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CONFIDENTIAL

MONMTHLY PROGRESS MEMORANDUM

(Covering March 16 to April 9, 1965)

I. ADMINISTRATIVE

Technical Observers, rerresenting all of the Particirating
Parties, have been invited to visit the Research Center durina
the week of April 12, 1965. This Progress "emorandum was nre-
pared one week early in order to assist them. In the future,

it is hoved that Technical Advisory Committee meetings, and
censequently Technical Observers visits, will be tired such that
the Progress 'emoranda can ke issued on the regular date.

Two Socony !Tobil Retort Engineers, J. G. Mitchell and J. H,
Hadded will report about Anril 12 for a three month assionment.

II. MINING

A. 0il Shale Productionrn Mining

Rehabilitation of the Anvil Points mine to provide about 15,000
tons of o0il shale for the remainder cf Stage I is now about 80
vercent complete. The mining plan was aporoved by the Contracting
Officer for the Secretary of Interior on March 26, 1965. A dia-
gram of the mine showing the location of rounds to be blasted,

the new power cable and the new underground transformer substation
is shown in Figure 1.

The first round was blasted on April 1 and broke out cleanly.
This round had been drilled by the Bureau of !‘ines prior to shut-
down in 1956, The second round is scheduled to be blasted

April 21, after rehabilitation is complete.

B. Joy Rotary Percussion Drilling Demonstration

During the latter pmart of March a series of drilling tests was
carried out in the mine. The tests were carried cut bv the

Joy Manufacturinc Company and were observed by rernresentatives
from Socony Mobil, Continental 0il, Joy Manufacturino, and Climax
Molybdenum Companies. The Joy Rotary-Percussion Drill was used
throughout the tests. The drill was mounted on a “"demonstration”
rig. This rig (having been designed to compnly to hichway rather
than underground mining specifications) was very limited in its
provisions for varying and recording the several variables that
are associated with rotary-nercussion drilling. Furthermore,

the rig avpeared tc be in poor repair when it was introduced into
the mine. In view of the above, the information that was obtained
during the test period is not as accurate or as detailed as
originally planned. Hcwever, certain relationships were indi-
cated, particularly during the last three days of the testing
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period when the rig seemed to operate free of most of the dif-
ficulties that were present during the first two weeks of the
testing period.

Average drilling rates of higher order than previously accepted,
and possibily as hich as 8~10 ft/min, were inrdicated by these
tests. The drilling rate is affected by the 0il content of the
shale, the hicgher rates associated with the higher oil content.
The drilling rates at right angles or at 45° to the bedding
plane of the o0il shale appear to be lower than those obtained
when drilling parallel to the bedding plane. Drilling dry is
essentially as fast as drilling wet. The rate of drilling 2"
diameter holes was higher than the rate of drilling 1 5/8" holes.,

The rotary-percussion drill utilizes air pressure at 100 nsi to
create the percussive effort and to provide the feed to the
drill. The amount of air required is about 350 cfm. The rota-
tional effort is provided by a hydraulic motor which is acti-
vated by a 20-hp hydraulic pump. The water consumption of the
drill was estimated at about 1.3 gal/ll ft hole, or 1.12 gal/ft
of hole. The average life of bits was estimatecd at about 3000
ft, (including nine resharpenings per bit). The cost of the
bits tested was $14.00 each, when bought in quantity. Over
2300 feet of hole were drilled during the tests, and the rig
operators claimed that considerably more footage was drilled in
another 0il shale preoperty prior to these tests. The same steel
rod was used throughout both these testing periods. This indi-
categ that the life of the steel rods may be expected to be
over 5000 feet.

In drilling a 20' x 60' (partial) round, over 50 percent of the
time was spent in actual drillinog, about 10 percent of the time
was spent in retracting the steel from the hole, about 33

percent of the time was spent in moving the boom from one hole

to the next and collaring the holes, and about 5 vercent of the
time was spent in delays. On the basis of the above, it is
estimated that one man operating one rig which incorporates two
rotary-percussion drills and operates at about 80 percent effici-
ency might be expected to drill a full round (39' x 60') in

about three hours.

A Technical Memorandum will be issued covering the results of
the Joy test in more detail.

At this point it is recommended additional drilling tests be
run with a plain rotary drill. 1If the nlain rotary does not
prove as good as the rotary-percussion drill, then additional
tests with the rotary-percussion machine shouléd be undertaken.

I1I. MECHANICAL ENGINEERING (Y. S. Bergen)

Emphasis on Retort No. 1 has centered on revisions necessary to
improve carbon balances. Redesion and reconstruction of Retort
No. 2 is also progressing with a projected completion date of
April 23, 1965.



Summarz
Retort No. 1

Principal revisions and additions to Petort No. 1 include a new
gas sampling system, installation of a time orinter for the
Richardson batch dumping system, incorporation of a dioital volt-
meter to set the rate of shale feed, fabrication and installation
of the air cooled condenser in the product recovery train, desian
and installation of a purge gas treating system to provide a

gas blanket at the top of the retort, and installation of the
product tank mixer.

Retort No. 2

The new superstructure for the top of the retort was installed
and bricked. Design of the change in the spent shale conveyor
to accommodate a double star feeder, the water decanter, the
air/gas distributor, liquid piping changes, and a purge gas
treating system were comnleted.

Mechanical Models

Tests of the air/gas distributor designed to the criteria re-
ported in last month's report indicate that air penetration
figures must be used on the conservative side of predicted
ranges., A new configuration for the Retort No. 2 distributor
was designed. One distributor will be used for the 1/4 to 3/4-
inch and 3/4 to 1 1/2-inch shale and a different arrangement
for 1/4 to 3 and 1 1/2 to 3-inch shale.

Discussion

Retort No. 1

Shale rate is now being established using a digital voltmeter.
The Taylor rate controller is an electronically actuated unit.
The 0 - 10,000 pound/hour rate range is measured over a four

inch scale and therefore an exact shale rate can not be set with
precision. A digital voltmeter was purchased and installed wvwhich
measures the set point voltage to the nearest 0601 volts. On
this scale, set points may be established to the nearest pound
per hour. Subseguent tests showed the Syntron system to be
controlling shale rates to * 1% for any set noint for extended
time intervals. Repeatability is also in the ¥ 1% rance. This

is within stated guarantees.

A Simplex time recorder was purchased ard installed. This unit
prints the time of each dump of the Pichardson system. Further
wiring changes are being incorporated to actuate this unit
through a completely isolated circuit.
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A Lightnin' mixer for liguid product tank T-3 was nurchased and
installed, This mixer operates at low sweed and has a dual
bladed stirrer.

In a continuing effort to contain the dust of the spent shale,
a cover was installed on the underside of the spent shale
conveyor. A dust catch basin was also installed near the head
pulley to accumulate cust at the beginning of the helt return.
During the last operating veriod, spent shale dust accumulation
was measured at various places. These data will be revorted in
next month's memorandum.

Smoldering of shale has occurred in the spent shale bin. A
nitrogen purge system was installed to blanket the lower secticon
of this bin.

A magnetic head pulley for conveyor "A" was installed. This will
eliminate tramp iron from the raw shale feed system.

A new air cooled condenser was fabricated anc installed. This
unit was tested in Runs 547, 549, 550, and 551. The electrostatic
precipitator is not used when the condenser is in operation. Run
547 duplicates Runs 544, 545, and 546 in overating conditions
when the electrostatic precipitator was in service. Total product
recovery was not affected by the changeover from the electrostatic
precipitator to the air cooled condenser. Additional comparative
runs are needed, however, to firm this conclusion and evaluate
product and gas properties. PRuns 549, 550, ancd 551 were tests of
mist recovery system changes. This will be evaluated in next
month's memorandumnm,

Inspection of the electrostatic precipitator during the March 19
shutdown showed no serious devosit buildun on the tube walls.

The retort shell was inspected on the iarch 19 shutdown and showed
no further warping.

The water decanter discharge line diameter was increased to
accommodate surges due to rumping the electrostatic precivitator
hourly into this vessel.

In an effort to improve carbon balance data, an intensive develop-
ment program centered around air intake at the top of the retort
and samplino procedures. Air was being drawn into the retort due
to operating the top retort pressure slightly negative. Air
velocities in the shale intake and anproximate air drawin rates
were develoned at different negative pressures. These rates are
affected by the top star feeder seal effectiveness at any time.
Based on these data, a purge gas system was designed. This
system provides sufficient gas to displace the air being drawn
into the system. Approximately 10 SCFM is needed for this pur-
pose. To minimize water condensation in the exposed shale feed



leg, a water cooled purge gas condenser was designed and in-
stalled to cool gas to 70° F. Since this gas is the same as the
sampled gas for analytical, this larger volume also provides a
better means of evaluating condensables which might go undetected
in small gas samples, An isokinetic sample vort for 10 SCF™ was
designed and installed in the total gas piping. Gas flow at
this point is constant and unaffected by process variations of
shale rate or recycle rate, Gas from the isokinetic port is
cooled to 70° F, passes throuah two glass wool mist eliminators,
is reheated to above 100° F, and metered to the purge inlet in
the shale feed lec. A side stream for Analytical is obtained
just ahead of the purge gas rotameter. 0il and water condensed
or separated in this system is collected in two accumulators.
This system appears to be effective in treatinc purge gas, in
providing adequate volumes of gas to generate amnle water and
light hydrocarbon condensate to evaluate the vent gas stream,
and in providing a proper sample for analytical nurposes. This
system will be incorporated in Retort lo. 2.

Retort No. 1 will be thoroughly overhauled on the shutdown
scheduled for April 6, 7, 8, and 9. All systems will be nut

into the best condition possible to permit sustained and reliable
test runs.

Retort No, 2

Completion of design and construction of Retort Mo. 2 has been

delayed to accommodate the carbon balance program and additional
changes to the retort. Completion of construction is now slated
for April 23 with testing and calibration comnleted by April 30.

The spent shale weigh bin and scale addition was approved. Sveci-
fications for a scale were develomned and a scale ordered. The
bin will require new foundations and reorientation. At high

mass rates (700 lbs/(hr) (ft2) the bin and scale are sized for a
three hour capacity.

Results of testing the three pipe distributor system by the
mechanical models group were incorporated in a redesign of the
air/gas distributor for Retort Mo. 2. This test data is re-
viewed in the mechanical models group report. The hasis for

the Retort No. 2 distributor is described in the attached letter,
(WSB to RHC dated April 1, 1965). Essentially the distributors
for 1/4 to 3/4 anéd 3/4 to 1 1/2~inch shale will be 3=-inch nipes
with 9.4 inch face to face clearances. The distributors for

1/4 to 3 and 1 1/2 to 3-inch shale will be 3-inch pive with 22.5
inch face to face clearances. Discharge port spacing on the
distributor for the smaller shale sizes will be on 6 inch centers
to permit large (5/16 inch plus) port diameters. Discharge ports
on the distributor for the largér size shale will be on 3 inch
spacings with port diameters of approximately 3/8 inch.
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INTEROFFICE CORRESPONDENCE

RESEARCH DEPARTMENT April 1, 1965
'Anvil Points 0il Shale Research Center
Rifle, Colorado « File 1760

R. H. Cramer
Program Manager
Anvil Points

ATIR-GAS DISTRIBUTOR DESIGN - RETORT NO. 2

The Mechanical Models Group has completed testing of the protype
distributor design previously agreed upon. (See letter of

March 4, 1965) This new study indicates that revisions be made
to the recommendations concerning spacing of distributor tubes

for the 1/4 - 3/4 and 3/4 - 1 1/2~inch shale ranges. Essentially,
there was less penetration of gas into the shale bed with these
two shale ranges.

During this testing a wide range shale, 1/4 - 3-inch, was also
processed as requested.

The attached tables show the results of both the two and three
pipe distributor studies.

After a careful review of this data, the following distributor
configuration was proposed and will be incorporated into Retort
No. 2. This proposal was reviewed in detail in a meeting with
R. H. Cramer, T. C. Lyons, L. J. Skowronek, and W. S. Bergen.

1. For 1/4 - 3/4 and 3/4 - 1 1/2- inch shale, distributor
tubes will have a 9.4 inch clearance. Distributor ports
will be spaced on 6-inch centers directed 30° below the
horizontal.

The 9.4 inch distributor clearance is governed by the
existing retort width and distributor pipe size. It does
represent a judgment of the approximate maximum spacing
for these shale ranges. This condition satisfies the
3/4 - 1 1/2~inch shale requirement and slightly exceeds
the indicated maximum spacing for 1/4 - 3/4-inch shale.
However, effects of wide distributor spacing will be
evaluated in service.

Distributor port center lines were increased from 3-inches
to 6-inches to permit the design of ports at least 5/16-
inch in diameter and with high differential pressures. :
(Approximately 16-inches of Hp0 at 700 shale mass flow and
6000 SCF air/ton of shale.) ‘ ;



R. H. Cramer -2- April 1, 1965

2. For the 1/4 -~ 3 and 1 1/2 - 3-inch shale, distributor
tubes will have 22.5 inch clearances. Distributor ports
will be spaced on 3-inch centers directed 30° below the
horizontal,

The 22.5 inch distributor clearance is governed by the
existing retort width and distributor pipe size. It is
close to the maximum spacing indicated for 1 1/2 - 3-inch
shale and slichtly exceeds the indicated maximum distributor
svacing for 1/4 - 3-inch shale.:® This spacing was chosen in
an attempt to test maximum distributor spacing without
jeopardizing retorting efficiency. Effects will be evalu-
ated in service.

Tests will be made of these distributors to check uniformity of

air distribution from the ports. Distribution tests will be made
to determine the effect of a heated distributor pipe and of heating
of the air along the distributor from the inlet to the last port.

These distributors will be limited 1n their aopllcatlon to shale mass
flows between 500 and 700 lbs/(hr) (ft2) and air rates at 5000 to

6000 SCF/ton of shale. Tests using preheat or diluticn gas will
require different distributor ports.

It was the judgment of the group that distributors designed to the
above criteria would offer no serious scale-up problems.

W. S. Bergen

WSB:rl
Attachment

E. Lawson
C. Lyons
J. Skowronek .

ce: Jd.

T.
L.




The purge gas system and condenser has been designed for a 40
SCFM purge rate. This gas will be used tc purge the top and
bottom feeders. A condenser will be constructed as soon as
drafting is complete.

A double feeder is being incorporated for the discharge of

spent shale. This will allow balancing the purge against the
lower retort pressure. Revisions to the first sment shale con-
veyor are being made to accommodate this double seal. Provision
is also being made to retain and collect sment shale dust for
weighing purposes.,

The top raw shale feed chute is being completely revised. Two
feed chutes with a four foot height adjustment have been designed
and are being drafted. One chute will be used for the 1/4 to

3/4 and 3/4 to 1 1/2-inch shale for bed heights of 5 to 9 feet.
This will match the shale size - distributor configquration -

bed height relationships developed to date. The other chute
will be used for 1/4 to 3 and 1 1/2 to 3-inch shale and have a

10 to 14 feet bed height adjustment. It will be necessary to
suspend retort operations during raw shale chute and distributor
changes,

A water decanter was designed and constructed but will be elimi-
nated from the system in accord with changes found necessary

on Retort No. 1. "ater will be decanted from the main product
tank.

A Lightnin' mixer will be incorporated on the main product tank
to thoroughly mix the liquid product.

The air ccoled condenser is being fabricated in Grand Junction
and will be installed when it arrives at the PResearch Center.

IV. RETORTINC SECTION (J. E. Lawson)

A, Mechanical Models (T. C. Lyons and L. J. Skowronek)

1. Air Distributor Studies

The previous work in this area was concerned with scouting the

variables involved in air distribution and was carried out with
a 2-pipe model. These studies revealed that shale size was the
most important factor governing the distribution.

Recently, the model was modified to handle a 3-pipe section.

Thus it was possible to simulate the performance of a full dis-
tributor flanked by a half-distributor on either side. This in-
creased the model area which was served by the air distributors
and lessened any possibility that the simulated recycle gas could
bypass the distributors. 1In this study, the injection velocity
was held constant at 100 ft/sec and the injection norts were



angled 30° below the horizontal. The center distributor con-
tained 8 injection ports (4 on each sicde) and the side distri-
butors contained 4 ports each. Smoke was used to trace the
flow patterns as in the nast.

The observations of the 3-pipe model are gummarized in Table 1.
The results of the earlier work are included in the table for
comparison purposes. It apnears that the nenetration is at the
lower end of the range that was indicated earlier. Observations
were also made with the full-range, 1/4 to 3-inch shale which

had not been included in the scouting studies. The penetration

of the combustion air into this material is in line with the other
shale siges.

The overall study wvas carried one step further in an attempt to
determine if the depth of vpenetration is grezter in a moving bed.
In order to do this the depth of shale above the distributor

pipe was increased from the standard 12 inches to 21 inches.
After the pattern was established for the static condition, the
bed was lowered while movies were taken in slow motion., An
analysis of the movies indicated that there was a momentary surge
in the pattern as the bed loosened. lHowever, as the entire bed
began to move the pattern returned to its original shape rather
quickly. As the shale level passed the standard height of 12
inches there was no significant difference from the pattern ob-
served in the static bed. This was the case for both the 1/4 to
3/4 and 3/4 to 1 1/2-inch shale sizes (the size of the shale
drain on the model limited the drawdown studies to these smaller
sizes). Thus, it is concluded that no additicnal credit in pene-
tration should be taken for the fact that the bed is moving.

2s a result of the somewhat lower penetrations indicated by this
recent work, stevs have been taken to make further studies of
the minimum clearances recguired for continuous flow of the
larger (3 inch) shale sizes. It is known that the minimum
clearances in Tabkle 1 for the 1/4 to 3-inch and 1 1/2 to 3-inch
sizes are conservative because of physical limitations of the
shale flow model, (Slot sizes approached a square rather than
rectangular as in the smaller shale sizes.) If these minimum
clearances could be determined more accurately, a tighter desiogn
could possibly be incorporated in the distributor for Retort lo.
2 and this could improve the chances of obtaining a single de-
sign that would be satisfactory for all shale sizes,.

The shale flow model has been modified and these studies are in
progress.

v. ANALYTICAL LABORATORY SECTION (B. L. Beck and D, Liederman)

A, Carbon Balance Problem

Much of the laboratory's effort during the nast few weeks has
been directed toward investigating the carbon balance oroblem.



Table ‘1

SUMMARY OF AIR DISTRIBUTOR STUDY
TWO DISTRIBUTOR SYSTEM

Minimum Clearance

Alr Penetration Air Penetration

Maximum

Shale Required For From A Single From Two Opposing Port Spacing
Size Shale Flow Distributor Distributors On Distributcer
(in) (in) (in) (in) (in)
1/4-3/4 2 31/2 -5 1/2 7 - 11 6
3/4-1 1/2 4 51/2 - 7 1/2 11 - 15 9
1l 1/2-3 14 >10 1/2 >21 12
{ SUMMARY OF AIR DISTRIBUTOR STUDY
' THREE DISTRIBUTOR SYSTEM
Average Air
Penetration
Minimum Clearance Air Penetration (1) From Two
Shale Required For From Each Distributor Average Opposing
; Size Shale Flow Pi i) P3 Py " Penetration Distributor
i (in) (in) (in) | (in)] (in)| (in) (in) {in)
§1/4-Q/4 2 3172 4 |4 3/4|3 1/2 4 8
23/4- 11/2 4 4 3/4|5 3/4 6 4 1/2 5 1/4 10 1/2
1 1/2-3 14 -— |12 14|12 Y4 -- 12 1/2 25
1/4-3 10 -- 19 17419 1/4| -- 9 1/4 18 1/2

f (1)see Sketch below
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The results of this work are included in another section of this
memorandumn.

B. Relationship for Spent Shale Analyses

In last month's Progress Memorandum several relationships among
analyses on raw and spent shale were reported. Since that time
another one has been found that has proven useful in checking
our results.

For spent shales having Fischer Assays of 0.0 gal/ton, the fol-
lowing relationship has been determined bv regression analysis.

Mineral CO2 vs Ash

Runs 465 through 509 (N=37)
COy = - 0.859(Ash) + 86.44
R = 0.97
s = 0.32

[
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C. Nitrogen in Crude Shale 0Oil

The consistency of the nitrogen content c¢f crude shale o0il has
been observed for several months. 2s an example, the oils from
66 recent runs (Nos. 465 through 536) showed an average nitrogen
content of 2.32 wt % with a standard deviation of 0.067. These
oils were retorted from shale ranging from 24 tc 33 gal/ton.

In view of this consistency and the use which is made of this
determination, effective with Run No. 538. nitrogen will no
longer be regularly determined on crude shale oil.

D. Quick Assay of Spent Shale

The retort section requested the laboratory to cdevelop a rapid
test to determine the amount of potential oil left in spent
shale. This is routinely determined from the Fischer Assay:
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however this test requires several hours. To satisfy this re-
quest, a method used by the Bureau of Mines to estimate oil
yield of lean raw shale was adapted ["Cstimating 0il Vield of
Lean 0il Shale", K. E. Stanfield, 2nal. Chen. 25, 1552 (1953)].

The procedure involves heating a 3-cram sample of minus 8-mesh
shale in a test tube for five minutes. The test tube is situated
in a furnace maintained at 600 ¥ 50° C: approximately the upper
third of the test tube extends out of the furnace. ™hen the
sample is heated, oil is retorted from the shale and condenses

on the c¢ool portion of the test tube. The appearance of the
"carbon ring"” is related to the Fischer Assay of the shale.

Seven standard heated test tubes containina shale from 0.0 to 4.3
gal/ton have been prepared for comparison. Spent shale of un-
known 0il content is heated according to the procedure, and the
resulting appearance of the test tube is compared to the stan-
dards to estimate the Fischer Assay of the sment shale.

VI. PROGRESS ON IIPROVIIMG CARBON BALANCES (Joint effort of the
Retort, Analytical and Engineering Analysis Groups)

A. SUMMARY

1. Accomplishments to Date

A bias in carbon balance with yield was observed with past data
(re March Progress !Memorandum, page 19). Therefore, a series

of about 25 runs have been made on Retort Mo. 1 where sampling
equipment and procedures were carefully reappraised; and changes
were made where indicated improvements in accuracy appeared nos-
sible. OSRC-11l Summary Sheets covering these runs are attached.

In this extensive program to impmrove organic carbon balances, a
number of changes were investigated and immlemented in procedure,
equipment, and sampling. These modifications have imnroved car-
bon balances and have expanded our understandina of carbon
balance problems.

The major improvements in orcanic carbon balances were developed
in two main areas: (1) improved air measurement and accountability
and (2)improved carbon measurement on vent caas.

a. Air Measurement and Leakage

Accurate air measurement and negligible air leakage into
vent gas are essential to good organic carbon balances.
Vent gas rate is calculated in our material kalances by

a nitrogen balance around the retort, assuming the nitrocen
exiting in vent gas is equal to the nitrogen coming in
with the air. Thus vent cas rate is equal to 0.79 A/Nvg,
where 2 is air rate and Mvg is volumetric nitrogen per-
centage in the vent gas. Since nitrogen is about 60% in



the vent gas, any air measurement error is enlarged to

a vent gas error of 1.3 times as much. Since mineral COj
composition of the vent gas is calculated from the dif-
ference in mineral CO2 content of the raw and spent shale,
the entire error in total carbon contributed by the vent
gas is manifested in terms of organic carbon.

An error in air measurerent of 500 SCF/Ton RS reoresents
an error in vent gas rate then of 650 SCF/Ton, or about
8.5 1b Carbon/Ton RS. This represents 3.5% on organic
carbon balance. Thus an error in air rate measurement
of about 10% results in an organic carbon balance error
of 3%.

An air leak into the vent gas affects nitrogen balance
and, consequently, organic carbon balance in a similar
manner.

The meter for measuring air into the retort has heen
installed according to standards and is being recali-
brated to insure accurate air measurements on future
runs. Another section of the report describes the
orifice calikration made after Run 529. 1In the future
the air meter orifice will be routinely calibrated and
a dry test meter will be used in series with the air
orifice.

An air leak into the top of the retort was also found
during Run 529 and is discussed in another section. Vent
gas is now being used as a seal gas to prevent leakage

of air into the raw shale feed pipe. 1In addition, a
second star feeder is to be installed at the torp of the
retort to insure against air leakage.

b. Improved Carbon Measurement on Vent Gas

Sampling of the vent gas is particularly difficult because
of fine mist. 1In earlier runs, the cas sample was ob-
tained by running a sample line from the retort vent gas
line to a gas holder in the laboratory, where it was
analyzed for total carbon. The samnle line entered the
vent gas line in a horizontal run and extended into the
line about 1l-inch. The sample was not isokinetic and

may not have been representative of the vent gas stream.

The vent gas samplinc has been improved in two ways -
first a larger measured 10 CFM stream, used as a seal
gas for the ton of the retort, is sampled isokinetically
from the total recycle stream, is cooled and the conden-
sate is measured; - second, the uncondensed gas 1is
sampled and analyzed. The larger seal gas stream is be-

lieved to be more typical of the vent gas composition.
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Mist in the vent gas is now determined from the condensate
collected from the condenser. Results to date indicate
that more carbon is present in vent gas than was

found hy the previous sampling method. The condensate
represents much mecre carbon than was found hy the jet
impactor test used previously. The condensate also
appears to vary inverselv with yield and nartially ex-
plains poor carbon accountakility at low vields. These
sampling improvements will be discussed in detail later.

The improved sampling of vent gas has resulted in an
increase in carbon in both the non-condensable gas and
the condensable liocuid collected. 2Roth have contributed
to the noted irprovement in orcanic carbon balances.

The following summary of results from low and high yield
operaticn, before and after these changes illustrate their
effect.

Org. Carbon

Yield Distr.,™t % Prcduct Analvses
Vol. % RSFA Oro. Org. Carbon Dry Gas'‘’/ Snment Shale
Mist & Dry CGas Carb. - Spent Ptu Total

Operation Tank Cond. SCF/T Bal. Gas Chale eCF Carbon,"t %
Low Yield

Before 78 0.2 6600 92 19 13 120 6.0

After 79 2.0 6800 101 26 16 140 6.8
High Yield

Before 920 0.2 7300 101 23 12 100 5.4

After 88 0.7 8C00 102 25 12 110 5.0

(l)Dry gas excluding mist and condensate

2.

The higher dry gas make after the changes is the result of
the higher measured air rate and elimination of the air
leak. The higher heatino value c¢f the aas is the result

of the improved gas sampling location. The higher yield of
mist and condensate is the result of cooling a larger gas
sample and the isokinetic sampling. The higher carbon con-
tent of the spent shale after the chance is not the result
of any chancges in the spent shale system, but due rather

to the reduction of oxygen in the recycle cas by eliminating
the air leak in at the top of the retort. Overation at

low yields now shows the converted o0il showing up in the
gas and spent shale as nroducts cof crackirg or ccmbustion.
Significant errors in oil measurement were not uncovered
and therefore reasonable confidence can be placed in

vast 0il yields.

modifications Still Under Consideration

During this study the following mcdifications tr Retort NMo. 1

were

indicated as notential additional improvements for precision

in results and measurement of nrocess conditions.
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Installation of nositive gas seals at the top and
bottom of the retort. This will be implerented hy
installing double star feeder with a pressure balance
across the inside feeder. This improvement will in=-
crease the precision of the actual recycle rate
determination and¢ increase confidence in the gas make
calculation.

Increasing the spent shale sample size from 1 to 3%
and modify the sammler, crusher =2nd smlitter to
eliminate dust loss from the samnle. This will pro-
vide a more representative sample ané increase the
precision in ash balance, oraganic carbon balance,
and mineral C0Oj decomnosition.

Checking the N2 balance method of determininag the
ary gas production by means of a heliurm tracer tech-
nique on several runs.

Pressure testing the suction side of the oil recovery
system and the entire air feed system. This will
eliminate minor air leaks in or out of the system which
may still exist.

Considering the nurchase and installation of a con-
tinuous carbon analyzer on the vent gas sample. This
wvill improve our precision and accuracy in determining
the carbon content of mist laden gas.

Considering the advisability of increasino run lenath
from the present eight hour balances to two - eight
hour balance periods. This would reduce the signifi-
cance of potentizl holdup and raw shale cuality
variations on results and increase reliability by a
factor of 1.4.

Considering adscrption analyses of the vent cas for
unaccounted for heavy hydrocarbons if further low
organic carbon balance runs arise.

DISCUCSSION

Summary of Retort Runs for the Carbon Balance Study

Twenty five runs were made in the carbon balance imrrovement

program.

A running summary of the results fromr these runs is

included in Tables 2 through 6. 2 descrintion of these runs is
presented briefly below.

a.

Runs 526 - 529

Runs 526, 527, and 529 were made to duplicate process con-
ditions of Run 476, a low-yield, voor carbon balance run,
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No changes in operating procedures had been made at this
time. The low yield of Run 476 was essentially duplicated
and so, unfortunately, was the low carbon balance. Run 528
was made to dumlicate Run 505, another low yield, low car-
bon balance run, with essentially the same result.

b. Run 530

Just prior to this run, it was observed that air was leaking
into the retort at the top star feeder at a rate approxi-
mating 500 SCF/T of raw shale. The tcp nressure was raised
slightly in an attempt to prevent this leak, and concditions
of Run 476 were again dunlicated. 2An improvement in both
carbon balance and yield were obtained, prcbably because

of the variation in actual process conditions attained
through partial elimination of the air leak.

C. Runs 531 - 534

Prior to this series of runs, a vent gas purge condenser
was installed, and blanketing cof the tor star feeder with
dry vent gas was initiated. Process conditions of Pun 476
were again duplicated. In Puns 533 and 534, use of the oil
condensate from the vent purge condenser to estimate mist
lost in the vent gas was begun. Yields duplicated those
of RPun 530 and carbon balances showed a slight improvement,
particularly those of Runs 533 and 534 where a greater
amount of mist in the gas was estimated.

d. Runs 535 -~ 542

In an effort to dermonstrate goocd carbon balanceg under
low yvield conditions, process conditions for these runs
were varied by lowering bed height to 6 feet, while re-
taining other process conditions the same as for Run 476,
Yields showed the expected decrease; however, carbon bal-
ance for Runs 535 and 536 also deteriorated. At this time,
an air meter calibration had been obtained and estimates
of process conditions and carbon balances from Run 538
onward reflect this chance. The low yields of Puns 535
and 536 continued:; however, the change in estimated air
input and gas production caused a marked increase in car-
bon balance.

e. Runs 543 - 547

These runs were undertaken to demonstrate cood carbon
balances under high yield conditions. Conditions were
arranged to duplicate those of Pun 515. As expected,
yields showed a marked improvement and carbon balances,
for the most part, were very satisfactory. In Run 547, a
condenser was used in the mist recovery train rather than
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the electrostatic preciritator with essentially no change
in results.

£. Runs 549 - 551

These runs were made to further demonstrate control of
carbon balances under high yield conditions. Air rates
were lowered from those of uns 543 - 547, while total

gas rates were maintained., The electrostatic nrecipitator
was not in service. Again, carbon balances were satis-
factory.

Detailed Reappraisal of Method Used to Measure Rates and
Composition of Charge and Product Streamns

a. Raw Shale

(1) Sample Swnlitter

In order to be sure that there was no bias in the raw
shale sample splitter a sample was carefully riffled
from the splitter reject and compared with the normal
sample. The nearly identical Fischer Assay shown
below, indicates adeguate mixing and snlittinc of the
raw shale.

RAW SHALE SPLITTFR RFJECT VERSUS MORMAL SAMPLE

NMormal Sample 31.2 cal/ton
Reject Sample 31.4 gal/ton

The sample cutter, which catches a sample from the
end of the conveyor belt, was also observed in
operation and judged to be as representative as could
be obtained.

{2) Raw Shale "eiahing System

The batch Richardson weigh bin is being used as the

most accurate device for determining the raw shale rate.

This device weighs 400-pound batches of shale and dumps
them on to the Syntron rate controller to feed the
conveyor belt. This was tested against the srent shale
scale. Ten dumps weighing 4017-vpounds on the Richard-
son were conveyed throuch the retort, emnty to emnty,

and weiched 4040-pounds on the spent shale scale. This
0.6% difference is the best we can expect.

A dead weight test alsc checked the reliabilitv of
the single dumps as shown below:
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DEAD WEIGHT TEST OF RICHARDSON RA™ SHALF SCALE

Date Weight Added Scale Reading
3-23~65 50 49.5
100 99.5
150 150.0
200 2€0.0
250 250.0
300 300.5
350 350.5
400 400.0
3-24-65 400 400.0
3-29-65 400 400.0
3~-30-65 400 399.5
4~7-65 400 400.0

2 practice of dead weight testing the Richardson
scale on a daily basis has been initiated along with
periodically running a dynamic test acainst the
spent shale.

3. Timing of Raw Shrale Sampling

A practice of starting the raw shale sample cutter
45 minutes pnrior to the beginning of the run and
stopning it 45 minutes prior to the end of the run
has been initiated because of the averace 1 1/2
hour residence time in the retort. This will pro-
vide a samnle which is more representative of the
shale which is actuallv retcrted during the run.

Liquid Product

(1) Potential Liguid Holdun

The possibility of variations in o0il level in the
liguid product gathering system was evaluated. The
only smots for possible variation are in

(a} The dust surge érum in the offgas line right
after the retort -~ this was drained hourly
and the o0il added to the liauid product tank
in order to elirminate this possibility during
this study. A drain leg will be added to the
bottom of this vessel to vermit continuous
draining during future runs where dustina is
not a problem. "hen dusting is a oroblem the
vessel will be rmanually drained.
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(b) The continuous water decanter just ahead of
the liquid product tank is alsoc a source for
changes in o0il inventory because of pluogina
or surging of the water-oil interface. It was
checked periodically but because of the dif-
ficulty in readily determining the location of
the interface, it vill be taken out of the
system:. In the future, water will be decanted
hourly from the liquid product tank.

(2) cCalibration of Licguid Product Scales

The liquid product scales were calibrated with 400
pounds of dead weight on March 4 and, when rechecked
with 1400 pounds on March 22, no deviation was found,
The retort operators then checked the scale daily by
adding 400 pounds of dead weight. Their check showed
an average 0.9% uncderstatement of the weight from Run
537 through Run 544, and an average 1.3% understatement
of the weight from Run 545 through 551. These cali-
brations were used in stating the liguid product weight
for the material balance and yield calculations. !ence-
forth, this balance will be readjusted when found be-~
yond * 0.5% of the dead weight. The scales are cali-
brated on a routine basis and cleaned periodically.

(3) Liquid Product fampling

A Lightnin' mixer has been installed to assure comnlete
mixing of the water and thus a more precise water
analysis.

A representative samrle is obtained from the final
liquid product for carbon analysis.

(4) mWeathering of 0il From Tank

Possible loss of o0il due to weathering was evaluated
by both the retort and analytical groups.

A sample of oil from the bottom of the cyclone and
from the liguid product tank was taken and held at
100° * and 140° F for a total of 9 1/2 hours in an
open vessel. The results shown below indicate less
than 1% loss of oil.
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TOTAL % WT LOSS

110° F 140° r

Time, Liquid From Liguid From Liquid From Liguid From
hours Bottom of Cyclone T-~3 Tank Rottom of Cyclone T-3 Tank

1 0.20 0.42 - -

2 - - 0.08 0.11
31/2 0.35 0.47 - -

4 - - 0.39 0.46

6 | - - 0.63 0.78

9 1/2 0.40 0.76 - -

The retort group found the loss even less siognificant
by observing the weicht of the liquid product over a
six hour neriod arnd finding only a one nound loss out

of about 1000 pounds of oil.

(5) CO2 Solubility

Samples of cil from the product cyclone were heated
and purged with COs -~ free air which was then passed

through a C0O2 absorbent.
the CO,
absorbed in the oil.
this amount to be very small.

The increase in weight of
absorber is an indication of the maximum CO2
The results shown below show

CARBON DIOXIDE IM LIQUID PRNDUCT FPROM CYCLONE

Total

C02 Collected

Run No. Purge Time, hours It mo % 't
530 2 52 0.006
4 84 0.010

531 2 26 0.003
4 48 0.006

6 53 0.006

Analyses of a water sample showed 0.97 wt % dissolved
COs: this would amount to only one pound COp (0.3
pounds carbon) mer ton cf raw shale which is also

insignificant.

c. Spent Shale

Spent shale measuring, sampling and analytical techniques
have been thoroughly evaluated for nossible improvements

in carbon accountability::ic- .

(1) Calibration of Spent Shale leight Scales

The Toledo spent shale weioh scale was calibrated with

the following results:



Standard
Date Weight Added Scale Increase % Frror
March 22 1400 1400 0
March 29 1000 996 0.4

The scale is checked daily against an added standard
weight of 1000 pounds. The scale increase on this
calibration is generally 1000 pounds, thereby indi-
cating that the spent shale scale is a reliable
measuring device.

(2) Sampling and Analyses of Spent Shale

A number of potential problems are present in samnling
and analyzing spent shale. A thoroughly searching
program was initiated to ascertain the extent to which
some of these potential oroblems affect organic carbon
balances.

(a) Oxidation of Spent Shale and Volatilization of
Condensed Hydrdcarbog

One potential problem is that the carbon on spent
shale may oxidize to CO3 and be lost on the con-
veyor and in the spent shale bin. In such a case,
carbon analyses on the spent shale will he low.

A second potential problem is that the spent shale
sample will oxidize prior to analyses and, there-~
fore, indicate a low carbon result. This may occur
either by oxidation of iron or sulfur compounds,
which would thereby decrease the percent carbon or
by oxidation of carbon to CO2 which would then be
lost. 2 third potential problem is that condensed
hydrocarbon on the spent shale may be volatilized
and lost to the air again resulting in poor carbon
accountability. A number of experiments were run
to test these hypotheses.

3

i. Laboratory Tests - Experimental Procedure

Samples of spent shale were allowed to pass from
a port located between the turntable and star
feeder into a bucket containing ligquid nitrogen.

The samples were then heated to 500° F in a
nitrogen atmosphere, then cooled in nitrogen.

A weight change would indicate loss of volatile
matter such as condensed oil.

The samples were also heated to 500° F in a nitrogen
atmosphere and then allowed to cool in air. This
simulated dropping of the hot shale from the star
feeder onto the spent shale belt and conveving it
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to the spent shale hopper. 2 weicht change
would indicate oxidation of some of the carbon.

The guenched spent shale was heated to 500° F

in air for various lenogths of time to simulate
conditions that might exist in the spent shale.
Loss in weight, carbon, hydrogen, mineral CO,p,
and ash were determined. Changes in the concen-
trations of carbon, especially would indicate
the possibility of sample oxidation.

A practical control check cf sample oxidation
was also made by splittina the spent shale into
two sample buckets, one blanketed with nitroagen
and one open to the air as usual,

ii. Pesults

(i) 7"o Hydrocarbon Volatilization

Table 2 Section 2 shows that the swent shale
samele quenched in nitrogen and heated to
500° F does not lose weight when allowed to
cool to normal termperatures in either air or
nitrogen. This indicates that no hydrocarbon
is lest in normal cooling and oxidation
aopears to be insignificant.

(ii) Carbon Loss Due to Oxidation

Samples obtained in 2 similar manner and

heated to 500° F in air show a loss of welqht,

as shown in Table 2 Section B. These data
and those in Table 3 indicate an oxidation
and loss of carbon with time from the svent
shale.

Spot temperatures at the bottom of the bin
have been observed as hich as 400° F and
storage time in the bin averages six hours
for a 12-hour run. Furthermore, indications
of oxidation have also heen observed.
Occasionally, the retort operators have
observed, when dumping spent shale at nicht,
that the material at the bottom gate glows.
At other times, they have seen a white ashy
appearance in the first spent shale removed
from the bin., Hence, it can be concluded
that oxidation of carbon nrrobablv cdoes occur
to a measurable extent in the bin. 2s a
result of this work the spent shale bin has
had a nitroagen rurge system installed to dis-
place oxycen from the bin and reduce carbon
oxidation.



Table 2

Shale From Between Turntable and Star Feeder Ouenched in Licuid “Ip

A. Volatilization and Oxidation Experiment

(1)
(2)

Run No.
528
529

Volatilization Experiment (Heat to 500° F in N2 - Cool
in My Gas

Oxidation From Star Feeder to Belt (Heat to 500° F in
N2 - Cocl in Air)

eight After Treatment

Orig. "t. o Cooled in N2 Cooled in Air
234.,7 234.7 234.7
249.3 249.2 249.3

B. Oxidation at 500° P in Air

Run Mo,

528

529

530

Ignition Time, -hrs Shale Wt., g Wt. Loss, %

0 67.52 -
2 67.45 0.10
4 67.14 0.56
0 89.80 -

4 89 .40 0.45
0 66.53 --

2 65.77 1.14
4 65.76 1.16



Table 3

Comparative Analyses of Spent Shale Samnles
ith Different Treatments Before Analvsis

% Ccrpenent

Run No. Cp* Ch Crt iR in Hy CO9p Cozo COo71 Ashp Ashn Asht

528
529

530

5.08 5.20 3.59 0.11 0.10 0.08 11.8 9.7 8.4 87.6 88.8 91.1
5.63 5.33 4.25 0.11 0.08 0.08 12.8 1l1.2 14.3 86.0 87.4 87.4

5.33 5.56 3.34 0.06 0.11 0.08 12.3 12.3 10.5 86.2 86.0 89.4

LwUus wa . ot With Ignition in Air at 500° F for 4 Hours

C, lbs/ton spent shale

Run No, Q* I Loss $ Loss of C
528 104 71 33 31
529 107 a5 22 20
530 111 €7 44 40

*Subscripts "R", "Q", and "I" indicate the regular sample from the retort,
the quenched sample, and the 4-hour ignited sample, respectively.



-2

The snent shale sample is also being taken
under nitrogen. However the rapid coolinc
of the spent sample to ambient temperature
may obviate the need for collectino this
sanple under nitrogen. Samples taken under
nitrogen show no sionificant difference in
carbon content from those taken in air as
shown in Table 4.

(3) Analysis of Dust

Spent shale from the bottom of the retort contains
dust. Some of this dust is lost out the stack, on
the floor and some sticks to the belt conveyor and is
lost up the dust stack. 7%hile this dust is a relatively
small loss, it might revoresent a significant carbon
loss if it, for some reason is esvecially high in
organic carbon content. However, Table 5 which show
the results of the analyses of the dust did not indi-
cate an exceptionally high carbon content for the
spent shale. The ash and total carbon contents are
near that of average spent shale.

The data seem to show a small difference between the
composition of dust and sment shale. This indicates
that spent shale samrling can be a problem., Thus,
modifications and improvements to the spent ghale
crusher is being made to prevent loss of fines.

(4) Spent Shale Sample Size

The spent shale samnle size was about 1%. Sampling
errors may be introduced when a solids sample is too
small. Bureau of !lines information indicates that a
3% sample should be obtained for it to be representa-:
tive. Therefore our sampling procedure has been
changed to obtain a 3% sample of spent shale. The
spent shale sample is also being time-seguenced 45
minutes after the beginning and end of the run, in
order to obtain the sample which was actually retorted
during the run.

(5) Spent Shale Crushing and Splitting

The possibility was investigated of some selective
classification of the spent shale sample during crush-
ing and splitting. Dust losses during crushing of

the samples in the retort area are selective losses
which could affect analyses of the spent shale.

Experiments were run to determine whether samplino
errors did occur in crushing and splitting. 211 of
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Table 4

Comparison of Spent Shale Analyses on Samples Taken

ith and 'Jithout a Nitrogen Blanket

With N2 Blanket Without I'9 Blanket
Run No. 3C sH CO2 Ash £C $H CO2 Ash
531 5.82 0.12 13.6 85.0 5.86 0,10 13.1 85.4
538 5.50 0.15 13.0 85.6 5.48 0.16 12.8 85.7
539 6.43 0.16 15.8 82.4 6.53 0.16 15.3 82.5
540 6.36 0,12 16.3 82.1 7.22 0.16 16.1 81.7
533 5.96 0.14 - - 6.05 0.19 - -
534 5.87 0.13 - - 6.16 0.12 - -
535 5.58 0.11 - - 5.50 0.14 - -



Table 5

Analyses of Dust From Petort Area

Under Spent Shale Belt 3/10/65
Inside Hopper Shed
Inside Casing of Belt

Typical Spent Shale For Same Time

C H  Ash Min. CO»
5.77 0.17 89.6 7.9
- --  87.5 -
5.67 0.21 88.2 8.4
5.8 0.14 85 13
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the 120-pound sample of spent shale was sent to the
laboratory where 2 to 3-pounds were split out, ground
and riffled. The remainder of the sample was returned
to the retort where it was crushed and split in the
usual way to give another sample. Both samples were
analyzed and the results are shown in Table 6.

The results are rather inconclusive. The laboratory
crushed and the retort crushed samples appear to check
reasonably well with one another. However, the small
analytical differences do indicate some dissimilarity

in the samples. Small deviation in ash analyses can
cause larger differences in organic carbon balance

when material balances are done on an ash - spent

shale bases. In this case, the spent shale ash analysis
determines the raw shale rate and hence the amount of
ingoing carbon. The carbon content of the svent shale
will cause an error in the same direction. For example,
on Run 550 use of the analytical-crushed results versus
retort-crushed results varies the organic carbon balance
by 5.5%. Thus, it is important to obtain a reoresenta-
tive samnle of the spent shale and then crush and riffle
the sample without changing its composition.

To insure good sampling and analyses of the swment shale,
the followine procedural and equipment changes have
been instituted:

1. Sample size has been increased from 1% to 3%.

2. The spent shale sample crushing has been modified
to prevent selective loss of dust.

Gas Product

(1) Leak at Top of Retort

Before Run 529 a hot-wire anemometer was used to check
the flow of gas in the top of the raw shale standpivne
and significant flow of air was detected as summarized
below:

Mean Retort

Top Pressure =Measured Velocity Calculated Air Flow
Inches FE»0 FPM SCFH
-.1 15 221
-.2 25 368
-.3 30 485

Since the policy had been to maintain a slight vacuum
at the top of the retort, there had been an unaccounted



Table 6

Comparison of Spent Shale Befcre and After Retort Samnle Crusher

Run No. Lab. Mo, FA CO2 Ash Ctot B Corg

541 B* 1368 - 17.3 80.6 7.33 0.18 2.61
A . 1369 0.5 15.8 82.1 6.81 0.19 2.5¢C
544 B 1385 0.0 11.0 88.2 4.72 0.10 1.72
A 1388 - 11.3 88.0 4.84 0.11 1.76
545 B 1321 0.0 12.4 86.3 5.50 0.11 2.11
A 1406 - 11.7 87.2 5.29 0.12 2.07
546 B 1408 0.0 10.7 88.0 4.96 0.08 2.04
A 1412 -- 10.6 27.9 4.92 0.10 2.03
547 B 1414 0.0 8.63 90.7 4.43 0.14 2.07
A 1417 -= 8.94 90,2 4.62 0.1C 2.1%
549 B 1420 0.0 11.8 86.9 4.95 0.12 1.73
A 1424 -- 11.8 86.9 4.98 0.11 1.76
550 B 1426 0.0 9.89 89.0 4.84 0.12 2.14
A 1429 -- 11.6 87.0 5.25 0.12 2.08
551 B 1432 0.0 12,0 86.7 5.44 0.15 2.16
A 1436 - 12.8 85.9 5.52 0.12 2.13

*"B" jig before the retort crushing (the laboratory crushed
sample) and "A® is after the retort crusher
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for air leak into the system which could easily amount
to as much as 500 SCF/T. This size leak would result
in calculating the vent gas rate about 650 SCF/T low
and thus the carbon balance would be low by about 3%.

In order to prevent this leak, 10 CF™ of vent gas,
cooled to 60° to 70° F to remove moisture which would
corrode the raw shale sleeve, was piped to the top of
the raw shale standpine. The retort torn pressure was
maintained slightly positive so that less than 10 CFM
of vent gas would leak through the star feeder the
remainder would recirculate through the recovery
system.

Additional star feeders will be purchased to permit the
installation of pressure balance gas seals using vent
gas at the top and bottom of Retort No. 1.

(2) Gas Sampling

(a) Larger Gas Sample for Condensate Determination

The 10 CFM vent gas purge is obtained from the
total recycle line by means of an isokinetic gas
sampler in order to assure the most representative
gas sample possible. A glass section surrounding
the sample tube permits observing whether oil is
flowing along the wall and also if a mist is
present. A double licquid trav is also provided

at the outlet of the 60° F vent gas cooler to
provide guantitative measurement of water and

0il condensed. Nearly two cuarts of o0il conden~
sate per run have been collected for the low yield
runs from the 10 CFM purge gas. This condensate
has increased organic carbon balance by as much

as 2 wt %. On the low yield runs this condensate
appears to be primarily a naphtha, as shown by

the distillation curve and the 42° API gravity
shown on Figure 2.

A glass pitot typme sampler was installed on the
dry vent gas purge line to obtain a composite
sample during the runs. This change in sample
location was made during Run 538. The 3/8-inch
copper samnle line between the retort and the
gas holder in analytical, is heat traced,

and is held at about 150° F to prevent any ccn-
densation. The heating value of the gas increased
about 25 Btu/SCF after this change, indicating
more hydrocarbons than were measured before the
change.
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The gas holder at analytical was inspected for
signs of an o0il film in the inside, which would:
indicate condensation of heavy hydrocarbens: and
none was found.

Dry Ice - Acetone Tran Analyses

A small sample of the vent gas after 70° F cooling
was passed thrcugh a -110° ¥ dry ice acetone trap
and the condensate measured. A summary of the
results follow:

RESULTS OF COLD-TRAPPING GAS SAMPLE AT THFE LABORATORY

Run No.

526
528
529
530

(c)

Pounds '‘aterial Collected/MCF Gas

Organic ater .
1.05 1.3
1.02 0.7
0.98 3.6
0.74 0.3

The o0il condensate gravity was about 73° RPI in-
dicating primarily light navhtha. Assuming that
the organic liquid is 81% C, the average C equiva-
lent for the runs above is 0.75 lbs C/MCF gas.
This, added to the 11.8 lbs C/MCF in the gas after
the trap, would total about 12.6 1lbs C/MCF gas,
which is approximatelyv the usual content, which
indicates that these hydrocarbons are included

in the normal carbon analysis of the gas.

Comparison of Samples at the Retort Versus From
the Line to the Gas Holder in the Analytical

Building

As shown below, there is no significant difference
in the major components by chromatograph analysés,
whether sampling is directly at the retort or
accomplished through a transfer line. However,
the consistently higher “others” could account for
more carbon in the gas. This data is further
justification for relocating the sampling spot.

COMPARISONS OF GAS SAMPLES TAKEN AT THE RETORT AND THE LABOCRATORY

Comgonent

CO2

02

N2

CH4

CcOo

H2

Ar
Other

RUN 530
March 18 (4:45 p.m.) March 18 (8:30 p.m.)
“TLab ~ Retort Lab Retort
26.7 25.5 25,7 25.4
0.6 0.3 0.7 0.7
60.2 59.0 60.2 59.3
1.5 1.7 1.5 1.8
5.3 5.7 5.4 5.6
4,2 5.0 5.1 5.3
0.7 0.7 0.7 0.7
0.8 1.7 0.7 1.2
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(d) Grab Sample

A sample was taken from the vent gas purge line by
means of a removable iron vipe with a gate valve
at each end during Run 538,

This one preliminary experiment indicates that
comparable results can be obtained on a gas
obtained close to the retort or at the laboratory.
Also that gas lines at the retort are probably
coated with a thin layer of o0il and water which
can be driven off by heating. The results are
summarized below:

gotal
# C/1SCF # H/MSCF

Purged cold with oxygen fo§ 1 hr. 12.2 1.10
Purged hot with oxygen for 1 1/2 hr. 13.9 2.73
Purged hot with oxygen for addn'l 2 hrs. 14.1 3.47
Run 538 normal gas sample 12.5 0.87

(3) Anelysis of Gas at Bottom of Retort

The material balance calculation determines the vent

gas make by a nitrogen balance which assumes the leak
out at the bottom star feeder is the same composition
as the vent gas. There was some speculation that it

may pick up hydrocarbons cr CO, from the spent shale.
Therefore, carbon analyses were made on spot samples

taken from between the turntakle and the bottom star

feeder. As shown below the carbon is lower than that
measured in the normal sample,

COMPARISONS OF C-H RESULTS ON GAS SAMPLES TAKEN AT THE RETORT
AND THE LABORATORY

__C, lbs/ISCF H, lbs/MSCF
Run . Btu of Btu of
No. Date & Time Retort Normal Retort wNormal
531 3/20 11:30 p.m. 11.¢ 13.5 0.84 )
532 3/21 11:50 p.m. 11.8 12.7 0.81 8.8%

Since these two comparisons are only based on spot
samples definite conclusions can not be reached. If
the mean organic carbon balances and the gas appear
to be too high on future runs, this potential spot
for carbon adsormntion by the spent shale will be
reappraised. The 1 1bh. C/MSCF difference between the
carbon content of the vent gas and the leak at the
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star feeder couléd result in overstating the organic
carbon balance by about 2% when there is a larage leak
at the star feecler.

(4) Reappraisal of Carbon-Hydrogen Test for Gas Samnle

{a) FEffect of 'ater Adsorber

To show whether the magnesium perchlerate dryer
which precedes the combustion train on the C-H
apparatus, 1is extracting some organic material,
samples were run with and without the maanesiurm
perchlorate dryer. There is no evidence to show
that the drver extracts orcanic material from the
gas; on the contrary, as shovn below, there seems
to be a sliaght negative btias whenrn the dryer is
not used. Further work will be done to explain
this anoraly.

1bh/MECF Gas

¥ith Dryer Without Drver

~un No. C H C H
499 12.6 0.75 12.4 0.96
526 12.4 0.96 12,2 1.08
527 12.1 0.90 11.7 0.94
528 12.0 0.77 12.2 0.83
530 11.9 0.74 11.6 0.73

() Effect of Oxyoen Purcing and Heating of Gas
ZSample Container

i. It was efficacious to nuroe a sample from
a sampling tube into the C-H combustion
tube with O7.

ii. Heating the samrple tube would release any
hydrocarbons that may have keen adsorbed
on the alass.

Therefore the following experiment was macde
to measure the effects of 02 purge and
heating:

A sample was transferrecd from a @as hclder
to a clear dry evacuated sarnrle tute.

This samnle was purgec frem the cold tuke
with a stream of oxygen at 80 ml/min. After
two intervals, the tuhe was heated to zkout
150° F and the 03 purge ccrntinued for twvo
more intervals. The tuke was cooled, and
additional purging was completed,
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The following table shows that oxvaen
purging, although a more lengthy wrocess,
gives essentially the same results as

brine displacement, and that heating the
tube gives no additionsl, nossibly adsorbed,
carbon.

RESULTS OF OXYGEN PURCING AND HEATING OF RECYCLE GAS SAMPLF CONTAINER
(GAS SAMPLE FROM RUN 544)

Container Purge Time, Totals

Conditions min. mg CO» ¥ C/TSCF mg F,50 # T /MECE
Normal Brine

Purged Sample - 12.9 - 0.80
Colad 80 421.0 12.9 62.1 0.73
Cold 70 -0.1 12.9 2.4 0.81
150° F 60 -0.9 12.9 -0.7 0.22
150° F 60 -1.1 12.8 0.7 0.21
Cold 75 0.4 12.9 1.1 0.82
Cold 60 ~0.4 12.8 ~1.2 0.81

In order to be sure hydrocarbons were not
adsorhed during the brine disnlacerert of the
gas from the samnle homb into the combustion
tube several tests were made using mercury.
The results summarized below show no signifi-
cant evidence that the various disnlacement
methods give different results,

FFFECT OF DIFFERENT TYPES OF DISPLACEMENT FOR THI' DETEP"'INATION
OF C-H IN PRECYCLE €GAS

Hg Displaced Prine Disnlaced
Sample lbs C/18CF 1bs 4/v&CF 1Fs C/MECF  1bs L/VECE
"B Standard” 10.1 0.23 0.2 n,29
Run 544 13.0 0.73 13.0 0.80
Run 549 13.2 0.52 13.2 0.6¢

(c) Effect of Combustion Oxygen Rate on C-F Analvsis

The effect of oxygen rate in the carbon deter-
mination was evaluated and no evidence of any
significant difference was found as shown below:
however, more data will be collected to further
substantiate this.



02 Rate 02 Pate
25 ml/min 50 ml/min
Sample C 2 C i
Lab. No., 1374 12.4 1.19 12.6 1.22
"B Standard" 9.0 0.29 9.9 0.30

All the tests on the equipment and procedudres
for measuring the carbon - hydrogen contents
of the retort vent gas indicate they are
reliable and adequately precise when a
representative samrple is obtained.

(5) Calibration of Air Orifice Meter

The air rate is the basis for calculating the vent oas
and, therefore, a very important term in the carbon
balance, as well as an important process variable.

It was calibrated prior to Run 530.

The calibration technique used was that of passing a
known quantity of air, determined by weighing bottled
air cylinders before and after a calibraticn run,
through the orifice meter and recording the vpressure
Grom across the meter. Static pressure and tempera-
ture measurements were 21so made.

Results of the first calibration showed that the actual
air rate was 11% higher than that indicated by the
orifice meter. 2t the end of Run 537, the meter run
was disassembled, insmected, rebuilt, and recalibrated.
Results of the second calibration indicate that the
actual air rate for the reinstalled meter was 6%

higher than the rate indicated by the meter.

An American Meter Co. Model 60B hellows type dry gas
meter has been purchased and installed in the air
line in series with the orifice meter.

Calibrations of the air orifice against the dry gas
meter check the 6% factor obtained by the air cylinder
method. This correction has been arplied to runs after
Run 537.

(6) Use of Leak Detector For Checking For Gas Leaks
Out of the Retort

Leaks of hvdrocarbon vanor from the retort directly
reduce carbon balances. The No. 1 Retort was checked
for hydrocarbon leakage on March 1€, 1965, using the
MSA Explosimeter Gas Indicator Model Yo. 2A. This
device indicates the presence of combustible material
by catalytically cxidizing a samnle and measuring
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temperature increase with a thermocouvle. Checks for
hydrocarbon leakacge were made at several locations.

No outwarc leakage was detected at the top of the raw
shale feed standpive. No hydrocarbon was found mid-
way down on the raw shale feed standpipe.

A small amount of hydrocarbon was detected in the vapor
space of preoduct storaage tank and decanter drum, as
expected.

A high concentration of combustibles was present
under the conveyor cover at the bottom of the retort
where the spent shale is removed. This was expected
also, since recycle gas leaks out of the star feeder
at that point.

Leakage was checked at each thermowell nipple ané
fitting on the retort shell, but no hydrocarbon
leakage was detected.

In summary, no leakage of hydrocarbon was found from
the No. 1 Retort vessel except the known leak at the
star feeder. The small amount of hydrocarbon detected
in 0il product test tank vapor space was insufficient
to cause carbon balance problems. This conclusion

was confirmed by later laboratory weathering tests.
Later testing indicated air was leaking in, rather
than hydrocarbon leaking out.
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SUMMARY SHEET

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

RUN NUMBER 1) srg | &gen \s27 L sre. | 529
DATE STARTED 2lsles| 3li6fes B lele st 2112/6513/1 86
LENGTH OF PUN, hours A 8 8 B 2
RETORT TYPE NUMBER R-H B-H -4 | g-H R-H
OIL RECOVERY SYSTE!M NUMBER M-1D M- 1D M0 M-]0D r=-) O
QOPERATING CONDITIONS:

Raw shale, 1bs/(hr) (ft2) 593 | 712 | 0] VB8 | (40
Fischer Assay, Gal/Ton RS 27.5 1 294 | 29,% Zal 204
Nom. Size Range, inches YN YN E N A RS
Avg. Part. Diam., inches 0 bt o4l 063 0,76 &1

Air, SCF/Ton RS _ 15029 | 4985 S/Z9 | £895) K651

Tot. Recycle, SCF/Ton RS(wet)i4)l 2413124641 125801 (2230

__Dbilution Gas, SCF/Ton RS {(wet) o ~ o : ) o

Propane, SCF/Ton RS O o o] Q2 e

Brine, Gal/Ton RS o o o ) )

Air Temp., Entering Retort, °F (oi 77 el 67 57

Bed Hgt. Above Air Dist., ft Q =7 7 7 "

OPERATING DATA:

Offgas Temperature, °F /15" /72 L7/ /14y /8o

Recycle Gas Temperature, °F 157 163 2% 155 /15

Spent Shale Temperature, °F 227 za3 | 243 242

Avg. Retort oP, in, H20/ft L2 L.a4 L84 Y 1,44 f'%‘r

&P Above Air Dist. in H20/ft L2.d 2.%7 { 2.1 7.24 { 2.31

Overall Oper. Performance 2 Sooty | Gaor | Goob. Goon

DyusT  \efhr D o0 o o' 2

PRODUCTS RECOVERED:

01l Collected, vol % RSFA 229  7¢.4 | 148 | £5.1 | 84.4

0il Lost as Mist, vol % RSFA 0.0 .1 0.0 O 0.0

0il in Spent Shale, vol % RSFA 0.0 0.0 0.0 ool oo
Total 0il Meas., vol % RSFA 2.9 24.% DER:) KL 2 | 849,49

Total Water, lbs/Ton RS ‘ 5.5 0. 3 Lo 2 \ 5.3

Calc. Dry Vent Gas, SCF/Ton RS 6309 €327 ) LBstY 72271 1242

Mineral CO2 Decomposed, % 4.6 | 3281 =321 4551 42.9

MATERIAL BALANCES:

Ash, wt % (measured) 99.4 5.2 | 98.4 97.3 96|

Basis for Yields & llat'l. Bal. RS iy s £ S5

Overall Balance, wt % = Sa.1l Qe 9 AT V8.9

__Organic Carbon Balance, wt & 82.5 ©2.01 93,7 | 8¢ 93.3

Total Carbon Balance, wt % 94.¢ 54.1 1 954 (74 95

Organic Hydrogen Balance, wt % 99,9 | %611 94.8 | 230 94.7

Water Balance, wt % 90.0 £9.01 loil sab 92-)

__Gas Loss, SCF/Ton RS (drylwet | 3136 (3145 | 330% | 23/4 | 4090
HEAT BALANCE:
Heat of Combustion, MBtu/Ton RS | 478.C | 467.7 46291 £73.2] 4e4.4
Unaccounted Heat, MBtu/Ton RS o, 4 59. bl 573 A2z} 2.2
SHALE OIL PROPERTIES:

Tavity, CAPI zo.2z } \&91 195 (24 | 19.7
Ramsbottom Carbon, wt % WK 2 13| 2..5 2.3 | 227
Ash, wt % o2 1 002 222 °.04 | 0.0

GAS PROPERTIES {(DRY):

Moisture, 1bs/MoCF of dry gas </ t7 6.5 LY 510 8.4
T Gross Heating Value, Btu/SCF oOR.2 | /12721 /25 2 96.9
02 vol % 0.7 a.8 [0 2.9 12
CO02 vol % 2.4 22,5 | 22,2 | 2&7 1| 245"

SPENT SHALE:
Fischer Assay, Gal/Ton SS 0.0 0.6 Q.0 .| 0.0 0.0
Organic Carbon, wt % (42 1 1.2 2,2:?17L§2a 2.4
{ITRetort No. 1 runs - no prefix; Retort No. 2 runs - "B" prefix.

OSRC~11




SUMMARY SHEET

RUN NUMBERIL) 2o szl 4 a=0 1 s=5.145Y
DATE STARTED 318/ 3lee fol) 3/21/65) 3/21 /65| 3/22/5%
LENGTH_OF RUN, hours =3 2 2 B =3
RETORT ’I‘YP}_? NUMBQR M- { R-1 -1 , R-1 B-3i
OIL RECOVERY SYSTEM NUMEER M=o wvo M0 | A0 M-\ O
OPERATING CONDITIONS:

Raw Shale, 1bs/(hr) (ft2) 643 | 351 | 660 | 55 6CO
Fischer Assay, Gal/Ton RS 2.8, 4 29, (. 29,4 20.6 31,2
Nom., Size Range, inches By~ 1] Ha-\Va | Ma-\\y | 3/a-\V2 | 35 -t Mg
Avg. Part. Diam., inches . O6R1 0,60 D.lo S 0.4 & Ol b

Air, SCF/Ton RS 557 5528 | 5583 | 5450 | 54\

Tot. Recycle, SCF/Ton RS (wet) (Z)[12503 | 12427 | 2844 | 12389112046

Dilution Gas, SCF/Ton RS (wet) > P2 o o o
Propane, GCF/Ton RS o) o [») o Q
Brine, Gal/Ton RS . ) O ) o) (o)
Ailr Temo. Entering Retort, °F (s & ) Ay A 70
Bed Hgt. Above Air Dist., ft ~ 7 Wi Wi Z
OPERATING DATA: ,
Offgas Temperature, °F _ 16717 165 (64 16 ‘L4
Recycle Gas Temperature, °F 157 157 LS9 Vo i)
Svent Shale Temperature, °F 208 204 214 21l 2071
Avg. Retort oP, in, H20/ft 2.00 .92 .92 L2726 ). s
OP Above Alr Dist. in H20/ft 240 §{ 2.30 1 2,11 2.0/ 2.1
Overall Oper. Performance GOoOD i 6ooD GoOD Geooh Goobh
PRODUCTS RECOVERED:
01l Collected, vol % RSFA g24.01 84.4 | 813 ¢ |_85.2
0il Lost as Mist, vol % RSFA 0.3 0.0 ) LS L. 2
0il in Spent Shale, vol % RSFA 0.0 ) 2,0 9.0 0.0 |
Total 0il Meas., vol % RSFA & q. O 4.4 1 27,5 2.l 20,4
Total Water, lbs/Ton RS 9.7 (5.7 1 64. 3 el. 4 4.9
Calc. Dry Vent Gas, SCF/Ton RS T4\La =507 71772 2781 1327
lMineral CO2 Decomposed, $% AN 2% 40,5 37.9 22.3 38.0

MATERIAL BALANCES:

Ash, wt % (measured) 55.7 .5 | 21.9 Q7.3 98.7

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

Overall Balance, wt % \0o.s | 1oe.3 99,7 1 100. 4 | 99.6 |
Organic Carbon Balance, wt % YA LYW 99,2 89 9 io2.0
Total Carbon Balance, wt % 37.5 99.0 99,4 59.9 |D1.5
Organic liydrogen Balance, wt % 99.3 §5,3 94.9 951.9 \00.72
Water Baliance, wt % Weo2 ] W2.41 105.D] 152.9 109,58

—_Gas Loss, SCF/Ton RS (Erylwer | gaso | 4557 | 393L] 449 4743
HEAT DALA(E:

Heat of Combustion, MBtu/Ton RS S\, T 497141 A9S.9 ] 473,01 4939

Unaccounted Heat, MBtu/Ton RS 52.1 49 2 59.3 26.5 =y,

SHALE OIL PROPERTIES:

—Gravity, °API 19.8 | _19.a] 19.41 194 | 19.4
Ramsbottom Carbon, wt % .09 2.37 Z.37 Z.39 2. 4
Ash, wt & 0.04 { p.o% 0,04 0.073 .03

GAS PROPERTIES (DRY):

Moisture, 1bs/MGCF of dry gas 6.\ ¢.8 7.} 2.0 2.2
Gross Heating Value, Btu/SCF loG.] © WS.2 1 120.6 L3S 1 26.9
02 vol & 0. % 0.5 0.4 0.3 0.3
C07? vol & 16.5 | 25,01 24.8 24.3% 24.4

SPENT SHALE:

Fischer Assay, Gal/Ton S§ 0. O 0.0 6.0 0.0 0.0
Organic Carbon, wt % /.54 /.7 1.5S INAA ATA
' (I’Rgtort NG. 1 runs - no prefix; Retort No. 2 runs - "E" prefix. qwHasz

2)Measure Recycle + Dilution Gas Rate Minus Wet Gas Loss
T ' OSRC=-11



SUMMAPY QITERMm

RUN MUTBIRAL)

'8535 | 536 . 537

DATE STARTED 32205 3/23/6E| 324065

LESGTH OF RUII, FOURS .8 2% =

PETOPT TVPE NUNRLP K~1 -1 *-1

OIL RECOVIRY SYOTFY ITUI'RER M0 | M=~1O 1 M-1O

OPERATING CONDITTONS:

Rawv Shale, 1hs/(hr) (ft2) 2 | ¢cot | 78
Fischer Assay, Gal/Tcn S 27.9 | 27.b| 3\.2
Nom. Size Range, inches a-\"12| Ha-1Y5]2q-1Y2
Avg. Part. Diam., inches 0.69 10.633 j0.686

Air, SCP/Ton RS S5 | SA\l 1 5327

Trntal Recyvcle, SCF/Ton 20(2) (wet) w133 | 1WwssL. 11746

Dilution Gas, SCF/Ton NS (wet) O O S

Propane, SCF/Ton P& A QO 0O

Prine, nal/Ton RS O O O

Air Tern. Entering Retort, °F 672 T =

Bed Tigt. Ahove Air Dist., ft S S =

OPLPATINS DATA:

Offgas Termerature, °F \ 97 2.1\ 1D

Recycles Gas Temnerature, °F |63 \ G4 \ 2

Sment Shale Temperaturs, °F 205 2067 194

Avg., RetortdP, in. H20/Ft TG | ST .53

AP Above Air Dist. in H20/Tt 2.00 1.1) 1.9

Overall Oper. Performance G000 |aod | 6ood

PRODUCTS TPECOVEPID:

011 Collected, vol & REFA 4.7 | 18.2 | 82.5
011l Lost as Mist, vol % REFA o.1 0.1 L&
01l i1n Srent Shale, vcl % RSFA 0.0 0.0 )

Total Oil ileas., vOol $ ROFA 22.8 | 78.3 | B84 .3

Total ""ater, lbs/Ton RS 959 | 1p0.le | 80.9

Calc. Dry Vent Gas, SCF/Tcn PS 21q | 7009 | €997

"'ineral CO2 Deccmposed, % =0 4 23 R] 233}

"ATERIAL BRLANCES:

Ash, wt % (measured) 99,7 | \ow, 2| 99.2

Basis for Yields & D R% S S

Overall, wt % 99,4 99.9 | 100.2

Organic Carbon, wt % 91.4 | 93.2 97-2

Total Carbon, wt % 93,8 1 95.0 R 4

Oraanic Fydrogen, vt % £a.l | 979 | 92.¢

ater, vt % 153,41 112.8 | \66.¥

Gas Loss, SCF/Ton (S5 (&eyver 5214 | S40% | 4717

i{LAT BALANCT ‘

Heat of Comb., MPtu/Ton RS 501,55 495.01 469.2

Unaccounted, ¥Btu/Ton RS S0,4 3.9 $1.2 |

SHALE OIL PRODERTILS:

Gravity, °API 19.21160.0 | \9.2

Ramsbottor Carbon, wt % 2.51 | 2461 | 2.69

Ash, vt % .0l | n.01 | ©.09

GAS PROPERTILS (DPY)

‘Moisture. 1bs/MeCE V2.5 13,28 | /0.3

Cross Feating Value Ttu/SCF L 98.% 1 109.61121.9

07 vol % 0.5 0.4 0.5 |

TO; vol % 25,0 24.0 | 24.b

SPrNT SHALE:

Fischer Assay, Gal/Tcn °r° 0.0 0.0 0.0

Organic Carbon, wt % 1.5/ Lles L1711

+’Retort Yo. 1l rure =~ ne suffiy; Reteort NMe. ? runs - "B" suffix.

2)»eas. "ecycle + Dilution Gas Ralte Minus et Gas Loss
, ) OGRC-11
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SUMMARY SHEET

Rsviseh  SPenT SHALE

YopFetn S S

ANARLYSIS -:;" L, P QeARLc.

RUN NUMBER(17 S35V 529 RN AN R
DATE STARTED A z2-27 BN PR -2 A
LENGTH OF RUN, hours Fer) /7. ! 2. ! /2.
RE‘l‘ORL]_.‘ TYPE NUMBER > T 70T R-T -1 c. T
OIL RECOVERY SYSTE!N NUMBER Lo | ~7-/0 £1-10 | A7-10 o
OPERATING CONDIT "ONS: ‘
aw Shale, 1bs, (hr) (£t2) 444 | g0 724 | 720 7B
Fischer Assay, Gal/Ton RS = 7, Y- 27 4 29.7 Fole 0. o
Nom. Size Range, inches o4 | -4 | Fe-lw | B[ R
Avg. Part. Diam., inches 2.5/8 | neo0 v 0T A O, 760
Air, SCF/Ton RS ) 5 B0l s 2upl sprol ripo 520
Tot. Recycle, SCF/Ton RS (wet) \Z)J{/c7 37 o3 P47 | /009 | L1257/

__Dilution Gas, SCF/Ton RS (wet) — = - - -
Propane, SCF/Ton RS —_ - —_— — -
Brine, Gal/Ton RS : _ - - -

__Alr Temn. Entering Retort, °F o = 2K A A &/
Bed Hgt. Above Air Dist., ft (O 4.0 5. O /.0 L0

OPERATING DATA:

Oftgas Temperature, °F 4 /20 [q0 -y /65
Recycle Gas Temperature, °F A% J6 2 170 /64 1 Zndn
Spent Shale Temperature, °F 7 3G z/8 28 770 2RO
Avg. Retort oP, in. H20/ft A = 1,4 )47 /50
OP Above Air Dist, in H20/ft /4o ) 1.2.5 /(9 .27
Overall Oper. Performance Cood | oo | Goon | coob | 500D

PRODUCTS RECOVERED: )

01l Collected, vol % RSFA gz.77 79, o 77, L 79, 0 B0, 8
Oil Lost as Mist, vol % RSFA 2, & 2.5 2.4 59 I,
Qil in Spent Shale, vol % RSFA fe o6 0.0 /.Y a®)

Total Oil Meas., vol % RSFA 2.5 | g1.85 79.0 &/ 5T g 2.2
Total Water, lbs/Ton RS B 74,0 L3, 3 Sl ] &/ 2 L7, 5
Calc. Dry Vent Gas, SCF/Ton RS TI6S 1 (e | Luol | 4873 (. LOb
Mineral CO2 Decomposed, % L3, 4. 28,/ 20,3 2.9 23.8

MATERIAL BALANCES:

Ash, wt % (measured) 27, 9 29, 1 391 929, 2. 282
Basis for Yields & Mat'l. Bal. = 55 55S <5 5=
Overall Balance, wt % 00,0 | 207 0 ol Z 94,9 99,2
Organic Carbon Balance, wt % o073} jes / /00,5 G, % oo, O
Total Carbon Balance, wt % 1302 o2 6 | Joo 9. 8 [0 &
Organic Hydrogen Balance, wt % a9 7 | jpd. 5 gL/ 97,7 94,4
Water Balance, wt % NG Wi /59.8 I 52,0
Gas Loss, SCF/Ton RS _(4ry) CE82 | word | GobS | #4807 e

HEAT BALANCE:

Heat of Combustion, MBtu/Ton RS { $57.9 450 | Y4660 467! 490,72
Unaccounted Heat, MBtu/Ton RS 13,7 Bes Y /778 )01, b ge.9

SHALE OIL PROPERTIES:

T Gravity, °API /7.5 5 A 15,0 19,0 1G. 2.
Ramsbottom Carbon, wt $ - 7Skl o092 2. 24 o, 07
Ash, wt % - 0,072 004 H.02% . C 7

GAS PROPERTIES (DRY) :

— Moisture, 1bs/MACF of dry gas 7,7 G /7.0 7 83 6.1
Gross Heating Value, Btu/SCF e /S0 /4G /59 /e
02 vol % 0.4 LO c.9 0, b O.b
C02 vol % 25,2 EnZ 205 N 201

SPENT SHALE: _

“Fischer Assay, Gal/Ton 8§ 0,0 0,0 0.0 0.8 0.0
Organic Carbon, wt % /.99 2, 2 2 82, 75O 2. 24

Retort No. 1 runs - no prefix; Retort No. 2 runs =~ TR prefix.
2)Measure Recycle + Dilution Gas Rate Minus Wet Gas Loss .
OSRC~



SUMMARY SHELT

JCEVISED SPErnT IHALS
Y1205 &

BWRLYSIS f' LR CALL,

RUN NUBER(ZIJ . R G N B
DATE STARTED 2-3not T Jewebs  rozi Tl Lo )~ ep-6 8]
LENGTH OF RUN, hours o ]2 |z A |z
‘RETORT TYPE NUMBER -1 -1 7. T R~ R-
OIL RECOVERY SYSTE! NUMBER T #1-10 2 A 7o
QE_E_I‘RATI_[_NG CONDITIONS
Rav Shale, 1bs/(hr) (ft2) o 47 =) e | 577
Fischer Assay, Gal/Ton RS 2ehd 2 a, 0 v, 7 >, 27,0
Nom. Size Range, inches e s PN DR Elymte, | o
Avg. Part, Diam., inches e Y o A .70 s s
Air, SCF/Ton RS 77/ &0 Lzss ] rdgal yeue 1 0O
Tot. Recycle, SCF/Ton RS(wet)\e)| o~} g2/.5) odu, | o007 28/ 5/
Dilution Gas, SCF/Ton RS (wet) — — . — —

__Propane, SCF/Ton RS — - ‘ — —
Brine, Gal/Ton RS — ~ — -
Alr Temp. Entering Retort, °F cTd L7 7 7/ /. z

" Bed Hgt. Above Air Dist., ft a0 a3, D Q.0 G, 0 g, o

OPERATING DATA:

Offgas Temperature, °F /o /19 12.2 125 129
Recycle Gas Temperature, °F 2 r = Iy, LO /O
Svent Shale Temperature, °F 22 n oo 720 z2 4 e
Avg. Retort 4P, in. H20/ft /-2 s . 0% 1. 19 /-
QP Above Air Dist. in H20/ft — — 68! — /i5
Overall Oper. Performance ERS) LoD VN Goon GO Eo oD

PRODUCTS RECOVERED:
0il Collected, vol % RSFA ge.o 29,8 91,2, aad | g0,/
Oil Lost as Mist, vol % RSFA o4 o6 <. 7 ag .7
0il in Spent Shale, vol % RSFA oo o~ ~ o r 0.0

Total 0il Meas., vol % RSFA R g0 4 77,0 8.2 92,5
Total Vater, lbs/Ton RS a0 416G 1 ;5 | 9% 2.
Calc. Dry Vent Gas, SCF/Ton RS e gD A2 c25 | SS9 6
!lineral CO2 Decomposed, % LT o H-8,] 27,0 5/, 0 el lo

MATERIAL BALANCES:

Ash, wt % (measured) _ cp. 99.5 | s¢e2 | 279 | 992 |
Basis for Yields & I1at'l. Bal. 52 < <L <5 <
Overall Balance, wt % or a7 38 oz ol /20,0

__Organic Carbon Balance, wt % o ' ren.g 1cd 1 Joz2.9
Total Carbon Balance, wt % Ve E D ~1,7 162,51 s02.9
Organic Hydrogen Balance, wt % jo1. 0 ar,7 20,2 101 | o2, 7
"ater Balance, wt $% Jrz.d ISy 1 2256 /SO 123.¢
Gas Loss, SCF/Ton RS (dry) by7s | ©i82. | 412 7012 1 £¢22.

HEAT BALANCE: .

Heat of Combustion, MBtu/Ton RS | /s..d | 5568 | £ud.&o | 5808 | Z428.2
Unaccounted Heat, MBtu/Ton RS 92.¢ ¢ 112, G Bl 6894

SHALE OIL PROPERTIES:

T Gravity, °CAP1L = 10, o, ¢ 0.7 o,
Ramskbottom Carbon, wt % 7. P 2.31 7. 72 z2.40 5332
Ash, wt % fcz c.cr] o5 rel Y

GAS PROPERTIES (DRY):

Molsture, 1bs/H of dry gas Lo s 7.z 72 o

" Gross Peating Value, Btu/SCF o2e | o7/ | 1284 1254 | 05,9
02 vol & .02 O, 0.3 o2 .3
CO02 vol % z€,0 2.3 P zz./ 26. 8

SPENT SHALE:

Fischer Assay, Gal/Ton SS 0.0 e s .0 2.0

. Organic Carbon, wt % L2 L7 2 2. G /.22

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

(2)Measure Recycle + Dilution Gas Rate Minus Vet Gas Loss 11

OERC~



- SUMMARY SHERT )

RUIT NUMBER (L) IR S oaraa R
DATE STARTED Ay -z -
LEMGTH OF RUN, hours ;2 « =
R_‘_E__"f.‘ORT TYPE NUINBER .7 = -
OIL RECOVERY SYSTE! NUMBLR PR 3y JEREE
OPERATING CONDITIONS: =z —

Raw Shale, 1bs/(hr) (ft2) | o7 ) S5
Fischer Assay, Gal/Ton RS -, -5 - o
Nom, Size Range, inches ~ oy R L 20y i
Avg. Part. Diam., inches > 2R R -, 752

Ailr, SCF/Ton RS < Py = —dan

Tot. Recycle, SCF/Ton RS(wet) (£) - | - a2 {117

Dilution Gas, SCF/Ton RS (wet) 3 — - -

Propane, SCF/Ton RS > — - -

Brine, Gal/Ton RS ‘ — _ —

__Air Tervo, Enterinag Retort, °F B — e 2
" Bed Het. 2bove Air Dist., ft ° 2 5 2 - o=
OPERATIIIG DATA:

Offgas Terperature, °F ( 12z o7 142z

Recyecle Gas Temperature, °F KN 7ol I i)

Svent Shale Temperature, °F » = /¢ [T /G

Avg. Retort &P, in. H20/ft N 1.7 4 1,7/ 1,65

OP Above Air Dist. in H20/ft N 917 ~ 0l / R2

Overall Oper. Performance e ool R

~
PRODUCTS RECOVERED: N

0il Collected, vol % RSFA N a7, ] ¢ PL.b

Oil Lost as Mist, vol % RSFA ™ 0.6 , '] 6,9

0il in Spent Shale, vol $ RSFA T 5,0 o c.0
Total 0Oil Meas., vol % RSFA - se.7 V e, 8| 87.5

Total Vater, lbs/Ton RS _ R T3 77 /04

Calc. Dry Vent Gas, SCF/Ton RS 0 729 | 7260 | 74 7%

MATERIAL BALANCES:

Mineral CO2 Decomposed, % 42,5 Uds, 8 4,9
2.

Ash, wt % (measured)

g S

Basis for Yields & IMat'l. Bal. s < c5
Overall Balance, wt % - G, & 1004 L
Organic Carbon Balance, wt % s QF, 0 44,7 2007
~ Total Carbon Balance, wt & = ae o gq,7 | sor 2
Organic Hydrogen Balance, wt % o 95, 2 29,3 g7, 2
“ater Balance, wt % 14-9, 9 /56,1 1921
Gas Loss, SCF/Ton RS (dry) oy | o ssez | sedl

HEAT BALANCE:

Heat of Combustion, MBtu/Ton RS 4ad,
Unaccounted Heat, MBtu/Ton RS 7
SHALE OIL PROPERTIES:

T Gravity, CAPI e ) 799 20,0
Ramsbottom Carbon, wt % /, 95 /, 6 -, 0b
Ash, wt & e.ol Y .07

GAS PROPERTIES (DRY):

Molsture, lbs/MSCYF of drv gas 2.8 7./ 2.2

T Gross rfeating vValue, Btu/SCF 7oL e P
02 vol % O o % .o
C02 vol % 7.0 B R

SPENT SUALE:
Fischer Assay, Gal/Ton §S

o0 c.c

D

}}()

Organic Carbon, wt % /7%

— ~Cs P
Ao’

i

; =8 .17
{ITRetort No. L runs - no prefix; Retort No. 2 runs - "E" prefix.
(2)Measure Recycle + Dilution Gas Rate Minus Vet Gas Loss

, , OSRC-11
PEVISED  SPsnT sHALts AnpLysiS 7 L2 gacce.
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May 21, 1965
File 108.04

Mr. J. H. Smith

Process Engineering
Continental 0i1 Company
Ponca City, Oklahoma
Dear Mr. Smith:

ANVIL POINTS OIL SHALE PROJECT
MONTHLY PROGRESS MEMORANDUM
{Covering April 10 to May 15, 1965)
Herewith are two coples of the subject report for your distribution.

Yours truly,

R, H. Cramer
Program Manager

RHC:rl
Attachments

ce: W, L. Jensen
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