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NOTICE 

The prlm~ry objective of the Anvil Points Oil Shale Research 
Ccal't.er ''lONTHLY PROGRRSS r1sr1ORANDm1 is to advise authorized 
personnel employed by the Participating Parties (1) that various 
activities are in progress or that certain significant data 
have been obtained within the Research Center. 

These HONTHLY PROGRESS r1E~'~ORANDA have been prepared to orovide 
rapid, on-the-spot reporting 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 Imr'1ORANDA have not been edited in Cl.etai1. 

(1) Socony r~obil Oil Company, Inc., Project ~~anaqer 

Humble Oil and Refining Company 

Continental Oil Company 
Pan American Petroleum Corporation 
Phillips Petroleum Company 
Sinclair Research, Inc. 

http:Ccal't.er


• • • • • • • • • • • • •• 

~~OnTI-ILY PROGRESS r1.EfilORANDm 1 

(Covering May 16 to June 15, 1965) 

TABLE OF CONTENTS 

I. Mining Section . . . . . . • 	 . . 3 

A. Planning..... .••....•..... 3 

B. Production..... . ........... 3 

C. Mining Research . • . . • • • . •. .... 4 


II. r~chanical Engineering . . . . . . • . . 
 • 4 
Summary 


Retort No.2 ...•.•..•. . . . 4 

Stage II Scoping. 
 • • 4 

Discussion 

Retort lJo. 2. • • • • • 5 

Stage II Scoping...........•...• 7 

1. 	 ~1ining - Crushing - Retorting - Plant 


7Facilities . . . • • . . . . . • • • . 
 · 
2. Planning of Construction . . • . 
 · 8 
3. Recommendations.. . .•....• 
• • 9 

III. Retorting Section. . .. .••..•. .•. 9 

A. Retorting Operation 	 . . . . 9 


1. Retort No. 1 . • . . • . • . • . . . . . . 9 

2. Retort No.2. • . . . . 	 .10 


a. Current Results. . ..•.. 10 

b. Review of Operations ..••.....11 


B. Retort No. 2 Inspection and Startup Procedure .13 

C. 	 Investigation of r1ixing in Retort No. 2 Liquid 


Product Tank ....••••...•.•..•14 

D. Calibration of Retort No. 2 Orifice r,1eters. . .15 

E. Preliminary Correlation of Retorting Yield 

Date .... 0 	 15 

F. Ilist Simulation Studies • . . . . . . .17 

G. Commercial !'~ist Recovery Equipment. . .17 

H. Effect of Shale Segregation ...•......18 

I. j"Jechanical r-10dels •.••.....•.....20 


1. Calming Height Determinations. . .20 

2. Segregation Studies. . ......20 


IV. Analytical Laboratory Section. 	 . . . .21 

A. 	 Progress on Determination of "Others" in 


Recycle Gas . • . . .21 

B. Distillation of Crude Shale Oil 	 · .22 

C. Analytical Laboratoryf".ethods • 	 • .22 


V. Engineering Analyses .....•....•.....22 

A. 	 Retorting Time-Temperature Profiles for Cross 


Section of Pilot Retort No. 1 Runs.. ..22 

B. Experimental Proposals to Increase Yield on
.- Retort No.1. . . • . • . . . • . . . . . . .23 


Continued 



NOl'JTHLY PROGRESS r'1.Ej''IORANDm~ 

(Covering nay 16 to June 15, 1965) 

TABLE OF COl'JTENTS (COUTIi:lUED) 

Page 

1. Lm'>' Oxygen Variable 'Pith Preheat ••••• 23 

2. ~10 Level Hot Gas-Air Distributor••••• 25 

3. Increased Heat Capacity of the Recycle 

Gas. . • • • • • • . • • • • " • • • • .25 

4. Reducing Peak Shale Temperatures ••••• 26 


C. r-.Jinimum Air Requirement for Retorting • • • :2 .27 

1. Estimate ~!inimum Air at 500 1bs/ (hr) (ft ).27 
2. Hinimurn A.ir Estitn.ated on the ~1athi'1ode1. .28 


D. A lJ is-Chalme:t:s Crushing Information • • • • • .28 




-3­

CONFIDENTIAL 

1'10NTHLY PROGRBSS ~'1Er10RANDU~1 

(Covering !;lay 16 to June 15, 19€5) 

I. NINING SECTION (G. R. Ra"!Orth and J. B. Sellers) 

A. Planning 

The Humble mining engineer, Dr. Barry Sellers, arrived at Anvil 
Points on June 4. During the past month, J'1"'uch of the til"le T,<Jas 
spent reviewing literature and past practices concerning the 
Anvil Points Mine. 

As part of the Scoping Study for Stage II initial construction 
requirements, all existing equip~ent ana nlant facilities were 
examined to determine needs for the required J'l'ine prC"duction. 
The results of this study indicat€d that with the excoption of haul­
age trucks the eXisting facilities were adequate. A considerable 
amount of overhaul work ~..:dll be necessary on the equiol"'lent, and 
rehabilitation work has to be done on roads and service facilities. 
To supplereent the haulage truck fleet it is orcposef tc nurchase 
some light trucks suitable for handling the yarc1 Nork. 

Hork is proceeding on the preparation of the Mine Plans for Sto.ge 
II. In viel" of the length of time yyhich the l""'ine ,..7orkings have 
been standing open and after a thorouqh examination of roof con­
ditions, a series of alternative Mininq plans, ,,7ith 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 production and safe \l1orking conditions 
it will be necessary to set up a continuing program of roof 
and pillar control. Sag pins will have to be installed in the 
roof, periodic sag readin~s and stratascope investigations should 
indicate roof conditions and the nature o~ any parting of the 
bedding planes above. It is recommenCt.ed that further testing 
be carried out on roof bolt design and installation nractices, 
in the light of recent developments in this field. 

B. ~roduction 

The second round which was fired in "Charlie ll haulacre\'lay has 
been cleaned out and hauled to the crusher olant. The co}"'!­
pressors have been installed and work has started on scaling 
the face and roof boltina in oreparation for drilling the 
third round in "Charlie". 

Operating practices are being reviewed from a cost and safety 
standpoint. 

http:recommenCt.ed
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• 

The road to the mine is being graded and the ditches are being 
cleaned out to prevent washouts. 

C. r".ining Research 

Very little time has been spent on research at this ocint beyond 
setting down a few basic ideas on the type of research to be 
carried on. It is intended to nrenare a research pro~ram after 
completion of the Stage II mining plan. . ~ 

II. .MECHANICAL ENGINEERING (t,;. S. Bergen) 

Retort No. 2 was put into operation the evening of May 20. 
[;lany changes have been I"IaCle since in an effort to increase 
Mist recovery efficiency and improve liquid nroeuct-V'Jater 
separation. Scoping for Stage II was co~pleted and conies of 
the memorandum sent to all participating narties. 

summary 

Retort No.2 

After startup of Retort No. 2 it J:::ecarr·e evident that the pre­
cipitator was Malfunctioning, affecting ~ist recoveries. This 
was corrected. The air cooled condenser uss also piped in 
series and ahead of the precipitator to increase the recovery 
system efficiency potential. Problems have also occurred in 
separating and sampling the 't<1ater content of the liquid product. 
This system is being revised to effect a higher deqree of 
separation of water from the oil, and sampling procedures 
changed. 

Changes were also made to the go.Cl takeoff nroduct to rniniJ'T'ize 
the effect of the large void volnH''-'' "'hoV'~ the sl"!o.le bed. 

The air distributors appear to be effective 4 n pl.od"c~..-·';:l 4='l.:lt 
temperature profiles. 

Stage II Scoping 

Scoping for Stage II ",as completec.. Three develoPD7n~ ,,?lans 
were projected. Plan I was to develop Stage II fac111t1es by 
November 1, 1965 but found to iMpose a JanuCl.ry 15, 1966 com­
pletion date (authorization required to proceed by Jul¥ 15). 
Plan II will complete designs and order long range de11very 
equipment by November 1, 1965. Construction will b70in after 
that-date. Plan III schedules design and construct10n to start 
after November 1, 1965. 

It is our recommendation to adopt the Plan III prograJ'T'. Detail~ 
and reasoning are in the discussion of this report and the soec1al 
memorandum forwarded to Technical JI..dvisory Committee rleMbers. 

http:JanuCl.ry
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Discussion 

1. Retort IJo. 2 

Since starting operation of Retort ~o. 2, it hns become aonarent 
that operational problems still exist in 

a. Recovery equipMent efficiency 
b. Oil and uater senaration in the li0uid product 
c. Continuity of shale floM to the unit 
d. Gas metering 

All systems have been altered and improved. ~o""e :oroblel"ls are 
still to be solved. 

The electrostatic precipitator was shortin("f cut in service HheI" 
-qetort :'10. 2 began oneration. A :Research Cottrell service tech­
nician l/1as flm-Tn to Rifle and the prot IeIT's finally corrected. 
It is no,·.1 operatinq Cl.t e:o<"'?ected efficiencies. 

Throughruts of gas to the precipitator were aporcximately 
2,000 ACFti. The efficiency at this rate is 90%. To raise 
this efficiency, pioing changes were reacs to the bypass gas 
line tc reroute its passacre around the 10\<1 nressure rE'coverv 
equi~~ent. At the 5bo lb~/(hr) (ft2) shale ~ass rAte, the ­
efficiency of the precipitator should now ~e 08% Dlus. 

The air cooled conoenser \,1as reoioed to fe in series l',i th the 
precipitator. Approximately 40 - 50 pounds of vater-eil 
mixture per ton of shale is being collected fro~ the air cooled 
condenser. 

The recovery train nOH aT)pears to be operationally efficient. 
Plans are to bypass the air cooled condenser at an early date. 
Data vlill also be available shortly ~-7ith a breal~dowr. of oil 
and water recoveries from 

a. The Surge drum, cyclone, deMister combination 
b. The air cooled condenser 
c. The precipitator 

With the incornoration of the air cooled condenser in the 
recovery train, problems have occurred in senarating the lar~e 
amount of \'-later make fro!" the oil. The 'Or00uct from tl-)t?' con­
denser is now "Ournped continuously to the decanter. T!'.is err:ul­
sifies the Mixture preventing good decanting o~eration. Changes 
have been made to the decanter and its efficiency ~as irn~roved 
greatly. ~owever, it will be necessary to decant t~e condenser 
effluent prior to "OUTrIDing if further iI":Drovement is to be ob­
tained. This design is in progress. 

Sawpling of Tank D-3 has been a problem due to the laroe amounts 
of water collected. The stirrer appears to adequatelv'mix t~e 
product. A special test ,,,as made of the l'irocuct during one 
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pump-e.o't'm to test the t'1ater concentration at 200 noun.::' intervals. 
This 't17as compared with the normal sample taken curing the pumo­
c1mm. This test resul tec~ in a change of the sa'Tl.pling procedure. 
A continuous stream sam,.,le is nm,7 obtainec'. during the D-3 pUTI'P­
~~. . " 

Liquid decanting of the product from the ~recinitator will also 
be studied to improve the procedure. 

Shale flow controls have been revised to ungrade its reliability 
of operation. The ra~" shale dumpinq mechanisM at the~ichardson 
actuates approximately 300 times' daily. Problems have generated 
,\1i th the probe cccasione.lly preventing the r:.umning of shale to 
the Syntron. A second nrobe has been installed parallelina the 
first probe. EitJler probe will actuate the du~p ~echanisM. An 
alarn has also been installed in this syste~. It ~1ill function 
if the dump gate does not open ''lithin 30 seconds after it is 
electricaliy" actuated. 

Changes will also be roade to the roll feed discharaino retorted 
shale. Overriding naxiPlu!". and T!'.inimum settings \>dil be imposed 
on the system. These changes should insure shale flo" continuity 
short of a drive failure. 

Gas metering equipment 'pas ordered and installec on the last shut­
do·~.m. A Rootsmeter #387>1125 t'las purchased. !>recalibrated weter 
accuracy is 99.78% at 3,700 CFH and 100.20% at 38,000 CFn. The 
vent and all air orifices are to be calibrated. 

The raw shale sampling system has been changed. Sa~pling time 
was changed from two to one minute intervals. Breakers in the 
sample crusher were also replacer1. ]\ bolt in the crusher casing 
had broken out and ~17as replaced. This bolt opening permitte.c 
crushed dust to escape from the system. 

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

The Toledo scale to weigh snent shale has been nartially celivered. 
It will be installed ,..Then all parts on are site. 

The void volume above the shale bed in the retort is variable 
from 5 to 14 feet. At the lO\\7er r.ed heights 1 a larqe amount of 
tvall is exposed permitting condensation or ~ist aqgloweraticn 
on this surface. Internal extensions were added to the gas 
dra~Noff 'Jipes 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 
problem. 
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The retort was shut down June 14 for repairs. Inspection of the 
retort showed a clinker on the south wall exteneing to the center 
distributor ane across the full bed width. A nartial clinker 
had formed in the i'lE corner of the ,...all cHstributor blocking two 
ports. 

The remaining ports on all air distributors ~'!ere free from 
debris or buildup. 

A considerable amount of oil and coke \,1as found in the recycle 
gas distributor. r'any ports were plugged or partially plugged ­
mostly in the north half. The distritutor was cleared of coke 
and all ports openec1. }-In inspection will be l"'!ade on the next 
shutdown to ascertain if there is a recurring co~dition. 

The retort wall aside from the clinker was clean. 

No inspection was made of the nrecipitatcr. 

Facilities to meter air into the recycle cras ~inin~ were adeed. 
B. Stage II Scoping 

The Scoping Study for Stage II was completed. 


A special memorandum titled "Scoping Study for Rtage II Initial 

Construction Requirements" was sent to all participants on 

June 1, 1965. The following are the conclusions and reco~~en­


dations of this report. 


1. Mining - Crushing - Retorting - Plant Facilities 

Existing mining, crushing, retorting, and ?lant facilities are 
adequate to support the Stage II prograM. !:xtensive revisions 
and repairs will be required but nothing of a serious nature. 
A new transformer is needed for the recycle blower on Retort 
No.3. 

The mine will be rehabilitated a~d a m1n1ng plan submitted to 
the U. S. Bureau cf nines for approval. r~uch of the existing 
mining equipment will be utilized. 

The crushers will be reconditioned for full time oryeration. 
Preliminary tests have sho\'m the crushing plant capacity to 
exceed retort needs. 

The retort shell, its structure, ana controls are in excellent 
condition and will be put into operation with a Minimum of cost. 
Blowers, piping, pumps, recovery equip~ent and retort internals 
will be replaced. 

A revie\\T of the tank farm indicates stcraqe capacity adequate 
for 30 days full operation. r1eans of disnosing of product ~"ill 
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have to be found. In previous operations, Many communities 
~qere given this oil for road surfacing progrC'.ms. This may be 
a feasible method of disposal. 

2. Planning of Construction 

The PERT diagram for Plan I shows that the NoveMber 1, 1965 
completion data for construction cannot re met. The earliest 
~ossible date for the completed retorting, Mining and crushing 
plant construction ,"ould be January 15 , 1966 even if a1')proval 
to proceed were given by July 15, 1965. Plan I now re~resents 
the shortest design and construction time from July 15. 

Plan II and III are as originally ?rojected. 

In all cases, it will be necessary to preryare the ~ine road 
and mine ,,'ater supply by Septel"\ber 20 , 1965 with an expenc:ature 
of $38,000. 

Costs for the three plans are as follows~ 

Plan I Plan II Plan III 

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 .A.fter COP'," 
pletion of Construction(l) 15 1/2 mo. 14 p'o. 12 MO. 

Total Expenditures or Committments 
for the Stage II Program 
Construction 

Retort A 7-1-65 to 11-1-65 
11-1-65 to Completion 

Date 

$ 521 

150 

$ 287 

414 

$ 38 

663 

Total $ 671 $ 701 $ 701 

Retort B 7-1-65 to 11-1-65 
11-1-65 to Completion. 

Date 

558 

155 

304 

439 

38 

705 

Total $ 713 $ 743 $ 743 

(1) Sufficient time and money should be available to complete Stage 
II, even if Plan III is selected. 

Construction will be contracted on a cost-plus basis as ~.Tculd 
drafting, engineering, crushing plant and 1')lant electrical 

http:progrC'.ms
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requirements. A $30,000 ~enalt~ tao been inclueef j.n Plan II 
and Plan III for Tlinter tiI!'C corstruction. 

Plant labor 'Hill be used for F'('Ist of tl'e '""iri!~q rehaLilitation. 

3. ceco~rneneaticns 

rylan III hC'ls several aa.vantac;ee c\'er Plan I an( II. r'UC1l r::~ t!le 
orcsent experi~ental nrnara~ will crt he co~nletcd until late 
·5U!"l!l1er. DBCi sions rasul tine; fror:1 the~~ eXDGrirental ""'rogr':''!'I's 
will have a direct Learinq on shale ~ee{ an~ discharae syste~~ 
and the retort itself. Desiryn critGria for rl~p I ~ust tc 
develo~eC by ~uaust 13, ~lan II ~v ~cntari'er 3 ~n~ PIer III Lv 
:'loverober 26. Plan III permits cOI'1:~}letim: C7: exneri'·"cr.tal -nro'~ 
grams before desi~ns are requircn. 

Plan I and Plan II reC"uire a ccnsi{.arD,tlr cash inv89trlent nrior 
to authori:;~ation of Ste.qc II ?he :'?'fTT shon~ a tt,·o !"Ionth ti:mc 
advantaqe of Plan II ovbr Plan I!I at a cost ri~k (~ $?~SrCOO 
during Stac:;e I. It is r:ossible to narrcp the tir.-c d1 ·U~t';rentl.cl 
betllreen Plan III cm~ II to five "8eJi8 if ?utbori ?2'i:ion per'.') 
givGn three \r'cel-:s l:,efcre ~ta,...e II i~ aut;,~orizp.~. ':."'110 c~sh risk 
'>1culd Le sriall L1 cCPH)ariscn tc t!'1e S'ain in tir·c. 

Both Plan II and Plan III corte-~late ~inter ti~e cor~truction 
~.Tith no relative Be.vantage :::0:'(' cit1'.er. !'l?n I is test fr('!(' :2 

construction weather vicwryoint tut ri3~9 ~52l,OCr duri~q ~taqe I. 

Plcn I and PICln II .:lill iJ:'11.:JOSE' 21. heevy ae:".i til'"lnal Fork 102," 
unon our enc;ineerinsr ':')erscnnel at 0 til'!'o ~Jben the eX'')eri~'Gntill 
progra.T"'. is at its height. Plan III pill allevl.Clt(' t~.ip: con" 
c1ition. 

For these reasons 1 ,,7e recoIPmend Plan III fer the ec;tahliGhr--r:nt 
of Stage II. 

III. RETORTING SECTION (.:r. r:. La,·rscn) 

A. Retorting Oneration 

1. Retort l~o. 1 

Demonstration runs at a 600 Ibs/(hr) (ft2 ) rate using 1/4 to 
3/4-inch shale have been completed on Retort No. 1 with the 
results shown on Table 1. Tho yields were calculated on a 
raw shale basis, with one 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 feet of shale 
above the air distribution in a 9 foot retort) may have 
adversely affected mist product take-off. This ""ork may have 
to be repeated after mechanical changes to the unit. 

http:cit1'.er
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Demonstration runs Here attempted at a 30 n 1b/(hr) (ft2 ) rate 
using 3/4 to 1 1/2-inch sra1e at the no~ina1 conoitions of 
:::lon Run 334E in "Retort ;.~c. 1, as sho\vn on Table 1. The low 
yields and skewed temperature !'rofi1es indica.ted internal 
ref1uxing. Brine addition was attemped on two occasions 
(Puns 602 and 604) without a11eviatin0 the ref1uxing. Inspec­
tion of the unit upon shutdown revealed the presence of a 1arqe 
clinker covering o~e half the cross sectional area of the 
retort, located about three feet 0e10\'.7 tr.e to'r' of the shale 
be6.. This clinker varieCi frof"l six inc;jes to or-e feot in 
thickness. It is our best judgment that the c1inl<er t,1as 
formed during the transition froM 1/4 to 3/4-inch to 3/4 to 
1 1/2-inch shale feed. 3ecause of the clinker and the possible 
effect of voiCl velure at the top of the rE:tort, this tc,7ork ~,d11 
have to be repeated. 

2. 	 Retort No.2 

a. 	 Current Results 

Recently a series of runs at identical coneition~ have been 
accomplished at Petort No. 2 in oroer to aeterr:"ine the 
prob1e~s which exist in ~easure~ent technicues and oneratincr 
procedures. Results from a nre1ininary analysis of these 
runs are presented in Tah1e 2 attached. The~e cata inei­
cate an average yie1c of 95.5% 3t t~ese oneratipq conditions. 
Accounting of water in the orecipitator 1iauif nroduct for 
Runs 614 to 623 tras not nroper since it ~.ras assuMec the oil 
\'1as cry. The effect of this factor on the c.bove !3eries 
could be to lor,7er yield ("f Run 623 Ly at most 4% ~.7hich '-TOu1d 
lower the average yie1c by at ~ost 1%. 

Detailed analyses of these e.ata is still being maCe. Row­
ever, SOMe areae of interest are imf"lediate1y ap~arent. 

(1) 	 Ash balance is less than satisfactorv. rs mentioned 
elsewhere ir. this renort, it is believed that the 
inaccuracy is 6ut: to ncor c:;pent shale t~1eiqht accoun­
ting anc \-d11 be ma.teria11y reducec~ \',Then the spent 
shale weigh scale is installed. 

(2) 	 ~ater ta1ances ere also not accurate to a eesirab1e 
degree. f"or); on this Jirob1eT" is continuin("f ane !"'lay 
result in irn,roved yields and balances. 

(3) 	 A1th~ugh it is not readily ap~arent from these (ata, 
the Fischer !'ssay of ra~,'7 shale is ~oyne~'.7hC"t higher 
than expected. These assays avera("fe{ 30 qa1/ton R8 
whereas saMPles obtained at the cruehinq ~lant over 
the same '('eriod averaged eth:ut 29 qa1/ton "G. This 
result is Lelieved to be cue tr inaccurate sa::~linq 
at the retort. Stens are beinq takep to iMrrove 
this situation. 

Full analyses of these ~ata ~ay reveal other pro~ising 
leads for i~Drovement of roeasure~ent~ and o~erations. 



TABLE 1 


RETORT NO. 1 DEr'lONSTRATION RUNS 


Run Nos. 	 596-600 601,603(1)602,604(1) 

Shale Feed Size, inches 

Operating Conditions 
Mass Rate, lb/hr-ft2 
Air Rate, SCF/Ton RS 
Recycle Rate SCF/Ton PS 
Bed Height, ft 
Off Gas Temp., of 
Raw Shale FA, gal/Ton RS 
Brine Added, gal/Ton TIS 

Yields and Quantities 
Oil Yield, Vol % RSFA 

Gravity, °API 
Gas Make, SCF/Ton RS 

C02 Content, Vol % 
Htg. value, BTU/SCF 

Spent Shale, wt % RS 
Organic Carbon, wt % 
FA, gal/Ton 

Mineral C02 Decomp., % 

Balances, % 
Ash, as ~easured 
Overall 
Organic Carbon 

Basis for Calculation 

-r/4 3/4 

3/4 

589 

6070 


10440 

6 


124 

27.3 
o 

85.6 
20.7 


8050 

27.2 

95 

77.4 
1.78 
0.0 

42.9 

97.8 
100.4 
100.9 

4 as meas. 
1 spent 

shale 

1 1/2 

295 

4330 


12860 

6 


189 

28.6 
o 

35.0 
20.0 


5440 

22.0 


127 

81.5 

2.40 
0.0 

22.0 

99.0 
99.7 
95.9 

2 as 
measured 

3/4 	­
1 1/2 

206 

44€O 


13470 

6 


184 

29.2 
2.8 

81.2 
20.3 


5390 

20.0 


148 

82.4 

2.54 
0.0 

19.8 

99.7 
99.0 
97.1 

2 as 
roeasuree 

(1) see discussion for comments on larqe clinker formed bett rleen 
Runs 600 and 601. 



TABLE 2 

CURRENT RESULTS ON 3/4 ':!.'O 1 1/2-INCH SHALE - ,!"{PTORT NO. 2 

• 

Avg 
Run Nos. B623 B624 B625 B626 !'\623-626 

Operating Conditions 
f1ass Rate, 

1bs/(hr) (ft2) 508 511 507 505 508 
Air Rate, SCF/Ton RS 5,720 5,700 5,620 5,670 5,680 
Recycle Rate, 

SCF/Ton RS 11,250 11,190 11,200 11,330 11,240 
Bed Height, ft 8 g 8 8 8 
Offgas Temp., of 126 127 12~ 126 127 
Raw Shale, FA, 

gal/ton RS 29.1 31.0 30.2 29.8 30.0 

Yields and Quantities 
Oil Yield, Vol % RSFA 88.7 82.8 83.7 86.7 85.5 

Gravity, 0 API 21.6 21.1 21.0 21.0 21.2 
Gas r~ake, SCF/ton RS 7,260 7,050 7,140 7,240 7,170 

C02 Content, Vol % 23.7 22.5 23.5 23.2 23.2 
Htg. Value, Btu/SCF 110 125 117 120 118 

Spent Shale, Wt % RS 79.3 79.0 80.0 80.4 79.7 
Organic Carbon, ~7t % 2.33 2.56 2.47 2.51 2.47 
FA, gal/ton RS o o o o o 

Uinera1 C02 Decomp., % 34.9 32.9 31.4 32.9 33.0 

Balances 
Ash, as measured 94.3 91.0 98.7 94.7 94.7 
Overall 100.6 100.0 100.8 101.8 100.8 
Organic Carbon 101.1 98.4 100.7 104.1 101.1 
r'7ater 125.5 11B.3 137.4 146.1 131.8 
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b. Review of Operations 

Retort No. 2 was fired on the 12-8 shift on May 21, and 
brought on stream at the conditions of Runs 507 - 509, tho 
500 lbs/(hr) (ft2) denonstration from Retort No.1. Initially 
mechanical difficulties with the Utah shale feeders caused 
problemsj this was cleared up by the night of Hay 22. 
Results of the first four runs (B605 - B608) are sho~7n in 
Table 3. Unit operability v'ras good and ter."perature profiles 
reasonably uniform. The high oil oroduct API ~ravity indi­
cated internal refluxing, probably due to the void volu~e 
at the top of the retort (7 feet of shale above the distri­
butor in a 14 foot retort). The unit t'las shut dOTA7n on r.fay 
26 and the product take-off lines "rere extendef to l'lithin 
six inches of the bottofo of the shale feed chute. This 
change succeeded in reducing the oil product API gravity 
to a reasonable level and sliqhtly increased yield. 

During the period of these tests, the electrostatic ?recipi­
tator \'las not adequate to recover nroc;uct from the recycle 
gas stream. Therefore, the air cooled condenser was used 
for product recovery on Runs B605 - E608. 

The Toledo spent shale scales, which had been delayed be­
cause of tornado de.mage to the manufacturer I s plant, hac. 
been promised for shipment ~1ay 14. HO"!ever, to de.te the 
entire shipment of Darts has not been received. Because 
of the unc~rtaintie~ in scent shale weights, all results 
will be reoorted on a raw-shale-forced-ash-balance basis 
until the scales can be installed. At present, the spent 
shale is ''''eighed on truck scales ane the \'!eights used for 
guidance only. 

An inordinate amount of difficulty was encountered on start­
up Nay 27. The unit was shut dO"Tn o.nd inspected in 0.etail 
by the technical staff on t:'1e night of 1\~ay 28. 1:0 mechani­
cal anomalies were encountered. A detailed account of this 
inspection is given elsewhere in t~is renort. An im~rove~ 
startup procec1ure '''as develooed an,: the unit startec UP 
smoothly on the 12-8 shift ~'!ay 29 under technical supervision. 

The unit was operated for Runs B609 - E6l4 using either the 
air cooled condenser or the air cooled coneenser ane electro­
static preci~itatcr in Darallel in the recovery system. 
During this period it became quite evident that the mist 
recovery system \1aS not functioning adequately. The unit 
was shut down on June 2 to oipe the air cooled condenser 
and electrostatic precipitator in series and to reduce 
the gas volume flo\'ring through the lOt-! pressure gas recov'''!ry 
system. These changes succeeded in increasing the mist 
recovery efficiency. At the same time, the product take­
off lines ~ere made adjustable to provide flexibility on 
bed height. 
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• 

The unit was started up on June 3 to unGertake a liMited 
study of the effects of recycle ~as rate ~nd bed height,
starting with Run B6l5. 

The unit 'lIas shut cown on June 14 to install the r.::oots 
Connverville <;as floNtn.eter for calibrating gas orifices 
and for inspection. During the ins~ection it was found 
that parts on the north end of the recycle gas distributor 
had become plugged, tvl"l.ich probably occurred during periods 
vlhen the electrostatic precipitator \-,ras net in service. 
This may account for the slightly 10l'!er temperatures which 
have consistently been noted on the north side of the unit. 
It ~ay also account for some of the operating stability 
problems encountered. Calibration tests of t~e various 
orifice meters made during this shutdO't,m are included under 
a separate topic of this report. 

The unit has shown a tendency to ferm clinkers ""hen shs.le 
feed is interrupte(l. f1e had had a momentary po,,!er inter­
ruption and SOl'!"'e problens ,,1ith the Richardson feed system 
(failure to dump) Hhich have cs.used feed interruptions. 

Recycle gas rate appears to be much wore critical t~~an on 
Retort ~o. 1. If the recycle qas rate is increase~ to about 
13,000 SCF/T, the product API ~ravity tends to increase 
to about 22.5, indicatinq 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 ~robably been aggravated hy recycle 
gas malaistribution, due to the ~lu0ged ports foun~ en 
June 14. 

The offgas temperatures encountered on :q6tort j 10. 2 are 
considerably higher than on Retort Po. 1. ~"hen bed height 
"ras increased fro'M seven to eight feet these terrmeratures 
\l1ere reduced to an acceptable level. Increasinc; the bee 
height to nine feet did not reduce ter?cratures further. 
The increase in bed height probably COMryensates for minor 
cifferences in configuration. 

Separating water from the oil oroduct has continuef to be 
a probleM. Several decanter modifications have been ~ade 
s.nd none has ~"orked tJllell. TThen the l·la.ter-concentrations 
are ~easured to be low, yielcs are generally improved and 
carbon balances are good. nhen the r'rater-concentrationn 
are high, the converse is true. Apparently the large 
amount of lvater recovered in the air cooled condenser has 
aggravated the problem. ';-ork is continuin~ on this item. 
Some efforts alonl?' these lines are reported else\'lhere in 
this memorandum. 
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In an attemot to improve yielc anc operability on Retort 
no. 2 we plan to try injection of about 1% oxygen c.s air 
into the recycle gas stream. There are some in6.ications 
that this will be effective in alleviating incinient recycle 
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 larae 
amount of ~1ater collected in the air cooled coneenser. 
The lack of moisture in the retort may have a fundamental 
effect on the water gas shift reaction and on certain COM­
bustion reactions. Pe ?lan to try operation \\'Iithout the 
air cooled condenser, if the electrostatic Drecipitator 
will adequately recover oroduct with the re8uced gas loadin0. 
If not, steam injection into the recycle gAS stream will 
be attempted to evaluate the effect of moisture concen­
tration. 

B. 	 Retort No. 2 Inspection and StartuD Procedure (3. B. Bad~ad 
and J. G. ~Utchell) 

On Hay 26 the retort was shut dONn 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 suhsequent 
period f'Jay 26, 27, and 28 the unit uas clinkered two Tl10re times 
on the south side during startup attemots. During this nerioe 
the follo~1ing observations and tests ~·,rere made: 

1. 	 The uniformity of shale flo~" throughout the retort 
was verified by observing the level of the surface 
of the shale bed while dral'lin<; shale out the bottom 
of the retort in a normal manner. This test did 
deviate fro~ normal retort operations due to the 
fact that the shale inventory throughout the unit 
during the test was raw shale. 

2. 	 The south gas outlet from the top :olenUlT' of retort 
contained considerably more deDosits than the north 
outlet. It also was notec during the ~revious Runs 
E60S through B608 that the tor south qas outlet was 
hotter than the north outlet. These factors, 9lUS 
the fact that clinkers occurred in the south section, 
caused concern about the combustion-air and recycle 
gas distribution. 

3. 	 Insoection of the air distributor indicated that all 
orifice ~orts were open. 

4. 	 Inspection of the recycle distributor orifices would 
have required considerably Irore c~.m"n-time. Therefore 
a smoke bomb test Nas made on the recycle distributor 
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with a shale level about one foot above the Cistri ­
butor. Smoke appeared to rise out of all ~.reas of 
the bed. 

It was concluded that special care should be taken in starting 
up the unit, observin0 retort ternryeratures ane controllina shale 
rate very closely. The startun '!Jrocecure PClS accordingly'revised 
and the ensuing startup nroceeded smoothly. ~uhse<"!uently, an air 
distributor skin therreocouole enG'. a combustion zone therrrtoccuple 
immediately a&jecent the air distributor ~ines were ccnnectec 
to the temperature recor6er. 

C. 	 Investigation of ~'ixinC1 in Retort i·'O. 2 Liquid Pro('uct 
Tank (J~ H. Easz) 

A number of liquid product sann1es pere taken at Temk D-3, the 
main liquid product tank, to deter~ine if the sa~ry1es obtained 
by the routine sanp1inq proceCure were truly renresentative of 
the contents of the tank, !'larticu1ar1y ~·d tl1 resoect to t,. 1ater. 
The results of these sa!!loles c:tre sUI"marized be1oN. Pote that 
t',~10 sets of sam:,",les \-Jere obtained. One set ~'Jas o1:tainec" froT" 
the PUI'!'lP discharge as the tank Y.'as ;:mT!1oed out, a sarn'l'")le reing 
obtained at incre:rr-.ents of 200 nounc1s veiCTht less frorr. D-3. 
The secone. set of sar.n1es ~r.!as o:t:tc.ined by a t~1ief 4=roJ:""! the 
north siee, seuth side, and center of t~e tank. 

Suromary 	of Analyses for Pater of Li"'uic Proc"uct in D-3 

Product 
Sample Tank 

No. D-3, Nt ~'1ater SeCliT"ent 

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 18.1 0.45 
5 900 18.7 0.40 
6 700 18.6 0.40 
7 500 19.C 0.40 
8 300 lS.4 0.40 
9 100 15.6 0.55 

;Torth ~ide ­
D-3 Thief 17.6 2.30 

South Side ­
D-3 Thief 18.9 1. 70 

Center D-3 Thief 1E.1 1.35 

The oumo-out sa~'l'")les averaaed 18.1% water and the t~ief samples 
aver~(Te~ 10.2% w~ter. The-sediment va1ue~ fer the thief sa~r1es 
are higher than those for the pump-out samples. TlJis j s l'e1ievec 
to be because the thief picked un dirt fro~ the tott~rn of the 
tank. 
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It therefore appears that present liquic procuct hanJ1ina pro­
cedures are ad~~uate to produce a gooc mi~ture in the 1i~uid 
product tank. 

As a result of tLe study it was decided to continue current 
procedures and to obtain a composite sa~p13 of the tank con­
tents by sampling continuously during nUI"lo-out of D-3. 

D. Calibration of 9.etort No. 2 Orifice ~~eters (P. :~. Gifferc') 

The air, dilution, and vent orifices have been calibrated against 
the new Roots Connersville oositive disrylacenent ~eter. The 
results of this calibration' are given in Table 4. Based on 
these results it is recom~en~ed that no changes re ~ace in the 
meter factors presently being used. 

In addition to the results sho~n in the tat1e, a 12-hour check 
on the air meter during the requ1ar operations sholiled 223 SCFf'­
by the Roots meter versus 228 SCFf"! calculated for the orifice 
meter. It thus appears that no correction factcrs are warranted 
at this time for orifice Meter factors on l:"Ietort Po. 2. 

E. Preliminary Correlation of ~etortin~ Yie1a ~ata CR. I. Jage1) 

In last month's Progress ',1eJ!loranc'uI'fl, a correlation of the oil 
yield data obtained with 3/4 to 1 l/?-inch ~hale was presented. 
P. slight ir::nrov€!"Ient in correlation has not.; been obtained hy 
correlating yie1e ir: terMS of air f1m,7 ratio an\~ recycle gal; 
flow ratio rather t~an total gas flow ratio and oXY0en enterina 
the combustion zone. This is Ehot'Tn in t 1,e fc110'i.dna tabulation: 

Standard feviation of data before regression :!: 3.12 

Correlation with total gas flow ratio, T, 

and oxygen concentration enterina th~ 

combustion zone, O. 


Standard error-about regression ± 2.62 
Corr~lation coefficient 0.62 
F ratio 4.66 

Correlation with recycle gas flow ratio 
and air flow ratio 

Standard error'about regression + 2.60 
Correlation coefficient 0.63 
F ratio 4.94 

This ne\-l correlation has the fo11mving form ~ 

y = DO+B1Xl+B2X2+B3X3+B11X12+B22X22+B33X32+P12X1X2+D13X1X3 
+B23 X2X3 



TABLE 4 


ORIFICE CALIBRA.TION - RETCRT NO. 2 

JUNE 15, 1965 

Roots 
rreter F1m,.' Flow 

Reading Pressure TeI!lp Rate Orifice Pressure Tern':"> Rate(l) 
o 'Ii' • R'Time ft 3 in H20 SCF/;\~ Peadincr ~n··20 o F' SCF/;:1 

V~t~T ORIFICE 

0750 104200 60 123 5.3 40 110 
0900 130000 59 128 312 5.47 38 118 2~2 
0929.5 141000 57 131 309 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 ORIFIC:': 

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 

(1) This rate includes an estimated 13 SCF/·~ 1ealr \'lhich cccurreC! during 

the vent orifice calibration. 
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T7here 
En = LM~irica1 coefficient 
Xl = Recycle gas flow ratio, SCF/Ton ~s 
X2 = Air flow ratio, SCF/Ton RS 
X3 = Residence time naraMeter defined as 

(red height above air distributor/raT" shale r.1oss 
velocity, ft 3 - hr/1b RS) X 10 2 

The stationary point of this correlation is at 3 recycle gas 
f1m" ratio of 10,000 SCF/Tor. RS, an air f10\7 ratio of 4,600 
SCF/Ton RS and a residence ti~e parameter of 1.79. In order 
to obtain a geometrical interpretation of the reSD~nse surface 
it is helpful to consider the surface obtained wit~ t~e inae­
oendent variables considered two at a time. 

Recycle gas f1m" ratio, Idr f10\'1 ratio - r'in1r.1C1X (Saddle) 

?-.ecyc1e gas f1m,! ratio, Residence tir::1e - '7aximu!"1 (Surrounc1ec'l 
by elliptical contours of yie10) 

Air flow ratio, Residence time - T"iniP'\ax (Saddle) 

.?l. plot of the response surface obtained C.t a recycL~ gas f1o~'7 
ratio of 10,000 SCF/Ton RS is shown in Figure 1. The empirical 
coefficients of this correlation are: 

Bo 7.0068:no 1 

B1 1.06 X10- 2 
B2 -2.24 X10- 2 
~3 1.7483X101 
B11 -3.79 X10- 7 

B22 9.35 X10- 7 
B33 -5.380 
B12 3.26 Y10- 7 
£13 -2.53 X10- 3 

~23 5.87 X10- 3 

In order to evaluate the relative irnDortance of the three ince­
pendent variables considere6 in this' corre1Rtion, the yield 
data have been correlated in ter~s of each 0= the v?riab1es 
taken singly. The fo11~7ing results have been obtained~ 

Correlation vi th recycle gas f1m·r ratio oi'11y 
Standard error about regression ± 3.17 
Correlation coefficient 0.11 
F ratio 0.43 

Correlation ltli th air f1ol'! ratio only 
Standard error about regression ± 3.09 
Correlation coefficient 0.25 
F rcl.tio 2.41 
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Correlation with residence time paraMeter only 
Standard error about regression ± 2.64 
Correlation coefficient 0.56 
F ratio 17.1 

The low value of the F ratio for the first b~ of these cor­
relations compared to the third indicates the overridinq 
signi ficance of the third variable. Sort'e 1.lOrk is nm': goin~ on 
to develop a method of correlation which will reduco the 
sensitivity to this residence time paraMeter. 

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

One of the key Darts of an oil mist siMulation annaratus is the 
mist generator. 1;1hen this <;tudy was undertaken it l·7as felt that 
an oil mist lubricator made by C. A. Norgren & Co. would be a 
sui table l':ist generator. Subsequent evaluation has inrUcated 
that it is not suited for this service. An atomizing nozzle 
made by Astrosonics, Inc. ~Thich appears to be usahle for this 
purpose has been ordered on a rental basis so that it May ~e 
evaluated. The perforMance charo.cteristics of this nozzle as 
described by the manufacturer are sho,"n in Figure ~. 

G. 	 CoItlmercial~1ist Recovery Ecuipment (J. H. Haddad and J. G. 
l1itchell) 

Discussions with Research-Cottrell, Inc. nersonnel at 30undbrook, 
New Jersey, and subsequent confirmation by letter indicate that 
the use of an electrostatic nrecipitator for the recovery of 
oil mist will be economical ccmmercially. Operaticnal problems 
at full oil loading and high dust loads are not anticinated. 
The estimated cost for a cowmercial size unit of 460,000 SCFr:~ 
(to service a 16,000 to 19,000 TID retort) is $0.54 oer ACFM. 
In contrast, the cost of an experimental nreciritator to service 
Retort No.3 (12,000 SCFf1) is $4.76 per .n.CF~~ 

Quotations fro~ Research-Cottrell were requested for the fol­
lowing conditions. 

Efficiency = 99.5% 
Operatin9' Pressure = 3 inches ",ater gaqe 
Oil Loading of Gas = Full (.0058 lbs per ACF) and 

Half 	 (.0029 lbs per ACF) 
Gas Temperature = 140 0 F 
Gas Density :; .079 lbs per cu ft Cl.t Std conditions 
Oil Pour Point = 85 0 F 
Oil Specific Gravity = 0.8 
Oil Viscosity = 130 SUS at 130 0 F 
Dust Content = 20 - 40 grains ryer cu ft of c!?s 
Oil Size = 20% less than 1 Micron 
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Preliminary quotations for the two unit sizes requested are 
suwmarized below~ 

Case Number 1 - 12,000 cfm :r::'or Petort },jo. 3 

One (1) precipitator, one (1) unit, nine (1) dUcts with 
duct spacing to be 9" by 12'-0" high by IB'-O') long ~ith 
the length dividee into two 9'_0" electrical sections. 
This unit "Till be powered by b!o 70 r<Vp, 250 Ma silicon 
type electrical sets. The approxi~ate weight of the e0uin­
ment is 22 t~ns. The approximate prices are: 

Material---------------------S36,OOO 

Erection Lanor--------------- 14,500 

Frei~ht to Jobside----------­ 1,600 

Supervision of Erection-----­ 5,000 

Case number 2 - 460,000 cfm 

One (1) precipitator, two (2) units, thirty-seven (37) 
ducts \:1i th duct snacing to be 9 'I by 24' -0" high by 
2 7 I -0 II long lrJi th the length divided into t)jree 9' -0 I' 

electrical sections. Equinl"'lent ,·,ill be energized by 
four 70 KVp, 750 Ma silicon electrical sets. See 
drawing SK-14386-L for general dimensions. The erectee 
weight of this equipMent is about 220 tons. Prices 
are as follows: 

Material---------------------$167,300 

Erection Labor--------------- 60,700 

Freight to Jobsite----------- 7,600 

Supervision of Erection------ 13,600 

It is anticipated that electrostatic precipitators, ryreceeded 
by priMary cyclonic recovery equipment, wiil provide the Most 
economical and efficient ~ist recovery arrange~ent. 

H. Effect of Shale Segregation (J. H. Haddad and J. G. 1'itchell) 

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

Run 454 Hhich \AlaS made ,·'lith 1/4 to 3/4-inch shale "las used as 
the basis for the calculation.s. It ''''as assumed that the shale 
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in part of the retort was at the averaoe oarticle size o~ the 
feed (0.41 inch APD, Old Basis), nart ~f the retort contained 
a smaller size shale (0.305 inch j~D), and the shale in the 
remainder of the retort t'ras larger than average (0.55 inch ArD) . 
It '.....as also assumed that the pressure at each elevation in the 
retort were isobaric. \:,uench Run 509 ~'70.S used as the basis 
for estimating the size reduction in the shale dO~'Jn through thr? 
retort, assuming the rercenta~e reduction of each size range 
'li'las constant. 

The pressure drop equations used in the estimates are sQmrnarized 
on Table 5. The basis for the effect of qas rate in these 
equations 'ItlaS presented in Hay 21, 1965 !'onthly Progress ~~eI11C­
randum, Figures 18 and 19. The basis for the effect of A.PD in 
the heCl.t recovery and the combustion zone equations uas estimated 
from the Ergun equation. The basis for the effect of APD in 
the retort and shale !?reheat zone equation "Jas estimated froIl' 
Figure 21 of the f'ay 21, 1965 rionthly Progress r~eI11orandum. The 
constants in the heat recovery and combustion zone equations 
vary to account for the different operatin0 te~oerature levels. 

The estimated effect of segregation on ~as distribution through 
each section of the retort is summarized in Table 6. It Nas 
assumed that segregation coes not affect the combustion air 
distribution as the air distribution is controlled by restricting 
orifices. It is noted th~t the calculated total retort nres­
sure drop (17.63 inches water) through the average oarticle 
size shale checks the ~easured nressure droa for Pun 454E (18.5 
inches water). 

The calculations indicate that: 

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

(2) 	 The recycle distribution becomes ,,,orse in the com­
bUstion zone 

(3) 	 Segregation has little effect on gas distribution 
throughout the shale oreheat ana retort zones - i.e. 
the gases t'lould tend to redistribute. I~O\,!ever the 
calculations do not take into account tte heat or 
temperature effects due to t:re recycle r.~ldistributicn 
belo'li'1. 

The above effects have a detrimental effect on the heat balance 
and retorting results throughout the unit anc ~i~ht even in­
flUence the stability of the opera.tion. 

Further analysis of this type \-rill require ac.c.i tion?l knm'lledge 
with regard to pressure crradient relationshins, and the effect 
of shale feed size on particle size ceterioration. 



TABLE 5 

PRESSURE DROP FQUATIONS USED FOP PRELI"I"'T:\RY 
SEGREGJ.:\TION ESTn1ATBS 

A. 	 Bottom 3.3 Feet of Heat Recovery Zone 

4P/L = 0.55('SCFH/FT2\1.47 (0.16')1.42
2290 I ; ,~1PD I 

~P/L = inches water/ft 

SCFH/FT'
.., = Recycle Rate 

1-,1'D = Average Particle Diameter 1 inches 
= 0.243 (APD) shale feed 

D. 	 Top 2.2 Feet of Heat Recovery Zo~e 
QCPH/FT2 1.47 /0 46 \1.42

.11'/L 	= 0.75 :- .n I ' -!--). 	 ( 2290. \APD 

AP/L, SCFH/FT2, APD = Same a.s under 'P, 

C. 	 combustion Zone 

AP/L = 0.835 !SCFH/FT2 )~1.47 \ 0.16 /.42
t, 2290. \APD 

SCFE/FT2 = Recycle + Air nates 

i1P/L, APD = Sa.rne 	 as under A 

D. 	 Retort and Shale Preheat Zone 

__ 0 28 :SCFH/FT2 )6.5 '0.56) 44P/L 	 • /-- for l~P!) = O.6?·
l 4590 	 I .~PD .'. 5 = 0 	 2Bl'SCFI1/PT2.J 6. (.0.62) for !:-PD ,> 0.62"

• 4590 J APD ­

SCFH/FT2 	 = Air + Recycle + Gas j\~ake 
= Air + Recycle + 2830 SCF/Ton ~S 

APD 	 = 0.85 (APD) Shale Peed, inches 

..1. P/L 	= Sarne as under A 

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


TABLE 6 

sm1:''!ARY OF ESTH1ATED EFrECT OF SEGDEGl',TION 
ON GAS DISTRIBUTION THP/,'UGHOUT ~ETOFT 

Shale Feed SMall Segregated Average Size 
APD inches ~305 0.41 

Preheat + 
Retort Zone 
APD, inches .259 .35 
4H, ft 4.3 4.3 
..:iP, :' H2 0 4.01 4.01 
4P/L, H20 0.935 0.935;l 

Offgas: 
SCF!VFT2 4900 5145 


( Gas Make-\! 720) 

i Air- ~ 1305 (1~;~\ 

'.l:~ecyc1e-,' ,2775, \ 3120 I 


Combustion Zone 
APD, inches .074 .10 
~H, ft 0.7 0.7 
.1P, ;' H20 3.0 3.0 
l1P/L, Ii H20/ft 4.28 4.28 
SCFH/FT2 ~ 

Air 1305 1305 
Recycle 
Total 

2005 
TIIO 

3120 
4425 

Heat Recovery 
Zone 
APD, inches .074 .10 
.d H, ft 5.5 5.5 
A P, "IhO 10.62 10.62 
4P/L, "-J:I20/ft 1.93 Avg 1.93 

1. 69 Bottom 3.3 ft 
2.3 Top 2.2 ft 

SCFH/FT2 
Recycle 2330 3120 

Large Scg~eqated 
.55 

.467 
4.3 
4.01 
0.935 

5380 
I 720'; 

(1305 \ 
33551 

.13~ 
0.7 
3.0 
4.28 

1305 
4555 
58fO 

.134 
5.5 

10.62 
1.93 

4140 
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I. 	 ilechanical !':odels (T. C. Lyons anci L. J. SkoNronek) 

Shale Flow Studies 

1. 	 Calming Height Deter~inations 

Calming heights are being measured for various shale sizes in 
circular pipes and rectangular ducts. Calming height was ex­
plained in the Progress r'emorandum of r·!e.y 21, 1~65i ho'"evcr, 
the schematic ciagram is repeated in Figure 4 to aid in analyzing 
the results. Briefly, calming height is the length of pipe or 
duct required to obtain unifo~ shale flo~T even though the craw­
off at the outlet is non-uniform. 

The calming heights observed to date are sU~Marizec 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 ~i~e or duct. 

(2) 	 A rectangular 6uct has a greater calring height than 
a circular pipe. 

(3) 	 The calming height increases as the rectan~ular duct 
width increases. This increase is not apparent in 
the circular pipes over the range 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 height. 

Further studies will be made with larqer shale sizes and soent 
shale will also be investigated. 

2. 	 Segresation Studies 

The model "lhich \'lill be used to investigate oarticlc segregation 
in shale beds has been com~leted and studies arp. in orogress. 
This model is a rectangular box 8-feet wide, lO-feet hiqhr and 
I-foot deep. Shale is fed to one side of the rn.oC'el .;:mc. the 
particles are allowed to flO~rJ unconfined to the other side (uo 
to a-feet a'h7ay). '::'hus, it is possible to simulate feeding a 
shale pile up to l6-feet \-dde from a central point. A movable 
trough is used to dra\'7 shale slo~"ly and uniformly acr08S the 
bottom of the entire model. The trough is comoartr:ented so 
that samples can be taken which are representative of material 
passing dOt'1n through vertical cores (6-inches t,:ide in the bed) . 

The initial studies have been directec tOl'Tard investinating the 
effect of pile size. The widest size range (1/4 to 3-inch) has 
been used since this material would have t~e greatest tendency 



Figure 4 
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TABLE 7 

CALMING HEIGHT OF RAv.7 OIL SHALE 

Calming Height(l) 
Shale

'--........,__ S i z e 
~~ .. 

""""""-....,
Configuration -~_~ 

7 1/2 in. 100. Pipe 

1/4 to 3/4-Inch 3/4 to 1 1/2-Inch 

I 
1.2 - 1.6 Pipe Diarn.i No Flow 

11 1/2 in I.D. Pipe! 

16 in. 1.0. Pipe 

12 in. Rectangular 
Duct 

15 in. Rectangular 
Duct 

18 in. Rectangular 
Duct 

(1) Shale velocity was 
case 

1.2 - 1.5 Pipe Diarn.! 1.2 - 1.S PiFe Diam. 
I 

1. 4 - 1.6 Pipe Diarn.i ~lot Available As 
I Yet 

I 
t 

I 

1.9 - 2.4 T.7idths 1.9 - 2.1 l'.:ridths 

2.8 - 3.0 Pidths f 2.8 - 3.0 ~idths 
I 

3 • 0 - 3. 1 ~Hdths !I 2.9 - 3.1 Pidths 

varied from 0.1 to 5.0 ft/min in each 
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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 (APO) ranged from O.2-inches in the core be­
neath the feed point to about 1.O-inch at the ",all 8-feet a't\1ay. 
The APO I S at intermediate points are sho\<Tn in Figure 5. 

These data also give some insight as to the reoroducibility of 
the runs. In these studies, the shale is char~ed to the unit 
and circulated until the entire invent~ry 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 c.t the top. Runs 1 and 2 are back-to­
back sam~les. The inventory was then circulated cOID9letely 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 9 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 comoosite narticle size in these runs 
is the result of discarding the material s~aller than 1/4-inch. 
This is being done to clean up the inventory. 

Hork is continuing 't'lith 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 techniques. 

IV. ANALYTICAL LABORATORY SECTION (B. L. ?eck and o. Liederrnan) 

A. ~rogress on Determination of "Others" in Recycle ~as 

The Chronofrac qas chromatograph "'hich has a catalytic combustion 
detector, has been delivered. Initial proble~s of voltage and 
gas flow stability are in the process of being re~edied. A 
regulated pO''1er supply and a gas sampling valve has been ordered 
to help improve the instrunent's perforMance. 

Initial experiments with a l2-foot H!WA (hexamethyl ohosphoramide) 
column verified that it can senarate C2 through Cs but, unfor­
tunately, the liquid phase slo\'Ily nbled~: into the detector where 
it partially polymerized and rendered the &etector inoperative. 
In addition, C02 still presents an interference proble~. How­
ever, t\<lO methods are being considered to circumvent this. 

One involves using a dibutyl phithalate column, which has just 
been delivered. This column ought to perform the required 
separation, and it is reported that the liquid phase does not 
"bleed ll as the HHPA aoes. 
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The other is the use of an Ascarite absorber to remove the C02 
and thus eliminate its interference. However, there is a 
question of possible absorption of organic conponents that will 
have 	to be investigated. 

The aim at the present time is to determine the concentrations 
of ethane-ethy1ent (together), propane, propylene, butanes and, 
possibly, pentanes. Feasibility should be demonstrated within 
a ''leek or biO. 

B. 	 Distillation of Crude Shale Oil 

The apparatus for distillation by ASTM 0-1160-61 procedure has 
been 	assembled and is now in operation. Several crude shale oil 
sanp1es have been distilled at 10 rom and corrected to 760 ~n 
using chart number 53-12. So far the shale oils distilled have 
about the same distillation curves 1 a tY!,ica1 curve is shm,rn 
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 ASTH" method. ­

C. 	 Analytical Laboratory r1ethods 

An "Analytical Laboratory ~1ethodsfl book presenting the details 
of all procedures and equipment in use in the analytical lab­
oratory is now in preparation. This publication, phich is about 
80% complete, should be issued next month. 

V. 	 ENGINEERING ANALYSES (P. ~"J. .::nyder, J. E. Burchfield and 
K. I. Jagel) 

A. 	 Retortin~ Time-Temperature Profiles for Cross Section of 
Pilot Petort No. 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 profiles 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 patterns are shm,Tn on 
Figure 9. The inclusion of more runs ana using a ~ore precise 
method of calculating mean shale temperature from gas tereperature 
shO\vs 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 0 F (maximum Fischer Assay temperature) in 
the Gas Combustion Retort is still true. 
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FIGURE 9 

CALCULATED SHALE RETORTI~G TIME-TEMPERATURE 
PROFILES FROM MEASURED TEMPERATURE PROFILES 

Calculated From Measured Temperature Profiles by the Math Model 
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Although only nine runs were evaluated in this procedure, the 
following preliminary conclusions may be dra~'.rn: 

1. 	 Retorting residence time of. less than 10 minutes in the 
700 to 1,000 0 F zone reduce~ yiel~. 

2. 	 Longer retorting residence time does not ahlays 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 0 F are shown 
for these runs in Table 8. There is no clear trend in operating 
variables with retorting residence time; again indicating some 
other variable is affecting yield. Increasinq 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 retortinq residence time ane sometimes it does not. 

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

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

Last month's Progress r1eIT.orandum showed that the severe retorting 
conditions of the Gas Combustion Retort result in lQt-ler yields 
than are obtained in Fischer Assay, Royster, Gas Flow an~ TOSCO 
retorts. Oil yield from the Gas Combustion rtetort should in­
crease if retorting severity is decreased and shale residence 
time is increasee in the 850 to 950 0 F temperature zone. Four 
schemes to accomplish this have been considered. They are: 

1. 	 Extension of the 1o", 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 operating conditions for evaluating 
these proposals are summarized in Table 9. Discussions of 
these propositions are as follows: 

1. 	 Low Oxygen Variable r,li th Preheat 

The regression analysGs that hove been carried out with the 
3/4 to 1 1/2-inch shale have indicated that a high yield region 

http:dra~'.rn


TABLE 8 

EFFECT OF PROCESS CONDITIONS OF RETORTIFG ZOl'TE 

Retorting zon~l)
(700-1000 0 --'F) 

Shale Sha.1e I<erogen 
Bed Rate Air Yield Residence t:I.eY!'\aining % 

Run Height 1bs/ (hr) !:late Recycle Vol % Ti1'!le at at 
No. Feet Cft2) SCF/~ SCF/T ,"{SFA Ninutes 900 0 F 950 0 F 

547 9 570 6,600 11,400 90 16 1/2 29 8 
578 9 690 6,600 10,700 86 11 40 14 

556 9 610 5,900 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 92 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 16 

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 


SUHMARY OF PROPOSED r.l0DIFICATIONS TO THE OPERATION OF 

RETORT '1'JO. 1 FOR INCREAS ING YIELD 


Shale Rate, 
lbs/ (hr) (ft 2) 500 500 

Bed Heights, ft 
Air Dist. To 

Top 6 7 - 8 
Hot Gas Distr. 

to Top 6 

Hot Gas Distributor 
Total Hot Gas 

Rate, SCF/T 4000-9000 
Hot Gas Temp., 

o F 1200-1300 

Air Distributor 
Air Rate,SCF/T 5,000<16,900 (1) 4000-3000 
Dilution Gas, 

SCF/T 
Air-Oil. Gas 

Temp. o F 1,000 1,200 
Air Burned 

Internally, 
.,}% ,..,. 50 60-80 

Recycle Rate, 
SCF/T 9,500 16,000 1200-9000 

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

Increase 
Heat 

Capacity 
of Recycle 

Gas 

PerI!\it the 
High Recycle 
Rate In6icated 
By the Regres­
sion Analyses 
"'ithout 
Excessive 
Liquid 
Loading 

500 

6 

750 of Pure 

9,000 

~1,300 

10 

11,000 

Reduce Peak 

Temperature by 


Consuming 

Part of Air 
Externally 

Hinirnize 
Peak Shale 
Temperature 
and t1inimize 
Combustion 
Zone 

500 

6 

02(1) 4,000(1) 

9,000 

1,300 

10 

11,000 

Nodification: Hinimum 
Air 

Bases for Regression
Optimism Analyses 

QEerating Conditions 

Two Level 
Hot Gas ­
Air Distr 

Haximize 
Retorting 
Residence 
Time, and 
Reduce 
Temperature 
Gradient 
Across 
Particle 
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• 

may exist at relatively low air rates. A number of attempts 
to ooerate Retort No. 1 at low air rates have met "lith mixed 
success. Sustained operation for eight or so hours have been 
observed in 't'Thich high yields TN'ere obtained. External obser­
vations indicated that the unit "Jas 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 investiaate the 
possibility of increasing the stability of the ccmbustion 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, 0, Hhich ­
regression analysis had indicated would give 90+ oil yields. 

In order to do this it was necessary to develop a relationship 
bet~Teen and propane flow rates 'td th tempere.ture 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 e.llowable heat release in 
the No. 1 line burner is 120,000 Btu/hr. It has been a.ssumed 
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 0 F and the propane flow rate is 20 SCFH or greater. 
The relationship between air and propane floll rates and line 
burner product temperature and oxygen content \'1hich Nas developec'. 
is shown in Figure 10. 

The proposed run conditions \"1hich are designed to evaluate the 
effect of air preheat on combustion zone stability are shown in 
the following table: 

Ra'tlT Shale r.1ass Velocity: 500 ll:::s!(hr) (ft~) 

Size Range: 3/4 to 1 1/2-inch 


Bed Height: 6 Feet Above Air Distributor 

Preheat R,uns: Line Burner Product Temperature - 1,000 0 F 


0(1)Gas Rates (In SCF/Ton PS 

Air Recycle Propane 

5400(2) 9500 73 15 5.0 
4BOO 10100 68 15 4.5 

Blank Runs~ Air Inlet Ter::tperature - Ambient 
3900 11100 0 15 5.5 
4300 10700 9 15 6.0 

(l)T = (Recycle + Air) 103 HSCF/Ton PS 
o = 21 x (Air)/(Recyc1e + Air) 

(2) ApproxiJ'l.'ately 400 SCF/T require0. to satisfy heat losses. 
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The operability of the preheat runs should ~e satisfactory. 
It is expected, however, based on previous operating ex~erience 
that the low air rate of 4,800 SCF/Ton RS is about a practical 
minimum. The operability of the blank runs are more questionable 
although it is felt that the secon~ condition phould probably 
be operable based on previous experience. A 1,200 0 ~ preheat 
run with 16,000 SCF/Ton of recycle and 3,900 SCF/Ton of air is 
also proposed to establish the miniJTI.um air rate. 

~ 2. T','o L. v 1 dot G"1!:"''- ir .i:1trH ut.or:./.::."," .. .. 
-~.- .''':" -- -" ..# -~- ~--,~.• ': ... ­',. .:~; ./~~ :~I( ",~I'::>:, 

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 ~ath model. 
The conditions specified in Table 9 are preliminary bases and 
will be changed as necessary. 

Attempts on the math model to inject hot gas three feet above 
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 tV'ent 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 't"i th this scheme appears to be in JTl.ain­
taining a stable combustion zone at the air 0istributor. 

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 and hence the rate of recycle gas. However, raising 
gas rate increases pressure drop very rapidly in the top of the 
retort (Nay Progress Ilemorandum, p. 22) thereby increasing 
liquid loading. Thus, the potential for yield gain with in­
creasing gas rate due to residence time may very ,"e1l be lost 
by cracking or ref1uxing. 

Another way to increase the gas heat content "Ti thout increasing 
gas rate, is to increase the molal specific heat of the gas 
stream. Components with high molal specific heats are C02, 
CH4, and H20. Those with low molal specific heat include 02, 
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 C02 and/or 
decreasing 02, N2 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. 

http:miniJTI.um
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Either of these methods applied to the Retort No. 1 for test 
purposes would require extensive revisions. However, conditions 
could be approached by providing a part of the oxygen required 
as pure oxygen and mixing it Nith recycle for burning in the 
line burner or shale bed. This would recuce the large nitrogen 
dilution effect on specific heat and increase the heat capacity 
of the gas. Although orobably not attractive commercially some 
indication of the effect on retort ina 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 ~rocess change 
must be large enough to be discernable. Consequently, a pro­
posal was investigated in which 90 % of the air \-laS to be exter­
nally and 10% of the air was to be burned in the retort bed. 

The total heat required at 500 lbs/(hr) (ft2) and 10% carbonate 
decomposition is about 435 MBtu/Ton RS or 4,500 SCF Aii/Ton RS. 
The external heat release in consuming 90% of the oxygen is 
211 ~1Btu/hr. No. 1 Retort line burner can tolerate a heat 
release of only 120 Etu/hr. Hence a test in 'V'rhich part of the 
air is burned externally requires either that (l)less oXY0en 
be consumed externally, Le. 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 and is undesirably high insofar as retorting is 
concerned. Therefore the gas/air mixture burnee to release 
the required 211 t.ffitu/hr must be quenched '-lith about 9,000 
SCF/Ton RS of dilution gas to reduce the inlet gas tem~erature 
to a reasonable 1,300 0 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 of the 
retort. This limiting gas rate is about 6,500 SCF/hr ft 2 or 
26,000 SCF/Ton RS (for 500 lbs/(hr) (ft2). However, pressure 
drop in some section other than the top, and economics may 
conceivably impose a lm'l7er gas rate limit. T'Iith the 26,000 
SCF/Ton limitation, minimum air rate about 4,500 SCF/Ton, 
dilution gas 9,000 SCF/Ton, and S01'1e 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 0 ~. 
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Another consideration for this case is the larae volume of cras 
going through the air distributor, 13,500 SCF/~on RS. Sinc~ 
this aas is at an elevated te~perature anf reduced nressure 
the actual volume per unit of time is unusually large relative 
to normal ooerations. ilence, a new air/cras distributor ~ust be 
provided for this proposed operation. 

Because of the major revisions required for the line burnEr and 
air distributor this proposal t1ill not be investigated at t~is 
time. 

C. .~1inill".uM Air Require!11ent for ~etorting 

1. Estimated Minirnuro Air at 500 lbs/(hr) (ft 2 ) 

Heat requirements for kerocren decomposition, and. \-rater desorntion 
are fixed, but heat recovery diminishes Nith reduced recycle rate. 
Since gas velocity is liroited, recycle rate has to be reduced as 
shale mass rate increases. Thus minimum air reauirement per ton 
of raw shale increases as mass rate increases. Air requirements 
have been estinatec. below for a mass rate of 500 ll::s/(hr} (ft 2 ) 
and assuming 10% carbonate c1ecomnosition. The heat l::alance is 
the same as those used in the roaterial balance nroara~ and the 
reference is raw shale at 60° F. 

• 

Heat In rlEtu/Ton RS Eeat Out 

~ecycle 13.9 Carbonate Decomoosition 55.1 
Condensing Oil 24.1 "Tater Desorption 

Scent Shale Sensible ~eat 
38.0 

149.6 
Kerocren Deco~Dosition 107.2 
Oil Sensible Heat 13.1 
Gas Leak Sensible Heat 3.7 
Offgas Sensible Heat t.!O.? 
'-!eat Loss 18.3 

Total 3G.0 Total 425.2 

Net Heat Requirement 387.2 r1Btu/Ton RS 
Heat Loss fron' I'Tew Line Burner, if Used 43.3 T1Btu/Ton RS 
Air Required, No Line Burner 96 rtu/SCF ~ir 4,100 SCP/Ton ~s 
Air Required, nith Line Burner 4,500 SCP/Ton RS 

The heat loss in spent shale \AJas calculateC assuroina an 11, 000 
SCF/Ton of recycle and 500 0 F spent shale. Estimates of heat loss 
in spent shale were reportee. in last month f s Progress r'temorandurn. 
This estimate of spent shale temoerature with recycle is pre­
liminary but is probably in the riaht ranae. ~s discussed in the 
foregoing topic recycle and heat recovery froM Rpent shale ray 
be i~proved only slightly. A difference of 100 0 F in spent shale 
temperature changes air requirement by about 30e SCF/Ton RS and 
about 2,000 SCF/Ton of recycle is requireC'. to lOFer shale terp­
erature by 100 0 F. 
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Carbonate decoJT1.posi tion, "ltlaS assumed to be 10%. 11ath model runs 
indicate that carbonate decomposition will ?robably be higher 
than this. A change of 5% chan0es air requireT"ent by about 
300 SCF/Ton RS. 

Heat losses via the gas ,,,ere estimated at 150 0 F top temperature. 
Heat losses from the shell were estinated to be about 10,000 
SCF/hr. 

This is believed to be a fairly good ap~roxi~ation of ~inimum 
air requirement fer 500 lbs/(hr) (ft2). The calculation is sup­
ported by operating data on the Retort No.1. Runs mace at 
4,200 SCF/Ton have been unstable. 

2. Hinimum Air Estimated on the r1ath f'!odel 

Runs were made on the math model to estimate ~1n1mu~ air rate. 
At 500 lbs/(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 0 F - equivalent to an additional 1,000 
SCF/Ton RS of air. At 16,000 SCF/Ton of recycle ard 3,500 RCF/ 
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 I s Progress r·1emorandurn. This accounts 
for the higher stated air requirement by the mocel at 12,000 
SCF/Ton of recycle. The correlation of spent shale terrperature 
wi th recycle rate t1ill 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 cictated by combustion 
stability. 

D. Allis-Chalmers Crushing Information 
Last fall Allis-Chalmers ~1anufacturing Company agreed to pre­
pare a proposal for crushing equipment for a 50,000 B/D 
operation. However, unusually heavy co~mittments on other work 
have delayed their work. Last month Allis-Clarners sent their 
proposal for crushing equipment. It includes an 1,800 ton/hour 
primary single roll crusher and a 300 ton/hour secondary Gingle 
roll crusher. The primary crusher will reduce a scalped feee 
with an average size of 36" x 28" x lOll to a 14 1

' Minus product 
at a 12 1/2-inch setting. The secondary crusher Hill reduce a 
feed of 8 11 x 2" to 80 - 85% 2" minus. Pm-!er consumption is 
estimated to be 0.09 to 1 Kl'JHr/Ton of M.Rterial crushed for each 
crusher. 

The proposal covers the crushing equipment and does not include 
the associated equipment such as feeders, conveyors, ventilation, 
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tunnels and other miscellaneous equipment. Much of this equip­
ment will be dependent upon terrain, location and other consid­
erations \"lhich will vary ~Ji th each cOn'nany I s situation. 

However this information may be helpful to particinants in their 
plans therefore the Allis-Chalmers letter and attachments have 
been forwarded to all Technical Advisory Co~mittee 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 upon request. 

\. 


