82

k2o
550
780
710
1,0L0
980

1,070
900
710
710
9Lo
860
210

Negl.

Mod.

Sat.

126

3-25
2L
I
Vi

339

16,900
3,520

87
18.7

1,690
1,660
1

96

21,5
16.2
1/2-1

15.6
21.7

043
1053
15.2

0.66
150
12}

83

L2o
560
790
750
1,020
1,000
1,0L40
880
690
690
930

860
220
Negl.
Mod,

Sat,

127
3226

VI

379

16,700
3,730

89
19.3

Ly9ko
1,680

97

21,7
15.2
1/2-1

2049
97

1.6

1640

2041
1.0

1.8
340
242
71.0

7

0.3
1.78
15.9

0.78

125
9

390
550
780
800
980
1,000

1,030
690
690
930
850
220

Negl,

Mod,.

Sat,

128
3-27

VI

396

17,000
3,890

0.5
2,18
15.3

0.90
150
127

8o

570

780
1,030
950
1,150

860
780
6L0
6L0
9Lo
820

240

Negle
Mod,

Sat.

129

3-28
20
I
VI

L38

16,600
3,760

85
17.8

5,580
1,700

99

21,0
16.0
1/2-1

20.2
107

1.7

17.2

22,5
1.3
1.0
3.9
L0

3.0
6lia3
98

1.3
24lly
15.1

1.0k

78

L30
620

780
1,290
1,270
1,310

800
6Lo
530
5kLo
980

780
230
Mod.,
do.

Sat.

130

L=k
el
I
VI

279

17,Loo
L,950

88
2060

60550
1,6L0

97
22,8

6.4
1/2-1

0.3
0.86
W6

0.78
160
79
L70
620

1,750
1,300
1,760

1,720
1,0L0

670
910
830
330
Mod.
do,

Sat |

131

L-18
2l
I
VI
2l2

15,000
5,240

79
15.8
7,010
1,590
1L
93

19 .9

17.7
3/8-1

Severe

Unsat,

132
L-19
2L

I
VI
225

18,000
1,520

89
17.5

5,6L0
1,660
10

95
19.7

3/8-1

133
L=20-51
2l

I
VI
199

19,700
L,910

1.0
99
19.7

64920
1,680

101

12,6

0.31

Negl,
do.

Sat,

134

L-21
2L
1
VI

205

P1,L00
3,710

1.0

89
17.5
Ly730
1,680
22

97
19.7

16,7
3/8-

209

20,900
3,630

L
111.7
L, 700
1,70

98

20.6
16.3
3/8<

0,28

120
83

470
570
820
800
1,290
1,450
800
680
580
560
860

380
200
Negl.

Severe

Sat.

136
L=23
L

I
VI

21l

22,300
2,790

1.0

709

380

180

Negl,
Severe

Sate

137

138
L-25

VI

196

19,000
6,230

1.0

1ok

17.5
0.6
1.0

3k
1.2
735

L9

0.0
1.22
10.0

0.28

122
88

Léo
610

1,10
1,110
1,630
1’250

1,520
760
6L0

680
1,030

380

200

Negl.
do.

Sat.

139
5-1-51]

VII

7L

19,L00
3,980

1.0

0
5-2

VII

236

18,600
1,800

1.0

0.0
1.78
12,3

0436
150

82

580

930
1,250
1,10

780

580

610
950

370
2o
Negl,.
Mod,

Sat.

372

15,600
3,700

1.0

80
16,7
55090
1,700
28
100
21,0

17.3
1/2-1

21,0
12
L7

240

17.L
21.3

370
550
780
1,140
1,220
840
720
610
890
L70
290
Negle
Mod.

Sat.

L57

14,600
3,190

1.0
73
]-5.2
L, 3L0
1,720
26
100
20,7

15.7
1/2:

Negle
Mod.

Sat.

3
5-6

VIiI

No data taken

25

258

17,200
3,960

85
17.6

55500
1,660

99

20.7
16.9
1/2-1

2142
76
k2

1.3

0.0
1.97
11‘09

0,39
160
8L

LLo
580
880
1,110
1,300
890

730
620

620
930

380

250

Negl,
Mod,

Sat,

15
5-7
22

VII

260

17,300
3,900

85
18.1

5,360

0.0
1.90
15.5

0.36

122
85

L70
590

870
1,090
1,320

910

750
710
620
620
930

390
330

Negle
Severe

Sate

L6
5-8

VII

251

17,600
L, 580

0.3
1.65
1he2

0.36
160

121
83

L80o
610
990
1,120
1,400
1,020
880
700
610
650
930

350
220

Mod.
Do.

Sate
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Run No.
Date:

Duration hY o ==
Retort type No.
0il recovery system type NO,===eeeec—eece—-

Raw material flows:
Raw shale-lb.7 « X Sq, ft. bed area--
Recy gas Lfstd.c.f./ton raw shalee-
Air dOm———
NaCl brine added to shale---gal./ton--

Products recovereds
Shale 0il-=--vol,~pet. Fischer assay--

Shale 0ile=-=—-—- ~~gal./ton raw shale-~
(tas vented &/ ~stdec.f./ton raw shale--
Spent shale------ ~1b./ton raw shale--
Water condensed &/ —-cme—cmeecceado———-

Material output----wte.-pcte. of input--

Raw shale properties:
Fischer assay----—=m-—--—--=gal./ton—-

Mineral CO2mmemmmmmmneamcaacit e=pCt ==
Particle size range-—ee—ee-cee- inch =
Shale oil rties:
Gravity OAPTew
Viscosity=mmwm -----5,5,U, at 130° F.--
.S.Us at 210° Fome
Ramsbottom carbon 2/ weeeeemewt,=pcto—=
Gas groger%%s
Moisture 2/ -eececccccceceawyol=pct o=
Analysis, dry:
co VOLlewpCtomm
Ili.l/ 71 —.
04 do-
CO. do.
H QO memmen
H;drocarbons [ do.
No do.
Heating value, gross (calc.)
Butous/stdecefomm
Spent shale properties:
Fischer assay=--e=o-——==-—-=-gal./ton--
Organic residue 27-----—-wt.-pct.--
Mineral CO2 ~do:

Operating data:
Press, drop/ft. bed heighte==in, Hy0--

Retort gas outlet emmmmncmneeOF  oa
Recycle gas temp .l —em—meeeccendOmee—=
Air inlet temp. ;i7c
Bed temps., thermocouple Nos.:
1 Fomm
2 ~-do
3 do
L do.
5 ~do
6 do
7 O]
8 do.
9 do
10 To o Tummmy
11 To (o mm—
12 dommee|
13 T —
1, PP S—
15 dOmmmm
16 —=do
17 A0 =meee]
18, spent shale tempe=e=—w- 3O e

Operating characteristics:

~ Degree of clinkering or cokin 2l
Degree of refluxing of oil 13%
Other troubleS=---ee—=--gee note No,=-|

7
59
2k

ViI

273
16,300
L,190
0.0

86
18.7
6,070
1,700

101

21,7
16.L
1/2-1

0.3
1.69
1L.5

0.37
1

82
L70
600

870
1,130
1,L30

slo

790

730

630

670

950

380

210

Negl,
Mod,

Evaluation of results

Sat.

148
S-11

I
VII

No data taken

1L9 150
S=15-51 5-17
2l 2L
I I
VII | VII

209 | 198
17,400 9,600
6,220 | 5,830
1,0| 1.0
97 97
21.6| 2L.0
9,180 | 8,330
1,L80] 1,520
8 1

97 97
22,3 2L.6
15.5| 16.0
3/8-1| 3/8-1
21.8| 20,5
150| 160
68 53
245 2,8
13.3| 1.1
30.1| 27.7
Oui| 0.5
0.9 008
3.1 2,6
2,6| 242
1.2 240
61s7| 6Le2
L6 L6
0.5 1.1
0.56] 0430
7.8| 10.3
0sL3| 0431
170 160
19| 121
82 86
S50f 510
800 640
1,L50| 830
1,820{ 1,310
1,3L0| 1,010
2,010 1,380
1,750 1,1&5
8Lo| 610
690  5LO
7701 590
1,110{ 890
L70 280
230 250
Severe| Mod.
Mode| Negle
Sa;: Sa;:

OOS
1.71
12,3

0438
170
122

88

5Lo
660

890
1,Ll0
1,120
1,090

790

Lo
sho
850

260
l90|
Negle
do.

Sat.

152

5-19
2L
I

vII

225
18,700
11,120

1.0

003
242l
14.0

0.37
170
121

91

L8o
610

760
1,130
1,010

850

820

560

500

540

850

300

190

Mod,
do.

Sat,

153

520
2L
I

VII

258
17,500
5,230

1.0

93
21,9
7,870
1,k80
7

95

2346
17.2
3/8-1

1947
136

2.9

003
1.57
.1

0.46
180
120

86

530
660
790
1,190
990
630

530
L30
L70
810
300
200
Negle
do.

Sate

154

5=21
2L
I

VII

290
17,500
5,230
1.0

97
23.5
7,850
1,520
8

96

2h.1
17.7
3/8~

19.6
161

2.8

0.5
1.16
1205

0456
160
126

89

520
660
880
1,230
1,120
L0
650
540
150
510
900

350

230
Neglo

do.

Sat.

155

522
2l
I

VII

372
15,L00
ki, L80

100

91
2241
6,160
1,5L0
1

95

2Lk
16.1
3/8-1

2049
125

z.h

0.82

510

1,070
1,130
1,090
980
830
610
520
70
930

380
250

Negle
Mod.

Sate

1564
5=31-51
2L

I
VII

203
18,600
6,430
1.0

95
2349
9,500
1,L30
3

95

15.L4

30.8
003
0.0
307
2.6

61.1

540

720
1,290
1,080
1,260
1,L30
1,700
1,260
1,360
1,580
1,130

L80
200
Mod.

Negl,

Sate

1568

6=1
2L
I

vII

208
18,500
5,610

2.0

9L
2h.1
8,280
1,620
2

101

25.7
16.8
3/8-1

19.9
194

3.b

15.4

27.8
0.5
0.0
305

2,6
62,7

56

0.3
1.80
1042

0035
170
12}

88

510
750

1,220

980
1,550
1,300
1’670
1,390
1,550
1,800
1,090

k20
200

Negl,
do,

Sat.

157

6=2
2L
I

VII

213
18,200
54500
1
2

96
2ha7
75790
1,L90

3
N

25,7
17.1
3/8-

20,4
189

3.2

15,2

29.h
0.0
0.0
3.0

1.8
63.0

L2

0.3
1.72
10.3

0.28
170
123

91

520
710

1,210

960
1,L00
1,280
1,690
1,360
1,470
1,820
1,080

420

230
Negle

do.

Sat.

1,k80
2

250)4
17.6
3/8-

2040
18l

249

15.6

2849
OOh
0.0
3.8

1.6
60.9

52

0.3
1,68
10.3

0,33
170
2L

92

Lo
650
1,000
970
1,350
1,280

1,650
1,060
1,130

1,590
1,050

390
250
Negle
do.

Sat.

159
6=l

2l
VII

203
19,200
5,790
060

88
2349
8,550
1,h7g

95
27,2

17.6
3/8-1

21.0
153
2,8

1L.8

28.5
0.5
O.O
Lol
3e7

6145
53
0.0

L.73
9.0

04632
170
122

91

Negle

Sat,

160
2l
VII

220
17,800
552L0
0.0

93
25.7
75130
1,500

ok

27.5
17.3
3/8-1

2040
153

2.8

Obh
1.67
1.6

0430
160
122

Sk

L50
6L0
930
810
1,230
1,050
56
1’150
1,280
1,6L0
1,050

230

Negle
do.

Sat.

15.L

27.L
1.3
0.0
Le9
345

t 1.8

61.1

80

0.5
2,20
13.2

0453
160
124

En

L30
620
890
780
1,190
1,040

1,210
1,160
1,560
1,040

250
Negle

do.,

Sate

162
7-10
2l

VIl

255
1L,600
5,090
1.0

91
2h,7
7,560
1,5&2

97
2740

17.3
3/8-1

040
2,91
.l

0,59

Negl.
do.

Sat.

163

VII

L5
13,700
3,720

1.0

2045

580

250

Negl.

.

Sate

16La
7-12

VIiI

300
n2,100
ki, 500

1.0

17.2

22,8
1.6
009
3.2

2.1
6L.8

88

Negle

Sate

164B
7-17
2L
VII
260
1l;,000

5,020
1.0

17.2
27.0

Mod,e
Negl.

Sat,

165
7-18
2l

ViI

272
12,400
L,L30

1.0

81

22,6
6,810
1,580

97
28.0

16,7
3/8-1

20,1
138
50
2.7

18-3
2642
0.7
0.8
L.0
1‘9
6249
70
0.3
1.L5
1-1«‘.9
0.38

130
109

270
L20

810
-
1,150

1,010

280

Negl.,
do.

-

Sat

18.8

27.5
1.5
0.7
2.5
3¢5
302

61.1

90
0.3
1.29
15.1
o.u

131
103

290
L20

870
1,140
9Lo

610
690

(R

Negle
do.

Sat.

167
7=25
2l

VII

242
15,000
55290

1.0

18,2

2649
1.3
063
349
346
3¢9

6001

12}
040

1.L5
1.7

0,50

Mode
Negl.

Sate




50

TABLE 20, - Results of oil-shale pilot plant tests

Run No.
Date

Duration P o =-)
Retort type No.
0il recovery system type Noo===mee——ae——al

Raw material flows:
e-lb e X sq, ft. bed area--
Recyg gas aLstd.cef./ton raw shale--
Air do
NaCl brine added to shale---gal./ton--

Products recovered:
e 0il---—=vole-pcte Fischer assay--

Shale 0il=-===--==gal./ton raw shale-|
Gas vented 3/-std.c.f./ton raw shale--|
Spent shale---=----1b,/ton raw shale—|
Water condensed do.

Material output----wt.-pct. of input--

Raw shale propertiess

“Frecher stemres e gal./ton-=
Mineral COg=-====memcaceccmait=pCte-=
Particle size range—-—eeee—cawa. inch-=

Shale oil properties:
Gravity O4PI--

~-===5.5.U. at 1300 F.--
eS.Us at 210" Fome|
Ramsbottom carbon & —e-e—eeuwt,=pct.--

Gas Eroperta;g’ s
Moisture ¥ eeeemcacccccmcacyol=pcte=-

Analysis, dry:

Viscosity.

CO. VOole=pCte~—

ni.y do

o) do

06 -do

H do

H;drocarbonl |74 do

No ~do
Heating value, gross (calc.)

BetoUe/stdecCof o=
Spent shale properties:

ischer assay---e--e=wemeeewgal,/ton--
Organic residue 2/ ---------- Whe=pClto=
Mineral 004 PO, [ To—
erat: datas
Press. drop/ft. bed height---in. e

Retort gas outlet
Recycle gas temp. -----—----do-—-

Air inlet temp,
Bed temps., thermocouple Nos.t;i7~

AOm—e=

-do.
do:

_Ao____
dOmmm—
=dOmme——
=0
LR
do

=d 0w
dow—m==
dom—mm
do=—e=-
LERE
16- edOmm—
17 dOommmm
18, spent shale tempe==---==-. I, [ y—

Operating characteristics:
Degree of clinkering or cokig? ——
Degree of refluxing of oil ———————
Other trouble$e—-ee—ee——-, e note No.--

GEERES v owovswne

Evaluation of results

168
726

2L

VIiI
215
15,600

55500
1.0

90
2hoh
8,220
1,L80
1

95

27.0
3/8-1

2043

2.3

0.0
1.72
12,0

0652
180
16
500

770
1,030
1,080

650
690

250

Mod,
Negl,

Sat,

169A
=27

1703

25.0
1.6
040
2.6
3.9

6L.0
96
2,1

5429
11-107

2ko

Negl,
Severe

Sat,

169B
7-28

VII

263
15,500
L,780
1.0

1762
7,200
1,640

1
98
25.),

15.5
3/16-%

2242
0.5

19.8

23.0
1.8
0.7
2.3
L.S

65.

99

5¢5
lhO

1.51

250

Mod,
Severe

Sat,

1704
7=29
20
VII
218
17,500
1.0
60
1603
645750
1,620

96

27,0
3/16-%
204k
0L
107

19.7
2k.1

65.7

75
Loo

M-~d.
do.

Sat.

170B
7-30

VII

237
15,800
Ly210
1.0

18.L
23.7
1.9
0.0
La1
3.1‘
645
108
0.5

5.3
3.1

0,60
180
130
107

L20
6Lo

780
1,000

890

210

Negl,
do.

Sat,

170C | 171
7-31-5) 81
18 2l
J J
VII | VII
229 252
16,300 {15,800
L,360 | 3,510
10| 1.0
87 86
23,8 | 2LeT
6,310 | 5,110
1,560 | 1,600
2 2
95 96
27.5 | 28.8
15.7 | 17.1
1/L=1 | 3/8-1
19.6 | 19.9
| 112
53 L9
247 2.3
18.9 | 18.9
21,6 23.3
11| 1.2
1.8 | 0.0
2.6 2.7
39 33
1.8 247
67.2 | 66.8
77 78
103 20’4
Se5 | Lok
1.7 | 16.5
0.6 | Oub
60| 170
131 | 131
108 | 102
290 | 290
510 | Lso
720 | 560
960 | 970
83 | 860
L3o | 550
510 | 6Lo
530 | 600
230 | 220
Mod. |Negl,
Negle | Mod.
Sa;. Sa;:

172
8-11
2l
J

VII
258
1k, 300

1,800
1.0

75
15,8
7,130
1,620
7

917

17.6
28.0

105

370
730

Mod,
Negl,

Sat.

1734

8-12
18
J

VII

270
1L,600
L,160

1.0

17.6
22,9
1.1
1.1
Lok

1.3
7042

1.3
13.3

0.7
iii
%0
900
920
810
590

250

Negl.
do.

Sat,e

173B

8-13
12
J

VII

225
n7,Loo
L,970

1.0

7h
1547
7,230
1,5L0
L

20
21,2

17.5
1/2-1

17.0
157
3.6

17.3

27.0
0.9
0.8
1.8
1.9

2.1
65.5
55

2,1
lh.j

0.6
220
128

510
1,120

900
1,010

Negl,
do,

Sate

173C

8-1L
18
J

VII

251
17,700
5,210

1.0

93

19 .9
7,690
1,5L0

3
96

21.L
17.1
1/2-1

15.2
9L

L.2

16.7

28,8
0.8
0.1
1.8

6Le5

005
220
127
95
570
1,010

910
1,020

780

Mod.
Negl,

Sate

17LA

8-23
2l
K

VIII

173
L, 000
5,100

040

91
2069
7,0L0
1,640
15

99

23.1
1.8
1/201

18.6
132

3.0

13.1

27.0
0.6
Oeks
3.0

1.3
65.7

I

12.7

150
650
880

1,2L0
810

260

180
190
150
130

Negl.

Sat.

1748

8-2L
18
K

VIII

213
19,800
1,120
0.0

18,2
Ss7L0
1,6hg

96

Lso
650
910
830

1,2L0
910

L70

310
L20

250
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