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NOTICE

The primary objective of the Anvil Points Oil Shale Research
ccuter MMONTHLY PROGRESS MZMORANDUM is to advise authorized
personnel employed by the Particinating Parties(l) that various
activities are in progress or that certain significant data
have been obtained within the Research Center.

These MONTHLY PROGRESS MEMORANDA have been prepared to nrovide
rapid, on-the-spot rerorting of research currently in progress
at Anvil Points. The conclusions drawn by project personnel
are tentative and may be subject to change as work orogresses.
The PROGRESS ME!MORANDA have not been edited in detail.

(l)Socony l"obil 0il Company, Inc., Project Manacer
Humble 0il and Refining Company
Continental 0il Company
Pan American Petroleum Corporation

Phillips Petroleum Company
Sinclair Research, Inc.
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CONFIDENTIAL

FMONTHLY PROGRIES ™MFMORANDUM
(Covering 'ay 16 to June 15, 19€5)

I. MINING SECTION {(G. R, Haworth and J. B. Sellers)

A. Planning

The Humble mining engineer, Dr. Barry Sellers, arrived at Anvil
Points on June 4. During the past month, much of the time was
spent reviewing literature and past practices concerning the
Anvil Points line.

As part of the Scoving Study for ftage II initial construction
regquirements, all existing equipment and nlant facilities were
examined to determine needs for the required mine preduction.

The results of this study indicated that with the exception of haul-
age trucks the existing facilities were adequatc. 2 considerable
amount of overhaul work will be necessary on the eguirrent, and
rehabilitation work has to be done on roads and service facilities.
To supplerent the haulage truck fleet it is prcposed tc rurchase
some light trucks suitable for handling the yard work.

Ylork is proceeding on the preparatior of the Mine Plans for Stage
I7. 1In view of the length of time which the rine workings have
been standing open and after a thorough examination of roof con-
ditions, a series of alternative mining plans, with recommendations
are being prepared. The main purpose being to provide safe
working conditions and at the same time keep mining costs at a
minimum,

In line with maintaining nroduction and safe working conditions
it will be necessary to set up a continuing prccoram of roof

and pillar control. Saa pins will have to be installed in the
roof, periodic sag readincs and stratasccpe investigations should
indicate roof conditions and the nature of any partina of the
beddinc planes above. It is recommended that further testing

be carried out on roof bholt design and installation nractices,

in the light of recent develorments in this field,

B. Production

The second round which was fired in "Charlie" haulaceway has
been cleaned out and hauled to the crusher vlant. The com-
pressors have been installed and work has started on scaling
the face and roof boltina in vreparatior for drilling the
third round in "Charlie".

Operating practices are being reviewed from a cost and safety
standpoint.
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The road to the mine is being graded and the ditches are being
cleaned out to prevent washouts.

C. "ining Research

Very little time has been spent on research at this wcint beyond
setting down a few basic ideas on the tyve of research to be
carried on. It is intended to prenare a research procram after
completion of the Stage II mining plan.

IXI., MECHANICAL ENGINEERING (17. S. Bergen)

Retort Mo. 2 was put into operation the eveninag of May 20.
Many changes have been macde since in an effort to increase
mist recovery efficiency and improve liquid procduct-~water
separation. Scoping for Stage II was corpleted and covies of
the memorandum sent to all participating narties.

Summary
Retort Yo, 2

After startup of Retort No. 2 it kecame evident that the pre-
cipitator was malfunctioning, affecting mist recoveries. This
was corrected. The air cooled condenser was also piped in
series and ahead of the precipitator to increase the recovery
system efficiency ootential. Problems have also occurred in
separating and sampling the water content of the liguid product.
This system is being revised to effect a higher degree of
separation of water from the o0il, and sampling rrocedures
changed.

Changes were also made to the gea takeoff nroduct to minimize
the effect of the large void voluue shove the shale bhed.

The air distributors apwvear to bhe effective s prodncing €lat
temperature profiles.

Stage II Scoping

Scoping for Stage II was completed. Three develonmgn; ?lans
were projected. Plan I was to develop Stace II facilities by
November 1, 1965 but found to impose a January 15, 1966 com-
pletion date (authorization required to proceed by July 15).
Plan II will complete designs and order lqng range de}ivery
equipment by November 1, 1965. Construction will beqin after
that date. Plan III schedules design and construction to start
after November 1, 1965.

It is our recommendation to adopt the Plan III prograr. Detailg
and reasoning are in the discussion of this repgrt and the special
memorandum forwarded to Technical Advisory Committee Members.
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Discussion

1. Retort ilo. 2

Since starting operation of Retort No. 2, it has become arnarent
that onerational problems still exist in

a. Recovery equipment efficiency

b. 0il and water senaration in the licuid product

c. Continuity of shale flow to the unit

d. Gas metering

All systems have been altered and improved. <ome problems are
still to be solved.

The electrostatic precipitator was shortinag cut in service when
Petort o. 2 began onmeration, A Research Cottrell service tech-
nician was flovn to Rifle and the protlers finally corrected.

It is now operatinag at evnected efficiencies.

Throughputs of cas to the precipitator were anrrcximately
2,000 ACFM. The efficiency at this rate is 20%. To raise
this efficiency, pivning chances were rade tc the bynass gas
line tc reroute its passage around the low nressure recovery
equinment. At the 500 1lbs/(hr) (ft2) shale mass rate, the
efficiency of the preciritator should now ke °983% nlus.

The air cooleé¢ ccondenser was repined to e in series with the
precipitator. Anoroximately 40 ~ 50 pounds of water-cil
mixture per ton of shalz is being collected from the air cooled
condenser.,

The recovery train now arpears to be operationally efficient.
Plans are to bypass the air cooled condenser at an early date.
Data will also be available shortly with a brealidowr of oil
and water recoveries from

a. The Surge drum, cyclone, demister combination

b, The air cooled condenser

c. The precipitator

Wwith the incornoration of the air cooled concenser in the
recovery train, rroblems have occurred in senarating the larre
amount of water make from the 0il. The nroduct from the con-
denser is now numped continuously to the decanter, Thig ermul-
sifies the mixture preventing cood decanting oneration. Changes
have been made to the decanter and its efficiency has improved
greatly. Towever, it will ke necessary to decant the condenser
effluent prior to »numving if further improvement is to be ok~
tained. This design is in progress.

Sampling of Tank D-3 has been a problem due to the larce amounts
of water collected. The stirrer appears to adecuatelv mix the
product. 2 special test was made of the nroduct during one



pump~-Covn to test the water concentration at 200 nound intervals.
This was compared with the normal sample taken curing the pump-
cdovn. This test resulted in a chancge of the samvling procedure.
A continuous stream samnle is now obtained during the D-3 purp-
down.

Liguid decanting of the product from the »recivitator will also
be studied to improve the procedure.

Shale flow contrels have been revised to ungracde its reliability
of operation. The raw shale dumping mechanism at the Richardson
actuates approximately 300 times dailv. Preoblems have generated
with the »robe cccasionally oreventing the cdumming of shale to
the Syntron. A second nrobe has been installed vnarallelina the
first probe. Eitler probe will actuate the durmp mechanism. 2An
alarm has also been installed in this system. It will function
if the dump gate does pot open within 30 seconds after it is
electrically actuated.

Changes will also ke made to the roll feed discharainc retorted
shale. Overriding maximurt and minimum settings will be imposed
on the system. These chanoes should insure sghale flow continuity
short of a drive failure.

Gas metering equiovment was ordered and installed on the last shut-
down. A Rootsmeter #38°1125 was purchased. Precalibratecd mreter
accuracy is 29.78% at 3,700 CFH and 100.20% at 38,000 CFE. The
vent and all air orifices are to be calibrated.

The raw shale sampling system has been changed. Sampling time
was changed from two to one minute intervals. Breakers in the
sample crusher were also replacec. 2 bolt in the crusher casinc
had broken out and was replaced. This bolt opening permitted
crushed dust to escape from the system.

The Utah feeders are failing under the high throughnut service.
Repairs are being rade to revitalize these units. The effec-
tiveness of the remwairs will be determined in service.

The Toledo scale to weigh srent shale has heen mnartially delivered.
It will be installed when all varts on are site.

The void volume above the shale bed in the retort is variable
from 5 to 14 feet. At the lower bed heights, a large amount of
wall is exposed permitting condensation or mist agglomeraticn
on this surface. Internal extensions were added to the gas
drawoff nives at the top of the retort. These extensions nick
up the retort offgas about 18 inches above the top of the bed.
The extended drawoff chutes should prevent or minimize this
nroblem,



The retort was shut down June 14 for repairs. Inspection of the
retort showed a clinker on the south wall extendirg to the center
distributor anc across the full bed width, A nartial clinker

had formed in the NE corner of the wall distributor klocking two
ports.

The remaining ports on all air distributors vere free from
debris or buildup,

A considerable amount of oil and coke wvas found in the recycle
gas distributor. I'any ports were plugged or partially nlugged -
mostly in the north half. The distrikutor was cleareld of coke
and all ports opened. 2n inspection will be made on the next
shutdown to ascertain if there is a recurrinc condition.

The retort wall aside from the clinker was clean.

No inspection was made of the nrecinitatcr.

Facilities to meter air into the recycle adas rining were added.

B. Stage II Scoping
The Scoring Study for Stage 11 was completed.

A special memorandum titled "Scoping Studv for Stage II Initial
Construction Requirements" was sent to all varticipants on
June 1, 1965. The following are the conclusions and recommen-
dations of this report.

1. Mining - Crushing - Retortino - Plant Facilities

Existing mining, crushing, retorting, and »nlant facilities are
adequate to support the Stage II program. Uxtensive revisions
and repairs will be reguired but nothing of a serious nature.
A new transformer is needed for the recycle blower on Retort
No. 3.

The mine will be rehabilitated ard a mining plan submitted to
the U. 5. Bureau cf i'ines for apprcval. Tuch of the existing
mining eguipment will be utilized.

The crushers will be reconditioned for full time oneration.
Preliminary tests have shown the crushing plant capacity to
exceed retort needs.

The retort shell, its structure, and controls are in excellent
condition and will be put into operation with a minimum of cost.
Blowers, piping, pumps, recovery equipment ard retort internals
will be replaced.

A review of the tank farm indicates storaace cavacity adeguate
for 30 days full operation. !Means of disvocsing of preduct will



have to be found. In previous operations, many communities
were given this oil for road surfacing progrems. This may be
a feasible method of disposal.

2. Planning of Construction

The PERT diagram for Plan I shows that the Noverber 1, 1965
completion data for construction cannot bte met. The earliest
nossible date for the completed retorting, mining and crushing
plant construction would be January 15, 1966 even if anproval
to proceed were given by July 15, 1965. Plan I now renresents
the shortest design and construction time from July 15.

Plan II and III are as originally orojected.

In all cases, it will be necessary to nremare the mine recad

and mine water supply by September 20, 1965 with an expenditure
of $38,000.

Costs for the three plans are as follows:

Plan I Plan II Plan IIX

Decision Required By: 7-15-65 7-~15-65 7-15-65

Complete Facilities By: 1-15-~66 3-7-66 5-1-66

Program Time Remaining After Cor-
pletion of Construction (1 15 1/2 mo. 14 ro. 12 mo.

Total Txpenditures or Committments
for the Stage II Program

Construction

Retort A 7-1-65 to 11-1-65 $§ 521 $ 287 $ 38
11-1-65 to Cormpletion

Date 150 414 663

Total $ 671 $§ 701 $ 701

Retort B 7-1-65 to 11~1-65 558 304 38
11-1-65 to Completion

Date 155 43¢ 705

Total $ 713 § 743 $ 743

(1) sufficient time and money should be available to complete Stage
I1, even if Plan I1I is selected.

Construction will be contractecd on a cost-plus basis as wculd
drafting, engineering, crushing plant and nlant electrical
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requirements. & $39,00C ~enaltv ras heen included in Plan II
and Plan III for rinter time corstruction.

Plant labor will be used for rost of the ~irina rehakilitation.

3. “ecormencaticons

"2 recormend that Plan III re imnlamented.

Plan III has several adventaces cver Plan I and II. "uch ¢ the
rresent experimental nrocorar will ret he cormletcd uvntil late
surmer. Decisions resultinc from thece exrerirental nrogroms
will have a direct Learing on shale feed and discharoe systems
and the retort itself. DLesian criteriea for Tlorn I must bo
develored by Aucust 13, Plan II by “enterlber 3 znd Plar III Lv
November 26. Tlan III permits cormnletion of exneriwertal »nro-
orams before desicns are recuirerl,

Plan I and Plan II recuire & ccnsiderakle cash investment nricr
to authorization of Stage II The PFIT shoiv's a two month time
advantace of Plan II over Plan ITI at a cost rizlk ¢¥ §24°,000
during Stace I. It is rossible to narrow the tire differential
hetwzen Plan III anc IX to five reeks if autrorizotion trern
given three weeks before “ta~e II is authorized., The cash risk
weuld be small in comwariscn tc the cain in tirc.

Both Plan II and Plan III corte~rlate winter tire cornstruction
with no relative advantage fov cither. Tlan I iz Lest frew 2
constructicn weather vicvmoint tut risle 521,000 during “tace I.

Plan I and Plan II will impose 2 heavy adlitional vork lea”
unon our encineering nerscnnel at a tire vhen the exmerimental
program is at its Leight. DPlarn TII +ill alleviatc this con-
dition.

For these reasons, ve recormnend Plan IITI fcr the establishmant
of Stage II.

III. RETORTING SECTION (J. Z. Lavscn)

A, Retorting Oneration

1. Retort llc, 1

Demonstration runs at a 600 lbs/(hr) (ft2) ratec using 1/4 to
3/4~-inch shale have becen completced on Retort No. 1 with the
results shown on Table 1. The yiclds were calculated on a

raw shale basis, with cne exception. The yields frcm this
series are surprisingly low (85.6% FA) which makes us suspect
that the large void volume above the shale bed (6 fecet of shale
above the air distribution in a 9 foot rectort) may have
adversely affected mist product take-off. This work may have
to be repeated after mechanical changes to the unit.
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Demonstration runs were attempted at a 307 1lb/(hr) (ft2) rate
using 3/4 to 1 1/2-inch shale at the norinal conditions cof

30M Run 334FE in Retort J¢. 1, as shown on Table 1. The low
yields and skewed temperature nrofiles indicated internal
refluxing. PBErine addition was attemped on twoe occasions

(Puns 602 and 604) without alleviatinc the refluxing. Inspec-
tion of the unit upon shutdown revealed the presence of a large
clinker covering one half the cross sectional area of the
retort, located about three feet helow the tor of the shale
bed. This clinker varie¢ from six inches tc ore foot in
thickness. It is our kest judgment that the clinker was

formed during the trarsition from 1/4 to 3/4-inch to 3/4 to

1 1/2-inch shale feed. 2Recause of the clinker and the vnossible
effect of void volure at the top of the retort, this work will
have to be repeated.

2. Retort Mo. 2

a. Current Results

Recently a series of rurns at identical concditiors have been
accomplished at Petort Mo, 2 in order to determine the
problems which exist in measurerent technicues and oneratinc
nrocedures. Results from a nrelininarv analysis of these
runs are nresented in Tabhle 2 attached. These data indi-
cate an average yield of 35.5% st these operatirg conditions.
Accounting of water in the onreciritatcecr liouicd rmrocuct for
Runs €14 to €23 tras not nroper since it was assumed the oil
was Cryv. The effect of this factor orn the above =eries
could be to lower yield cf Run 623 Ly at most 4% which would
lower the aversge yield by at rost 1%.

Detailed analyses of these data is still being mace. How-
ever, some areas of interest are imrmediately apnarent.

(1) »2sh balance is less than satisfactorv. 7s mentioned
elsewhere ir this revort, it is believed that the
inaccuracy is cdue tc noor spent shale weight accoun-
ting and will be materially reduced when the spent
shale weich scale is installed.

(2) ™ater Lkalances are also not accurate to a cdesirable
degree. "ork cn this probler is continuine and may
result in irmreoved yieléds ancd balances.

(3) Althcough it is not reacdily apmarent from these fata,
the FPischer ?ssay of raw shale is sormewhet higher
than exrected. These assays averace¢ 30 gal/ton RS
whereaas samples okbtained at the crushing rlant over
the same reriod averaged alcut 22 gal/ton P5. This
result is Lkelieved to ke cdue tc inaccurate sarnling
at the retort. Stevs are heino taker tc imrrove
this situation.

Full analyses of these cdata may reveal other prorising
leads for improvement of measurerents and owerations.



TABLE 1

RETORT NO. 1 DEMONSTRATION RUNS

Run Nos. 596-600 601,603 1) 602,604 (1)
1/4 - 3/4 - 3/4 - '
Shale Feed Size, inches 3/4 1 1/2 11/2
Onerating Conditions
Mass Rate, 1lb/hr-ft2 589 295 206
Air Rate, SCF/Ton RS 6070 4330 44€0
Recycle Rate SCF/Ton RPS 10440 12860 13470
Red Height, ft 6 6 6
O0ff Gas Temp., °F 124 189 124
Raw Shale FA, gal/Ton RS 27.3 28.6 29.2
Brine Added, gal/Ton RS 0 0 2.8
Yields and Quantities
011 Yield, Vol % RSFA 85.6 85.0 8l.2
Gravity, °API 20.7 20.0 20.3
Gas Make, SCF/Ton RS 8050 5440 5390
CO, Content, Vol % 27.2 22.¢ 20.0
Htg. value, BTU/SCF 95 127 148
Spent Shale, wt % RS 77.4 B1.5 82.4
Organic Carbon, wt % 1.78 2,40 2.54
¥A, cal/Ton 0.0 6.0 0.0
Mineral CO, Decomn., % 42.9 22.0 le.8
Balances, %
Ash, as measured 27.8 99.0 99.7
Overall 100.4 99,7 99.0
Organic Carbon ‘ 100.9 95.¢ 97.1
Basis for Calculation 4 as meas, 2 as 2 as
1 spent measured measured
shale

(l)see discussion for comments on large clinker formed between
Runs 600 and 601,



TABLE 2

CURRENT RESULTS ON 3/4 TO 1 1/2-INCH SHALE - RFTORT NO. 2

Ava
Run WNos. R623 B624 RG25 B626 623-626
Operating Conditions
Mass Rate,
1bs/ (hr) (ft2) 508 511 507 505 508
Air Rate, SCF/Ton RS 5,720 5,700 5,62C 5,670 5,680
Recycle Rate,
SCF/Ton RS 11,250 11,190 11,200 11,330 11,240
Bed Height, ft 8 k] 8 8 8
Offgas Temp., °F 126 127 12¢ 126 127
Raw Shale, FA,
gal/ton RS 29.1 31.0 30.2 29.8 30.0
Yields and Quantities
011l Yield, Vol % REFA 88.7 82.8 83.7 86.7 B85.5
Gravity, ° API 21.6 21.1 21.0 21.0 21.2
Gas Make, SCF/ton RS 7,260 7,050 7,140 7,240 7,170
CO, Content, Vol % 23.7 22.5 23.5 23.2 23.2
Htg. Value, Btu/SCF 110 125 117 120 118
Spent Shale, "t % RS 79.3 79.0 80.0 80.4 7°.7
Organic Carbon, 7t % 2.33 2.56 2.47 2.51 2.47
FA, gal/ton RS 0 0 0 0 0
Mineral COs Decomp., % 34.9 32.9 31.4 32.9 33.¢
Balances
Ash, as measured 94.3 21.0 28.7 24.7 94.7
Overall 100.6 100.0 100.8 1¢1.8 100.8
Crganic Carbon 101.1 8.4 100.7 104.1 101.1

ater 125.5 118.3 137.4 146.1 131.8
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k. Review of Operaticns

Retort No. 2 was fired on the 12-8 shift on May 21, and
brought on stream at the conditions of Runs 507 - 509, thc
500 lbs/(hr) (ft2) demonstration from Retort No. 1. Initially
mechanical difficulties with the Utah shale feeders caused
problems; this was cleared up by the night of May 22.
Results of the first four runs (B605 - R608) are shown in
Table 3. Unit operability was good and temperature profiles
reasonably uniform. The high o0il oroduct API cravity indi-
cated internal refluxing, probably due to the void volume

at the top of the retort (7 feet of shale above the distri-
butor in a 14 foct retort). The unit was shut down on May
26 and the product take-off lines wvere extended to within
six inches of the bottom of the shale feed chute. This
change succeeded in reducing the oil product API gravity

to a reasonable level and slightly increased vield.

During the period of these tests, the electrostatic vrecipi-
tator was not adeguate to recover nrocuct from the recycle
gas stream. Therefore, the air cocled condenser was used
for product recovery on Runs B605 - E6(08.

The Toledo spent shale scales, which had been delayed be-
cause of tornado damage to the manufacturer's plant, had

been promised for shipment 7ay 14, However, to date the

entire shipment of parts has not been received. BRecause

of the uncertainties in svent shale weights, all results

will be reported on a raw-shale-forced-ash-balance basis

until the scales can be installed. At present, the spent
shale is weighed on truck scales and the weights used for
guidance only.

An inordinate amount of difficulty was encountered on start-
up May 27. The unit was shut down and inspected in detail

by the technical staff on the night of “ay 28. 1’0o mechani-
cal anomalies were encountered. 2 detailed account of this
inspection is given elsewhere in this remort. An imnrovecd
startup procedure was develowned anc the unit started up
smoothly on the 12-2 shift May 29 under technical supervision.

The unit was operated for Runs B609 - 2614 using either the
air cooled condenser or the air cooled condenser anc electro-
static precipitater in parallel in the recovery system.
During this period it became cuite evident that the mist
recovery system was not functioning adecuately. The unit
was shut down on June 2 to n»ipe the air cooled condenser

and electrostatic precipitator in series and to recduce

the gas volume flowing through the low pressure cas recov~ry
system. These chances succeeded in increasing the mist
recovery efficiency. At the same time, the product take-
off lines were made adjustable to provicde flexibility on

bed height.
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The unit was started up on June 3 to uncdertake a limited
study of the effects of recycle cas rate and bed height,
starting with Run 2615,

The unit was shut cdown on June 14 to install the Roots
Connverville cas flowmeter for calibrating gas orifices
and for inspection. During the insnection it was found
that parts on the north end of the recycle gas distributor
had become plugged, wirich probably occurred during periods
when the electrostatic precipitator was nct in service.
This may account for the slightly lowver temperatures which
have consistently been ncoted on the north side of the unit.
It may also account for some of the orerating stability
problems encounterecd. Calibration tests of the various
orifice meters made during this shutdown are included under
a separate topic of this report.

The unit has shown a tendency to fcrm clinkers when shale
feed is interrupted. "e had had a momentaryv powver inter-
ruption and sore problernis with the Richardson feed system
(failure to dump) which have caused feed interruptions.

Recycle cas rate appears to be much more critical than on
Retort Mo. 1. If the recycle ocas rate is increasesd to about
13,000 SCF/T, the product API gravity tends to increase

to about 22.5, indicatinag internal refluxing. If the re-
cycle gas rate is decreased to about 10,000 °CF/T it is
difficult to maintain a stable corbustion zone and the fire
goes out. This has nrobably been agagravated bv recycle

gas maldistribution, due to the nlucged ports found on

June 14.

The offgas temperatures encountered on Retort i'o, 2 are
considerably higher than on Retort 1'o. 1. "hen bed height
was increased from seven to eicht feet these temneratures
were reduced to an acceptable level. Increasinc the bed
height to nine feet did not reduce terperatures further.
The increase in bed height probably commensates for minor
¢ifferences in configuration.

Serarating water from the oil vroduct has continued to be
a nroklem. Several decanter modifications have been mnade
and none has worked well. T“hen the water-concentrations
are measured to be low, yields are generally improvec and
carbon balances are good. T"Then the water-concentrations
are high, the converse is true. Apparently the large
amount of water recovered in the air cooled condenser has
aggravated the problem. ‘lork is continuirc on this item.
Some efforts alono these lines are reported elsewhere in
this memorandum.
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In an attemont to improve vyield and operability on Retert

Ilo. 2 we plan to try injection of about 1% oxygen &s air
into the recycle gas stream. There are some inc¢ications
that this will be effective in alleviating incinient recvcle
gas channeling, because of burning below the combustion
zone. This directionally has the tendency to make recycle
gas channeling self-correcting rather than self-aggravating.

The recycle gas stream is abnormally dry, due to the larce
amount of water collected in the air cooled condenser.

The lack of moisture in the retort may have a fundamental
effect on the water gas shift reaction and on certainr com-
bustion reactions. e vlan tc try operation without the

air cooled condenser, if the electrostatic »nrecivitator

will adecguately recover n»nroduct with the reduced cas loadinc.
If not, steam injection into the recycle cas stream will

be attempted to evaluate the effect of moisture concen-
tration.

Retort No. 2 Inspection and Startup Procedure (J. H. Haddad
and J. G. Mitchell)

On May 26 the retort was shut down due to clinker formation in
the bottom heat-recovery zone and above the air distributors in
the south-east corner of the retort. During the subseguent
period May 26, 27, and 28 the unit was clinkered two more times
on the south side during startup attempts. During this veriod
the following observations and tests were made:

1. The uniformity of shale flow throuchout the retort
was verified by cbserving the level of the surface
of the shale bed while drawina shale out the bottom
of the retort in a normal manner. This test did
deviate from normal retort operations due to the
fact that the shale inventory throughcut the unit
during the test was raw shale.

2. The south gas outlet from the top nlenum of retort
contained considerakly more dencsits than the north
outlet. It also was noted durinc the nrevious Runs
2605 through 2608 that the tor south cas outlet was
hotter than the ncrth outlet. These factors, olus
the fact that clinkers occurred in the south section,
caused concern about the combustion-air and recycle
gas distribution.

3. Inspection of the air distributor indicated that all
orifice norts were open.

4. Inspection of the recycle distributor orifices would
have reguired considerably rore cdown-time. Therefore
a smoke bomb test was made on the recycle distributor
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with a shale level about one foot above the distri-
butor. Smoke arpeared to rise out cf all areas of
the bed.

It was concluded that special care should he taken in starting

up the unit, okservino retort temmeratures ané controllinc shale
rate very closely. The startun nrocecure wvas accordingly revised
and the ensuing startup nroceeded smocthly. Subsecuently, an air
distributor skin thermocouvle and a corkhustion zonc thermoccuple
immediately acdjecent the air distributor nines were cennected

to the temperature recorder.

cC. Investigation of ""ixino in Retort *'c. 2 Licuicd Procuct
Tank (J. ". Easz)

A number of liguid product samnles were taken at Tank D-3, the
main liguid product tank, to determine if the samnles obtained
by the routine sampling procelure were truly renresentative of
the contents of the tank, marticularly with reswmect to water.
The results of these samnles are surmarized kelow. TIote that
two sets of samrles were obtained. One set was oktained fror
the pump discharge as the tank was »ummed out, a sarmle lkeing
obtained at increrents of 200 nounds weicht loss from D-3,

The second set of sarnles was obtained by a thief from the
north sicde, scuth side, and center of the tank.

Summary of Analyses fcor "ater of Liruicd Procuct in D-3

Procuct
Sample Tank
No. D-~-3, wt “Tater Sedirent
Special 1 1,700 18.2 0.4
2 1,500 18.6 0.4
3 1,300 17.0 0.4
4 1,100 1g2.1 0.45
5 200 18.7 C.40
6 700 12.6 0.40
7 500 1e.¢C 0.40
8 300 12.4 0.40
9 100 15.¢6 0.55
dorth fide -
D-3 Thief - 17.6 2.30
South ficde -
D=3 Thief - 18.¢ 1.70
Center -3 Thief - 1€.1 1.35

The pumn-out sarnles averaced 18.1% water and the thief samples
averaced 10.2% water. The sediment values for the thief sarrles
are higher than those for the pump-out samples. This is kelieved
to be because the thief picked up dirt from the hLottom of the
tank.
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It therefore appears that present licuic product handling pro-
cedures are adecuate to pnroduce a good mixture in the licuid
nroduct tank.

As a result of the study it was decided to continue current
procedures and to obtain a composite sarplz of the tank con-
tents by sampling continuously during npumon-out of °-3,

D. Calibration of Retort Wo. 2 Orifice Meters (P. ¥. CGifford)

The air, dilution, and vent orifices have been calibrated against
the new Roots Connersville rositive disnlacement meter. The
results of this calibration are given in Table 4. Based on

these results it is recommencded that no changes re racde in the
meter factors presentlyv keing used.

In addition to the results shown in the talle, a 12-hour check
on the air meter during the reqular omerations showed 223 SCFi7
by the Roots meter versus 223 SCFHM calculated for the orifice
meter. It thus appears that no correction factcrs are warrantec
at this time for orifice meter factors on Tetort lo. 2.

C. Preliminary Correlation of Netcrtinc YVield NData (X, I. Jaagel)

In last month's Progress erorandum, a correlation ¢f the oil
vield data obtained with 3/4 to 1 1/?-inch chale was presented.
A slight irprovement in ccrrelaticrn has now been obtained by
correlating yielcd ir terms of air flow ratio an’® recycle gas
flow ratio rathezr than tctal cas flow ratio and oxvoen enterino
the combustion zone. This is chevn in the fellowino tabulation:

Stancdard ceviation of data befcre re¢gression T 3,12
Correlation with total cas flow ratio, T,

and oxycer concentration enterina the
combustion zone, 0.

Standard error about regression t 2.6
Correlation coefficient 0.62
F ratio ' 4.66
Correlation with recycle gas flew ratio
and air flow ratio
Standard crror’ about regression + 2.60
Correlation coefficient $.63
¥ ratio 4.94

This new correlation has the following form:

Y = Bo+B&X +B2X2+B3X3+B11X]12+BoX02+B33X324R X ¥p+13%]1X3
+B23X223



TABLE 4

ORIFICE CALIBRATION - RETCRT NO. 2

JUNE 15, 1965

Roots
Meter Flow Flow
Reading Pressure Temp Rate Orifice Pressure Temn Rate(l)
Time ft3 in E20 ° ™ SCF/¥ Peading in Ho0 ° P SCF/i1
vTMT QRIFICE
0750 104200 60 123 - 5.3 40 110 -
0900 130000 59 128 312 5.47 38 118 202
0929.5 141000 57 131 300 5.55 37 120 299
1000.5 153000 57 137 310 5.65 37 124 303
1033.5 165000 57 135 310 5.65 37 125 303
DILUTION ORIFICT
1244 175000 125 164 - 7.98 124 146 -
1316 177300 123 168 66.4 7.95 124 150 65.4
1349 179600 123 168 64.3 7.94 124 152 65.4
AIR ORIFICE
1532 190200 93 158 - 6.0 90 152
1600.5 195300 93 158 156 6.0 90 151 154

(l)This rate includes an estimated 13 SCF/" leal which cccurred during

the vent orifice calibration.
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There
B, = Emnirical ccefficient
X1 = Recycle gas flow ratic, SCF/Ton TS
X5 = Air flow ratio, SCF/Ton RS
X3 = Residence time narameter defined as

(Fecd height above air distributcr/raw shale mass
velocity, ft3 - hr/lb RS) X 102

The staticnary point of this correlaticn is at 2 recycle gas
flow ratio of 10,000 SCF/Tor R%, an air flcu ratio of 4,600
SCF/Ton RS and a residence time parameter of 1.79. 1In order
to obtain a geometrical interpretation of the resrncnse surface
it is helvful to consider the surface obtained with the inde-
pendent variables considered two at a time.

Recycle cas flow ratio, Air flow ratio - "inimax (Saddle)

Recycle gas flow ratio, Residence time - “aximum (Surrounded
by elliptical contours of vield)

Air flow ratio, Residernce time - ['inimax (Saddle)
A plot of the response surface obtained at a recycles gas flow

ratio of 10,000 SCF/Ton RS is shown in Figure 1. The empirical
coefficients of this correlation are:

Bo 7.0068%101

B1 1.06 x10-2
B2 -2.24 X10-2
D3 1.7483%x101

B11 -3.79 %1077
B33 9.35 x10-7
B33 -5.320

B12 3.26 x10-~7
B13 ~2.53 ¥x10-3
n53 5.87 x10-3

In order to evaluate the relative importance cof the three inde-
pendent variables considered in this correlaticn, the yield
data have been correlated in terrs of each of the variables
taken singly. The folloviing results have beer obtaired:

Correlation with recycle cas flow ratio only

Standard error about regression T 3.17

Correlation coefficient 0.11

F ratio 0.43
Correlation with air flow ratio only

Stancard error about regression T 3.09

Correlation coefficient 0.25
¥ ratio 2.41
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Correlation with resicdence time parameter only

Standard error about regression t 2.64
Correlation coefficient 0.56
F ratio 17.1

The low value of the F ratio for the first tvo of these cor-
relations compared to the third indicates the overridinc
significance of the third variable. Sore work is now goinc on
to develop a method of correlation which will reduce the
sensitivity to this residence time parameter.

F. ist Simulation Studies (K. I. Jagel)

One of the key narts of an o0il mist simulation annaratus is the
mist generator. 'Then this study was undertaken it was felt that
an o0il mist lubricator made by C. 2, tlorgren & Co. would be a
suitable mist generator. Subsequent evaluation has indicated
that it is not suited for this service. An atomizing nozzle
made by Astrosonics, Inc. wvhich appears to be usable for this
purpose has been ordered on a rental basis so that it may he
evaluated. The performance characteristics of this nozzle as
described by the manufacturer are shown in Ficure 2.

G. Commercial Mist Recovery Ecuipment (J. H. Haddad and J. C.
IMitchell)

Discussions with Research-Cottrell, Inc. mersonnel at Zoundkrock,
New Jersey, and subsequent confirmaticn bv letter indicate that
the use of an electrostatic nrecipitator for the recovery of

0il mist will be economical ccmmercially. Operaticnal problems
at full oil loading and hich dust loads are not anticirated.

The estimated cost for a cormercial size unit of 460,000 SCrM

(to service a 16,000 to 19,000 T/D retort) is $0.54 ver ACFM.

In contrast, the cost of an experimental nreciritator to service
Retort Mo. 3 (12,000 SCFM) is $4.76 mer ACFEM

Quotations from Research-Cottrell were requestecd for the fol-
lowing conditions.

99.5%

3 inches water gage

Full (.0058 1lbs ner ACF) and
Half (.0029 1lbs pner ACF)

Efficiency
Operating Pressure
0il Loading cof Cas

Tt an

Gas Temperature 140° ¥

Cas Density .079 1lks per cu £t at Std conditions
0il Pour Point 85° F

0il Specific CGravity 0.8

130 SUS at 130° F
20 =~ 40 grains ner cu ft of ces
20% less than 1 micron

0il Viscosity
Dust Content
0il Size

g wnuwupn
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Preliminary guotations for the two unit sizes requested are
summarized below:

Case Number 1 - 12,000 cfm For Retert MNo. 3

One (1) vrecipitator, one (1) unit, nine (1) ducts with
duct spacing to be 9" by 12'-0" high by 18'-0" long with
the length dividecd intc two ¢'-0" electrical sections.

This unit will ke powered by two 70 XVp, 250 ma silicon
type electrical sets. The approximate weicght of the ecuip-
ment is 22 tons. The approximate prices are:

Material-====cmccmm—————————— $3¢,000
Erection Lahor---————ccwcoca—= 14,500
Freicht to Jobside-==-wrwrm== 1,600
Supervision of Erection------ 5,000

Case Jumber 2 - 460,000 cfm

One (1) precipitator, two (2) units, thirtv-seven (37)
ducts with duct snacing to e 97 bv 24'-07 high by
27'-0" long with the length divided into tiree S'-0°
electrical sections. Equipment will ke enercized by
four 70 KVp, 750 ma silicon electrical sets. See
drawing SK-14386-L for general dimensicns. The erected
weight of this equipment is about 220 tons. Prices

are as follows:

Material=-===cveceracman= - —— $167,300
Erection Labor----—-=-===-=- -~ 60,700
Freight to Jobsite-v=~--me—m—- 7,600
Supervision of Lrection-=-==-- 13,600

It is anticipated that electrostatic precinitators, nreceeded
by primary cyclonic recovery eguipment, will pnrovide the most
economical and efficient mist recovery arrangerent.

H. Effect of Shale Segregation (J. H. Haddad and J. G. Mitchell)

Preliminary calculations have been made to estirate the effects
of segregation at the top of the retort on the gas distribution
throughout the retort, and on the operation.

Run 454 which was made with 1/4 to 3/4-inch shale was used as
the basis for the calculations. It was assumed that the shale
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in prart of the retort was at the averace marticle size of the
feed (0.41 inch APD, ©l1ld Basis), nart of the retort contained

a smaller size shale (0.305 inch 2PD), and the shale in the
remainder of the retort was larger than average (0.55 inch ArD).
It was also assumed that the pressure at each elevation in the
retort were isobaric. (uench Run 509 was used as the basis

for estimating the size reduction in tihe shale down through the
retort, assuming the nercentace reduction of each size range
was constant.

The pressure drop ecuations used in the estimates are summarized
on Table 5. The basis for the effect of cas rate in these
equations was presented in lMay 21, 1965 '"onthly Prcgress flemc~
randum, Figures 18 and 192. The basis for the effect of APD in
the heat recovery and the combustion zone eguations was estimated
from the Ergun eguation. The basis for the effect 0of APD in

the retort and shale preheat zone equation was estimated from
Pigure 21 of the lMay 21, 1965 llonthly Progress lMemorandum. The
constants in the heat recovery and combustion zone eguations

vary to account for the different operating temmnerature levels.

The estimated effect of segregation on cas distribution throudgh
each section of the retort is summarized in Table 6. It was
assumed that segregation cdoes not affect the combustion air
distribution as the air distribution is controlled by restricting
orifices. It is noted that the calculated tctal retort n»nres-
sure drop (17.63 inches water) through the average narticle

size shale checks the reasured nressure dromn for Pun 454F (18.5
inches water).

The calculations indicate that:

(1) Segregation has a big effect on recycle distribution
through the heat recovery 2zone

(2) The recycle distribution becomes worse in the com-
bustion zone

(3) Segregation has little effect on gas distributiocon
throughout the shale nreheat and retort zones - i.e.
the gases would tend to redistribute. Iliovever the
calculations do not take into account tle heat or
temperature effects due to the recycle raldistributicn
below.

The above effects have a detrimental effect on the heat balance
and reterting results throuchout the unit and micht even in-
fluence the stability of the operation.

Further analysis of this type will recuire acdditionol knowledge
with regard to pressure cradient relationships, ané the effect
of shale feed size on particle size deterioration.
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TABLE 5

PRESSURE DROP FQURTIONS USED FCP PRELIIVARY

SEGREGATION ESTIMATES

Bottom 3.3 Feet of Yeat Recovery Zore
_ 'SCFH/FT2 147 [g.16)1.42
AP/L = 0'55(“Zmﬁ;““ﬂ {g~lo]

pD /

AP/L = inches water/ft
SCFH/FTZ = Recycle Rate

2APD Average Particle Diameter, inches

0.243 (APD) shale feed

itu

Top 2.2 Feet of Heat Recovery Zone

2
= scri/FT2  1-47 0,4611.47
4R/L = 0'75( 2290 ! \APD /

AT/L, SCFH/FT2, APD = Same as under A

Combustion Zone

= rscru/rm?2 1147 . 0.16:1.42
AP/L = 0.835L~§§§%. | 216

SCFE/FT2 = Recycle + Air Tates

AP/L, APD = Same as under A

Petort and Shale Precheat Zone
_ ‘ecri/rT2 VoS 0.
AP/L 0'28E"I§§U_“/ (

(¥, ]

\ IBD
_ 'SCFH/FT2, 6.5 0.62) ¢ . -p n
= 0‘28&'3§§6“—7) (%pp J for 2»PD > 0.62
SCFH/FT2 = Air + Recycle + Gas Make

APD = 0.85 (APD) Shale Feed, inches

AP/L = Same as under A

6) for APD £ 0.62°

Air + Recvecle + 2830 SCF/Ton T8


http:0.16')1.42
http:0.55('SCFH/FT2\1.47

TAELE €

SUMMARY OF ESTIMATED EFFPECT OF SEGPEGATION
Ol GAS DISTRIBUTION THPNUGHOUT RETORT

Shale Feed Small Secgregated Average Size Large Scgregated
APD inches <305 0.41 .55

Preheat +
Retort Zone

APD, inches 259 .35 .467
AH, ft 4.3 4.3 4,3
AP, © Hy0 4,01 4.01 4.01
4P/L, 7 H20 0.935 0.935 0.935
Qffgas:
SCFH/FT2 4900 5145 5380
Gas Make-y 720 © 720° /7207
{Bir- 1305 /1305} (1305 |
‘Recycle~ /12775, \ 3120/ 3355/
Combustion Zone
APD, inches 074 .10 .134
LH, ft 0.7 0.7 0.7
4P, ¥ H20 3.0 3.0 3.0
4P/L, " HoO/ft 4.28 4.28 4,28
SCFH/FTZ
Air 1305 1305 1305
Recycle 2005 3120 4555
Total 3310 4475 5660
Hleat Recovery
Zone
APD, inches .074 .10 .134
4H, ft 5.5 5.5 5.5
AP, " H,y0 10.62 10.62 10.62
4P/L, " E20/ft 1.93 Avg 1.93 1.23
1.69 Bottom 3.3 ft
2.3 Top 2.2 £t
SCFH/FT2

Recycle 2330 3120 4140
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I. ilechanical !"odels (T. C. Lyons an¢ L. J. Skowronek)

Shale Flow Studies

1. Calming HEeight Determinations

Calming heights are being measured for various shale sizes in
circular vpipes and rectangular ducts. Calming height was ex-
plained in the Progress I'emorandum of May 21, 1965, however,

the schematic diagram is repeated in Figure 4 to aid in analyzing
the results. Briefly, calming height is the length of pire or
duct required to obtain uniform shale flow even though the draw-
off at the outlet is non-uniform.

The calming heights observed to date are surmarized in Table 7.
These data reveal that:

(1) The 1/4 to 3/4-inch and 3/4 to 1 1/2~-inch shales have
about the same calming height in a given »ive or duct.

(2) A rectancular duct has a greater calring height than
a circular pipe.

(3) The calrming height increases as the rectancular duct
width increases. This increase is not apparent in
the circular pipes over the rance studied (7 1/2 to
l6~inch I.D.).

(4) Velocity in the range of 0.1 to 5.0 ft/min has very
little effect on calming heicht.

Further studies will be made with larcer shale sizes and spent
shale will also be investigated.

2. Segregation Studies

The mocdel which will be used to investigate marticle segregaticon
in shale beds has been comnleted and studies are in vrogress.
This model is a rectangular box 8-fecet wide, 10-~feet high, and
l1-foot deep. Shale is fed to one side of the mocdel and the
particles are allowed to flow unconfined to the other side (un
to 8-feet away). Thus, it is possible to simulate feeding a
shale pile up to l6~feet wide from a central vnoint. A movable
trough is used to draw shale slowly and uniformly across the
bottom of the entire model. The trouch is compvartmented so
that samples can be taeken which are reoresentative of material
passing down through vertical cores (6-inches wide in the bed).

The initial studies have been directel toward investicating the
effect of pile size. The widest size range (1/4 to 3-inch) has
been used since this material would have the greatest tendency
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TABLE 7
CALMING HEIGHT OF RAW OIL SHALE

Calming Height (1)

T Shale !
.. _Size ! 1/4 to 3/4-Inch 3/4 to 1 1/2-Inch

i

L
Configuration ~._

|
7 1/2 in. I.D. Pipe 1.2 - 1.6 Pipe Diam.i No Flow

11 1/2 in I.D. Pipe 1.2 - 1.5 Pipe Diam.! 1.2 - 1.5 Pipe Diam.
16 in. I.D. Pipe 1.4 - 1.6 Pipe Diam.i Mot Available As
Yet

i

12 in. Rectangular |
Duct 1.9 - 2.4 vidths 1.9 - 2.1 Widths

15 in. Rectangular
Duct 2.8 - 3.0 "idths 2.8 - 3.0 "idths

i

18 in. Rectangular |
Duct - 2.9 - 3.1 Vidths

i

3.0 - 3.1 Widths

(1) shale velocity was varied from 0.1 to 5.0 ft/min in each
case
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to segregate. The first runs have revealed that the segregation
is extremely severe. For example, in a l6-foot pile, the average
particle diameter (APD) ranged from 0.2-inches in the core be-
neath the feed point to about l.0-inch at the wall 8-feet away.
The APD's at intermediate points are shown in Figure 5.

These data also give some insight as to the renroducibkility of
the runs. 1In these studies, the shale is charced to the unit
and circulated until the entire inventecry has been rotated com-~
pletely. Thus, the distribution of particle sizes at the bottom
of the model is the result of the segreaation that took place

as the pile was formed at the top. Runs 1 and 2 are back-to-
back samples. The inventory was then circulated comnletely once
again and Runs 3 and 4 were made to get a second set of back-
to-back samples.

The segregation was equally severe in 12 and 8 foot piles as
shown in Figures 6 and 7. These runs were made by the same pro-
cedure as that described previously. It should be pointed out
that the increase in the composite marticle size in these runs
is the result of discarding the material smaller than 1/4~-inch.
This is being done to clean up the inventory.

Work is continuing with 1/4 to 3~-inch shale and smaller piles.
Studies will also be made with the narrower shale size ranges

in light of the severe segregation that has been observed to
date. Following this, efforts will be made to reduce segregation
by various techniqgues.

IV. ANALYTICAL LABORATORY SECTION (B. L. Z2eck and D. Liederman)

A. Progress on Determination of "Others" in Recycle fas

The Chronofrac gas chromatograph which has a catalytic combustion
detector, has been delivered. 1Initial problems of voltage and
gas flow stability are in the process of being rermedied. A
reculated power supprly and a gas sampling valve has been ordered
to help improve the instrument's performance.

Initial experiments with a 12-foot HMPA (hexamethyl vhosphoramide)
column verified that it can sevarate C» through C5 but, unfor-
tunately, the liguid phase slowly "bled” into the detectcr where
it partially polymerized and rendered the detector inoperative.

In addition, CO2 still presents an interference probler. How-
ever, two methods are being considered to circumvent this.

One involves using a dibutyl phithalate column, wvhich has just
been delivered. This column ought to nerform the required
separation, and it is revorted that the liguid phase does not
"bleed” as the HIPA does.
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The other is the use of an Ascarite absorber to remove the CO,
and thus eliminate its interference. However, there is a
guestion of possible absorption of organic components that will
have to be investigated.

The aim at the present time is to determine the cconcentrations
of ethane-ethylent (together), propane, propylene, butanes and,
possibly, pentanes. Feasibility should be demonstrated within
a week or two.

B. Distillation of Crude Shale 0il

The apparatus for distillation by ASTM D-1160-61 procedure has
been assembled and is now in operation. Several crude shale oil
samples have been distilled at 10 mm and corrected to 760 mm
using chart number 53-12. So far the shale oils distilled have
about the same distillation curves; a tynical curve is shown

in Figure 8.

The initial samples are being run in duplicate in order to
obtain precision data. So far it appears the precision is
within the limits given in the ASTM method.

c. Analytical Laboratory Methods

An "Analytical Laboratory Methods” book presentinc the details
of all orocedures and equipment in use in the analytical lab-
oratory is now in preparation. This publication, which is about
80% complete, should be issued next month.

V. ENGINEERING ANALYSES (P. *I. Cnyder, J. E. Burchfield and
K. I. Jagel)

A.  Retortinc Time-Temperature Profiles for Cross Section of
Pilot Retort Wo. 1 Runs

The shale temperature and kerogen decomposition profiles were
calculated from the average temperature probe profiles for

nine runs from Retort No. 1. The average nrofiles were assumed
to be gas temperatures and the shale temperatures were then cal-
culated using the math model with these profiles anc¢ input.

The resulting retorting time-temperature vatterns are shown on
Figure 9. The inclusion of more runs and using a more precise
method of calculating mean shale temperature from gas temperature
shows that we have obtained longer shale retorting residence
time than indicated in last month's Progress Memorandum. How-
ever, the general conclusion that 10 to 40% of the kerogen is
decomposed above 930° F (maximum Fischer Assay temperature) in
the Gas Combustion Retort is still true.
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FIGURE 9

SURED TEMPERATURE PROFILES

CALCULATED SHALE RETORTING TIME-TEMPERATURE
PROFILES FROM MEA

Math Model

Calculated From Measured Temperature Profiles by the
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Although only nine runs were evaluated in this procedure, the
following preliminary conclusions may be drawn:

1. Retorting residence time of less than 10 minutes in the
700 to 1,000° F zone reduces yield.

2. Longer retorting residence time cdoes not always increase
yield. This indicates that there are other factors
operating such as refluxing of oil.

The operating conditions, yield, retorting residence time,

and calculated kerogen remaining at 900 and 950° F are shown

for these runs in Table 8. There is no clear trend in operating
variables with retorting resicdence time; again indicating some
other variable is affecting yield. Increasing total gas rate
via air or recycle theoretically increases retorting residence
time. However, as can be seen by comparing Runs 558 with 550
and Runs 556 with 554, sometimes increasing recycle does in-
crease retorting residence time ancd sometimes it does not.

These data indicate that as far as retorting severity is con-
cerned there is not much flexibility in the Gas Combustion
Retort within the range that retorting severity is controllinc
the yield.

B, Experimental Proposals to Increase Yield on Retort No. 1

Last month's Progress !Mermorandum showed that the severe retorting
conditions of the Gas Combustion Retort result in lower yields
than are cbtained in Fischer Assay, Royster, Gas Flow and TOSCO
retorts. O0il yield from the Gas Combustion Retort should in-
crease if retorting severity is decreased and shale residence
time is increasec in the 850 to 950° F temperature zone. Four
schemes to accomplish this have been considered. They are:

1. Extension of the low air rate operation with nreheat to
stabilize the combustion zone.

2. Two level hot gas-air distributor.

3. Increase heat capacity of the gas.

4. Reduced peak temperatures in the combustion zone.

The bases and estimated overating conditions for evaluating
these proposals are summarized in Table 9. Discussions of

these propositions are as follows:

1. Low Oxygen Variable "ith Preheat

The regression analyscs that have been carried out with the
3/4 to 1 1/2-inch shale have indicated that a high yield region
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TABLFE 8
EFFECT OF PROCESS CONDITIONS Ol RETORTING ZOVE

Retorting Zon?l)
(700~1000°"F)

Shale Shale Kerogen
Bed Rate Air Yield Residence RPemaining %
Run Height 1bs/(hr) Rate  Recycle Vol % Tirme at at
No. _Feet (ft2) SCF/T _SCF/T RSFA  IMinutes  900° F 950° F
547 9 570 6,600 11,400 90 16 1/2 29 8
578 9 620 6,600 10,700 86 11 40 14
556 9 610 5,800 10,200 85 9 1/2 45 15
554 9 620 5,900 12,700 80 7 1/2 52 18
576 9 610 5,300 12,800 02 12 35 13
550 9 600 5,400 12,500 84 15 1/2 33 10
558 9 620 5,900 11,100 87 12 48 1¢é
508 7 500 5,500 12,800 89 12 44 15
530 7 640 6,200 12,500 84 12 - -

(1)calculated from average temperature profiles by means of the math
model



TABLE 9

SUMMARY OF PROPOSED MODIFICATIONS TO THE OPERPATION OF
PETORT 1NO. 1 FOR INCREASING YIELD

Air Distributor

Air Rate,SCF/T 5,00008,900(1) 4000-3000

Dilution Gas,

SCF/T -

Air-Dil. Gas
Temp. ° F

Air Burned
Internally,

% ~ 50

Recycle Rate,
SCF/T

- - - -

1,000 1,200 -

" 60-80

9,500 16,000 1200-2000

Increase Reduce Peak
Two Level Heat Temperature by
Modification: inimum Hot Gas - Capacity Consuming
Air Air Distr of Recycle Part of Air
Gas Externally
Bases for Regression Maximize Permit the Minimize
Optimism Analyses Retorting High PRecycle Peak Shale
Residence Rate Incicated Temperature
Time, and 3y the Regres- and Minimize
Reduce sion Analyses Combustion
Temperature "ithout Zone
Gradient Excessive
Across Liquid
Particle Loading
Operating Conditions
Shale Rate,
1bs/(hr) (£t2) 500 500 500 500
Bed Heights, ft
Air Dist. To
Top 6 7 -8 6 6
Hot Gas Distr.
to Top - 6 - -
Hot Gas Distributor
Total Hot Gas
Rate, SCF/T - 4000-9000 - -
Hot Gas Tenmp.,
°o B - 1200-1300 - -

750 of Pure 0,1 4,000(1)

9,000
"1,300

10

11,000

9,000
1,300

10

11,000

(1)Assumes adiabatic heaters on line burner transfer line to eliminate

heat loss.
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may exist at relatively low air rates. 2 number of attempts
to overate Retort Mo. 1 at low air rates have met with mixed
success. Sustained operation for eight or so hours have been
observed in vhich high yields were obtained. Fxternal obser-
vations indicated that the unit was lined cut, when suddenly,
the operation would deteriorate rapidly. Tentatively, this
has been attributed to a metastable condition in the combustion
zone. This proposed program is intended to investicate the
possibility of increasing the stability of the cembustion zone
by preheating the air. An attempt has been made to find con-
ditions which would give the same values of total gas flow, T,
and oxygen concentration in the combustion zone, O, which
regression analysis had indicated would give 90+ o0il yields.

In order to do this it was necessary to develop a relationship
between and propane flow rates with temperature and oxygen con-
centration of the line burner product. This has been done in
apprcximate manner by making a number of simplifying assumptions
and by recognizing that the maximum ellowable heat release in
the No. 1 line burner is 120,000 Btu/hr. It has been assumed

in this analysis that the heat loss from the line burner is
16,400 Btu/hr and that this heat loss is constant and independent
of line burner feed rates of propane and air. It is probably
a good assumption when the temperature of the line burner product
is near 1,000° F and the propane flow rate is 20 SCFH or greater.
The relationship between air and provane flow rates and line
burner product temperature and oxygen content which was developed
is shown in Figure 10.

The proposed run conditions which are designed to evaluate the
effect of air preheat on combustion zone stability are shown in
the following table:

Raw Shale Mass Velocity: 500 1lks/(hr) (ft2)
Size Range: 3/4 to 1 1/2-inch
Bed Height: 6 Feet 2Above Air Distributor
Preheat Runs: Line Burner Product Temperature ~ 1,000° F

Gas Rates (In SCF/Ton PS T(1) o(1)
Air Recycle Propane
5400 (2) 9500 73 15 5.0
4800 10100 68 15 4.5
Blank Runs: Air Inlet Tempnerature - Ambient
3900 11100 0 15 5.5
4300 10700 9 15 6.0

{1)2 = (Recycle + Air) 103 }SCF/Ton PS
0 = 21 x (Air)/(Recycle + Air)
(2) Approximately 400 SCF/T required to satisfy heat losses.
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The operability of the preheat runs should ke satisfactory.

It is expected, however, based on previous operating exnerience
that the low air rate of 4,800 SCF/Ton RS is about a practical
minimum. The cperability of the blank runs are more questionable
although it is felt that the second ccndition should oprobably

be operable based on vrevious experience. A 1,200° ™ preheat

run with 16,000 SCF/Ton of recycle and 3,900 SCF/Ton of air is
also proposed to establish the minimum air rate.

2o Tio Loy 1 viot Guc-7ir cdstriruter

Injection of oxygen-free hot gas above the air distributor into
the retorting zone should increase retorting residence time.
This scheme is being evaluated with the retorting math model.
The conditions specified in Table 9 are nreliminary bases and

will be changed as necessary.

Attempts on the math model to inject hot gas three feet zbove
the air distributor to complete 80% of the kerogen decomposition
resulted in quenching the fire at the air distributor. How-
ever, math model calculations have been successfully completed
with only one foot between the distributors. In addition, most
of the heat input in this case went in the air distributor.

The effects of (l)distance of separation and (2)heat apportion-
ment for the distributors are now being evaluated on the math
model. The major problem with this scheme appears to be in main-
taining a stable combustion zone at the air distributor.

3. Increased Heat Capacity of the Recycle Gas

Regression analyses and the fundamental consideration of re-
torting residence time indicate yield should be improved by
increasing recycle rate. Retorting residence time is influenced
by temperature profile which is in turn influenced by the heat
content ané hence the rate of recycle gas. However, raising

gas rate increases pressure droo very rapidly in the top of the
retort (lMay Progress lilemorandum, p. 22) thereby increasing
liguid loading. Thus, the potential for yield gain with in-
creasing gas rate due to residence time may very well be lost

by cracking or refluxing.

Another way to increase the gas heat content without increasing
gas rate, is to increase the molal specific heat of the gas
stream. Components with high molal specific heats are CO2,
CH4, and H20. Those with low molal specific heat include 03,
N2 and CO. Hence, gas heat capacity and temperature profile
along with their influence on retorting residence time can be
changed by increasing the concentration of CH4 and COj and/or
decreasing 03, N and CO. Commercially this may be done
through providing a portion of the heat input via an indirect
heater or direct combustion of spent shale and heat recovery.
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Either of these methods applied to the Retort Wo. 1 for test
purposes would reguire extensive revisions. However, conditions
could be approached by providing a part of the oxygen recuired

as pure oxygen and mixing it with recycle for burning in the

line burner or shale bed. This would reduce the large nitrogen
dilution effect on specific heat and increase the heat cavacity
of the gas. Although probably not attractive commercially some
indication of the effect on retortinag residence time, temperature
pattern, and yield would be obtained.

4, Reducing Peak Shale Temperatures

Reducing peak shale temperature has the advantages of potentially
improving yield and decreasing carbonate decomposition. Peak
shale temperatures can be reduced by externally consuming a

part of the oxygen required for heat input.

A test to determine the significance of such a nrocess change
must be large enouch to be discernable. Consequently, a pro-
posal was investigated in which 90% of the air was to be exter-
nally and 10% of the air was to be burned in the retort bed.

The total heat required at 500 1bs/(hr) (ft2) and 10% carbonate
decomposition is about 435 MBtu/Ton RS5 or 4,500 SCF Air/Ton RS.
The external heat release in consuming 90% of the oxyvgen is

211 MBtu/hr. MNo. 1 Retort line burner can tolerate a heat
release of only 120 Btu/hr. Hence a test in which part of the
air is burned externally reguires either that (1)less oxycen
be consumed externally, i.e. about 40 to 50%, or (2)~ larger
line burner be provided.

Another consideration for such a test is the temperature of
the gas from the line burner. The theoretical flame tempera-
ture of the undiluted burned gas is too high for the materials
normally used ané is undesirably high insofar as retorting is
concerned. Therefore the gas/air mixture burned to release
the required 211 MBtu/hr must be quenched with about 9,000
SCF/Ton RS c¢f dilution gas to reduce the inlet cas temnerature
to a reasonable 1,300° F.

Recycle rate for heat recovery in the bottom of the retort will
be limited to about 11,000 to 12,000 SCF/Ton RS because gas rate
appears to be limited by pressure drop in the top part cf the
retort. This limiting gas rate is about 6,500 SCF/hr ft2 or
26,000 SCF/Ton RS (for 500 lks/(hr) (ft2). However, pressure
drop in some section other than the top, and economics may
conceivably impose a lower gas rate limit. With the 26,000
SCF/Ton limitation, minimum air rate about 4,500 S£CF/Ton,
dilution gas 9,000 SCF/Ton, and sorme carbonate decomposition,
recycle rate must be limited to about 12,000 SCF/Ton. In heat
requirement calculations 11,000 SCF/Ton of recycle was assumed
giving a spent shale temperature of 500° F.
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Another consideration for this case is the larce volume of gas
going through the air distributor, 13,500 SCF/Ton RS, Since
this gas is at an elevated temperature and reduced nressure

the actual volure wer unit of time is unusually large relative
to normal onerations. ilence, a new air/cas distributor must be
provided for this proposed operation.

Because of the major revisions required for the line burner and
air distributor this proposal vvill not ke investigated at this
time.

C. Minirmum Air Recuirement for “etorting

1. ©Estimated ¥inimum Air at 500 1lbs/(hr) (ft2)

Heat recuirements for kerocen decomposition, and water desorntion
are fixed, but heat recovery diminishes with reduced recycle rate.
Since gas velocity is limited, recycle rate has to ke reduced as
shale mass rate increases. Thus minimum air reguirement per ton
of raw shale increases as mass rate increases. Air requirements
have been estimatec kelow for a mass rate of 500 1lks/(hr) (ft2)

and assuming 10% carbonate decommosition, The heat talance is
the same as those used in the material kalance nrcorar and the
reference is raw shale at 60° F,

Heat In MEtu/Ton RS HYeat Out """tu/Ton RS
Recycle 13.9 Carbonate Decomnosition 55.1
Condensing 0il 24.1 Tater Desorption 38.0

fnent Shale Sensikble Heat 149.6
Kerocen Decornosition 107.2
0il Sensible Heat 13.1
Gas Leak Sensible Heat 3.7
Offogas fensible Heat 40,2
Heat Loss 18,3
Tctal 38.0 Total 425.2
Net Heat Reguirement 387.2 "Btu/Ton RS
Heat Loss fror !'ew Line Eurner, if Used 43,3 "Btu/Ton RS
Air Required, No Line Burner 96 Ttu/SCF 2ir 4,100 SCr/Ton T8
Air Required, 7"ith Line Burner 4,500 €Cr/7on BS

The heat loss in srent shale was calculatec assuminag an 11,000
SCF/Ton of recycle and 500° F spent shale. Estimates of heat loss
in spent shale were reported in last month's Progress lMemorandum.
This estimate of spent shale temperature with recycle is pre-
liminary but is probably in the riaht range. 2s discussec in the
foregoing topic recycle and heat recovery from spent shale ray

be improved only slightly. A difference of 100° F in spent shale
tenperature changes air regquirement by about 30C SCF/Ten RS and
about 2,000 SCF/Ton of recycle is required to lover shale tern-
erature by 100° F,
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Carbonate decomposition, was assumed to be 10%. Ilath model runs
indicate that carbonate cdecomposition will probably be higher
than this. A change of 5% chances air requirerent by about

300 SCF/Ton RS.

Heat losses via the gas were estimated at 150° F top temperature.
Heat losses from the shell were estimated to be about 10,000
SCF/hr.

This is believed to be a fairly good apnroximation of minimum
air requirement fcr 500 1lbs/(hr) (£ft2). The calculation is sup-
pvorted by operating data on the Retert No. 1. Runs made at
4,200 SCF/Ton have been unstable.

2. Minimum Air Estimated on the Math mModel

Runs were made on the math model to estimate minimum air rate.
At 500 1lbs/(hr) (ft2), 12,000 SCF/Ton of recycle and 3,500 SCF/
Ton of air the computer could arrive at a solution only by
adding preheat to 1,500° F - equivalent to an additional 1,000
SCF/Ton RS of air. At 16,000 SCF/Ton of recycle ard 3,500 SCF/
Ton of air, preheat equivalent to an additional 400 SCF Air/Ton
was needed for a solution. The spent shale temperature calcu-
lated by the model was higher than the retort correlation
developed in last month's Progress !Memorandum. This accounts
for the higher stated air requirement by the model at 12,000
SCF/Ton of recycle. The correlation of spent shale terperature
with recycle rate will be improved as additional data become
available.

Carbonate decomposition for the math model runs was 15% and

14% respectively. Thus it appears that the minimum air require-
ment calculated by heat balance and math model runs is in the
range of 4,000 to 4,500 SCF/Ton and is dictated by combustion
stability.

D. Allis-Chalmers Crushing Information

Last fall Allis-Chalmers Manufacturing Company agreed to pre-
pare a proposal for crushing equipment for a 50,000 B/D
operation. However, unusually heavy committments on other work
have delayed their work. Last month Allis-Clamers sent their
proposal for crushing equipment. It includes an 1,800 ton/hour
primary single roll crusher and a 300 ton/hocur secondary single
roll crusher. The primary crusher will reduce a scalned feed
with an average size of 36" x 28" x 10" to a 14" minus nroduct
at a 12 1/2-inch setting. The seccndary crusher will recduce a
feed of 8" x 2" to 80 - 85% 2" minus. Power consumptiocn is
estimated to be 0.09 to 1 KWHr/Ton of meterial crushed for each
crusher.

The proposal covers the crushing equipment and deces not incluce
the associated equivment such as feeders, conveyors, ventilaticn,
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tunnels and other miscellaneous equipment. Much of this equip-
ment will be dependent upon terrain, location and other consid-
erations which will vary with each comnany's situation.

However this information may be helpful to particivants in their
plans therefore the Allis-Chalmers letter and attachments have
been forwarded to all Technical Advisory Committee members. A
large drawing of the 48 X 72 Fairmount (4872) crusher was omitted
from the letter because of difficulty in duplication but can be
made available uvon request.



