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ABSTRACT

The purpose of this research was to study the 
feasibility of using a spouted bed as an oil shale retort. 
A half ton per day pilot plant using a spouted bed was 
constructed. The spouted bed reactor used in this study 
was specially designed to handle the exothermic retorting 
operating and also to take advantage of the change in 
physical properties of the shale as it was retorted.

The unit was operated successfully at temperatures 
between 1000°P and l400°F. Oil yields and air flow 
rate were comparable to those obtained in fluidized 
systems.
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INTRODUCTION

Spouting is a new technique for contacting fluids 
with granular solids. The spouted bed can be described 
as a combination of a, dilute fluid phase and coexistent 
moving expanded bed. Gas enters through an opening at 
the apex of a conical inlet (Figure 1), This entrance 
Is so abrupt that the gas,has no chance for lateral 
distribution over the total cross section of the shell. 
This effect forms a central channel of a dilute fluid 
phase in which the solids are entrained upward. The 
solids enter the channel mainly from the conical section, 
but also enter laterally along the length of the channel. 
The solids concentration in the channel increases with 
height and at the same, time the outline of the channel 
becomes less distinct. At the upper end of the channel 
the solids spill over into an annulus surrounding the

1



T-1089

central channel. The annulus can be described as an 
expanded bed in which the particles maintain their 
relative positions as they move downward. The coexistence 
of these two phases produces a solids flow pattern where 
the solids are entrained upward in the dilute phase and 
then descend by gravity in the denser annulus.

Many size ranges of materials of similar physical 
properties to those of oil shale have been successfully 
spouted to depths of 36 inches. The air requirements 
needed for spouting are comparable to the air requirements 
needed for fluidization of similar materials (1,2).
From these considerations it was proposed that a spouted 
bed be considered as a means of retorting the fines 
produced from the shale crushing and mining operations 
as the gas combustion retort will not effectively handle 
them. This thesis is a feasibility study of the 
application of a spouted bed as an oil shale retort.
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PROCESS OPERATION

REACTOR: As referred to in the introduction,
the reactor consists of a, conical transition section 
and a cylindrical reaction vessel. In most of the 
previous work on spouted beds (3**0 the conical section 
was small in comparison with the size of the cylindrical 
section. This design is not satisfactory for use as an 
oil shale retort, because when the retort is being 
operated autothermally the process is highly exothermic; 
a temperature rise of 1Q00°F through the reactor is 
common. This temperature rise increases the volume of 
the gas and therefore increases the velocity of the 
gas in the reactor. By making the main part of the 
reactor conical (Figure 2), the cross sectional area of 
the bed increases approximately at the same rate as the 
gas volume increases. As a result the gas velocities

3
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throughout the length of the bed are approximately 
constant. Without this design the increase in gas 
velocities would fluidize the upper part of the bed 
and destroy the spouting effect.

Contrary to the design for previous applications 

of the spouted bed (5)f the shale is carried out with 
the gas stream and separation occurs beyond the reactor. 
This carry over is accomplished by using a conical exit 
tube in the top of the reactor (Figure 2). As the spout 
rises above the bed level in the reactor, most of the 
entrained solids fall back into the annulus of the bed, 
however, some of them attain sufficient kinetic energy 
to rise above the spout into the upper part of the 
reactor. As the exit gas reaches the conical exit tube 
its velocity increases carrying out some of the solids. 
Solids that are not carried out fall back into the bed.

This method of removing solids from the reactor is 
selective in the particles that are carried out. As 
expected the less dense and the smaller particles are 
preferentially carried out (6). This selectivity is 
beneficial since the retorted particles are smaller and
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FIGURE 3 
FLOW SHEET

cnM

M

W  W

6



T-1089

less dense than the unretorted particles, and also 
because the small particles, retorted faster than the 
larger particles, need less time to be fully retorted.

During the retorting operation the shale undergoes . 
three important physical changes that enhance the 
operation of the retort: 1) The shale becomes less
dense due to the loss of organic matter and expansion 
of the rock. 2) The shale becomes soft and breaks up 
into small particles easily; also as the outer surface 
of a larger particle is retorted it breaks off
exposing an unretorted surface. 3) The cold shale feed
as it enters the hot reactor tends to explosively cleave 
into small particles.

FEEDER: Since this is a pseudo-steady state
continuous process, shale must be fed into the reactor 
at a rate equal to the rate of removal of shale in the
exit gas. Fresh shale is fed in at the top of the
reactor from a sealed hopper by a solids feeder. The 
shale flows into the rectangular barrel of the feeder 
until it reaches its angle of repose, the slope at which
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solids will no longer flow by gravitational forces alone 
(Figure 4). A blast of gas from the rear of the barrel 
forces all of the shale that extends below the hopper 
into the reactor (Figure 5). Shale flows into the barrel 
as before. As the frequency of this cycle is controllable, 

the shale flow rat© into the reactor oan fc® regulated.

CYCLONE: The solids separation is accomplished by
a cyclone attached to the reactor outlet. This 4-inch 
cyclone is capable of separating from the gas stream all 
particles greater than 10 microns in diameter (7), which 
accounts for 97 percent of the total solids. A sealed 
hopper is attached to the bottom of the cyclone for spent 
shale collection.

WATER SPRAY: Most of the solids remaining in the
gas stream after passing through the cyclone are knocked 
out by a water spray in a direct contact cooler.
Although this contact essentially eliminates all of the 
remaining solids, it has little effect on the gas stream 
other than cooling it. The oil in the gas stream having
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been cooled below its condensation temperature forms a 
very stable mist and remains in suspension as it passes 
through the cooler* The oil which is retained is of a 
very heavy nature and represents a very small percentage 
of the oil produced.

DEMISTER: The mist after passing through the water
spray is collected by a mechanical mist eliminator. The 
unit coagulates the submicron particles into larger 
particles that can be easily taken out of the gas stream. 
The unit also removes, a small quantity of water from the 
gas stream. The water and the oil in the form of an 
emulsion are removed from the gas stream by the oil 
cyclone.

RECYCLE PUMP: The gas stream from the demister
passes into a pump for recirculation. Gas which is not 
Recirculated is vented to the atmosphere.

BED CONTROL: The residence time of the solids can
be controlled by adjusting the solids flow and the volume

10
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of the reactor# This procedure can be described as 
follows: as the flow rate of the feed into the reactor
is increased, the bed depth increases until the carry 
over is equal to the feed rate. This increase in carry 
over is due to the decrease between the top of the spout 
and the outlet tube as the bed height increases# Carry 
over can also be increased by increasing the gas flow 
into the bed# Thus by adjustments of the gas velocity 
and the solids feed rate, the bed depth and therefore 
the residence time can be controlled#

TEMPERATURE CONTROL: Temperature is controlled by
the amount of oxygen put into the reactor since the rate 
at which the coke burns is proportional to the partial 
pressure of the oxygen# The gas stream from the mist 
eliminator, being essentially oxygen free, is recycled 
into the reactor. The ratio of recycle to air adjusts 
the partial pressure of oxygen and therefore controls 
the temperature in the reactor (Figure 6).

The temperature can be controlled accurately anywhere 
along the curve. The maximum of the curve represents

11
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the point at which the coke starts to burn efficiently* 
The curve in Figure 6 is representative of the shape 
of the temperature curve, but its exact location is 
dependent on the operating conditions. One set of 
operating conditions may even have two such curves.(see 
Discussion of Results).
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FIGURE 6 
TEMPERATUREDCONTROL CURVE

vo CM 00
o

VO
o o

CM
o

o
o

w
o P4>* Mo
a
<

13

900
 

100
0 

110
0 

120
0 

130
0 

14
00

 
RE
AC
TO
R 

TE
MP
ER
AT
UR
E 

°F



T-1089

EQUIPMENT DESIGN

REACTOR: The reactor is shown schematically in
Figure 2. The cylindrical section of the reactor is 
6 1/2 inches in diameter and 6 inches long with a flange 
welded to the top of it. In the figure the top plate is 
fastened to the flange. The conical section is 6 1/2 
inches in diameter at the top with a taper to a 2 inch 
diameter over a length of 18 inches. It is welded to the 
cylindrical section at the top and has a 1 1/2-inch

pipe four inches long welded to its bottom. The nozzle 
consists of a 1/2-inch pipe extending into the reactor 
so that the top of the nozzle corresponds to the bottom 
of the conical section. The conical exit tube, which 
is welded into the top piate, consists of a 3 1/2-inch 
by 1 1/2-inch pipe reducing fitting attached to a piece 
of 1 1/2-inch pipe. The bottom of the reducing fitting
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extends into the reactor 5 inches below the top plate.
The feeder, also attached to the top plate, is located 
2 1/2 inches from the exit tube (center to center 

measurement). Material used in the reactor was 1/8- 
inch mild-steel plate, except for the flange and the top 
plate which were 3/8-inch mild-steel plate. The entire 
reactor was covered with 1 1/2 inches of asbestos 
insulation.

GYCLONE: The cyclone, 4-inches in diameter, was
designed by specifications set up in Perry’s Chemical 
Engineers1 Handbook (8). It is constructed of 16-gauge 
mild-steel plate. The spent shale hopper is a 20-gallon 
drum attached to the bottom of the cyclone by a pipe 
union. The entire cyclone was covered with 1 inch of 
asbestos insulation.

SPRAY COOLER: A modified 55-gallon drum serves as
a spray cooler. Gas entry is tangential through a 2-inch 
pipe welded into the drum 8 inches from the bottom. Three 
water spray nozzles, of hollow-cone type, are mounted in

15
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the center of the tank in a vertical line. They are 
spaced 12 inches apart with tNhe top one 4 inches from 
the top of the drum. The two top nozzles spray down, 
while the bottom one sprays up. Water is withdrawn 
from the tank by a pipe 7 inches from the bottom of the 
tank and is recirculated to the . spray nozzles by a 
centrifugal pump. The bottom 7 inches serves as a 
settling tank for the solids knocked out of the gas 
stream as it passes through the cooler.

DEMISTER: The demister can be described as a zero
efficiency axial fan. This is a five stage unit with 
an axial gas entrance and a tangential exit. Each stage 
(Figure 7) consists of a fan blade, a shim, a flow 
divereter, and a stage separator. The description of 
these components is as follows:

Fan blade; Delco Remy part number U-1911
Flow diverter; 5-inch diameter by 0.125-inch

aluminum plate with 8 1/2-inch 
holes drilled on a 1.875-inch 
diameter

Shim; 1/2- by 1-inch cold extruded steel tubing 
0.350 inch long

16
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Stage separator; 1/2- by 1-inch cold rolled steel
tubing 1,05 inches long with a 
0.670-inch diameter by 0.050-inch 
thick lip for centering the fan 
blade.

These five stages are mounted on a 1/2-inch steel shaft 
(pre-stressed to add rigidity) and are contained in a 
5-inch ID steel tube. The shaft is turned at 4400 rpm 
by a 1-horsepower motor. The oil cyclone attached to 
the demister outlet is a 12-inch-diameter conical 
cyclone. The cyclone tapers to a 5/8-inch diameter over 
a length of 12 inches. The gas outlet is a 1-inch pipe, 
and the oil outlet in the bottom of the cyclone is a 
1/2-inch pipe.

FURNACE: The furnace is a direct-fire propane
furnance. It has a tangential air entrance and an axial 
propane entrance in the center of the pipe directly 
behind the air entrance. An opening is located behind 
the propane entrance for the recycle gas. The furnace is 
constructed from a 2-inch pipe 44 inches long with a 
2-inch by 1-inch reducing pipe fitting at the outlet 
end of the furnace. The furnace is started by means of

17
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FIGURE 7 
DEMISTER STAGE
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two ignition electrodes placed near the center of the 
pipe# These electrodes are independently fired by two 
5,000-volt ignition transformers#

RECYCLE PUMP: The recycle pump is a four-vane

positive displacement pump with a self-contained oiling 
system. A bypass is placed on the pump for venting the 
gas stream when the pump is not being used#

FEEDER: The horizontal barrel of the feeder is
1-inch-square tubing 4 inches long# A block inserted 
into the rear of the barrel has a 1/8-inch-high 
rectangular orifice the width of the barrel, which provides 
an even blast of gas across the bottom of the barrel. The 
valve on the gas inlet to the feeder is an electrically 
operated valve, controlled by a timing unit. The hopper 
fitted into the top of the rectangular barrel is also 
square# The bottom is 0.95-inches square and the top 
is 4 inches square. The hopper extends 5/8 inch into 
the barrel, leaving a 3/8 inch clearance between the bottom

iof the barrel and the bottom of the hopper. A large

19
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storage hopper is attached to the top of the feed hopper.

The hopper is pressurized to the same pressure as the
*

reactor by a pneumatic volume,booster.

20
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INSTRUMENTATION AND GAS PLOW CONTROL

Inlet air was supplied from a 90 psig air line and 
metered through a rotameter. Because of variation in 
the supply line pressure, a pressure regulator was 
placed between the air line and the rotameter in order 
to insure a constant supply pressure, about 30 psig.
The air flow was controlled by a needle valve placed 
between the pressure regulator and the rotameter. Since 
the rotameter was calibrated in standard cubic feet per 
minute, it was desired to keep the pressure at the 
rotameter equal to 14.7 psia. The pressure at the 
rotameter was measured by a pressure gauge at the outlet 
and was controlled by adjusting the valve in the vent 
line.

The recycle rate was measured by an orifice plate

21
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manometer filled with water. The orifice plate was 
calibrated using the air flow rotameter at 14.7 psia 
(Appendix II), and since they both operate under the 
same pressure in the unit, the orifice plate is accurate 
in determining the recycle rate. The recycle rate was 
controlled by adjusting a valve in the recycle line 
located between the orifice plate and the recycle pump.

The pressure at the top of the reactor was measured 
by a U tube manometer filled with mercury. This pressure . 
indicated any plugging in the recovery system and was 
also used in conjuction with the gauge at the rotameter 
to determine the pressure drop across the reactor. 
Thermocouples were used to measure temperatures at the 
following locations: 12 inches from the outlet and in the 
center of the furnace, 6 inches above the nozzle outlet 
and 3 .inches from the wall in the reactor, and at the 
reactor outlet. It should be noted here that the reactor 
outlet was not insulated and the temperatures measured 
there were not an accurate measurement of the reactor outlet 
temperature and were used only on a comparative basis.
The chrome1-alumel thermocouples used were connected to 
a selecter switch so that one pyrometer could be used.to 
measure all the temperature. The pyrometer used indicated

22
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alumel thermocouples used were connected to a selector 
switch so that one pyrometer could be used to measure 
all the temperatures.. The pyrometer used indicated 
degrees Fahrenheit directly to the nearest five degrees. 
The temperature at the oil cyclone outlet was measured 
by a bimetallic dial type thermometer. This thermometer 
could be read to the nearest degree.

23



T-1089

EXPERIMENTAL PROCEDURE

The pyrolysis of the organic matter in the oil shale 
forms oil which is driven off and coke which remains on 
the rock. As coke will not ignite much below 900°F in 
an atmosphere of air, the start up procedure therefore 
involved preheating the shale in order to form the coke 
and also to. bring it above its ignition temperature.

The preheat and start up of the reactor was performed 
as follows: The furnace was ignited and adjusted for
maximum temperature, about l650°P. After the temperature 
in the reactor reached 1000°F, the shale feeder was 
started. The introduction of the cold feed shale lowered
the temperature in the reactor to about 800°F. The

./

propane feed into the furnace was then reduced until the 
temperature in the furnace was lowered to 1425°F. This 

t reduction in propane produced an excess of air in the
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furnace. This excess air introduced into the reactor 
caused partial ignition.of some of the coke as it was 
formed. The burning of the coke heated the reactor 
faster than operating the furnace at a higher temperature 
and using all of the air for the combustion of propane.

After the reactor reached 1100°F, the propane was 
shut off. Since combustion was no longer taking place 
in the furnace, pure air was flowing into the reactor.
The temperature in the reactor initially dropped to 
1QQQ°F and then started to rise as the coke started to 
burn. The maximum temperature that could be obtained in 

the reactor was about l400°F.
Recycle was then mixed with the air stream at the 

bottom of the furnace to control the temperature in the 
reactor. The furnace cooled to ambient temperature 
within a short time.

The feeder was operated at a constant rate throughout 
a run.

During & run the temperatures in the unit and the . 
pressure at the top of the reactor were measured at 
intervals, the length: of which was arbitrary. Oil was
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also collected and weighed at irregular intervals by 
draining the oil cyclone. If the oil cyclone was 
operating under a negative guage pressure, the recycle 
pump had to be turned off for about 10 seconds to drain 
the cyclone. The spent shale hopper was weighed at the 
start of the run and then at the end of the run to 
determine the spent shale flow rate. As the feeder was 
supplying Shale at a constant rate it was assumed that 
the spent shale was collecting at a constant rate also. 
Tests on the feeder indicated a feed rate constant to 
+2 percent by weight•

26



T-1089

DATA INTERPRETATION AND CALCULATIONS

OIL ANALYSIS: The oil, as it was collected from
the demister, formed an emulsion with water that was 
also collected. This emulsion had to be broken down 
into oil and water fractions in order to determine the 
physical properties and the yield of oil. Water content 
was determined by ASTM test method E 123-56T, determination 
of water by distillation (9)» The emulsion was also 
found to contain very fine particles of spent shale.
The solids content was determined by centrifuging the 
emulsion diluted with benzene. The solids were washed 
with a benzene and acetone solution and centrifuged at 
least three times to make certain no oil or water remained. 
The oil yield and physical properties would then be 
expressed on a clean dry basis.

27
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FEED SHALE DETERMINATION: As no method was employed
to determine the' amount of shale fed into the reactor, it 
had to be calculated from the spent shale weight. For 
this calculation the spent shale was assumed to be 85 
weight percent of the raw shale. This assumption was 
based on data published by the Bureau of Mines on their 

work with a similar shale in an entrained-solids retort 
(10).

RESIDUAL COKE DETERMINATION: Residual coke content
was determined by gravimetric measurement. A sample of 
spent shale was heated in an oven at the same temperature 
at which the sample was retorted until all of the remaining 
coke had burned off.

OIL RECOVERY DETERMINATION: The oil recovery was
determined by relating the weight of the oil recovered 
to the weight of oil produced from a Fischer assay of 
the raw shale. The weight of oil recovered was determined 
by converting the weight of the emulsion to a clean.dry 
oil basis by using data from the oil analysis. The
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weight of oil from the Fischer assay was calculated by 
multiplying the oil yield in gallons per ton by the 
specific gravity of the oil obtained in the assay.
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DISCUSSION OF RESULTS

Since the purpose of this thesis was a feasibility 
study, the operating parameters and the oil yields were 
of a qualitative value rather than a quantitative one.
These qualitative values are sufficient to determine the 
feasibility of the operation of the unit and the important 
variables for optimization studies.

The oil yield obtained at a reactor temperature of 
1020°F was 5^ percent by weight of Fischer assay (Run 14A66). 
The oil yield was 33 percent at a reactor temperature of 
H50°F (Run 22A66). Although these yields appear low, 
the Bureau of Mines work (10) showed that gas production 
in the retorting operation at these temperatures accounted 
for about 70 percent of the Fischer assay for oil.

The gas flow rates of approximately 50,000 cubic
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feet per ton of oil shale retorted is high compared to
15,000 cubic feet per ton used in a fluidized unit (11)# 
This high flow rate is due to a small bed height in the 
reactor. Preliminary work with a glass reactor indicated 
that a bed depth of twice that which was used would 
produce a satisfactory spouting action with the same 
air flow. This increase in bed height would quadruple 
the bed volume, and therefore with the same residence 
time the capacity could be quadrupled. This increase 
in capacity would bring the gas flow to an acceptable 
level. This increase in capacity would bring the 
capacities in Runs 14A66 and 22A66 to about one ton • 
a day.

The reactor exhibited two pseudo-steady state 
conditions' for the same temperature as was shown in 
Run 22A66. A temperature of 1100°F was obtained with 
a recycle to air ratio of 0.6. At the same ratio a 
temperature of 1240°F was also obtained. Although the 
lower of these two temperatures could not be reached 
with the 0*6 ratio after the temperature increased, the 
higher temperature could be reproduced by duplicating
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the air and recycle rates. This phenomenon is common in 
irreversible exothermic reactions (in this case the 
combustion of the coke on the shale) (12).

The sieve analysis (Appendix IV) indicates the 
selectivity of particles carried over. The shale in 
the reactor is composed of a negligible amount of 
particles smaller than 60 mesh, although the feed contained 
over 17 percent finer than 60 mesh. This indicates that 
the particles smaller than 60 mesh, whether they be in 
the feed or products of attrition, are carried over almost 
instantaneously. Since the sieve analysis of the spent 
shale shows a great deal more fines than are contained 
in the feed, the indication - is that the particles undergo 
a large amount of attrition or explosive cleaving.
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CONCLUSIONS AND RECOMMENDATIONS

The results obtained from the research on the 
application of a spouted bed as an oil shale retort 
give the following conclusions:

1. The unit can be operated successfully at any 
temperature from 95Q°F to 1350°F by controlling 
the air to recycle ratio,

2. The reactor will handle a full size range of 
particles smaller than 1/4 inch at a capacity 
of 1/4 ton per day (anticipated capacity of 1 
ton per day). The size range covers' the 10 to 
20 percent from mining and crushing that the 
gas combustion retort will not handle.

3 3. Oil yields are comparable to values obtained
by other researchers using entrained solids 
technique of retorting.

4. Anticipated capacities for the unit will give 
air rates comparable to values for fluidized 
oil shale retorts.
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5# A lower grade of shale than that used In the 
experimental work could be retorted since the 
residual carbon content was significant. It is 
also assumed that this type of retort will handle 
much higher grades of shale without any forseeable 
difficulties.

The conclusions indicate the feasibility of using a 
spouted bed as a oil shale retort. The following are 
recommendations for any further work with the unit.

1. Experimental data be taken in order to determine 
any correlations between operating paramenters.

2. An optimization study be run on the unit. This 
should include various reactor designs using 
the spouted bed.

3. Gas samples should be taken of the exit gas to 
complete material balances and to characterize 
the gas as to content.

4. Automatic process control equipment be installed 
to more accurately control operating conditions.
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APPENDIX I 
DATA

Abbreviations used in data:
TR - Temperature in reactor (°F)
TF - Temperature in furnace (°F)
TT - Temperature at top of reactor (°F)
TM - Temperature at demister outlet (°F)
R - Pressure drop across orfice plate in inches of water
A - Air flow in percent of 19 standard cubic feet per

minute
PT — Pressure at top of reactor in inches of mercury 
Oil - Cummulative weight of emulsion collected in grams

RUN 14A66
10:35 start shale feeder
10:50 turn off propane 

TR - 1200 ,
TF - 1200 
TT - 700

11:03 TR - 1130 
A - 30 
R - 2 
TT - 900 
TF - 370 

start oil collection
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RUN 14A66 cont. 11:47 R - 7.0
A - 23

11:05 TR - 1190
11:50 R - 7.1

11:10 TR - 1260 A — 24
R - 1.6 TR — 1115
A - 30
oil - 370 11:55 TR - 1120

A 24
11:11 R - 3.0 R - 7.2
11:16 TR - 1270 12:00

R - 2.6 00:00 A — 22
A - 30 R - 7.4
oil - 540 TR - 1075

11:25 TR - 1210 00:10 TR 1020
R - 4.3 R - 7.0
A - 27 A — 20
oil - 980 TT - 750

TM - 128
11:30 TR - 1215 

R -4.2 
A - 27 
TT - 870 
TF - 70 
TM - 111

11:36 TR - 1185 
R - 5.6 
A - 25 
oil - 1830

11:40 R - 5.6 
A - 25 
TR - 1170

11:45 R - 5.6 
TR - 1170 
TT - 850 
oil - 2848

oil - 3536
00:15

00:20

TR
R
A

1020
7.0
20

00:25

TR - 1015 
R - 7.0 
A - 19 
oil - 4025
TR - 980 
R - 7.2 
A - 19

00:48 oil - 4533
00:51 TR - 990 

TT - 720 
A - 19 
R - 7.0
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RUN 14A66 cont.
1:12 R -6,6 

A - 19 
TR - 1000 
TT - 725 
oil - 4841

1:22 oil - 4961

1:25 R - 6.6 
A - 19 
TR - 1000

1:30 A - 19 
PT - 1.8 
R - 6.5 
TR - 1010 
TT - 725 
TM - 132

1:35 Shut down
shale in reactor 

2 1/4 pounds
shale in hopper 

47 pounds
oil - 4899

End of run
Water analysis:

sample - 465.0 grams 
water - 295.0 grams (64$) 
dry oil *- 170.0 grams (36#)

Solids content of oil:
sample - 13.406 grams 
solids - 2.70 grams (20$)
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RUN 22A66
2:50 Start shale feeder 5:05 TR - 1125 

R - 2.0
3:05 Turn, off propane A - 25 

TT - 800
3:20 A - 34 

R - 0
TM - 130

TR - 1390 5:20 oil - 700
TT. - 940 TR - 1150 

R - 2.0
3:30 A - 30 

R - 0 
TR - 1390 
TT - 900

A - 25 
TT - 795 
start oil

TF - 105 5:35 oil - 275
TM - 90 TR - 1150
start oil
collection 5:45 TR - 1300 

R - 1.5
3:50 A - 30

TR - 1390 
R - 0

A - 25 
oil - 480

oil - 100 5:55 T R -  1240
TM - 106 R - 2.0
TT - 830 A - 25 

TT - 700
4:30 oil - 500g 

TR - 1390
TM - 130

R - 0 6:00 TR - 1240
A - 30 R - 2.0
TT - 825 A - 25 

TT - 740
4:50 Oil - 783 

TR - 1100 
R - 2.0 
A - 25 
TT - 800 
start oil 
collection

TF - 60 
oil - 720 
start oil
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RUN 22A66 cont.
6:10 R - 4.0 

A - 25 
TR - 1200 
TR - unstable

6:13 TR - 1200
6:15 oil - 200 

TR - 1200 
TT - 760 
R - 4.0 
A - 25

6:20 oil - 260 
TR - 1200 
R - 4.0 
A - 25

6:30 R - 6.4 
TR - 1140 
oil - 400

6:31 Shut down
shale in reactor 

4 1/2 pounds
shale in hopper 

90 pounds
End of run
Water analysis:

sample - 110.0 grams 
water - 63.5 grams (51%) 
dry oil - 46.5 grams C43%)

Solids content of oil:
sample - 16.70 grams 
solids - 1.70 grams (10.2$)
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Specific gravity of the clean dry oil - 0.90 
Residue carbon on spent shale - 2.87 percent by weight

a

40



T-1089

APPENDIX II 
ORIFICE PLATE CALIBRATION

Pressure at orifice: 14.7 psia
Temperature - 75°P
Orifice plate: Brass plate 0.125 inches thick with

0.371 inch diameter orifice
Table II
Flow in percent Pressure drop across plate

of 19 scfm in inches of water '
14 1.6
16 2.1
18 2.5
20 3.1
22 3.7
24 4.3
26 5.1
28 5.8
30 6.8
32 7.7
34 8.6

Pressure drops were measured by pipe taps welded into 
the pipe.
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OIL -

WATER

APPENDIX III 
OIL SHALE ANALYSIS -

30.5 gallons/ton 
Specific Gravity - 0,899 
0.118 pounds oil/pound shale
- 2.79 gallons/ton
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APPENDIX IV 
SIEVE ANALYSIS

U.S. Standard Curamulative Percent Passed
Screen Sizes Shale In

Raw Shale Spent Shale Reactor
6 100 100 100
8 83.8 92.5 44.5
14 55.8 72.7 16.5
40 27.8 56.6 5.9
60 17.6 44.4 3.0
80 -- 38.6 --
100 9.2 35.5 1.5
120 7.3 33.2
200 ...... 29.8
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