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jlTOTICE 

Th9 primary object of the Anvil Points Oil Shale Research Center HONTBTX 
P30GRESS lv:BvTORAi'1J)UlvT i~ t)o advise authorized personnel employed by the 
:Parti cipating Parties t1 that various activities are in prograss or that 
certain significant data have been obtained within the Research Center. 

These rvrOTlTTHLY 'PROGRESS ~1E:MORA1\1])A have been prepared to nrovide rapid, on­
the-spot reportil'1g of research currpl'1tly in progress at Anvil Points. 
The conclusions drawn by project personnel are tentative and may be sub­
ject to cha nge as work progres ses. The PROGRESS HE'10RAT'TDA have not been 
edited in detail. 

(l)Socony Hobil Oil Company, Inc. and Humble Oil e! Refining Company 
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MOI-TTHLY PROGRRSS r'1K10Rl·ll.TDUM 
Anvil Points Oil Si1ale Research Center 

(CoveriC"'g August 16 to September 15', 1964) 

I. TfiX)Hi'TICAL ADVISO:Y CQ1YJrUTTEE 

The second meeting of the Technical Advisor,y Committee was held September 
3 a!ld I ~:' 196!.). a -: Anvil P:dr ts .. 

'].'l-a C:)!"(lI",lH1::ea approved th2 1964 e.lQ6n.c;e b'Jd.~;et of ~:;910,OOC r.cyering the 
period May 1 to Decemb~r 31, 1964 which had been presented at the June 
30, 1964 meeting. The Committee received and took under advisement the 
1965 expense budget of $1,09.0,000 eoverine the period Januar,y 1 to Novembe:." 
3 0, 1965.. 

Each merrbar of the Participa"~:'r.g P3.rties ! prof':.lssion",,-l a-t:aff.' 3. t the Research 
C€>ntsr reported to the Cor.lmi-ctee 011 his activities - post, present and 
planned - during the meeting. 

The next meeting of the Technical Ac1visory Committee will be held on 
October 30, 1964 at the Socony Mobil Building in ?-Jew York City.. 

II.. AT\TVIL POINTS OT:F,TIJ }iOFSE 

On Septerrber 13, 1964, an Oren House lias held at the Research Center to 
commemorate the reactivation of the Facility. The Open House was attended 
by about 500 people, representing SoconyMobil, Humble, the Research Foun .. 
dation, national, state and local governments, the press and surrounding 
communities. Secretary of the Interior Udall and his Oil Shale Advisory 
Board, the Colorado Congressional delegation and Governor Love of Colorado 
l-lere among the dignitaries present. 

III. ADliTl\JISTRATION 

Auditors, representing Socony Hobil and HL1!rlble, examined the accounts and 
records of the Research Center as contractually required on August 24 and 
25, 1964. The accounts and records were found to be in order. 

IV. MECHAl',,TICAL E1\TGDTEE'lIFG (1';;-. S. Bergen) 

The No. 1 Retcrt was put into operation dvring this period. Essentially 
all construction planned for this unit has been completed. 

Summarv 
1. Tlie No.1 Retort was put into operation August 28. All pla::1ned 
equipment has been installed except the Syntron shale rate controller. 

2.. All eCjuipment and systems have been tested, adjuzted, C:i." :':'3'iTisec1 to 
insure opnrahilityo 
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3. Design of the }TO. 2 Retort has progl'essed to include the 1iq11id 
piping and the :.ine bl..:rner ::n add:'ti<)n to the systems reported previously. 
Host materials ond eouiDmen'~ hov8 cee..n selected ar.d ordered. Construction 
is scheduled to start S31JteY'lbel' 21, 1964 

v4. Desi{m of equipment for the initial !1echanica1 11ode1 study program 
is comp1~te. Draftin~ is in progress and orders have been issued to the 
sheps to :-e1ocate an existir.g steel tower for the models. Materials for 
constJ"llIJTion have bee:1 ordered. 

5" .\11 in5.h.31 oquipffi-3nt D'i:-3(J.S fer the m:l.st stucly program have been 
C':':'Jpr.,j('" :lr,d pc,.:.'tj.Ci.:. d"31i'lte:::i Scl h3.\',':) beo,:,! :.:',,:-ceive.' ~ 

6.. The l'a11a bl.litatir.;:"l of tile Iie,,:earch (;enter in about complete 0 (See 
PERT scho;;d.u1e 0::: Septl:mber J..L.t i 19;.L. att£.ched.) 

Considera1:;le effort 1i>TClS put jnto the completion of t}:le unit and sub­
sequent startup.. All :i.nstrm. ents and motor valves WE;re adjusted for 
sel"Vice conditions. The star feeder on the diocharge of the retort 
was revised and fira11y dis':a:r~ed in fa'70r of a larger unit. Clinkers 
and "J.never. shale feed to -ellR e:'.n;ht-inch :f:e~der prov3o the need for the 
twe1ve-in<.;h feee'er that is lServing as its :...eplacem.es~,,' 

ThG table feeder ';.vas l'\.x.'esigned to effeet a g:tEatE'!' c:.ischa:;.~ge rate.. The 
maximum discharge cap,JC:'''CY of the exis tir.g feeder was mJXn01A'ITI until 
tested. The table feeder will nmV' nandlE; apprvximatelv 2,000 pounds 
per hour of spent shale which is eauiva1ent to a 1200 1b/(hr) (Ft2) fresh 
shale mass flow.. 

A considerable amount of fine dust formed during the retorting process. 
The spent shale conveyor was covered with an exhaust s,vstem installed. 
Additional exhaust systems are needed and will be installed. 

The liquid product tank piping and pipe heaters outside of the building 
had deteriorated during the last eight :'rears. The retort operators 
assisted in its replacement and reinsu1ation. 

The Syntron shale rate control systeY"l has not arrived as yet. It is now 
six weeks overdl'e. An interim fef.cie:.- was installed over the Labor Day 
weekend. This unit is considerab::'y more effecti-ve than the Utah unit 
that it replaced. 

Tests are being made by the retort operator staff to determine tte effec­
ti",reness of the recovery equipment. These resu] 'L3 'Till be j,4,3PC":'::c1 o. 
when the tests are corrpletec Q 

All svster..s are ope.r8"i:ing, permitting a five-day opeZ'ating s-::l:€:dule. 
Changes, adc~itions, and repairs are being macie during the weekends. 

http:eplacem.es
http:pc,.:.'tj.Ci
http:in5.h.31
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B. Testing of Equipment 

The weighing systems f0:i.~ the shale;, the spent s11ale o and the 
liqu:i.d product 11:-: ve all bt;~Bll tesced for a~ CUJ.~8 cy ~ Orifices have been 
chec~ced. bv tne reto:rti ope':'d,hng si3ff fer c~libX'oticn~ 

Star'C1Yp c: the rdtort .3~complisD.ed 'r)y the use of t'1E' line burn3:.'. 
Thls unit ",as tested and acjustE'~. Its use for the startup is proving 
to be very effec ~ive. Readju:::tment of this b1)rner has been necessary 
frc·m ti"'s ~:c ::::!.i11'3. A deteroination is beirg made of the cause of ':he 
need f 0:' ·C;:1adjlJ.stment.::, 

('.j '~h8 iabie i'e'''}u8;'' a.3 indicated 

Tests of the Gamm-o-tr':m shalE:: lev'?l indicator-oontroller show it to be 
very aCCllr,ste as a shale mecsuring device. Its control function 
will pe111ti"c only a small ceviation in the shple &t~nd;;ip", a1;()VA the retort~ 

Tile use of sight glacses J"~ 'cte floKing g28 ;:;tream indicates the effective­
ness of the reCOV€r;T trui'1, 

Drafting is abc-ut cumple"b.;Jc: iC.T the liqul'i ":':'}Jln~ f'u:l pr()d1..".~t tank 
system. Equipn~ei1t ::;elf;r~_'~f:~ e.!'ld ordered ij:}~lude thd shale level control, 
all hardwarE; such as th-3~.'cnccot::.ples, pressure f!e E'S, pipe heaters and 
controllers, ~L"S'lJ_ation1 procti.ct s~ales, stsinlees steel pip:'ng and 
fittingo for tt'le: li"1CcJ ',);Jr1'3r .. sighi; flow ~n:b.ca)~C'l'sJ :md !:'iotc.r valves. 

AReconstrl'ction w-ill stu!"t SejJteYilbei 21 wii~h a c0mplete demo:.ition of 
all eq1Jipment except the retort ves.::el, t:le panel board and blowers. 
Presert scheduling will corr,plete the /110. 2 Retort by about October 30. 
Operational test~.ng will hegin Abo'Jt l'ifovenicer 2. 

D. Tv:e(;bar.ical Hodel Studj ea 

Work has beglln for the construction of the first Mechanical IViodel unit. 
An existing structure will be reloc.ated arlO wood and plexiglflss bins con­
structed. All materials have been order~c:.o The first unit ,\-lill be a 
non-pressurized system to study flc'v! capacities throueh pipes and bins. 

Eaulnment has been ordered for the first study using thr jet impactor. 

F. Rese8rch Certer Rehabilitation 

The plant and i';:Icility reneb::'l itation 7 s r:cmplets excr:pt fOi~ tLe ::;-ceam 
distributir)); S'y:rle-.i, I{o').1:!"o: still he.:: wcrk requi:r'21fficnts i:1 e::eeS8 ,Jf 
m<'lnpower a'\Tailabil:V'Y v 

T'!1e plant (lir and propane svdems are no"r operable. ) new air compressor 
was purchased and installed for the instrument aire 

http:test~.ng
http:procti.ct
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All vehicles required are in working condition and the shops are fully 
equipped for current needs. 

The p'J'::'i,m3.~y objective of th8 Ra-l:o::.~i;ing Se;c tiOD d\l:::'ing the pas-: m:n,th has 
beer: tlle ::.r:,'i.tia·~:i,vn of opera+ioJ:: of Beto!'t ~TO. 1. Higl11ights of th.:;se 
efforts :lj'E presc1ted :;',n the fo}lowing di3C·"lss~Lon. 

Cold C.!.1".!1.:.:<?,,".1.\~~1 c·f s~J<:Jl,!) i:i R31;O:-t i\TO~ 1 ~v2-~S begllr, ir Hl~.d ..... jI_Ugl;'fit at the 
cO::1clu;-:V.l:: of t:1e cJf13SrO')m porti0n of the operator training p:rogram. 
':'his p::'o'Jided a,n opp,::~tunity to ::,;lIniliarize toP. operating crews with the 
l'C'iJ anG. 3pent shale: handl~,ng facil.:~ties and tv corre~t mechanical prob­
lems in the system. During this period, the uniformit'.' of shale flow 
through 't'1e retort l-laS checl<':ed and found to be satisfactory. In order 
to check the flow pattern, a 50 pound sample of shale ivas painted red 
and charged to the retort through the normal feee, system. Thus, any 
maldistribution of flow in the rota,ry feeder (gas seal) or in the top 
of the retort would be included in the overall flow pattern. This tracer 
procedure was carried out at total shale flow rates of 300 and 600 1b/ 
(Hr) (Ft2) .. 

As expected, the smaller particles passed through the retort faster than 
the larger particles. (The original 50 pound sample was diluted in 350 
pounds of unpainted material when it reached the discharge system.) 
However, for both flow rates, 50 percent of the tracer sample was recov­
ered after roughly 2,000 pounds of shale was withdrawn from the unit. 
Since this is approximately the inventory of the unit, it was concluded 
that the entire retort volume was being utilized. The average breakout 
curves for both flow rates are illustrated in Figure 1. As a result of 
these studies, it is now possible to calculate the average residence 
tilne of various particle sizes at any total flow rate. 

Following the completion of the cold circulation studies the unit was 
fired on August 28 for the first time. Round-the-clock technical coverage 
began at that time and is continuing at present. During the ensuing hot 
shakedown runs particular emphasis was placed on evaluating the startup 
and shutdown procedures. After some minor modifications to the startup 
procedure, it has been possible to line the unit out from a cold start 
in a matter of four to six hours. On the other hand, the shutdown 
procedure is not entire~ satisfacto~ at this time. \ihen the combustion 
air is turned off during the shutdown sequence, a slight vacuum develops 
in the retort. As a result, air is drawn into the retort through the 
gas seals and sustains the burning in the 'bed. "'e are currently inves­
tigating the use of steam or nitrogen to aid in the shutdown process. 

The rptort has also been operated under lined-out conditions for periods 
up to several days. In addition to evaluating the mechanical aspects of 
the unit, checks were made on the sampl:i.ng methods, data recording, and 
material balance procedures. The preliminary material balances have 
been in the order of 90 percent and the primary source of loss appears 
to be gas leakage throl)gh the top and bottom seals. Corrective measures 
are teing taken to improve the balance. 

http:sampl:i.ng
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A series of demonstration runs are nC-:-1 undervroy in \'ihich ,;e hope to 
duplicate key runs \-lhich \fere f.".adG by the Bureau of Mines. Hot'Tever, 
exact duplication will not be possible because of minor differences 
~ 	the air distributor design and the product recovery train. It is 
'believed, however, that the latter factors will not cause sufficien'c 
deviation to interfere with reproduction of Bureau of Mines data with 
resonable accuracy_ 

Thus far, in some yield periods, yields approaching 90 percent of Fischer 
Assay have been achieved under conditions similar ~o those USed by the 
Bureau of l'lines. Hopefully, during the next few days of operating experi­
ence, yields in excess of the 90 percent level can be achieved on a con­
sistent basis. 

VI. ANALYTICAL LABORATORY SECTION (B. L. Beck) 

All of the initial laboratory tests with the e:~ception of distillation, 
carbon!nydrogen, and water in gas are no~ in operation. The latter two 
should be ready in another week; equipment delivery problems have held 
up the carbon~drogen test. 

Six Fischer Assay u.'1its are now in operation.. A first look at the 
Fischer Assay cross·check program ~~ong the Bureau of Mines at Laramie, 
the Colorado School of Mines Research Foundation at Golden and our 
laboratory shows good agreement. The complete data on this program will 
be available 1.'1 the near future. 

For ~~e past two wzeks the laboratory has been in operation five days a 
week 24 hours per day; this coincides with the schedule of the retorting 
section. All of our effort has gone tOvmrds ana~zing the samples from 
the No. I Retort. To date the work load has exceeded our capacit,y. We 
expect this to be remedied shortly through revision of the analyses re­
quired and delive~ of some time saving equipment, some of which ,has 
been on order for three months" i~Te intend to increase the capacity of 
two tests - the carbon/hydrogen from one unit to two or three units) 
and the mineral C02 from one unit to two units. 

As soon as the procedures, samples, and testing levels out, a quality 
control program will be added on various tests. 

Objective: (I)Establish the retort conditions which need further experi­
mental definition by means of a process variable study 
irrith the math model. 

(2)Develop 	guidelines for interrelating the economics of 
mining, crushing, and retorting. 

A. E!1ginccring Analyses (P. Ttl Snyder) 

L Debu(",,;in?" Program 

a. Co:;.·::ec·;::5.'·~: of Heat Balance Error 

The heat 'c;:,:~:-:':_~~--:;-:'ror in the math .­ of the Gas Combustio~ Retort, 

which wa:: \:~:..".~~.~ . ,_"~:\~ .... '1"'" the August X',--- , ~ :',~s been foUi~':' ~'.;::C: c0;,'rected.
1 
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The sensible heat required Hhen mass was transferred from the shale 
at its temperature to the gas phase at its temperature was neglected. 
This resulted in as much as 20 percent error in overall heat balance 
for calculations HUh three-inch particles where the temperature 
difference between the solid phase and the gas phase was the greatest. 
However this missing heat requirement did not arpear to have a 
major effect on results as shoHn in Table 1. The only significant 
effect of correcting this error was to reduce the gas cooling rate 
in the mist forming zone. 

be Comparison l-Jith Bureau Run 
The corrected model results still appear to simulate the actual 
measured Bureau data for Run No. 334E as also shoHn in Table 1. 
The calculated carbonate decomposition is still lower than that 
measured which may be due to the 700 F. lower calculated peak 
temperature. ~Te suspect that lie are using too high of a net heat 
requirement for the combined carbonate decomposition - metal 
silicate formation reaction. Since very little is known about the 
form of silicate produced the estimate net heat required is onlY 
approximate. 

2. Process Variable Study 

Although the process variable runs were made before correcting the heat 
balance error we are analyzing the results for trends to guide our 
appraisal of significant process variables. Figures 2 - 4 show the 
effect of shalF! rate and particle size on conditions in the mist forming 
zo~e, the combustion zone and the shale cooling zone. The significant 
observations from these anal.ysis are: 

a. Effect of Shale Rate 
(1) Kerogen can be completely decomposed in a l2-foot retort 
through shale rates of 750 lbs/(Hr)(Ft2); in fact a run, made 
at 2300 Ibs/(Hr) (Ft 2) resulted in complete decomposition of 
the kerogen. (Pressure drop wOt'ld put a severe economic 
penalty on operating at 2000 Ibs/(Hr) (Ft2) rate, as it would 
be about 80 psi) 
(2) Gas cooling rate increases with increasing shale rate; 
thus mist formation should improve with increasing shale rate. 
However, mist impingement on shale particles at high velocity 
may present a problem. 
(3) Kerogen entering the combustion zone increases with 
increasing shale rate; this may cause cracking of the oil as 
it passes out of the particles.
(4) The oxygen used to burn coke is reduced Qy increasing 
shale rate which should reduce the surface temperature of the 
shale in the combustion zone. 
(5) Tne spent sha temperature increases only 400 F. in 
going from 300 to 750 Ibs/(Hr)(Ft2). 
(6) Preheat was required to operate at 750 Ibs/(Hr)(Ft2). 

b. 8ffect of Shale Size 
(1) The kerogen is completely decomposed when retorting 
three-inch shale; even at the high throughput rates most of 
the kerogen is decomposed before the combustion zone. 



Ta 'ole 1 

E?PI'CT 01" CORlr-:CTIrG 10,~ ~REOI1 p.; P;:'Nf BJI.U.:'Cr:: ON 
: ,A '[H' '!jOnEL Rl?"DI,TS 

run: Simu1a tion of Bureel: of ;'Tines Run l.To. 334E 
Shale Rate: 290 1bs/(Er)(Ft2) 
Shale Size: 3/4 inch 
Recycle Rate: 15120 ':,r;p /T 
Air ':ate: 431)0Sr;:;'/T 
Dilution Gas/Air: 0.35 VIV 
Brine Addition: 15 1bs/T 
"Tater 'Hef1u.x: 30 1bs/T 

Bureau of 
fiIines 

Before After Exp€r~enta1 
RUl1 Correction Correction Data 

'Results 
-Mist Porming Zone '.: 

Offgas 'I'~mperatureo ~. 
Gas Coo11.Y!g Rate~ F./Sec. 

140 
2500 

139 
1500 

140 
1300 

Combustion Zone(l) 
Kerogen Bntering Comb. Zone, d 

/0 70 76 
Peak Shale remp. Cp. 
Peak Gas Temp. Cp. 
Oxygen Used to Burn Coke, % 

1230 
1290 

57 

1270 
1220 

"'j.1340 
..... 

Leneth of Comb. Zone~ Ft. 0.8 0.8 

Shale Cooling Zope 
Spent 3ha1e Temperature, of. 380 365 200(2) 
Carbonates Decomposed 18 16 35 
Kerogen in Spent ;3ha1e, % 0 0 0.6 

(1) Region between 	air inlet and where 90 percent of oxygen has been 
consumed.( )2 Surface temperature 
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(2) Increasj1'lp: shale size from one to three inches cut the 
gas coolirg rate in the mist forming zone nearly in half and 
siqnificantlv increased offgas temperatures. This will hinder 
mist forr:lation. 
0) The minimum approach temperabJres increased 75 to 1000 F. 
even thoug-h retort length "l-las increased from 12 to 16 feet. 
For optimu,'T\ beat "transfer and temperature profile retort 
length should be increased to a bout 20 feet. This increased 
length should red1.1.ce offgas and spent shale temperatures.
(4) Preheat of the air-dilution gas was required to obtain 
opera1:;l~ solutions for three-inch shale, 5500 F. at 300 lbs/ 
(Rr)(Ft ) and 18000 F. at 750 lbs/(Hr) (Ft2). (This excessive 
preheat at the high rate reduced the length of the combustion 
zone making it appear that viith three-inch shale increasing 
rate reduces the length of the combustion zone.) 
(5) Peak shale temperatures are reduced 1000 F. going from one 
to three inch shale. 
(6) Spent shale temperatures are increased about 1000 F. to 
temperatures above 4000 F. going from one to three inch shale. 
Since there is a 1000 F. minimum approach temperature for the 
three-inch shale increasing the length of the bottom zone 
should reduce the temperature below 4000 F. 

In summary, retorting one-inch shale at shale rates of 750 lbs/(Rr)(Ft2) 
appears achievable, if cracking of the shale oil in the combustion zone 
is not excessive. Processing three-inch shale at high throughput rates 
does not look achievable at the conditions run because of the excessive 
preheat reql~ired, unless increasing retort length permits operable 
solutions vrithout excessive 'Preheat. 

The remainder of the process variable runs t-Jill be analyzed and conditions 
recommended for operating the 6 T/D at 500 lbs/(Rr )(Ft 2) .. 

Tne follovling additional studies vlill be made vlith the model: 

1. Study the effects and develop a mechanism for '\-later refluxing 
in the top section of the retort. 

2. 	 Introduce the slightly hizher gas burning rates obtained in 
eXperimental studies at Paulsboro. 

3. Determine the effect of va~ring the heat of the carbonate 
decomposition -metal silicate fOl~ation reaction~ 

B. Development of 'conomic Guidelines (J. E. Burchfield) 

Proposed bases for preliminary economic analyses to guide retort develop­
ment have been reviewed and revised. As originally proposed, mining, 
crushing and retorting rates were held constant and shale oil production 
'-JaS varied ldth changes in process variables. Crude oil was to be pur­
chased and introduced with shale oil into a coking operation to produce 
constant coker products. These bases created the follovling problems; 

http:red1.1.ce
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1. Determining coker yields and optimum operating conditions 
on shale oil versus crude oil. 

2. Finding suitable non-proprietary coker correlations. 

3. Using product values rather than costs. 

Because of these problems, the bases have been modified as follows: 

1. Coking has been eliminated. 

2. Shale oil production rate is to be held constant by varying 
mining, crushing and retorting. 

3. Depletion allowance is not being used in the current evaluations 
to avoid the problems associated with the manner in which depletion 
allowance might be determined. Furthermore depletion allowance will 
not have a major effect on retorting optima. 

4. Hining costs have been approximated from earlier studies up­
dated for technological improvements, to be in the order of 40¢/Ton. 
More thorough and detailed economic studies are planned on mining 
later. However, for our purposes at this time this approximate 
cost of 40¢/Ton is satisfactory because the cost of mining has only 
a slifht effect on retorting optima as shown later. 

5. Crushing costs likewise have been approximated from earlil"r 
studies. The cost of crushing is in the order of 18¢/Ton mined. 
This cost will also be used in current evaluations. 

6. Petorting costs were calculated using the attached revised 
bases. 

\~Tith the above chan§"es and the following revised bases for retorting 

shown in Table 2, costs were calculated for shale oil at various retort 

mass rates and vields (as percent of Fischer Assay). These costs are 

shown in Ta'ile 2 as the cost difference (from a base of 230 Ibs/(Hr)(Ft2) 

and 90 percent of Fischer Assay yield) versus mass rate and percent yield. 


This plot illustrates that mass rate has a significant effect oncost. 

It also illustrates the degree by which yield may be sacrificed to achieve 

higher mass rates. 


The same plot also shows that the effect of increased mining costs on 

differential retorting costs is small) However, higher mining cost does 

increase total shale oil cost 1:w an additional 6.5¢/Bbl over that shown 

in Figure 5 when mining cost is 44¢/Ton instead of 40¢/Ton. 


Close cooperation ."ill be maintained vnth the retorting section to develop 

the relationship beb-leen yield or yield loss and mass rate through the 

retort. This relationship Nhen combined with the above cost relation­

ships will indicate the optimum mass rate and yield for the bases indi­

cated. 
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Other factors 'Hill also be studied for their effect on costs. These 
factors include shale particle size, air rate, air preheat, retort 
length, recirculation gas rate, external line burners and other 
anpropriate variables 't..hich later development indicate to be significant. 



Table 2 

Preliminar;r ;:conomic Bases for Determining Guidelines for Retort Development 
Revision 1 

Cost of Shale Oil = Cost of Canital + OperatiY"?, Costs - By Product va11,le 
Bbla of Shale Oil Recovered 

Cost of l':ini!:g = 37 - 43¢/Ton Preliminary Base 40¢/Ton 
Depletion AllolV'ance not Credited 
lIO Cost Taken for Land 

Cost of ~rushiY"g = 17 - 19¢/Ton Prelirr-inary '3ase l8¢/Ton 

Cost of ""etort:i-rr 
---Cost of Sanital 

General 	 7'(; Federal Income Tax Investment Cred~ 
15 Yr. SYD Depreciation 
15 Yr. Project Life 
10'\ D.C.F .. l';.eturn on Investment 

Retort Investment~} 	 230 lb/(Br)(Ft2), M,~ 31.5 

500 Ib/(Br)(Ft2), N~ 21.0 

800 Ib/(Hr)(Ft2), M$ 17.1 


Operating Costs 	 Operatins IvIaintenance Total 
Direct i',1anpower 	 230. lb/(Hr) (Ft2), Nen 25 27- -,2­

500 lb/(Br)(Ft2), Hen 21 25 46 
800 lb/(Hr) (Ft2), Hen 17 23 40 

'Power, tvII(I'THr/D 550 
Labor Hages, 'lsjrrr. 3.00 
Cost of Electricity, ¢/KI'ffir. 1.00 
Maintenance :'!Taterial, %of Invest/Yr. 2.5 
Plant Overhead, 50r;~ ",rages (Opel". + ':JIaint. + Sup 'r) 

+ 0.75% Invest/Yr. 
Benefits, 30;~ of Uages (Opel". + l;:ain. + Sup'r) 
Insurance and Taxes, %of Invest/Yr. 1.5 
tvliscellaneous Supplies, l¢/'fon of Retort Feed 
Escalation, 0.5;: of l'Iaterial/yr. + 1.0'1; of II,Tages/Yr. 
Federal I'''come '1'ax, 50S 

13y 	 Product Values 

Letort Gas 16¢/1ptu 

Raw Shale Fines j\To Value 


~~1ining P~te of 84,000 T/D is used for 90 percent yield on retorting. 
For hifher or lower rates due to yield differences, investment is to 
be prorated by 0.6 paiver of the ratio of the mining rate to 84,000 T/D. 
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