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NOTICE

The primary obijective cof the Anvil Points 0il Thale Research
Center ™OMTHLY PROGRESS MEMORANDU™ is to advise authorized
personnel employed by the Particimating parties (1) that various
activities are in progress or that certain significant data
have been obtained within the Research Center.

These MONTHLY PROGRESE MEMORANDA have been prerared to provide
rapid, on-the-spot revorting of research currentlv in prcaoress
at Anvil Points. The conclusions drawn by project personnel
are tentative and riay be subiject to change as vork progresses.
The PROGRESS MEMORAND2A have not been edited in detail.

(1)Socony Mohil 0il Company, Inc., Project “anaoger
Humble 0il and Pefining Comnany
Continental 0il Cormany
Pan American Petroleum Cormoration

Phillips Petroleum Company
Sinclair Research, Inc.
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CONFIDENTIAL
MONTHLY PROGRESS MEMORANDU!!

{(Covering November 16 to December 15, 1965)

I. TREHNEGAL ADVISORY COIMITTEE

A special meeting of the Technical Advisory Committee on December
13 was called by the Chairman to review the Stage I extension
program and alternatives to the Stage II program.

The Committee requested and Project lManager agreed to a two
week demcnstration run on Retort No. 2 to start no later than
March 1, 1966.

II ADMINISTRATIVE

The Research Foundation Administrative Manager at Anvil Points
was replaced on November 26. The new Adrministrative !lanager,
Emmerson Kemp, is a Metalurgical Engineering graduate of the
Colorado School of Mines and was formerly associated with
Petrotomics Co. at Casper, “yoming.
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IIT. MINING SECTION (G. R. Haworth and J. B. Sellers)

A. Production

Shale fror the third round blagtedin "2ble"” has 211 been trans-
ported to the crusher plant; the yield was 1,500 tons. The fourth
round was blasted on December 10, and haulage is underway.

The hydraulic system on the Industrial "onkey has been overhauled
and put back into operating condition. Further modifications
will be made to improve the safety and operability of this unit.

For loading blast holes with ammonium nitrate and fuel oil, an air
loader has been purchased and receivec. The loader is presently
being installed on the Industrial "onkey; the loader supply bin
will be mounted on the truck frame and a feed hose will be run up
to the aerial platform. A diagram, Ficure 1, shows the type of
airloader which was purchased. Loacing of the holes will be car-
ried out from the aerial platform by means of the loading tube

~at the end of the hose. BAir will be supplied by the mine compress
air system.

To provide adequate ventilation at the north end of "Able" brattic
cloths have been installed in Crosscuts 1, 3, 5 and 7 between "Able
and "Charlie" haulageways. It is now possible to use the main

fan in the ventilation raise to create air circulation north along
"Able" to Crosscut 9 and south back through "Charlie®.

B, Rehabilitation of the liine Road and Water Supnly System

Resurfacing of the mine road with ¢ravel has been completed. The
total cost of the rehabilitation work on both the mines road and
the water supply system was approximately $21,000, and well within
the approved amount of $38,000.

IV. YECHAIICAL ENGINEERING (. S. Bergen and R. E. Smith)

Retorts No. 1 and Ho. 2 were in oneration during this v»eriod. An
air distributor cenfiguration with a slot velocity approximately
7 to 10 ft/sec was tested in Retort No. 2.

Retort Jo. 1 was revised. Concepts of complete external combustion
and inert hot cas reheat above the combustion zone were tested.

An anti-segregation header was also fabricated and installed in

one 60 ton raw shale bin to develop a fully live bin,

Several conceptual rethods were develoved for dust disencaging
above the combustion zone in Retort No. 2.

Summa Iy

The test of the very low slot velocity air distributors in Retort
No. 2 showed no arparent yield advantage over previously tested
medium slot velocity distributors. These risers offer a ootential
greater impedence to shale flow. This is due to the larger bed
area obstruction when developing greater slot areas.

The multi-clone was also installed in place of the cyclone as the
primary recovery unit. Limited tests with this unit showed it to
be equally effective as the cyclone.
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Retort No. 1 operations with external combustion and inert gas
reheat will be discussed in detail by the Retorting Group. No
fouling developed with the new distributor as had been experignced
with the smaller distributor previcusly tested. Heat generation
in the line burner is still the limiting factor, however. The
line burner is sized for a normal duty of approximately 100,000’
to 120,000 Btu/hr.

During these operations, the retort walls showed only minor deposi-
tion of coke on several inspections.

Serious problems developed with Richardson system electrical
*componenﬁs'dﬁring’this period. " Extensive maintenance hgs:been
needed t6 pin point the cause of the intermittent tyne failures.

Discussion

A, Retort Ho. 2

1. Inspection of the intermediate slot velocity air
distributors (30 to 50 ft/sec) showed little fouling at the
slot. There was evidence of o0il and dust deposition inside
several risers. This is attributed to shutdown procedures
as the oil appears to have run into the riser from the slot.
The dust was in the form of small chips.

2, The retort clinkered on start up after installation of
the very low slot velocity distributors. Attending this
condition were a wet raw shale condition, blinded screens on
the Utah feeder, and a fast fill over the Utah screens. These
factors all minimized fines removal when loading the retort.
The subsequent start up was successful with no problems.

Only two runs (B759 and B760) were made with these distributors
before the unit was shut down. VYields were slightly lower
than those developed at similar conditions wjth higher slot

velocity distributors. No apparent advantage was realized by
loweriné air injection velocity from 30 ft/sec to 8 ft/sec.
Further testing will be needed to ascertain if the yield loss
(approximately 1 to 2 per cent) is real.

3. The walls of the liner in the retorting zone are being
ground smooth on each shut down. The build up of deposits

roughens the wall to a condition poorer than that noticed with
the brick alone.

There was no noticeable change in the density of the shales
bed after the removal of the liner from the combustion zone.

4, The electrostatic precipitator efficiency remains at
the 98.5 per cent plus level with no further wall deposits.

5. The Gamm-O-Tron sources (shale level control) were
spread during the Movember 15 shut down to desensitize the
system. It was not possible to recalibrate the system after the
change and the sources were reinstalled at the original spacing.



6. A Gamm-O-Switch was installed in place of the capacitan
probes to actuate the dump cycle of the P%chardgon sygtem.

The capacitance probes were subject to failure intermittently
due to:

a Vibration
b Dust buildup on the probe

¢ "et Shale
d Temperature variation.

This Gamm-~-0O-Switch is external to the shale hopper and has
not failed in service to date.

7. New horizontal distributors were designed and fabricated
for Retort WNo. 2, but not installed. These distributors are
designed to enforce distribution of air along the length of
the pipe and discharge air into the combustion zone at 1lC to
50 ft/sec. Three have been constructed and are vnlanned for
single level installation. Bed utilization is 22 per cent

at the distributor level. Centerline spacing is 15 3/2 inches

8. Six basic concepts for the removal of dust from Retort
No. 2 were examined for mechanical feasibility and process
effect. Four remove gas and dust from the retort for external
separation and require additional energy for gas circulation
and reheat, while two presumably require no additional eneragy.
A schematic illustration of the six retort configurations is
presented in Figure 2.

It is apparent that additional energy reguirements are
economically undesirable. However, commercial votential was
not used as a criteria for concept evaluation. The bases for
evaluation were research potential, mechanical feasibility,
gquantitative control, maximum dust removal, and the ability

to provide process know how and understanding for the existing
Retort No. 2. Concept No. 4 was selected for more definitive
engineering and costing studies for the following reasons:

a definite gas/shale disengaging zone was provided, and the
addition of external energy seemed necessary for quantitative

control of processing conditions especially reinjection temper:
ture.

Two schemes for establishing gas/shale disengaging zones are
presented in Figure 3. Shale flow model studies are currently
being prepared and will provide data on the uniformity of
shale flow for each configuration.,

Detailed cost estimates and equipment selections were made
for complete dust removal schemes. The external equipment
for dust removal and circulation considered consisted of three
schemes:
(a) Hot blower and Cyclone - empleying a blowes and
cyclgne onerating at 1,000° F with a line burner for
heating the gas to 1,300° ¥ before reinjection.
(b) Cgld Blower and Cyclone - employing a gas cooler,
with a cyclone and blower operating at 600° ¥ with
a line burner for reheating the gas to 1,300° F.
(c) Ejector Compressor - employing a cyclone operating
at 1,000° F with an ejector for gas circulation and
a line burner to supply reheat to 1,300° F.
The following_table vresents total estimated costs
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l. Initial runs on :Retort No. 1 were made with

for each 0. che schemes and the cost a... delivery time of
the major items of equipment.

COST COMPARISONS OF DUST RIFMOVAL SCHEMES
“st. Total Cost

Hot Cyclone and Blower . $44,000
- Cyclone $2,365 14 week delivery

Blower 5,000 14 week celivery

Piping 16,000

Cold Cyclone and Blower 31,000
Cyclone $° 475 10 week delivery

Blower 1,677 8 week delivery

Piping 3,900

Cooler 2,800

Ejeétor Compressor _ 25,000
Cyclone $2,375 14 week delivery

Ejector 3,275 12 week delivery

Piping 8,000

At present, concept No. 6 utilizing a seal leg and a low
pressure drop dust removal system is being evaluated in :

more detail to determine equipment requirements and the

volume of gas which could be diverted to recovery equipment
with Retort yo. 2, 1nterest in this concept is presently based
on the fact that variations of ;this approach appear to have
the most promising commercial potential since minimum energy
requirements are involved.

9. A dust sampler for gquantitatively evaluating dust loading
in the spent shale exhaust stack has been ordered. Investi-
gations are also in progress to determine methods for retaining
spent shale dust presently lost with stack gases.

10. An anti-segregation header was installed in one 60 ton
bin. The results of the draw down will be reported by the
Mechanical Model Group. The intent of this installation was

to develop a fully live bin to prevent dust build up and partic:
Slze segregation. These results were achieved. The

draw down test indicated its potential to produce uniform
shale flow across the 12 foot diameter bin. Several new header:s
are being designed to further explore this feature. Layouts

are also being made to ascertain scaleability to Retort No. 3
and layger.

Retort No. 1

1 external combustion
uslng oxygen. Three days of effort were required to develop

techniques to handle oXygen combustion safely with existing

air burning equipment These pr
» . procedures hav
and are now in use. e been developed

The line burner size was insufficient to
at a 500 1b/(hr) (ft2) shg}e rate,
made at a 300 1b/(hr) ft

generate required heat

Accordingly, tests were
shaje rate. ’



-8~

Inspections of ;the retort during several shutdowns showed

‘'no serious "clinkering deposits'on ;the retort.wall.

During the external combustion runs, the Richardson batches

were lowered from 400 pounds to 100 pounds. Serious malfunc-

tions of the electric equipment developed. Fills were not
constant and shale accounting was inaccurate. The problem
eventually was found to be in the new potentiometers recently
installed. These potentiometers, costing some 5100 each,
evidently were improperly manufacturedé. All four new units
(two in service and two spares) were found defective. These
potentiometers work through the system amplifier to cut off
shale flow at present levels. The Richardson Service departm
was also employed to assist in locating the problem.

The L & N shale dump recorder also employs one of these potent
iometers as a signal source to record the number of dumps

and the amount of each dump. Since this potentiometer failed
at the same time as the Richardson, the amount of each dump
was not accountable.

Both systems are being revised to use a different type potent-
iometer. (Normal delivery of standard type equipment is eight
weeks). However, repairs made December 9 have made shale
accounting reliable as of this date.

A Public Service power failure occurred Decermber 11. This
curtailed operations and necessitated a unit draw down and
restart,.

Additional pressure taps were installed in the retort above
the top hot gas ring. Most of our efforts in the past have
centered on pressure differentials in the combustion and
retorting zone. These taps will permit analysis in the nist
formation and cooling zones.
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RETORTING SECTION (J. E. Lawson)

Retorting Group (X, I, Jagel, R. L. Clampitt, D. P. Cotrupe,
J. W. Hasz, E. E. Turner)

Summar

Juring the past two months, this group has been carrying

out portions of the first féur programs described on Table 2
in the Letter RHC/Technical Advisory Committee dated 11-16-€
(File 102.06). The primary c¢oals in carryong out this work
were to reduce dust make and control retorting zone residenc-
time.

Table 1 summarizes results of the work carried out to cdate
on the first four programs as well as base case results
obtained in the best prior operation in Retort No. 2 - Runs
B725-7. All the runs on this table, except 764, 765 and

767 were of the conventuonal internal combustion type. Runs
764, 765 and 767 were external combustion opverations which
produce a recycle gas having a high heat capacity. It is
apparent that the first four retorting programs have not re-
sulted in substantial yield improvements when compared with
the best prior operation - Runs 725-7. This series of runs
does give us some insight into the retorting problem, howeve:

The variable that appears to correlate best with vield
with most of that data presented in Table 1 is retorting
zone residence time; the retorting zone is defined as the .
région having 800-1000° F ¢gas temperature. Runs having
retorting zone residence time exceeding ten minutes generally
had yields equal to the base case. In gpecifging an 800-
}000? G gas temperature range for the retorting zone it is
implicit),, assumed that shale temperatures are 100° F less
than gas {emperatures and that this gas temperature range
corresponds to a shale temperature range of 700-900° F,

If significant changes in heat transfer coefficients occur,
retorting zone residence time estimates may be in error.

Low gas cooling rates and high gas velocities in the oil
condensing zone (300-700° F may have reduced yields in some
of the runs. If gas cooling rates are low in the condensing
zone, then possibly larger mist particles are produced.
As mist particles become larger, mist impingement will
increase. If gas velocites are increased in this zone,

the severity of impingement will also increase. Impacted
iiquid particles are then refluxed with resulting yield

oss.

Additional work will be necessary to clearly define ontimum
gas cooling rates and velocities in the oil condensing
zone at various operating conditions.

The Program 2 runs at the Bureau of Mines condition were
effective in substantially reproducing the Bureau's yield.
This hich yield was obtained in spite of the fact that
the retorting zone residence time was relatively short.
The gas velocity in the cooling zone was relatively low
though, which probably had the effect of minimizing yield
loss due to mist impaction,
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The 500 1lb/(hr) (ft2) raw shale rate runs of Program 2
were intended to evaluate the effect of dilution gas on
yield., 1If these runs are compared with a group of runs,
(B741-4) described in the November, 1965 monthly report
it may be concluded that there is little advagtage to_be
gained by the use of dilution ;gas using the intermediate
velocity (30 fps) air distributor.

At the completion of the Program 2 runs, a low slot'vglocity
(10 fps) distributor was evaluated at the base‘condltlons
of 500 1lb/(hr) (ft2) raw shale, 4400 SCP/ton air and 16,000
SCF/ton recycle. No apparent advantage could be shown for
using the low slot velocity air distributor.

A summary of the thief sample evaluations has been vrepared
for Runs B751 to B 760. ©No significant decrease in dust
make in these samples was apparent when the air distributor
injection velocity was reduced from 30 to 10 fps.

The line out policy for Retort No. 2 described in the
September, 1965 monthly report was reviewed in =-the October,
1965 report. Some data presented in the latter report
indicated that the twenty hours of line out allowed after

a cold start up was too short. It has been shown in this
report that this protracted line out which the October,
1965 data seemed to require was due in major part to an
increase in raw shale Fischer Assay. It has also been
shown that the effect of minor Fischer Assay shifts on
nroduct selectivity may be reduced by expressing product
yields referred to gallons of Fischer Assay o0il in the raw
shale.

The external combusfion runs carried out in Retort No. 1
had adequate retorting zone residence time, however, yields
were not as high as expected. Low coke weight percent on
the spent shale and high carbonate decomposition suggests
internal burning in Run 767. The temperature profile

does not support this hypothesis,

The base case runs carried out in Retort No. 1 had signifi=~
cantly lower yields than the base case operation in Retort

No. 2. No operability problems were experienced in these
runs,

Additional quench data have been obtained in Retort No. 1
for Runs 767 and 771. The concentration of fines was some-
what lower in Run 767 than in the internal combustion runs,
neve;the}ess, it was considerably hicher than anticipated
considering that there probably was substantially no com-
bustion within‘the retort. Other factors than combustion,
such as retorting itself and the attrition of shale by the.
incoming hot gas stream appear to be significant causes

of fines generation. This conclusion does not conflict
with earlier conclusions because additional fines can be
generated by improper operation in the combustion zone.



The injection of hot gas at two levels, as in Run 767, displa
the retorting zone upward and gives a long retorting zone
residence time. There is less evidence of the refluxing

of fines in Run 767 than in most of the internal combustion
run quenches made previously. The difference in mineral
CO» content of the>»8 mesh and pan (<8 mesh) fractions is
generally about the same as the difference ohserved in raw
shale. The location of the benzene extractable peak in the
pan fraction is displaced upward in the retort from that of
the total sample as in the case of the internal combustion
runs., It is difficult to decide whether this is evidence
of liquid refluxing or of the higher average temperature

of small particles in the upper portion of the retort.

A correlation between air or hot gas injection velocity

and fines concentration in the bed has been demonstrated
from the quench data. It is recommended that this injection
velocity be maintained in the 20 to 50 fps range.

The work now being carried out in Retort No. 1l is an evaluatic
of multiple level gas distribution in which cold air is

put in through the bottom distributor and cold air and

gas which has been preheated in a line burner is injected’
above it. At the conclusion of this program it is planned

to carry out a shale richness study in Retort No. 1.

Retort No. 2
a. _Retort Opérations

Retort No. 2 operations covered in this report include Runs
B751 througn B 761. The first series of runs in this group,
B751 through B 755, were made with the vertical riser, inter-
mediate-injection velocity distributor Type XI (see Drawing
RE - 26). The primary objective of this series was to
investigate operation at 300#/ (hr) (ft2) mass rate using
dilution gas. The operating conditions were similar to
those in Bureau of Mines Run 21 A, B and C excluding brine
addition. 1In Run B 751 the somewhat erratic behavior of the
retort indicated a strong tendency to bridge and in Run

B752 a stable bridge was formed, forcing a unit shutdown
after 7 hours of operation. The most probable cause for the
bridge formation is that extra rich shale was being fed to
the retort. The average shale assay for Run B 751 was 31
gallons per ton and for Run B 752 it had increased to 34.1
gallons per ton. It is highly probable that at the time

of the shutdown the assay was much higher than 35 gallons
per ton. The rather sudden change in shale assay was traced
to an inadvertent dumping of 40 tons of 40 to 50 gallons

per ton shale on the 30 gallon per ton stockpile.

Dur@ng the shutdown, the 60 ton feed bins were emptied and
rgflllgd with 30 gallons per ton shale. Also, part of the
liner in the retort combustion zone was removed and the

remainder straightened and polished in an effort to minimize
bridging.



The unit was put back on stream and Runs B 753 through

B 755 were completed without difficulty. Average yield for
these runs, excluding Run 752, was 90 per cent Fischer
Assay. This substantially reporduces the Bureau of Mines
results at this condition. Detailed run data are included

in Table 1. The high yield appears to be due primarily to

a low cooling -zone gas velocity rather than a high retorting
zone residence time.

The next series of runs, B 756 through B 758, were aimed

at evaluating the effect of adding dilution gas to combustion
air. Nominal operating conditions for these runs were:
5004/(hr) (ft2) mass rate, 4400 SCF/Ton air, 16,000 SCF/Ton
recycle and 1100 SCF/Ton dilution. The data from this series
should be compared with those from base case Runs B 741
through B744. No operational problems were encountered
during these runs and the average yield, as shown in Table 1,
was 88% compared with 87% obtained in Runs B741-B744. These
data indicate that there is little advantage to be gained

by the use of dilution gas. =~ .. .’

)
‘‘‘‘‘‘ =0 !

After Run B758, the unit was shut down for installation of

a low slot velocity distributor {(Type XII in Drawing RE~26) .
A series of these base case runs were planned to test the
Type XII distributor. The base case conditions are: 500#/{hr)
(ft2) raw shale rate, 4400 SCF/Ton air and 16,000 SCF/Ton
recycle. In the initial start-up a stable shale bridge
formed in the retort necessitating a shutdown. A slightly
higher recycle rate was employed in the subsequent start-up
and it proceeded without difficulty. No operational problems
were expérienced throughout Runs B759 and B760, but a power
failure forced termination of operations shortly after Run
B761 was begun. The averaged run data for Runs B759 and B760
appear in Table 1 and, as shown, the yield was 86 per cent
Fischer Assay. On the basis of these limited data, there

is no apparent advantage to be gained by the use of the low
slot velocity distributor.

b. Evaluation of Thief Samples

Tables 2, 3 and 4 are tabulations of thief sample data
obtained from runs B751 through B760. Location of thief
sampling points are as follows:

Thief Port No. Inches above Air Distribut
Pl +23
P2 +10.5
P3 0
P4 -11.25

No significant decrease in dust make may be observed in
the thief samples taken during Run B760, which was made with
the low velocity distributor.
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TABLE _

EVALUATION OF THI®F SAMPLES ~ RETORT NO, 2

Run Conditions: 500 Pound Mass Rate, 4,500 SCF/T Air, 16,L00 SCF/T Recycle, 1,100 SCF/T Dilution, 9 Feet Bed
Height, Type XTI Air Distributor

____ B75%% __B758 _
Sample Port P1 Po . P3 Pl Py Po P3 P)
Screen Analysis ' :
D >0,7L2" 5h,5 25,6 L7.8 50.9 55.3 16,1 32.8 33.3
D¢0,7h2 5,185 23.L 35.2 30,0 37.1 2,1 28,8 50.7 15,2
D <,1852>0,093 L.3 6.6 5.3 3.9 L7 9.8 L.0 5.7
D<0,093 »0,0328 5.5 9.9 5.2 3.0 Tl 15.7 3.7 4.9
Pan 12,3 22,7 11,7 5.1 8.8 29.6 8.8 10,9
Sample Analysis
~ Fischer Assay 23,1 5,2 0.0 0.0 12,5 1L 0.0 0.0
Mineral COp, Wt % 17.1 18,9 18,5 18,0 16, 18,9 18,9 17.9
Total Carbon, Wt £ 16,5 7Lk 7.28 6,94 16,3 9.21 7.27 9,95
Organic Carbon, Wt % 11,8 2,29 2,23 2,03 11,85 .06 2,12 2,07
Total Hydrogen, Wt % 1,54 0.5h 0.19 0,17 1,52 0.38 0.20 0.21
Org, Hydrogen, Wt % :
Ash, Wt % 7.k 76.5 80.L 80.9 71.h 77.9 80.L 82,2
Moisture, Wt % 0.05 0.09 0.1k 0.10 0,08 0.11 0.08 0.11
Benzene Extr,, Wt % 2.hh 1,80 0.12 0.08 2,33 0.L9 0.0 0.01

%%%%tt



TABLE I

EVALUATION OF THIEF SAMPLES -~ RETQORT NO, 2

Run Conditions: 500 Pound Mass Rate, L,L00 SCF/T Air, 15,900 SCF/T Recycle,
9 Feet Bed Height, Type XII Air Distributor

B760
Sample Port Py Po P3 Py,
Screen Analysis
D> 0,752 Ll 6 26,5 L6,8 39.7
D<O0,7h2 >, 185 20,7 30.9 37.9 38,9
D < ,185 50,093 3.8 7.5 b7 - 3.8
D 0,093 50,0328 5.2 13,3 L5 L9
Pan 25,7 21,8 6.1 10.7
Sample Analysis
Fischer Assay 22.3 9.6 0,0 L1
Mineral COp, Wt % 15,9 18.L 16,3 17.2
Total Carbon, Wt % 16,6 12,2 6,78 9.13
Organic Carbon, Wt % 12,26 7.18 2.33 enh
Total Hydrogen, Wt & 1.h7 0.83 0.21 0.5h
Org. Hydrogen, Wt %
Ash, Wt % . 69.6 73.4 81,0 76.7
Moisture, Wt % 0,08 0.07 0,08 0.10
Benzene Extr,, Wt % 2.97 1.59 0,06 0.50

RLClampitt
12 /1 5 / 65



¢. Line Out Time

In the September, 1965 monthly report, it was concluded that
a line out time of twenty hours was required after the unit
was started up from a cold condition. Sixteen hours of line
out were required after a process change was made. Additiona:
data presented in the October, 1965 monthly report seemed to
indicate that at least sixty hours of line out were required
after reaching operating conditions from a cold startup. A
re-examination of this data shows that this latter conclusion’
was overly conservative. Some of this long line out time was
related to a shift in the Fischer Assay of the raw shale.
This is shown in the following discussion.'

If a series of runs were made at the same external flow condit
and the Fischer Assay of the raw shale(gallons of oil/ton RS)
the SCF/Ton RS of dry gas would also increase. But since

the air was maintained at a constant level, that is, at conste
SCF/TonRS, this increase in dry gas production should be attri
buted to an increase in the concentration of combustion produc
and hydrocarbons in the dry gas. If it is further postulated
that over small ranges of Fischer Assay, the same retorting
and combustion reactions occur, it may be expected that if the
dry gas production is expressed as SCF/gal of Fischer Assay
o0il that little or no change in this parameter will occur
under the conditions cited.

The data presented in the October 1965 monthly report which
were used to draw the conclusion that sixty hours of line out
were required, fit this situation nicely. The Fischer Assay
shifted about one third of the way through this series:

.

Run ‘No. Fischer Assay of RS, gal/ton
18 26.8

719 26.2

720 29.6

721 30.2

722 30.1

723 29.9

724 31.0

If the production of combustion products and hydrocarbons

is stated as pounds of organic carbon or hydrogen in the

vent gas per gallon of Fischer Assay oil in the raw shale,

it is apparent in Figure 4 that these parameters do not
change after the start of Run B719 or after twenty eight hours
on stream.

It may also be expected that the organic carbon residue on
spent shale is related to raw shale Fischer Assay. Therefore,
if the organic carbon content of spent shale is expressed

as pounds of organic carbon in the spent shale per gallon of
Fischer Assay oil, it may also be seen in Figure 4 that this
parameter does not change significantly from Run 718 on.

The lineout requirements specified in the September, 1965
monthly report have to be modified only slightly in light of
this, so that now the lineout time after a cold startup is
twenty eight hours or after a process change, sixteen hours.
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Retort No. 1

a. Retort Operations

. ‘ ;
The current experimental program on Retort No. l.ﬁgzciiiigne
to investigate the effect of multiple level gas ltgon aod temp
o et Y oY Stion for these studies, three hot
erature profile. 1In preparation fo t' ot

i i installed on Retort No. 1 at o :
gas dlstrlbuto;s were 1ins . STt riginal cold air
intervals, beginning one foot above orig P ool to

i i ar in design

distributor. The new dlstrlbutoys are similar ‘ ‘
the cold air distributor,‘differlgg in gizilgtiggtegfd;migiégn
nly. A second modification was e in :
gonﬁenser and reheat system, capable ggehzgglg?gtﬁgecggggiser
vent and "hot" recycle gas streams. :
installation was to provide a 91ean, dry recycle ityigmoilgﬁe
burner operation and distributlon.as hot gas. Degal s oo
unit modifications appear in drawings RB-1l, Rev. an '
Rev, 1

. l_
bjective of the first phasg of this program was to eva
3gieotge use of high heit capac;tg g;;gggepa;idhgg gzgirgzieni
i dry recycle gas wi . . :
gﬁziuiﬁéoﬁngﬁ beyfireg by gurning air and propane in Fhedltge
burner until sufficiently high temperatures were obtaine .
permit switching to recycle gas and oxygen. However, g9n31
able difficulty was experienced ip the switching opergt;o:h
and it was not possible to establlsh.a'stable flame'w1 eus
recycle gas and oxygen. This instablllty'resulted in num;ro
flame-outs and re-starts and ultimately, in abandonment o
this procedure. A compromise solution to thls'proble@ was g
modification of the line burner piping‘to provide an independ-
ent, continuous burning pilot flame ?hlch_afforded stable
burner operation. The disadvantagg in using a continuous ,
pilot is that the pilot is fired with propane and air and t e
nitrogen from this source dilutes and reduces the heat capacit
of the hot recycle stream,

The _conditions first attempted in this series were 5004/ (hr)
(ft2) mass rate, 10,500 SCF/Ton cold recycle and 10,000 SCF/To
hot recycle, which was introduced through the lower hop gas
distributor at 1350° F. It was not possible to maintain a
heat balance in the retort at these conditions and it was
hecessary to lower the mass rate to 3004#/(hr) (ft2). In order
to increase the heat input, higher recycle rates were also
employed. The unit operated very satisfactorily and Runs 764
and 765 were made at these conditions, producing as average

yield of about 92%, The averaged data from these runs are
shown in Table 1.

The temperature profiles from Runs 764 and 765 indicated high
retorting zone shale residence times and it was speculated

that part of this zone might be serving as a cracking zone
resulting in yield loss. Referring to Figure 5, it was thought
that under the relatively mild temperature conditions in these
runs, some of the retorting might be occurring below the

peak temperature zone in the profile. If this were the case,
the o0il retorted in this lower zone ;would be subjected to
higher temperatures in its upward travel and be lost by crackin¢
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In an effo . to avaid such a situation, the inlet temperature
of t+he Lot recycle gas was raised to 1500° F. This change

nad little effect on the temperature profile but seriously
affected the operation of the unit. A surging condition
developed, wherein the top of the retort would approach flood-
ing and then discharge in a repeating sequence. This conditic
persisted throughout Run 766 and the yield dropped to 85%

After Run 766, the hot recycle gas stream was split between
the lower and center hot gas distributors. No significant
improvement in operation was obtained by this condition change
therefore, the recycle gas rate was increased about 25%.

The high gas rates unloaded the top of the retort, but, quite
surprisingly, resulted in little or no increase in overall
pressure drop. As expected, the off-gas temperature was

high (275° F) but the unit operated very smoothly and an

89% yield was obtained (see Run 767 in Table 1). At the end
of this run the unit was shut down and a quench performed.
The data obtained from the quench test indicated that the
dust generation in these runs was comparable to that obtained
in the standard internal combustion process, indicating that
a substantial portion of the dust im generated in the
retorting process. A detailed discussion of the quench data
appears in a subsequent section of this report.

Finally, Runs 768 through 771 were made to check the perfor-
mance of Retort Ho. 1. The conditions for these runs were
those that had provided the best operation on Retort No. 2.
These were conventional internal combustion runs at 500#/(hr)
(ft2) raw shale rate, 4400 SCF/Ton air and 16,000 SCF/Ton
recycle, No operational difficulties were encountered, althou
as shown on Table 1, the yields were lower than had been
obtained on Retort Wo. 2, Also, between Runs 770 and 771, the
center pipe of the lower hot gas distributor was inserted into
the bed to serve as an obstruction to shale flow. No anparent
effect was obszarved as the unit continued to perform very
satisfactorily and to produce data entirely consistent with
the preceeding runs. At the conclusion of Run 771 the unit
was shut down and a second quench test performed.

During the shutdown and quench period after Run 767, additional
pressure taps were installed in the upper nortion of the retort
The purpose of the additional taps was to allow better defi~-
nition of the pressure gradients in this zone. After the unit
was put back on stream, a sizeable gas leak was detected

near the top of the retort and it was traced to one of the

new pressure tap installations. Therefore, some of the
calculated gas loss in Runs 768 through 771 can be attributed
to this leak. The leak was repaired during the shutdown
period after Run 771, It should be noted, also, that the
Richardson raw shale system was malfunctioning throuchout

this phase of the program. Therefore all of the data calcu-
lations for these runs have been based on spent shale.

- 4
-



b. Evaluation of Quench Data Petort Jo. 1

2dditional guench data were cbtained in Retort No. 1 after
Runs 767 and 771. Only partial data will he obtained cn

771 at this time but samples are -available for future analysic
if needed. The conditions for these runs were as follows"

Run No. 767 771

Shale rate, lb/(hr) (ft2) 300" 490

Fischer Assay, gal/Ton 29.6 30.6

Air or 03, SCF/Ton 204¢

Hot gas, 5CF/Ton 17,700%

Recycle, SCF/Ton 15500 18700

Alir or Hot Gas Distributor Bottom and
Center Hot Cold air
Gas levels distributor

Velocity, ft/sec 34 125

Type combustion Substantially Internal
external

% equilibrium fines,

{(€0.093 inch) 25.4 28.9
*Aoproximately equal guantities to bottom and center hot
gas distributors.

Detailed data from the quench evaluations of Runs 767 and
771 are given in Tables 5 and 6, respectively.

Figures 6, 7 and 8 show the particle size ¢istribution in

the vertical profile for Run 767 as compared to the distri-
butions shown in the November, 1965 monthly remort for Runs
509, 708 and 710. Scmewhat lower fines concentrations

(£ .093 inches) were observed in Run 767, as shown in Figure f
than in the internal combustion runs (509 etc.). The fines
concentration was considerably higher than anticipated conside
ing that there probably was substantially no combustion
within the retort. Other factors than combustion such as
retorting itself and the attrition of shale by the incoming
hot gas stream appear to be significant causes ;of fines
generation.

In Figure 9 a comparison between Runs 710 and 767 vertical
profiles of temperature, gas velocity and fines concentration
is presented.

From these four figures and the tabulated data the following
conclusions may be drawn:

1. The injection of hot gas at two levels displaces
the retorting zone and gives a large retorting
residence time and lower maximum temperatures.

2. The total fines inventory in the retort increased
although the fines concentration decreased in Run
767.

,»}J}Lwﬁ T
3. A large portion of the fines are generated in tneiﬂﬂﬂf;y

retorting zone. The spent shale is further broken'
down in the combustion zone by snalling due to .
carbonate decomposition and by the injection of the
hot gas.
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hen the carbonate ~ontent of the »8 mesh fraction for Run
767 is compared with that of the fines fraction it is found
that the difference in COj content for the two is surprisingl:
small. $his is not what has been observed in internal combus-
tion runs. In the following tabulation this comparison is
made for Runs 710 and 767.

Difference in Mineral CO2 of >8 mesh and Pan (<8 mesh) Fracti-

‘Internal +« nar. i External =

Samplin Zone Combustion Combustion
Feet Above Turntable 710 767
0-1 2.7 0.8
4-5 0.2 -—
5-6 (1.) 0.4 1.6
6=7 (2.) 1.5 1.8
7-8 (2.) 4.7 0.7
8-9 - 1.1
9-10 - 1.3
10-11 5.4 ——
11-12 - 1.7
12-13 (3.) 3.6 —_——
14-15 (4.) --- 2.8
Raw Shale - 1.5

(1.) Air inlet on Run 710

(2.) Hot Gas Inlets on Run 767

(3.) Top of Bed in 710

(4.) Top of Bed in 767
Evidence of reflux of fines between a hot zone at which
carbonate decomposition occurs and the upper part of :the
retort is much less clear in the Run 767 operation

Figure 10 compares the packed density of the quenched materisz
as it was drawn from the bed with the average of runs 509,
708 and 710 reported in the last monthly report. These
densities follow the same general pattern.

Figure 1l shows the Fischer Assay in the vertical profile

in comparison with Runs 509, 708 and 710. Figures 12 and 13
show the benzene extractable on the total sample and the

pan fraction, respectively. These new data follow the same
general pattern as the previous data except for the displace-
ment of the ocurve. The Fischer Assay shows that the kerogen
or the organic carbon starts decomp031ng at less than 400°‘F’

c. Effect of Gas Distributor Injection Velocities on Fines
Concentration,

The guench test data from various runs on Retort No. 1 indica
a difference in fines content (<10 093 in ). One of the vari
in these runs was the velocity in the air or hot gas distribv
tors. These velocities along with other pertinent datz are
given in Table 7. There appears to be some correlation
between fines concentration and air distributor velocities

as shown in Figure 14. 1In order to keep fines concentration

around 25% it appears the air or hot gas injection velocity
should be between 20 and 50 ft/sec.
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Future pProgram

The wOrk =~y underway in Retort No. ' 1S an evaluation of
multiple levew ..o gistribution i~ which cold air is put
in through the bot... s:...:wator and cold air or gas which
has been preheated in a line burner is injected above it.

It is hoped that these innovations will improve the tempera-
ture profile, reduce the dust make and lower the equilibrium
dust concentration in the retorting and combustion zones.
Based on the recent experience with the dust make observed
in the external combustion, multiple gas distribution level
run (Run 767) there is some doubt that the second of these
three objectives will be achieved.

At the conclusion of this program, it is planned to carry out
a shale richness study in Retort No. 1. It has been observed
that bridging occurs in the retort which interferes with
shale flow when raw shale having an average assay of 3/gal/To.
is fed. It has also been suspected that o0il yield expressed
as % Fischer Assay decreases as raw shale Fischer Assay
increases. The aim of this program will be to evaluate these
two effects definitively.

MEGHANICAL MODELS GROUP (T. C. Lyons, L. J. Skowronek,
P. H., Gifford)

1., SHALE FLCW STUDIES

a. Evaluation of Mass-flow Bin Technique in Full-scale Model

The evaluation of the mass-flow bin technique continued
throughout this period. Previnusly, it was reported that a
bottom which was sloped at 60° with the horizontal did not
provide uniform flow of oil shale over a width of 10 feet.
The current studies have revealed that a 70° angle is also
unsatisfactory.

The results of the mass-flow bin studies are summarized in
Table 8. 1In most cases, the critical height-the distance
above the bin outlet where the flow ceases to be uniform-wax
beyond the confines of the model. There were only two instanc
where the critical height was observed within the model and
these were about 26 feet above the drawoff. In addition,
the velocity profiles revealed that the flow at the walls
was very slow compared to the flow in the middle of the bin.
In general, neither shale size nor shale rate affected the
flow pattern to any large extent, (However, there was an
indication that the 1-3 inch shale flowed more uniformly
than the smaller sizes).

Since the 70° angle showed only slight improvement over the
60° angle, it was concluded that this technigue held little
promise for use in Retort No. 3 or commercial application.
Therefore, work was discontinued in this area.

W Y@L iscm.



TABLE o
EVALUATION OF MASS-FLOW BIN TECHNIQUE

Critical Height };‘ﬁ‘

at 21 1/2 feet level,

in bed.

Cone Shale Size, Mass Rate, Width of 10 Ft,,
Angle Inch 15/(hr)(£t2) Feet Velocity Profile
- 600 3/ - 11/2 1,560 > 27 Wo flow or very slow flow at walls as high as 21 1/2

500 > 27 feet,

600 1/ -3 1,095 >25 No Tlow st walls as high as 21 1/2 feet,

700 3/ -11/2 1,h0oo > 26 No flow or very slow flow at walls as hish as 21 1/2
115 >261/2 feet, Pattern somewhat flatter in c-nter zonre.

70° 1/h - 3 710 26 1/2 Some improvement in flow at walls, Profile =till
233 > 261/ poor ss high as 21 1/2

70° 1 -3 1,hko 26 Fairly uniform profile in center sever fe-t -7 ™=d

Profile deteriorates lower

(I)Critical height is height above drawoff slot where flow ceases to be uniform as indicated by the drawdom

technique,

Overall vertical height of flow model is 28 feet.

TCLyons
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b. ZEvaluation of Multi-~level Drawdown System (Slot Type)

The studies of the mass-flow bin demonstrated the need for
internals which would stabilize the flow between the center
and wall regions. One such scheme is the Multi-Level Draw~
down system which utilizes a series of decks each containing
twice as many slots as the cdeck beneath it. For example,
four slots feed two slots which feed a single outlet.

A system of this type has several advantages. A clinker will
not plug a slot as easily as it will plug a pipe. In addi-
tion, the construction of channel-type inserts is relatively
simple. However, with a system of slots it is only possible
to "neck down" the flow in one direction. Therefore, it is
necessary to draw from the vessel along the entire slot with
a roll feeder or a large belt. For this reason, a system

of this type is not applicable to circular cross sections.

A multi-level system was installed in the full-scale flow
model and the results were encouraging. It appeared that

4 slots would be capable of serving a width of 10 feet.

Each slot was 12 inches wide and the slots were snaced 18
inches apart (edge to edge) on the top deck. The particle
movement at the wall was reasonably good with respect to the
center and & Arawdown test indicated that the flow was unifor
at a level 11'1/2 to 12 feet above the top deck. A schematic
diagram of the system and the surface profile at several
stages of the drawdown test are summarized in Figure 15.

A flow discrenancy between the two halves of the model appear:
ed to prevent the pattern from being uniform in the lower
regions., Steps are being taken to improve the flow through
the drawoff system itself which, in turn, should improve

the flow just above the system,

c. Evaluation of Single Level Drawoff System in 60 Ton
Storacge Bin.

The Single Level Drawoff System appears to be another promi-
sing technique by which uniform shale flow can be obtained

in a large vessel. This system utilizes a single deck in

the bottom of a bin in contrast to the multi-levels described
previously. The deck contains a multiplicity of nipe down-
comers which are manifolded into an annular region which
feeds the single outlet of the vessel. '

The advantage of this system is that it allows the flow to
be "necked down" in two directions. Therefore, it is app~-
licable to circular as well as rectangular configurations.
However, as indicated previously, pipes are scmewhat more
susceptible to plugging by large clinkers than are long slots

A drawoff device based on the single level technique was
installed recently in one of the 60 ton storage bins to
improve its flow characteristics. The primary objective was
to reduce the regions of slow-moving shale at the walls



