Case I - 0il Shale Processing with Thermal'Refining

The equivalent of 21- 1/2 oil-shale mines of the type proposed by the Bureau
of Mines (19,200 tons per calendar day) and discussed in the first part of this
report can produce 411,000 tons per calendar day. When retorted by the gas--
combustion process this amount of oll shale will yield 250,000 barrels of crude
shale oil. For the present study, mines have been located in groups at five
different sites along the Colorado River and its tributaries - Roan and
Parachute Creeks - in the Grand Valley-DeBeque aresa of northwestern Colorado.
The ‘mines are similar in each case, developing the formation horizontally
from an: outcrop variously located 1,000 to 3,000 feet above the valley
floor. -

Gas-combustion-process retorting plants are situated below each mine on
ridges abutting the outcrop. Crushing and screening plants, shale-storage
bins, and retorts are placed to take advantage of the terrain.

The present conception of a commercial-scale gas-combustion retort is a
battery of five rectangular cells operated as a group. Each cell is 19 by
38 feet in plan and processes about 2,000 tons of shale per day. Two such
batteries constitute the retorting plant for one mine. The top of the re-
tort structure is about 80 feet above grade and the entire five-cell battery
is about 100 feet long. Separate rubber conveyor belts, running longitudi-
nelly over and under each battery, feed shale to the retorts and remove the
ash or spent shale to adjacent canyons for disposal. Gas blowers and oil-
recovery equipment are housed in a building .paralleling each battery, The
area requirement for a plant to consume the shale output of one mine is less
than 2 acres.

Crude shale oil is prepared for pipeline transportation from Colorado
to California by a light thermal treatment to reduce its viscosity:=tind pour
point, Five viscosity-reduction plants of 50,000 barrels-per-caleniar-day
capaclity are located nearby in the valleys to serve each retort plant and
mine group. The oll is gathered to a central point to be pumped through a
T10-mile, 30-inch-diameter pipeline to Los Angeles for final refining.

Byproduct gas (80 B.t.u. per cubic foot) from retorting is used as fuel
for viscosity reduction and to generate electric power. The energy from re-
tort gas is sufficlent to supply all power requirements for Colorado facili~
ties, with a sizable excess for sale to the local public utility company for
power generation,

In case I, the proposal for shale-oil refining is based on conventional
processes that will produce good yields of liquid products with nominal in-
vestment., It is assumed that the shale-oil-refining units would be additions
to existing petroleum refineries in the Los Angeles area, although, if the
advent of shale oil were caused by petroleum shortages, much existing equip-
ment could be utilized. To simplify the evaluation, specification products
are made entirely from shale oil by the plan presented; however, numerous ad-
vantages would accrue from blending petroleum and shale-oil stocks. Without
doubt, the latter procedure would be used by refineries adding shale oil as
a source of crude.
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At the Los Angeles refineries, the pipeline oil is charged to a typical
recycle thermal cracking unit. The light naphtha from cracking is treated
with sulfuric acid at reduced temperatures to remove cobjectionasble impurities.
Heavy naphtha is catalytically reformed under 400 p.s.i.g. hydrogen pressure
(using cobalt molybdate catalyst), then acid-treated. Hydrogen is produced
from refinery gases. Other refinery units include catalytic polymerization,
sulfuric acid manufacture, and ammonia-recovery plants. Light and heavy
naphthas, polymer gasoline, and butanes are blended and leaded to make a
finished regular-grade gasoline,

Cracked residuum is utilized for refinery fuel and power generation.

The balance of the residuum is blended with treating plant polymer to produce
No. 6 fuel oil. Excess refinery gas is sold to outside consumers. Liquid
ammonia, propane, butane, and 98-percent sulfuric acid also are marketed.
Products from both Colorado and California operations are listed in table 20,
- Physical properties of the principal products are shown in table 20A, Figure
k1 is a schematic flow diagram of the over-all process, showing the principal
quantities of material.

TABLE 20. - Raw-material and product summary for 250,000-barrel-per-calendar-
day operation; case I ~ oil-shale processing with
thermal refining

Raw materiel - Green River oil shale:
Flscher 8S888Y cicistvecccnosssscscannansssnsssacassas £8l. per ton 30
01l shale MINEd ....oceceecceaseesasnassess. tONS per calendar day | 411,000
Retort feed ...cececnsceccancansenssncsessssasncnsacanassassas 0. | 390,000
3/16 inch fines and Gust 1088 ...eessecscssccacsasscssssasssss 4O, 21,000
Crude-o0il production ..c..ccceessenascaacssss bDbl, per calendar day | 250,000

Final products:
Colorado

Fuel gas (1,060 B.t.U.) cceveveseeece. M std. c.f. per calendar day 7,120
Fuel gas (& B.t.ul) LRI B BN B O BB BN B B BN BN B BN BN BN BN BN BN B BN BN BN BN BN BN BN BN BN B IF BN I 3N BN BN I I W ) do' 865’000

Californial/

GASOLINe ....oscececascsasscsasssassncasssss Dbl, per calendar day | 103,680
No. 6 fUEL 011l ..vveneeccnonnssoannsnsscaancanssensansensnnsns @0, | 73,790
Commercisl PrOPANE ...ccssacsesacsscesascascasssescasssancnnas G0, 13,820
Commercial DULANE .uucvesessnsssncsscasansanssanssssascacsssse Q00 2,160
Fuel gas (1,300 B.t.U.) .ceevanssssss M std. c.f. per calendar day | 62,750
Sulfuric acid (98 percent) ......eseee'e.aa.. tons per calendar day 400
Anhydrous AmMMONIA . .ececsoe. cacsscenssssannssssssssasssssasses G0, 69
1/ Additional 45,400 bbl. per calendar day of cracked residuum consumed to
satisfy plant energy requirements,
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TABRLE 20A. - Properties of major products from 250,000-barrel-per-calendar-

day operation; case I - oil-shale processing with

thermal refining

Fuel

Shale | Pipeline ‘
oil oil Gasoline | oll
GrBVILY ....eoeseensenceannssnas CAP.I. | 19.9 22.3 59.5 5.9
Reild vapor PressSuUre ..sesssncesnsececsse . 10.0
SULPUY ssssscasassseacrssscrs Wb. percent 0.85 0.66 0.1 |1 0.6
NitrOgEeN ..escensnscssnassanacnsasas Q0. 2.12 2,08 Nil 3.0
‘Pourf point . c.veevanncnsasasnsnsens QF. +90 +10
Viscosity s.asvenease. 8.U.5, at 130 F. 130 ™
Viscosity veseesnsaes. S.F.S, at 136°E. - 300
FIGSh ----on----l-n-----on-tnnnn-‘ OE" - 175
Tar 8c1lds ..ccanscscsnanssssr VOl, percent Ril
Tar DASES ,uvessensssnassssssannnsnsa 40, Nil
Gum, A.S.TM: vsuvacenseees. mg. /100 ml, L5
Doctor test .cuceeesesannvianescennsnsusan Sweet
Induction period .....s.sss.e.s. Minutes 350+
Octane number F-l ....s0e2evas2e.. Clear 72.5
"'/'3 CC.TEIJ.-‘..--...-.....-.-...-.-._.. 82-0
Octane number F-2 ...vseseesesaess Clear 78.5
43 CC. TEL .ovsesascencnsnnsansscanans 88.5
A.8.T M, distillation: o :
I.B.P. sececrcasanassnccsnncnsnsas Fa 356 159 90 375
10 PETCent ...eeesseencesnsansses. 30 | 523 426 135 500
50 percent .....seecenscssscasenss Q0. 250
90 percent ....encesecsescnccensss 4O, 370
E.P. teovunsnnnannncssansannsssssss GO, koo
RECOVEYY wvnnesnvesssccaancncasaneensa |30 per-| 42 per- 96 |25 per-
’ . cent at | cent at cent at
680° F. | 680° F. 680° F.

Case II - 0il-Shale Processing with Mild Hydrogenation

Crude shale oill would be produced as described under case I, using the
Bureau's methods for mining, shale preparation, and gas-combustion retorting.
Retort gas supplemented by a part of the coke produced in refining supplies
all process fuel and electric power requirements for the Colorado facilities,

The proposal for case II envisagés collection of the crude shale oil for

refining at three locations in nearby valleys.
coking to produce a light distillate for subsequent processing.

The first refining step 1s
The fraction

of coker distillate bolling above 400° F. is hydrogenated at 1,000 pounds per
square inch over cobalt molybdate catalyst to yleld a sulfur- and nitrogen-
free stock for catalytic cracking. The gasoline fraction from both the
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hydrogenation and coking steps is reformed over cobalt molybdate catalyst at

400 pounds per square inch hydrogen pressure for sulfur and nitrogen reduction

and octane improvement. Hydrogen is produced from the hydrocarbons in the
coker and hydrogenation plant gases, Anhydrous ammonia and sulfur also are
recovered from the refinery gases and hydrogenation-plant liQuqrs.

. The liquid-hydrocarbon products, gas oil and reformed gasoline, are
gathered to & central point to be pumped through a 710-mile, 20- and 24-inch
pipeline to southern California for further refining and product blending
before being marketed. These partly refined oils are assumed to be distrib-
uted to three Los Angeles area refineries, where a portion of the gas oil is

catalytically cracked to produce high-quality gasoline base stock. Regular-
and premium-grade motor fuels and Diesel are the major products. Products
from processing 250,000 barrels per calendar day of crude shale oll are:
listed in table 21, and their physical properties are shown in table 21A,

Figure 41A is a block flow diagrem of the over-all process, showing the

principal quantities of material.

TABLE 21, - Rawv-material and product summary for 220,000-barrel-pgr-calendar-

day operation; case II - oil-shale processing with

mild hydrogenation

Raw material - Green River oll shale: _
FiBCher assay l.lll...l.l..l.l.l.ll.l.l’l.lllll.l.‘l. gali Per ton‘ 30
011 Shale MINEA .eveseseinnasssesnnasssasess tons per calendar day | 411,000
Retort feed ..l.l.ll‘ll.l.'l’...l.llIlll..l.lll.l..-llllli'llll do- 390’000
3/16 inchfines 1088 ' EEPEEREEEEFEY FEE NN NN RN NN RNEJNNEINE;NI d.O. 21,000
Crude oil production ...ssssssessesnssescares bbl, per calendar day 250,000
Final products:
Colorado
coke C..Illll..'_Illll‘.llll..ll.lll.llll.l-l ths per calendar dﬂy h,070
monia ICII.Illll‘lll‘l.lllll.l!..l.l‘.ll.ll.l.lll...‘llllllll do. l"60
Suli‘lr Ill..ll..l.I.lll.lll.l_l.llll'll...IlllI.In'..ll'.llll.! do- 215
California
Premium g8S01INe ...ccassesscessnsesssssesss DDl, per calendar day 63,450 -
Regﬂar gaSOline E TN EERFENNENNRENINNENNIINERNNIN I N IR N N IR NN d-OI 63’)"'50
Diesel flle]- '.’.!ll.l..‘llll....‘.lllll.'.....lll.l‘ll.l..lll. dol 62’3®
Fuel 011 ..l.-.l.llll,.lII’...l...!..llqll.ll...llllt..ll.'l...o dol 3,050
Cmercial propane l.IIl!lll.lll’..l..lll..'l...‘..'.l.l.ll.ll.. do- 2,lho
comercialbutane ll."‘...l.llil.l..'l.‘l.lll."..l..l.ll'l.-. do. 6’780
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’mLEzlA.

day operation; case II - oil-shale processing with -

mild hydrogenation

Properties of major products from 250, OOO-barrel-per-calendar-

Bhale | Regular | Premium | Diesel
- oll gasoline | gasoline | fuel
GraVity}n---»----.------nn---..-- OA.P.I- 1909 - - 35
Reid vapOr PresSsure ..ceveccssccensnssnns - 10 10 -
SULPUT seeenesscacsnnnnsssnss Wha percent 0.85 0.01 © 0.05 0.08
Nitrogen ..veeveencnssncscannnceenens 4O, 2.12 0.001 0.003 0.01
Pour point ...ieseencscasacasncssnanes OF, +90 - - 0
AS.T.M,, g .cceevsvee.. mg per 100 ml - 1.0 1.0 -
Viscosity ..............S U.S. at 100° F. - - - 37
S.U.S. at 130° F, 130 - - -
Carbon residue .....ves.. 10 percent btm. - - - 0.03
Flash point, PMCC ...veaesenssannesss OF. - - - 160
Induction period ...csvaeresss. ., minutes - 500+ 500+ -
Octane No. F-1 +3 cCo TEL vuvsusnnnnncacn - 85 96 <
Octane No. F-2 +3 cCu TEL +puenunccsvnnns - 80 85 -
Cetan.e NO. S eRsRERETROEI PR CEENERENRAORASE D - - - )"'7
A.5.T.M, distillation:
—I-B-Pn S A AAR AN AR NESRARERERIUBASERSE OE‘,- 356 95 95 -
10 percent ....cisesscsnsicansssnss 4O, 523 135 130 460
50 percent SeReseR NI NI ERRRAEBRANRER N do. - 2&'0 230 5)"'0
90 percent ...esavecesenncssnnncase 40, - 350 340 610
E.P- l.lll.l.ll.llvﬂlll.nlllill-llll do- - )"'00 )-I-OO 6""0
ReCOVErY .svesnssnesassssscuansnansanasa |30 per- - - -
: cent at
680° F.

Cost. Estimates

The estimates of construction costs for the 250,000 B/CD project are shown

in tables 22 and 22A,.

- Power, water and sewage plants, access roads, shops,

offices, warehouses, fire and protective systems, rolling stock, etc., as well
as processing equipment, are included in the estimate for Colorado facilities,
Employee housing and community facllities are not charged to the plant invest-

ment,

.However, in both cases $1,250,000 is provided to assist local plenning

groups in expanding existing communities and to protect the interests of the

plant owners and of the employees,

California refineries are assumed to be addi-

tions to each of three existing Los Angeles area refineries, and the estimated
construction cost includes necessary expansion of plant utilities, laboratories,

etc.

In estimating operating costs, items such as personnel, chemicals, catalysts,
and utilities, quantitles were determined by detailed analysis of requirements,
Certaln other costs were estimated as percentages of labor or capital investment

based on experience with similar operations.

Tables 23 and 23A, show operating

costs for crude oil production, transportation and refining for cases I and II,
respectively, and explain the basis for the individual charges.

- 48 -
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TABLE 22.

- BEstimated capital reguirement for 250zOOO-barrel-per-calendar-daz

operation; case I - oil-shale processing with thermal refining
Construction cost:

Crude-oil production .
Mining and CTUShING ....eeeveeescsscesosassnsasscsonoananscs $128,900,000
REtOTtiNg esvecesscassassssosssssssssscecscoasncnssceersanes 121,800,000
General facilities and utilities ...scereccresencaceccnccees 99,400,000

Total for crude-o0il production ...ceseeisescencnacascenss $350,100,000

Crgde-oil transportation
Viscosity breaking ..cecesecasesacasacnraoscamareocnnnccnenes 22,000,000
PIPELINES .eeveecencsnonscavsonsnsansntassssasassncscassccee 101,800,000
General Pacilities and utilities ....cccceaccocciccncccnnnne. 11,000,000

Total for crude-oll transportation ......cccceeecaccaacee $13L,800,000

Refining

 Thermal cracking and gas Processing .eceeececcanccconcrancns 90,500,000
Catalytic reforming ........................................' 43,300,000
Catalytic polymerization Weesssescassacssnsssassaseanes s 17,200,000
Acid treating and redistilletion ....ceccccecercccnsncrnaces 13,500,000
Hydrogen production «..escececssessvessssccens ceesenstnasnes 18,300,000
AMMONi8 TECOVETY ceesecsnasasscsssonnacncssansnasscannnarcns 1,300,000
Sulfuric acid manufacture Citeeasecssessaessesesassacesnuens 8,000,000
General Facilities and utilities ...cececcocncnccinancacenes | 68,100,000

Potal For refining ...c.csseseccescsesansessessascsnasances 260,200,000

Total construction cost of process facilitiesl ceanas $7h5,100,000
Operating CBPIitAL ....coessss-satsncnssscescocncasacasanonneeses 97,100,000
Process royalties .ieeeecececacscecsssassasnsanacccsncncccncaans 10,700,000
SEATrt-UD EXPENSE cuaseasacssssossssrsansasssaessaanassascssaces 18,000,000
Total capital requirement for Process .......ceceocsvees 3870,900,000

Community facilities§7 e eeeeeiasessesessacssansasssassannsas 1,250,000
Total capital requirement seu..ce.seceesscoessssanasas $372,150,000

1/ 1Includes interest during construction,

communities.

- b9 -
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TABLE 22A. - Estimated capital requirement for 2 000-barrel -~

er-calendar-da

operation; case II - oil-shale processing with mild hydrogenation

Construction cost:
Crude-oil production
Mining and crushing seseumceeasasareseaanasnnne
Retorting Cesastecnseannanenennscennan
General facilities and utilities cereasncaces
Total for crude-oil production ........
Colorado refining
Coking .vveeeennoan.
Catalytic hydrogenation tsesesenstasaesaacanas
Catalytic reforming
Hydrogen production ........
Ammonia recovery B T N
Sulfur recovery T
General facilities and utilities thessiassescansscennevan
Total for Colorado refining ...
Transportation
Pipelines B
General facilities and utilities
Total for transportation ....cceeecse..
Californie refining -
Catalytic cracking
Catalytic polymerization ceesienasesansanaanes
Redistillation .vivieeeeveenseencecones
Total for California refining ...
Total for process facilitiesl/
Operating capital ...
Process royalties t.iuiieiiieieierecenenseencensacenosascannnns

*s s s eersaan
@t s esT e RO ELOeLNERPOEESRGS
CRCEE I )
Qe sv et e
A A A B L I R O
S acaessnes
SR e P AL IR RNCRLETERIE SO OIEERNIRIRARSESORGOESDS

LA L R R I B O O R R O
Ses e e

L T N RN
o8 ay
S ets RPN TRE ORI IEROIRECEOEOSIERIRBTOEOTSYE

s s cevs v nne

G R RO IININERERS NI IEIRNTLILIENRLOERSIAERSS
Cessces e
LA L L I N N N N I I A
SN edavoercreenPosannes
*Se s N RLsELREROCECENINSESLTEBSRLEESE

R B Y

Total capif7l requirement fOr process ....... ...
Community facilities2

Total capital requirement

$128,900,000
121,800,000
99,400,000

350,100,000

$107,500,000
72,500,000
71,000,000
63,200,000
3,900,000

L ;000,000
178,200,000

$500, 300,000

$ 70,400,000
1,800,000

$ 72,200,000

$ 41,000,000
11,600,000

12,700,000
00,000
987,900,000

$128,700,000
4k /800,000

22,300,000
$1, 183,700,000

15222!000
1,16%,950,000

%7 Includes interest during comstructiom,
2
communities,

- 50 -
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The economics of shale fuels production. is expressed in terms of the
rate of return on the initial equilty investment after income taxes, assuming
a 50 - 50 split between equity and borrowed funds. All products are assigned
current values. Tables 24 and 24A, summarize the ecomomic calculations.

Tables 25 and 25A, show the requirements for steel, other metals, and
manpovwer for construction and operation. .

TABLE 25. - Bstimated metals, maggbwer, and time requirements for 250,000—‘»
barrel-per-calendar-day operation; case I - oil-shale
' processing '_vri'bh thermal refining

"Mining, | Visbreaking
crushing |and pipeline
and transporta-
Item retorting tion Refining Total

Construction metals o ’ ' ‘

T OtEEL seesecccssassaces LONS 110,000 290,000 150,000 550,000
Alloy steel ....esees.. doO. 19,000 1,100 8,900 29,000
Nonferrous metals ..... do. 2,300 740 960 4,000

Construction period
“Months to 1/5 capacity ..... 18 18
‘Months to 1/3 capacity ..... 2
Months to 2/5 capacity ..... 30 30
Months to 3/5 capacity ..... ko Lo
Months to 2/3 capacity ..... 36
Months to 4/5 capacity ..... 54 Sk ‘

Months to full capacity .... 66 66 54 66

Construction manpower \

Man-shifts (total) ......... |6,500,000 | 1,000,000 3,500,000 {11,000,000

Operational manpower
All employees .v.ecscesessns 8,600 900 3,200 12,700
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