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FOREWORD

(Option III)

This report is one of three which present the results of studies

entailing preliminary design, costing, and financial evaluation of

hypothetical industry-scale complexes for mining and processing of

oil shale and/or associated sodium minerals occurring in a certain

area of the Piceance Creek basin, Colorado. The studies were made

in recognition of the interest that began to develop some years ago

when it was learned that nahcolite, a natural form of sodi~ bicar­

bonate, and dawsonite, sodium dihydroxyaluminum carbonate (from whic~

al~ina can be derived), were associated in significant concentrations

with the oil shale in this area. The particular location chosen for

study purposes is defined in the mining sections and on maps included

in the reports.

The studies, which consider a range of possibilities in regard to

depth and characteristics of the measures assumed to be mined and

processed, were based originally on 1966 conditions. Subsequently,

the economics were updated to 1971 and are presented on this basis in

the current reports. No similar updating of the technology was attempted

because lack of definitive knowledge concerning actual underground

conditions in the area of interest and of reasonably large quantities

of representative raw materials for processing studies precludes setting

mining an~ p~ocessing parameters with assurance. This situation is

discussed in more detail later.



I
The following repore. covering Option III of the three-pare seudy,

is concerned wieh an integrated operation involving a so-called "white

nahcolite bed," containing a high concentration of sodium bicarbonate

and occurring at a depth of about 1,900 feet, plus an underlying measure

of oil shale-nahcoliee-dawsonite material ae a nominal depeh of 2,600

feee. This latter material is characterized on the basis of limited

investigation, a point discussed more fully in the report. as contain­

ing 14.8 weight percent nahcolite and 11.6 weight percent dawsonite (a

carbonate mineral containing both sodium and aluminum), and yielding

37.0 gallons of shale oil by Fischer assay. The sales products in this

option include soda ash derived both from the white nahcolite bed and

from the nahcolite anc dawsonite contained in the underlying measure.

alumina stemming from tee dawsonite, a pipeline-quality shale oil. and

oil-related byproduces of coke, sulfur, and ammonia.

The first report, covering Option I. is concerned only with the

same "whitE' nahcolite bed" of Option III. The sales product in Option I

is limited to soda ash.

Option II, the subject of the second report, is closely similar to

Op~ion III except that the oil shale-nahcolite-dawsonite measure occurs

at a nominal depth of 2,400 feet. The available characterization data

for this material indicate a nahcolite concentration of 25.2 weight

percent, a dawsonite concentration of 9.2 weight percent, and a poten­

tial shale-oil content by Fischer assay of 23.0 gallons per ton. The

same sale~ products are considered in Option II as in Option III; how­

ever, the quantities differ in keeping with compositional differences

of t~~ lower-level raw material.

Option III



The studies described above were predicated largely upon informa­

tion supplied by the U.S. Geological Survey, based on the results of

examinations and analyses of the relatively few subsurface samples

available from the area in question. In addition, a limited amount of

related laboratory work was done by the Bureau of Mines in connection

with the sodium-minerals processing aspects of the studies. It is

stressed that a much more comprehensive investigatio~ would be required

prior to starting actual operations to define with adequate assurance

such factors as extent, attitude, and characteristics of the deposits,

mining con~itions, operating conditions and costs, and product yields.

The need is recognized for an extensive drilling program and possibly

even a pilot mining operation, neither of which has been effected to

date.

Option III
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CL'tCA 1971

AN ECONOMIC ANALYSIS OF AN OIL SHALE,
NAHCOLITE, DAWSONlTE COMPLEX IN COLORADO.

OPTION III

SUMMARY

An oil shale and sodium-minerals processing complex locaced as

shown in figure 1, consisting of a cwo-level shafc mining operation,

recorcin6 , partial refining, and a minerals processing plant, requires

a tocal capital investment of $636,973,000 based on 1971 values. The

complex is designed to process 8,000 tons per calendar day of a selected

white nahcolite ore and 60,000 tons per calendar day cf a nahcolite-

dawsonice-oil shale material to produce the products listed in table 41.

The sale of products will yield an annual income of $257,599,600

based on 1971 prices (see table 41). To produce this income an annual

expenditure of $151,373,400 is required which includes che cost of labor,

materials, maintenance, taxes, insurance, payroll overhead. and deprecia-

tion. The interest rate of return or discounted cash flow rate is

14.45 percent based on the weighted average life for depreciation

of l4.l55 years.

As indicated in figure 10, the white nahcolice ore is processed

directly in one section of the sodium-minerals plant for production of

soda ash. The nahcolite- and dawsonite-bearing material, except f~r a

-/-
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2

portion (If the high nahcolite materi"ll which is handled separately,

is retorted to y~eld raw shale oil and spe~t shale; the latter

constitutes the chi'lrl!;e to another section of the socliur.!-minerals plant.

The oil is refined by cokin~ ann hycrocrackin:;t to yi.eld a -pipeline

quality pr(lduct and various byproducts. The spent shale is processed

to yield additonal soda ash and alumina. The denllned spent shale and

other solid ,"astes are ultiT:latelv disoosecl of as mine fil1.

Operations throu~h~ut the com~lex are conducted essentially on

a round-the-clock, seven-day-per-week basis. Downtime for maintenance,

inspection of equipMent. ann similar functions is provided for in the

des!:n canacities of the various sections of the complex. The mine

operates 20 shifts per week or 95.24 percent of the time. The on-stream

factors for the processin~ sections arc 95.89 percent for the sodium­

minerals plant, 95 perccnt for the refinery, and 90 percent for the

crushin~, screenin~, briquettinv.. and retortinp,. Sufficient sur~e

capacity in the form of str!ck;>iles or other stora~e facilities is pro­

videc betwee" all principal sections of the cOMplex to permit :tormal

downtime of individual sections without disruption of operi'lticns in the

complex.

The mining measures selected for this scudy, 9 feet in the case of

che white nahcolite and 60 feet i~ the case of the nahcolite-dawsonite­

oil shale measure, occur at nominal depths of 1,900 feet and 2.600 feet

respectively. The bilevel mining layout that is visualized is large

enough to support operations for 20 years; however, further investigation

would be required co verify sufficient reserves and the rninability of the

deposits prior to starcing an actual development.
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The land requiremen& for &he integrated complex is 940 acres.

This includes to&al plant area of 300 acres, 315 acres for the water

reservoir, and 325 acres for the waste disposal pond •

. The detailed equipment lists are given in tables 2 through 18

and the cost summaries are shown in tables 19 through 36.

t~NI~G

3

General

As indicated in figures 1 and 2, the hypothetical mining operation

is located in Rio Blanco Gounty. Colorado. For purposes of &he study,

a contiguous land area of some 11 sections of land is involved: Sec­

tions 13, 14, El/2 15, 23, 24, 25, 26, 27, 28. TIS, R 98 W, Wl/4 sec 17

and 20, sec 18 and 19, TIS, R 97 W.

Production is from two different levels. a nahcolite zone approxi­

mately 1,900 feet below the surface and a nahcolite-dawsonite-oil shale

zone about 2.600 feet below the surface (fig. 3).

The location, size, and attitude of the white nahcolite deposit

and the nahcolite-dawsonite-oil shale zone are assumed mostly from

analytical and other information provided by the U.S. Geological Survey

and a preliminary isopach map of the white nahcolite bed (fig. 2). On

the 2,600-foot level the location of the nahcolite-dawsonite-oil shale

beds with respect to the white nahcolite bed was specified by the U.s.

Geological Survey.
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A 1968 report by the u.s. Geological Survey on the water condi­

tions in the area considered in this study indicates that a water­

bearing leached zone probably exists immediately above the nahcolite

bed to be mined. However, sufficient information to evaluate this

condition as well as to define other mininG conditions with assurance

is lacking. Such information normally would be obtained from an exten­

sive drilling program or even a pilot mining operation, neither of which

have been effected.

Since sufficient exploration has not been done to determine the

actual mining conditions and limitations, the following assumptions

have been made for the 1,900- and 2,600-ft levels.

Assumptions concerning the 1,900-ft level, nahcolite bed, are:

1. A uniform, more or less flat lying bed of nahcolite with a

minable thickness of 9 feet occurs approximately between 1,879 feet and

1,890 feet below the shaft collar.

2. The mining zone is overlain by a competent member including

the upper two feet of the interval mentioned above which, when rock

bolted and supported on pillars, will carry the overlying material

across the mine openings.

3. Rooms and entries 16 feet wide will stand open indefinitely

when rock bolted on 5-foot centers and mining is limited to a 50 percent

ove~all extraction rate.

4. Hardness, fragmentation, and swell factor of the nahcolite are

similar to that of trona. Specific gravity is 2.24. equivalent to 140

pounds per cu ft or 14.3 cu ft per ton in place. Swell factor is 0.53~

equivalent to 75 pounds per cu ft or 26.8 cu ft per ton of broken material.
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5. Methane gas will be encountered, therefore all electrical equip­

ment must be permissible l and ventilation must be ade~uate for the

conditions.

6. Impervious beds lie adjacent to the mining zone so that the

mine ":"s dry.

In further regard to the immediately pt"eceding assumption No.6,

it is rp-cognized that no significant inflow of water could be tolerated

in the white nahcolite mine because of the solubility of the pillars to

be left for support and the d~fficulty of mining and handling the

nahcolite if wet. If a significant inflow were found to exist, it might

well be subject to engineering control at some cost; however. no such

cost is assigned in this study in view of the sparsity of information

presently available about actual water conditions.

Assumptions concerning the 2,600-ft level, nahcolite-dawsonite-oil

shale bed, are:

1. A uniform, flat lying bed of nahcolite-dawsonite-oil shale

with a minable thickness of 60 ft occurs approximately between

2,530 feet and 2.590 feet below the shaft collar.

2. The mining zone is overlain by a competent member which, when

rock bolted and supported by pillars, will support the overlying

material a~ross the mine openings.

3. Haulageways 30 ft wide will stand open indefinitely ~hen rock

bolted on IO-ft cer-ters and mining is limited to a 45 percent overall

extraction.

l"Permissible" means a machine, material, apparatus, or device has been
investigated, tested, and apprcved by the Bureau of Mines and main­
tained in permissible conditions. Reference: Federal Register, v. 34,
No. 11. Jan. 16, 1969.

OPTION III
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4. Specific gravity is 1.97, equivalent to 123 pounds per cu ft

or 16.3 cu ft per ton in place. Swell factor is 0.75, equivalent to

92.2 lb per cu ft or 21.7 cu ft per tcn of broken material.

5. Methane gas will be encountered; therefore, all electri~al and

diesel equipment must be pe~issible and ventilation must be adequate

~or the conditions.

The minin~ area desi~ated for this study was sized to prov1c~

enou~h ore. includ1n~ a reasonable amount for unminable are~s, to operate

the shale oil and minerals processing plants for a period of 20 years at

a 45 percent minin~ ex~raction. This extraction rate was computed usin~

the physical characteristi.cs of the oil shale and colu1'1Tl of overburden

to ,.letermine the si7.e of openin~s and size of 1'11 blrs which should

be left as support. 2

The processin~ canacitv i~ 68.000 tons per calend~r day (24,820,000

tons per yc~r). 8,000 tons fr~m the 1.900-Ft l~vel and 60,000 tons

from the Z,600-ft level, with allowance in desi~ to provide for l~

non-operatin~ days per year, or equivalent time at reduced capacity f~r

maintenance and repair. The mine and processin~ plant operates round-the-

clock seven days ?e~ week.

~o cost or time has been shown or allowed ic makin~ this study for

coml..3ny fornation or oro;anization, acC"(uisition ·~f propertv rights,

ownershi~ blocking un, title clearance, or oth~r lev~l problems.

The amount of pre-developmental drilling required would vary con-

siderably depending on the uniformity and consistency of both the bedded

ZObert. L., W. I. Duvall. and R. H. Merrill.
O~eninr,s in Competent Rock. RuMines Bull.

Desi~n of Under~round

587, 1960, 36 pD.
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deposit to be ~ined and the adjacent be~~. If early drilling indi­

cates complete uniformity, a minimum of additional drill holes would

give adequate information. Discontinuous and/or nonuniform formations

would require closer hole spacing to evaluate the ore body. Under

average con1itions one core hole in each 1/4 section (44 holes on 11

sections) could provide sufficient information to delineate the ore

body. Three rigs would require about 1 year to drill the 44 holes

which, along with the required engineering and assaying, would cost

about $1,936,200. For the purpose of this eva1uat10n, it is assumed

that average conditions do exist in the area under consideration and

$1,936,200 is included in the cost estimates for pre-developmental

drilling, engineering and assaying.

7

Development

Assuming that the preliminary exploration and feasibility study

indicate the advisability of proceeding further, a mine development

program, estimated to require 38 months as detailed belo~, would ensue.
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Time Schedule

Month

~

Tem?orary access road for explo­
ration and construction purposes
only, involving virtually no
excavation or structures but
with adequate surfacing (3-1/2 mi)

Site preparation (shaft and
hoist house) 0

1 service shaft (30-ft diam.)
2 production shafts (20-ft diam.) 1

Install headframe and hoists
Station preparation at three
shafts 25

Lower equipment and begin
development 28

l.900-ft level
Drive 7 main entries 16 ft x
9 ft in two directions (38
working faces). Drive and
ream the ore pass between the
1,900 ft level and 2,600-ft
level. 29

Add necessary entry develop-
ment and equipment 33

Begin panel development. add
mining equipment 34

Start full production in 38th
month 36

2.600-ft level
Drive haulage drifts. ventila­
tion drifts and complete all
preproduction development 29

Start production in 36th month

Month
finish

1

25

28

29

33

34

36

37

35

lmo

24 mo

3mo

lmo

4 mo

lmo

2mo

111IO

6 mo

8

Production
TPCD

600

1,200

4,000

8,000

Average

17,300

60,000
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Shafts

The three shafts, located approximately in the center of the area

subject to development, will be concrete lined. They can be sunk

simultaneously. The two 20-ft diameter production shafts will be sunk

abou: 150 ft below the producing level to allow for the sump, surge bin,

~,~d 3kip pocket. Depending on the amount of water encountered during

·~xcavation, this will require about 24 months. Three 30-ft diameter by

~?-f7 deep concrete lined surge bins (2 at one shaft, one at the other)

~~th apron feeders for delivering the material into skip measuring

pockets at the production shafts will be excavated in the station

ar,2~S on the 2,600-fc level. O~e surge bin at one shaft will be used

to handle the nahcolite.

The 30-ft diameter service shaft will be sunk 50 ft below the

2,600-ft level to allow for a sump_ ~~intenance shop and supply rooms

will be excavated near the service shaft station area on both the

l,900-ft and the 2,600-ft levels. The shafts will have a 2-ft thick

reinforced con~rete lining to about 100 ft below the collar. From there

to the shaft bottom the lining will be about 1 ft thick. Grouting will

be required to seal off any water inflow to the shaft. The shaft con­

tract estimate includes a water clause that will cov~r the cost of

handling water during excavation and of any gro~ting required. Shaft

sizes were determined by production requirements and ventilation needs.

A 4-ft (inside diameter) ore pass from the 1.900-ft level to the

2,600-ft level will be drilled and lined to transfer the nahcolite to

the 2,600-ft level for hoisting to the surface. Conveyer transfer

equipment on the surface is arranged to stockpile the ores separately.

Option III
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Entrv Drift~ - 1,gOa-ft Level

After the shaft5 and shaft stations are completed the seven main

entries are driven north and south fron the shafts. Initially the

pillars are 100 ft by 84 ft in the seven 16-ft wide by 9-~t high main

entries for a distance of about 400 Ft from the shRfts at which point

they would chan~e to 64 ft by 54 ft. Pillars in the bleeder and butt

entries are 64 ft ~y 54 ft while pillars in the panel5 would be 34

ft by 39 ft (fi2. 4). Harrier pillars 200 ft wide are left between

main, butt. and bleeder entrie5 and the panels; SO-Ft pill~rs are left

between the panels. The final size of the pillars left for support.

whic~ dictRtes the distance between crosscuts. wouJd be determined in

an actual development as experience was ac~uiTed. However, for the purpose

of this estimate, they are sized as above.

One m1nin~ unit (men and equipment) is used in the north main

entry and one in the south main entry on each shift. Each unit-­

consistin~ of a cutting machine operator, driller, powderman, loader

operator, two shuttle car operator5, roof bolter operator. two utility

men. and a unit boss with a set of minin~ equipment--can comolete

ten 10-it rounds per shif~. A total of 400 ft advance per day will

be completed usin~ two units on each of cwo shifts. It is about 1,200

ft from the shaft to the butt and bleeder entries in each direction.

Because of lateral excavation for crosscut5 perpendicular to the entry,

1.66 ft of heading excavation must be driven for each foot of entry

advance. About 27,890 ft or headinp, excavation at 400 ft per day equals

70 workinr, days or 14 weeks. An estimate of 4 months is made for this

work, allowin~ for off-time and delays.
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11

At thi~ ti~e butt and bleeder entries will be started and driven

to panel drifts, with full production bein~ realizcd about 10 months

after thc shaft~ arc fini~hcn. Panel development bep.ins on the panels

adjacent to the shaft and pro~resses outward,
Reproduced from
best available copy.

Entr'J Drifts - 2,h,HJ-ft Level

After tiH~ 51I<1[t5, sh"lft statLon", sur~e bins, a.~1(' load in:.', r',,('h·t:.;

."Ire conpl.et~J, L:;C h'iuL11~e drifts, s!](lpS, an ..1 drift!.; nec(.!ssary for

v<:util.ltinn anu ac,t:'ss lwill b.:: drivell. Tho:! drifts will be 30 fe ",io('

hv J') ft !d"!i.. This prOVides suffici.~llt cross secti('ln for ventiLlt iO:"l

;:>3 ',coll 0" llnitin:o: tht:' unsupported sp.:m to <l 5.lfe c1 ist"lL1C~. <::C'''~(:IJL'''

,·'1 J I .lid in tho:" venti lalil'll . It :lllo...s flow of .:1il:" from 011(' drift tll

•"!,oot;,o!t" ill rast! an ohstruction would occl1r in pC')rlioll:; of a <ir i ft. A

l IH :-fl pi11:1r ",i.U h~ IE.'f~ betwl?en tllt! hau];H,:e drift::;; 11~-fl plll .. r ....

I:ill ~'e l.:ft h.:::tlTi'~n tl:t· h ..l.Ul::lp:c drift" and the p.'3nel" (fi.~. 5).

Th~ nu:~:'cr of perSl"nn", '- eMp LOY"d for prcrrociU,"ti.(111 dc,"", Il"pm.::nt

~d.ll vary de'){":ldin'~ upon the number of workin~ far.'~s availal>le. Tn

7i'e ti"lo:! ro.:!quin::u fOT tile ;o:rel'roduction unclerp,roun-j developmcnt .i 11

h~· approximately 6 !llo:'ltlls. [)urin~ this time ap~roxil'71ately 3S.()C)() fL

of drift:; and shoo are.1S will he excav;tted; tonn:1gc of materia] l'ro-

duce~durin<~. this development ph~se is ap,rmd.rnately 3.5 !:Ii} lion t.lns.

Afl~r. the ='lin!? i.s in prorluctiCln it t:; nec~s!';a["y to eXC<lv:ltc a,,:,roxi-

.:nt ... l:: 9.630 ft ()f drift in 93 days to develop a po?nC'l for pro::!ucti01:.
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The dpvclo~ment headinp, round will be 30 by 33 ft in cross section.

depth of the round will be 20 ft. Apn'!"oximately 1.215 tons of material

will be bro~en per round. A powder factor of 0.55 pounus of ANFO will

be usC',l per rounel.

ThO:! equipment usec.l in a development headin~ rounei will be the S:l.me

as that used in rninin~ in the panels.

The drill ri~ consists of twC\ rotary-hydr.:lUlic-electric machines

,.,.,lInt..J on a truck. l\ s~lf contained watE'r systPT:!. tank and ;lump. i5

T"lollnted on the truc;'; to providc wate~ for drillinr. purpose!';: also a

comi'ressor is mounce.1 on the unit to provide air to aid in thc rCtTlova1

I,f cllttin~s froT:1 the hole. The drill riq has a 33-ft fced ch.tnc:e so

a 33-ft hole can he dri] lE'11 in one pass; thE' rip.: is desi!!nec; so the

holE'S ne~r thp back of the 33-ft hi~h face can be reached. T,,,o miners,

;) miner's hel:'1cr. anc! a truck driver arE' required per drill rip,. The

:>ene:ration rate is assuTn1!o to be 10 ft per minute. It: is estimated

that a developMent h.,adin~~ round can be drilled in 1. 7 hours after

fll11 production has been achieved.

After a roullti has been drilled the drillin~ crew will move to

.:l.nnt!Jer workinz area. A cre,,, composed of two powderMen and a truck

driVe!' w1.ll t.hen ch:tr?,e the holes in the development headin!!. The

e1u1.plTlent will consist: of a truck containin!,! a tank for transporting
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Che A~FO (ammonium nitrace-fuel oil rnixcur.e) in bulk fonn. The nniC

is equirped to pneumaticallv char~e the ~~FO into the hole~. A hydraulic

lift poweren by the truck motor allow~ access to the holes near the

b~c~. Positionin~ contro15 on che loadi~~ ~latform are conveniently

located for the powderMan. One p~de~an place~ a primer in the hole

while the other ch~r~es the A~~O. ~~ truck driver would service che

e<lUiT'",e~t. The 3-tcm AN'FO container on the truck is remov:lble so that

a similar container can be filled with M'FO on the surface. brou~ht

under~round and int~rchan~ed with the container on the truck. It is

esti~ated that a development headinp. round can be ch:lreed in 1.7 hours.

Upon completion of the char,:dno: phase which includes wirinP.' of the round.

the cre\. moves to a.n"t:ler heodin"!.

After the area has been cleared of smoke from the blast and the

back tested for soundness. the loadin!!; and haula~e units will c01'llTlence

loading and transporting the broken material to the suree bins at the

production shafts. After the ~reproduction develonnent is comp1eted

the material will be hauled to the crusher units located in a panel~

the crushed material will then be conveyed to the surc:>;e bins. A frenc

end articulaced loader with a 20-ton caoacity bucket will be used to

load the material into 75 ton trucks. TIle number of trucks required

per loader dUT.in~ preproduccion develooment will de?enrl upon the haulage

distance. Sufficient trucks will be provided co keep che loader workin~

continuously. It is estimated that a loadin~ ri~ can load 1.755 tons

per hour allowing for 9U percent avail:lbilttv and 10 minutes movinp.

ti:ne per hour.
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All of the backs in the mine will b~ rock bolted on a 10 ft by

10 ft pattern. Thi~ patte~ may change as exrerience is obtained in

actual mining operations. In addition the backs and ribs will be scaled

of all loose material. Fer this work a special truck equipped with a

telescoping boom cap~ble of providin~ access to the mine roof will be used.

A drill for roof boltin~ will be ooerated from the platform. The boom

is =emotely controlled by the drill operator at the platform. One

miner and a truck driver are required per rig. It is esti~ted the

scalin~ and placement of 6 roof bolts per. develooment roun~ will take

0.7 hours. A bulldozer equipped with a bucket or blade will be used

to clear the area of boulders after scaling and roof boltin~.

Production - 1,900-ft Level

The cost estimate is based on a modified roo~ and pillar minin~

method similar to that used in some of the trona m1ne~ in southwestern

Wyomin~, uncler2round coal mines, and other bedd~d deposits (fi2S. 6 and

7). Operations are hi2hly mechanized and the minin~ personnel are orp.anized

into minin~ units of nen and equipment which are inde~en~ent of each

other.

Each unit consists of 10 men - a cutter operator, driller. powcier­

man, loader operator, two shuttle car operators. a roof bolter operator,

two utility men, and a unit foreman. Each phase of the mining cycle

takes 20 to 30 minutes. Barrin~ unusual delays a unit can complete

14 to 16 cycles per a-hour shift. Enou~h working faces are made available

(15 to 16) to insure a unit loses no ti~ waiting for a heading in
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which to work. Thus at the be~innin~ of a shift there may be three

rounds blasted ready to load out, three headin~s cleaned out ready

to rock bolt. etc. Prorluction will avera~e about 1,500 tons per unit

per shift at 100 tons per round. Two un1t~ operatin~ on three shifts,

20 shifts per 7-day week can produce 60,000 tons per week. TIlis production

r~te provides sufficient reserve minin~ c~pacitv to insure maintaining

the re~lIired 56,000 tons per week allowin~ for all mainten~nce and repair,

unscheduled downtime, etc. TYo c01T!T"lete sets of spare et'!ui."'T'lent are

kent uncer~roun~ as s~~res to avoid undue production delays when bre~k­

downs occur.

The diMensions (16 ft wide by 9 ft high) of a develonment and a

production he:l.dinp. are the saT'le so that it makes little difference in

costs whether the are is mined froT'! developnent or production headings.

A description of each phase of the minin~ cycle ,follows.

Cut

An electric-~owered coal cuttin~ machine that has been modified

by stren~thenin~ desi~n chan~es for operation in harder material is used

to make a cut at the face of the headin~ to which the roune would

break. The 10-1/2-ft deep cut is made the width of the face as near

the roof as is practical. The machine is operated by one man; the

operation normally takes 20 to 30 minutes.

Drill

The drill jumbo, powered with a l15-hp electric motor driving a

hydraulic system, has two drills, each mounted on a hydraulically

controlled extendable boom arT'l. All controls are centrally loc:l.ted
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so ~hat the mac:llin~ call be operatl~d by one man. Tllirteen to IS hol~s

(d"po:nJin~ on the si7.C of the heatiinro: :lnd the tourluwss of the I:latcria])

art:' drillt.!<1 in a fixec pattern to bt:'eak to the cue at th.. roof. The

holes are 1-3/4 inches in diameter and are drilled about 11 ft deep usin~

eunl\sten carbi.dc bi ts and aur.,cr stc€,1. TIl is op,-rat i"n takes 20 to ]0

mi.nutes.
~eproduced from

esr available COpy.

aSSIl~:'~'" n.) problem would be enc:'Ollntt!rf.''! i'l acquirinl!, "'ritten pcrrdssi.'·11

:'r'Jr.' the pr('l~er autllc rities to use it in thi,.; rniup. A:~f() is USE."j in

t',,:: trnr:.:1 minp.s 04' \.iyominl!, \..1Ii.:ll arc classi fied as lo!;assy mine!".

~ snall diescl-no~ered lonJin~ truck, provided with a small

cr)""'rcssor an~ pressurized Systl~!TI. is usc,l to pneunCitically cilar"c- th ...

bl:ls:tin~ il~;el1t. A~;F(\. into th~ holes. !-lillisecond-dclay clcc:tril'

:,11stiw·. caps arc proviued IOit:l iron lead wires so tilt'y can tl,:, r~"loved

fr",., L!lf: or.:! by m.n~n~~t~ 1'ln(; arE' placed in th~ botton of t1l'1 hole in

:l l-inc:> by &-incil pt'im<'r of 6'5 perc<:'nl pE'r::lissiblo:: dyn;l~it"'. The

A::1'"O i<; chars;ec to within about a fe-o!: of the c.C'lllar of t'le hole.

A plasti.c 1.>a::: (about I-1/2-inch diancter by I-ft lond is fille..!

;,rith W.:l.ter an.1 used for ta:'l:linj:! or st:emr:lil1~ in the collar of each

hnle. In addition to its use as st"'"!:l'ling, the water also acts to

quellch the flash from the blasting a~cnt. Th.. round breaks about

10 ft deep. Abol,lt 1"10 tons of ore are bro!;cn each round, with most of

the material falling in the size range of 12 to 18 inches. One man

char~es and blasts the round in about 20 to 30 minutes. About 10

minutes must be allowed before the subsequent loadin~ operation begins
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so that the dust- and sm0ke-laden air Ci'ln be cleared out by the small

auxiliary ventilation f~ns.

Load and Haul

A lGO-hr ~atherinf,-~.m-tvpe coal loaner, modified by stren~thening

design c;,ange5 for oper'ltion in nailc('llite, is used tC' load the broken

rock. The ore is p.3.thered onto a bar-fli~ht-feeder on the loader and

cClnveyec1 over the lO<l.uer into it shuttle car. The lo~der is capable

of loadin~ from 21 to 33 tons per mi:1ute an<.l is operated hy one r.lan.

1'1.10 l4-ton electric powered shut.t.ie cars, used to h.:wl the ore to the

CO:1vC'j"C'r, 0l't'r4lt.c \.ri th one In;:l<]er. The rn:tximu"l hO'l1l la~e dlst::tl1cl' is

norm'l]ly limit.ed t.o 51)1) feet. hecausf? of t.he tr;:li lin"', cable on the ldec-

tric pOl.:ered shutt.le cars. One 11l.'!:l operat.p.s each shuttle car. The

IO;'luing phase of tho' op.ar:l.tion t.'11:es 20 to 30 r.linutes. To control t;\e

..lust, the Cluck pile is ....ett-cd ·... i.t~1 I"at~r pirccl tn t~h> ....orkin~, area

t:.:-ou~~h th~ ~·lat~r distrihution syst@;:>. The unc1 ..r~r('lunc1 operation

requires 20,000 gallons of water per day_.__--~--~~~--l
Reproduced from
best available copY·

Rock Bolt

A.., electric-r,.ydraulic rock-b('\ltin{': maced.ne is used to drill t.he

rock-bolt holes. and to insert anu ti~hten the 54-inc;1 rock bollS

across the back of each newly blasted develorrnent and production

beadin~~. A hyclraulic-driven auger drill, similar to the drills used in

the prouuction headings, is mounted on a hydraulic, extendible boom arm.

Vertical holes. about 1-1/2 to l-3/4-inches in diameter, are drilled

on 5-ft cent.ers. The bolts. 54 inches lon~ by 3/4-inch in diamet.er.

complete with expander and plat.e, are pushed int.o position and tightened
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wi~h ~he drill ~o ~he proper ~orc:ue. One man can place the bolts

in ~ he~din~ in 20 ~o 30 minutes.

Convey and Hoist

The shuttle cars unload the ore into a crusher-cnnvevor feeder

where it is reduced to ,,,inus lO-inch material. Thi~ feeder 1s s~art:ed

with an on-off swi~ch which has a pull cord conveniently located

for the shuttle car oper~tnrg. It has an autol'l",tic shutdown TT1ecbanism

that stops the crnsher-cnnvE'yor fee(!er. when it empties. Its operation

is monitored by the shaft stat:!.nn crush~r attenc1;:ln~ throtl~h a closed

circui~ TV 5yste~ so th;:lt he can dis~atC':h re~airnen in case of trouble.

The material is then conveyed by the 36-inc~ transf~r conveyor to the

secnnd~rv ~ransfp.r C':o~vevorS or to the main entry convC~n~. Near the

sh~ft the main entry conveynr dischar.~e~ into a scree~ fee~er which

(lelivers all pIlls 5-inch materi.al t.o a seconc'<'lrv crns;,er where it. is

crnsi,ell to l:linus 5 inches. the sizE' ffl8tcri<'l1 that can be handled efficiently

throu~h the ore har,cll i.n" sys tP.l"'.

Th(' ore is then conveyed to an ore pass which transfers the

material to n sur,,:t' hi." on the 2.600-ft level. Apron fee,lers under ~he

sur~e hin convey t.he ore to a ski~ me~surin,,: pocket. The ski? measurin~

pocket. fills t.he skip as it is lowered into positinn; si.multaneously.

the ot.her bot.t.om dump skip discnar~e5 at the surface.

On the surface the ore is conveyed to a st.ocknile. This is sized

at 50.000 t.ons. one week's mill requirement.s. t.o pr~vide for continuous

processing in the event. of short term emer~ency mine shut.down. mine
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holidays, and ~o provide reasonable flexibility in mining operations.

To elirnina~e contamination problems, this s~ockpile is a paved and

roofed area, 300 ft x 15G ft. 40 ft high at the eaves.

Ventila~ion

Primary ventilation for ~his ~wo level minin~ opera~ion is provided

by two fans moun~eu near the service shaf~ on the surface. The fans

are capable of producin~ 1,240,000 cfu, at 8-inch wa~er ga~e: approximately

240.000 cfm used to ventilate the 1,900-ft level and the remainder

used to ventilate the Z.600-ft level. If needed. reRulators are used

to control the quantitv of air flowin~ to each level. The air is circulated

throu~h the mine and exhausted through the production shaft5. Brattice

clo~h, airlocks. and overcast drifts are used to control the direction

of the air flow. Portable blowers and flexoid tubing provide secondary

ventilation at each "dead end" workin~ face. Direction of air flow

within the 1,900-ft level of the mine is shown in figure 4. The

crush~r-conveyor feeders are located in exhaust entries and arran~ed

so that ~he shuttle car operators are upwind from the crusher. protecting

thern frorn the small amount of dust that is generated. Exhaust air

moves from the crusher located at the production shaft directly into

the shaft to prevent a dust problem in this area. If dust should

prove to be a problem, dU5t collectors could be installed. Maximum

air velocity through the system is 555 feet per minute or 6.3 miles

per hou!".
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Production - 2,600-ft Level

The minin~ system believed suitable for the 2,600-ft level is

a modified room and pillar system within a panel (figs, 8 and 9),

The 60-ft thick bed of nahcolite-dawsonite-oil shale is mined usin~

a 33-ft top heading round and a 27-ft bench round, The 33-ft top round

is at the saMe level as the haulage drifts; the bench round bottoms 27

feet below the floor of the haula~e drifts, Ramps will provide access

for hauling the broken materi~l from the bench round. The pillars

left on an evenly spaced pattern are 70 feet square; the rooms are

50 feet wide.

The minin~ operation is highly mechanized with equinment and

men assigned to a specific phase of the operation such as drill,

blast, load and haul, and scale and rock bolt. As a unit completes

its specialized task in one heading, it moves onto another to perform

the same task. Sufficient headin~s are availahle so the~e phases can

continue without interruption, SuFficient units are proviced to produce

60.000 tpcd: there is sufficient ca~acitv in the spares (reQuir~d

for rep~ir and maintenance) to increase production if warranted, Labor

requirements to operate these spares is te~orarily taken as needed

from a labor pool. Apnroximately 10 percent of the daily production

is provided from the developMent headin2s. This develonment is

necessary to p~ovide production working area~ in advance.
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Drill

The headin~ round, 33 ft hip,h by 30 ft deep by 50 ft wide, is drilled

with a ri~ identical to thrtt used in the development heading. A V-cut

pattern round is used to pull a 30-ft round. Experimental work in oil

sh~le has demonstrated that a round usin~ a powder factor of 0.55 pound

of ~~FO per ton of broken material will pull satisfactoriJy and produce

sufficient fra~entation; similar loadin~ is assumed for the current

study. A round requires 2.6 hours for drillinr. and produces 3,037

tons of broken material.

A bench round, 27 ft high by 30 ft dee~ hy SO ft wide is drilled

with two rotarv-hydraulic-electric machines mOllnted on a truck. The

feed mechanism permits holes to be drilled to the full depth of 27 ft. in

one pass. Exper:~ental work has shotnl that no subdrillin~ is required

bec~use the shale breaks to a partin~ plane. Three tenth& pound of

~~FO per ton of broken material pro~ides satisfactory fra~entation pro­

ducin~ 2,484 ton= of broker. material. Manpower required for the drill

rip. is two miners, a miner's heIner, and a truck driver. Estinated

tine to drill the round is 1.7 hours at a p~~etration rate of 10 ft

per min~te.

Manpower requireMents per shift are six miners, three miner's helpers,

and three truck drivers. TWo headin~ drill ri~s and on~ o~~c~ drill

ri~ are required.

Blast

The same type equipment is used to char~e both the headin~ and

bench rounds. It is estimated that a development heading round can
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be char~ed in 1.7 hours, a panel headin?, round in 2.1 hours, and a

bench round in 1.4 hours. About: SO percent: of a hole is charPoed which

satisfactorily pull~ the round and gives acceptable fra~entation.

Stemming is used as neces~ary.

Alt:hou~h ANFO is not desi~nat:ed as a permissible expln~ive it:
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is assumed t:hat: permission has been obtainbd from the proper author.ities

to use it in this mine. A:-;FO i:o; used in l:he trona r.lines of \.j'yominl!

which are classified as ~assy mines.

The ammonium nitrate and fuel oil are mixed on surface in a plant

supplied by a powder company. No powder magazine is nec~ssary for

stora~e of ammonium nitrate on surface or under~round. On the surface

the ammonium nitrate pri11s remain on a powder truck until needed

in the mine, the truck being stationed when not in use in a shielded

area prot:ected by embankments. The procedure for deliverin~ explosives

under~round has been previously described. Two of these units with

the required manuower are required to maintain a production rate of

20.000 tons per shift.

Se~ara~e facilities are provided for the stora~e of both primers

and caps on the s~~face and underground.

_ , _Load and Haul
• - --.:'::-:----=.=:.,-.,

Two ~ront: end loaders and six 75-ton rear dumn truc~~ are used

to load and transport the are from the work1n~ area to a semi-porcahle

roll crusher locaced in a pane~ bein" mined. The aver::t~e haulage

distance is 1,500 feet. Each lo~der is capable of loadin~ 1,755 tons
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of broken material per hour. A loader cycle, i.e •• load, dump in a

truck, and return to the muckpile, takes 32 seconds (this estimate

was obtained from the loaders manufacturers for a haul distance of

50 feet). Four loader huckets, 20 tons per bucket, fill a 75-ton

truck. It is estimated that a truck cycle, i.e., load. dumu, and return

to the loadin~ site, reouires 6.1 minutes.

~ater trucks provine water for wettin~ the haula~eway and the

muckpile. The under~round operations require 100,000 ~allons of water

per day for du~t control durine drillin~, loadinr.. and haula~e.

A motor patrol is providen to keep the haula~eway clear.

Scale ano Rock Bolt

All ba~ks ano ribs in the ~eadin~ are scaled to re~ove loose

material and the back is then bolted as close to the face as p~actical;3

bolts are placed on 10-ft centers in sta~geTerl rows. It is estimateo

that a round in a development headin~ is scaled and rock bolted in

0.7 hour and in a panel headin~ in 1.5 hours. A bench headin~ can be

scale~ in O.~ hour. Two scalin~ and rock boltin~ ri~~ and operating

crews are necessary to maintain a production rate of 60,000 tons per

calendar day. In addition, one rip. is used to test the backs for soundness

in the pemanent haul"lp.;e'..ays. Details concernin!Z the ril: have been

previously described in the develoument se2ment of this report.

3 East, J. H•• Jr •• and E. D. Gardner. Oil-Shale "'i· R" fl C 1.. !n !!C;. J. e. 0 0 ••
1944-1956. r.u~lines Bull. 611. 1964. 161 pp.
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Convev ann Hoist

The haulage trucks unload the ore into a receivin~ ~op~eT from

which it is conveyed via an apron feeder to a ~riz7.1v feeder. Minus

IO-I/2-inch material pas~es through the grizz:v an~ ontn the transfer

conveyor. The plus lO-1/2-inc:h ore is fed to the roll crusher. crushed

to minus lO-1./2-inch material and then is nicked up on a transfe.r con­

veyor. One or more transfer conveyors deliver the sized ore to the

main conveyor. Near the production !Ohafts the main conve"or dischar~e5

the material into one of two 2,OOO-ton ca~acitv sur~e bins (fi". 9).

The crushing unit (hn"r-cr, feeners, and crusher) is portable

so thp.t: it can be moved fron one loc~t:io~ to another as mini~~ ~ro~r~sses.

T\,ro units are in operi'ltion anc a third is pri)vicled so that a unit

C<ln be moved anI! set up at a new loc:",tion without: loss of ..,roduct:ion.

Dust collectors are ?rovided at t:he cnlshin~ site to alleviate dust

~robleT!ls.

Apron feeders under the Sur2e bin fill the ski~ measurin2 pockets

with a ski~ load.

The skip fills frcm the measurin~ pocket: at the same time the

other bottom dump skip discharRes at the surface. Fillin~ of the

skip measurin~ pocket and skip is automat:ic; the production hoist: also

is automated so that only one man is neederl to monitor the system.

Ventilation

Primary ventilation is provided by the same fans used to ventilate

the 1.900-ft level. These fans are mounted near the service shaft
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on the surface. Air is fnrcecl down the service shaft. circulated

throu<;h the TTline and exhau:=;tecl via the two prncluctiCl:l shaft~. Di rection

of the air flow is controllct! by use of air locks, re~l;]t<:'rs, overcasts,

and bulkheads (fi~. S). Ventilation to the dev~lopment headings is pro­

vided by fans ancl ventilation tuhin9.. "Deall-end;' headin,,:s in the pro­

duction area are siTllil::l:rly ventilated. Direction of ait' flow within

the mine is also shown in fi~ure 8. The maxilllurn velncit" attll.incd

is ap!lroximately 5i}5 ft per minute cr 5.7 mile~ per hour.

Surface Storaj;!;e

Provisions are "lade for stockrilin$!; a week's supply of ore on the

surface in a roofed and paved area 1,200 ft lon~, 200 ft wide, 50 ft hi~h

at eaves. Also, conveyors are provided for transport to the stot'age piles

and for distribution over the stora~e areas.

RETORTING

Of the total material that is mined, the 60,000 tons !ler

calendar day from the 2,600-ft level makes up the feed. via pre­

r>aratory crushin~ and screenin~ facilities to the retot'tin2; plant..

Subsequently, the spent (retorted) shale is processed in one section

of the sodium minerals plant for production of soda ash and a1uTTlina.

The balance of the mined material, 8,000 tons peT calendar day of white

nahcolite from the l,C:OO-ft level. is not ret.orted, althou'Zh its or~anic

content, re?resent.in~ less than five ~allons of potential oil per ton,

is ut.i1ized as fuel in the section of t.he sodiu"l minerals plant to wllie!l
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it is fed directly frol!l its stockpile. Details of both sections of the

sodium minerals complex ap?ear later in this report.

The retorting plant, including i~s preparatory crushin~. screen-

ing and briquettin~ facilities, is located in the ~eneral plant area

designated in fi~ures 1 and 2. Thi5 area overlies a portion of the

mine.

Based on data provided by the U.S. Geo10~ica1 Survey, the raw

material from the 2,600-ft level (terl!l~d the dawsonite-rich zone

on occasion hereafter) is characterized as follows:

Specific ~ravitv (in-place) •••••••••
Oil yield by Fischer. assay •• (gal/ton)
~ahco1ite•••••••••••••••••• (wt. pct.)
Dawsunite •••••••••••••••••• (wt. pct.)

1.97
37.0
14.8
11.6

In relativelv recent years. a number of process and cost eva1ua-

tions of hypothetical o~l-shale industrie" have been made by the Bureau

of Mines and others. In makin~ such studies. it has been possible to

base the crushin~, screeninR. briquetting, and retortin~ steps on

a considerable amount of experimen~al data derived frol!l various investi-

gations in which tyPical Green River oil shale was actually processed

in equipment ran~ing in size from laboratory scale to lar~e pilot

or engineerin~ scale. In contrast, only a meap.er amount of small-scale

work is known to have been done with materials containin~ si~nificant

amounts of nahcolite and dawsonite such as that characterized above.

Conse~uently, it was necessary in desi~in~ and specifyinp. the operatin~

results of the crushin~, screeninv., and retortin~ facilities that

are described in the immediately following sections of this report

to rely heavily upon en~ineerin~ jud~ent rather than directly-applicable
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experimencal results. In ~eneral, equipment requirements and operacin~

characceriscics were escimated by drawin~ upon known experience wich

more typical Green River oil shales, takin~ into account the exoecced

ef,ects of the nahcolite and dawsonite components. In the latter

regard. it was necessary to estimate such f~ctors as cha~~es in unit

heat requirements stemmin<> from anticipated compositional changes

ul1rin<>: retorting and the operational effects cf large releases of

carbon dioxide and water from such dccor.l'Oosi. t ion reactions.

Further aggravating the retort desi~ problems, a heatir.q systP-rn

~as adopted in this study that involves circulat10n throu~h the retort

of hot ~ases rather than use of the internal combustion feature that

tYPifies most recent retortin~ experience. This modification was

considered necessary in orner to achieve ade~uate control of temperatures.

believed to be a cri~ical factor in the subseouent efficiency of scdium

minerals processing as discussed morp. fUlly later.

Possibly more importnnt. if one were seriously contemnlatin~ an

actual commercial operation involvinv. a retorting complex such as is

described. is the question of whether or not the 46-ft-in-diameter units

visualized for the purDoses of this study could actually be operated as

effectively as is opti~istically assumed (~ on-stream efficiency of

90 percent and an oil yield of 100 percent of Fisc~er assay when operating

a~ a unit throughput rate of about 500 poun~s of shale per hour per

so ft of cross sectional area). Although relativelv small experil:lental

operations indicate the possibility of efficiencies of this degree, no
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unit even approaching the size visualized has actu~lly been demonstrated

on typical oil shale let alone on material containing high concentrations

of nahcolite and davsonite.

Crushin~ and Screenin9:

The shale from the stockpile (60,000 tons per calendar day) is

fed to a belt conveyor (located in a tunnel under the stockpile) by

apron feeders.. The minus IO-1/2-inch material is fed to a surp:e bin

and then by apron feeders over grizzly bar screens for removal of under­

size before being fed to the secondary crushers. The crusher product

at minus 4-1/2 inches alonr. with the undersize from the grizzlies

flows to a surge bin where the stream is divided and fed by anTon feeder~

over vibratin~ screens for removal of undersiz~ prior to the tertiary

crushers. The pre-duct from the crusher~ alon(! with unrlersize material

at minus 3 inches is conveyed to 24-hour storage. provided by two

~ur~e bins. Figure 11 is a schematic flow dia~ram of the crushin~

and scre.enin~ plant.

The shale from the sur~e storage is fed by apron feeders onto a

belt conveyor which tra~sports it to the screen house. The shale is

receivec' in surp;e bins and then fed by apron feeder~ to eight parallel

double-deck vibrating screens. The screens separate the plus 3/16­

inch minus 3-inch fraction from the fines. The coarse shale is sent

to intermediate storage for transport to the retorts. The fines.

also. are sent to ~tora~e and are then conveyed to the minerals processin~

plant.
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An allowance of 600 tons per calendar day is made for dust loss

which is removed by a dust control system.

The coarse shale fraction amounts to 51,550 tons per calendar day

and 7,850 tons per calendar day are fines.

The fines after leaching in the minerals plant are recycled to

the retort feed stream. This recycle stream amounts to 5,187 tons per

calendar day of shale plus l.~78 tons per calendar day of moisture on

the leached shale fines. Of this recycle stream 86.5% is fed directly

to the retorts and 13.5 percent is used in the bri~uetting plant.

Briguetting Plant

Part of the recycled fines (4,487 tons per calendar day, dry basis)

are returnee directly to the retort feed stream. The rest (700 tons per

calendar day, dry basis) are dried, mixed, and briquetted with 318 barrels

per calendar day of crude shale oil to produce 750 tons per calendar day

of briquettes which are fed to the retort. The dried shale fices are

conveyed to a surge bin and by vibratory feeders to a hammermill which

reduces them to minus l4~esh. The shale is conveyed to a surge bin

from which it is fed to a mixer to bE. mixed with crude shale oil (bi;:u!er).

The material flows by gravity from the mixer to a briquetting machine.

The briquettes are conveyed to a surge bin and then to the retorts.
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'Retorcin.. 'P1:'!nt

The shale is retorted in seven retortq, each 46 ft in diameter

(see fi~ure 13), patterned p'enerallv aJon~ lines of the Petrosix

retort. These retorts aTE' equil''Derl with the Cameron and Jones improved

feedin~ anrl dischar~e mechanisms. The process is discussed in ~eneral

terms and the feeding and disc~ar~e mechanisms are described in detail

in "The Colorado School of nines Quarterly," v. 60, No.3, July '1965.

in a pa~cr ~resented at the Second Oil Sh<lle SYMposium. The Petrosix

process was chosen as it allo~s more precise temneraturp control and

maintenance of a lower peak temperature in th~ shale bed than does an

internal combustion type such as the Gas Combustion retortin7 process.

This factor is discllssec. in more detail later.

The shale fro'" the crl1shin~ and scr.eening plant, the briquetts

from briquettinr" and the remainder of the recycle fines are fed to

the suro:e bins at the retortin~ plant. The shale from the sur~e "'ins

is fed by bucket elevators to the feed hop)')ers atop the retorts.

The retorts process 58,~39 tons per calendar day of coarse shale,

briquettes and wet recirculated fines, includin~ the moisture on these

fines, and produce 52,354 barrels of crude shale oil and 41,678 tons of

retorced shale per calendar day. On a moisture-free basis, the charp,e

rate is 56,787 tons per calendar day, includin~ bri~uettes.

The shale bed is maintainec! at a depth of abnut 20 feet and the

he~t required for retortin~ is supplied by a hot recycle gas stream

at 1.350°F which is injected 1m:o the bed about 6 feet above the ho:tom.

This recycle ~as is heated by direct fi.red ~as he::tters fueled t~;.th

retort product gas. A cold recycle ~as strea~ is fed to the bo~tom

of the shale bed to cool the retorted shale prior to dischar'01;e.
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The shale is fed to the top of t~a retorts and is heated to

approximately l,OOO°F by contact with the countercurrent hot recycle

gas. By the time the shale reaches this temperature, it is completely

retorted. Before the material reaches this temperature the nahcolite

~nd dawsonite undergo degradation reactions due to heat, foming sodium

carbonate and sodium aluminate with evolution of carbon dinxide and

water vapor. The chemical reactions are as follows:

2~2llC03 ~ Na2C03 + CO2 + HiO

NaAl(OH)ZC03 ---. NaAl02 + C02 + H20

It is important that the tem~erature not be allowed to rise much above

l,OUO°F to avoid further reactions that would occur at higher tempera­

tures, resultin~ in i~pai~ent of the extractability of t~e sodium and

aluminum mineral values.

The 130°F gas from the top of the shale bed with entrained crude

shale oil is sent throup,h rotoclones and electrostatic precipitators for

oil re~oval. The gas stream then flows to blowers where it is compressed

to 1.6 psig. Subsequently, it is divided into the recycle g~~ stream

and the make gas stream. ~Iost of the latter gas is burned in the

recycle-gas heater: excess gas is used in the steam ~lant. (See fi"ures

10 and 13.)

The recycle strea~ is then split into two streams: 913,836,000

std cu ft pe~ calendar day is sent through the recycle blower to the

recycle-gas heater where its temperature is raised to 1,3S0o F for

injection into the shale bed: and 857,076,000 std cu ft per calendar
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day at 130°F is sent to the bottom of the retort. The recycle blower

compresses the gas to 2.1 psi~.

The spent shale is sent to a storage pile and then to the sotlium-

minerals plant. The crude shale oil, via a stora2e system, is char~ed

to the refinery.

REFINING

The crude shale oil, r>roduced at a rate of 52,354 'barrels per

calendar day in the "studv" retortiI'.g: plant, is ch<'lracterizec! on the
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basis of laboratory retorting and inspection work by the U.S. Geological

Survev ann the Bureau of Mines, as follows:

Charp..cteristics of Crude Shale Oil

Gravi tv. • • • • . • • • • • . • • • • • • • •• (0API)
Sulfur: •••••..••••.••••• (wt. pet.)
Nitroc>;en .•..•••••••.•••• (wt. pet.)
Ponr noint ••••••••••.••••••••• (OF)
Viscosity •••.••••• (S.U.S. ~ 100°F)

24.8
0.63
1. 76

70
64

~he oil is further characterized by a bl~ck color and rather dis-

agreeable odor tynical of Green River shale oil.

As has been generally recognized in earlier studies, such nils

require up~rading to yield an oil suitable for tra~s~ort by pipeline,

a necessary sten if any si~ificant market is to be clai~etl. In the

current study, a two-step refinin2 sequence was adopted, consisting

of 4ecycle delayed cokin2 of the raw oil followed by hydrocracking

of the coker distillate to yield 46,113 barrels per calendar day of

a hir.n quality pipeline oil as the major product. This oil, discussed

and characterized later in more detail along with other products,
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is com~arable co chac for which a value of 53.08 per barrel was seC

on che ba~is of industry jud~enc in the 1968 reuort of the Deparcrnenc

of the Interior. "Prospeccs for Oil Shale Development: Colorado. Utah,

and Wyoming."

The refinery visualized for stndv pur?oscs is located adjacent

to the retortin~ plant in the general proces5in~ area overlyin~ che

mine.

Of the various 5cp,:ments of the visualized cOl'IT'ley., the refininr:

steps are probably the least conjectural. By virtue of a variecy of

work by industry as well as the Bureau of Xines. the app}i.c'3.hility of

coking and hydro~enation processes to shale oil has been =easonably

well de~onstrated on scales ran~inv. fro~ lahoratory to a full-scale

test in a commercial refinery several years ago. Thus, although many

details such as precise operatinr: c~nditinns and hydrnp,en requirements

undoubtedly would warrant further consideration to arrive at the optimum

situation fOT an actual conrnercial venture chargin~ the particular oil

in question, the general refinery desi~ and operatin~ ra~ults specified

in the followin~ sections are ~nnsidered adequate for the present

evaluation purposes.

Delayed Coking

The crude shale oil from the ret~rting plant consticutes the feed

to the refinery. The oil is first processed in a delayed coking unit

with a heater outlet temperature of 940°F and a coke chamber pressure
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of 30 psi~. The ~roduct~ include a coker di~tillate, stabili7.ed to

retain the C4's produced and havin~ an end point of 680 0 to 700 0 F.

plus a ~ood quality coke suitable fnr sale as green met~llur~ical

grade material. In addition, the C3'~ <l.nd lighter fraction contain

an appreciahle amount of hydro2en ~ul fide ",h·ich is recovered and also

serves as a source of hydrop.en. The sulfur recoverY and hyclrop,en

nroducing plants will be described later.

}-Iydrocrackinp.

The coker distill<l.te is further processed by hydrocrackin~ at

835 0 F and 1,500 psig, maintaining a li~uid-hourly-s"ace velocity

of 0.9. The system is tynified ~enerally by the Union Oil Companys'

llnicracking-.JHC orocess, featurin~ a ~u]fur and nitroS1;en resistant,

Cobalt-molybdate type cataly~t. Hydro~en consumption is about 1,300

scf per barrel of feed, and the hydro~en recycle is about 800 scf

per barrel. The major product frol'l hydrocrackin9: is a 56.9 0 API di~tillate

contnininv. essentiallu no sulfur or nitro2pn and cont~inin~ about 60

volune percent material in the ~asolinc boilin~ ran~e an~ 40 volume

percent material in the diesel fuel boilin'! ranll;e which also meets

other D-2 Jiesel specifications. The overall hydro~pnated di~tillate

contains all C4's and heavier rnaterial produced to a final boilin~

poi~t cf from 680 0 to 700 0 F.

The hydrocracker ~as is relatively rich in hydro~en sulfide ~nd

amnonia due to th~ hyd~o~enation of the sulfur and nit~o~en contained

in the distillate ch~r9.e. The sulfur and amMonia are both recr.vered

an(1 sole'! as hynrodtlct~.
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Th~ hydro~en requirement is produced by reformin~ the coker and

hydr.ocracker off-~as after removal of hydrogen sulfide as described

later.

A~onia and Sulfur Recoverv

The sulfur and alTlT"oni;:: products COI'1C froM the coJ--er and hydr.o­

cracker ~ases. the fo~er cont~inin~ 1.75 to 1.80 mole ~ercent hydro~e~

sulFice and the latter containinn approximat.p.ly 4 mol~ nercent hydro~p.n

sulFirlE' anc in exce!':!'; of 20 mole percent arnnoni:'!. The rec~very syste!'l

invC'lv('c; sc!"uhhin!:! th~ cok.p.r and hydrocracker r.;asp.s t..i th ::lqueous solu­

tions recycled in ::l closed circuit within the sulfur and ammonia ~lants.

The rich scrubher li~uidc; are fed to~etheT to a hydro~en sulfide stripper,

the overil(!<l.d fraction (rich in hydrC"gen sulfide) is sent to a conventionrtl

Claus plant for sulfur recovery. The hot tom strear.: froM the hydrogen

sulfide stripper. rich in llMmoni::l. is a~ain stri~"erl to scparate the

<l.TTl!'1oni.a from the hulk of the water and a small amount of residu<ll

hydro~en sulfide. then the ammonia is dried and liquefied for stoTa~e

and sale.

ThE' fuel gas prorlucec contains the excess gas fron cokin~. the

sweet tail gas from the hydro~en plant, and the nuriFicd gas from hydro­

cracking. The total fuel p,as has a heatin~ value of about 23.2 x 109

Btu per calendar. day and a unit heatin~ value of 1.218 Btu per std

cu ft.

All parts of the refinin~ system operate with an on-stream efficiency

of 95 percent includin~ the cokin~ plants. A1thou~h the coking units
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are cy~lic in nature. they operate continuously: as one coker is

removed from the flow pattern a decoked chamber is brou~ht into service

without disruption of ~he onstream schedules.

The inte~rated flow pat~ern and material balance for the refinery

is shown in Figure 14.

NINERALS PROCES5I:.r. ••mITE NAHCOLITE

~ahcolite Preparation

The area visualizerl for the white nahcolite processin~ facility

overlies a portion of the mine arp.a as shown in fieure 1.

The process arlopte', for this evaluation. sho~...n schp.rnati.cally in

fi~ures 15 and 16 is desizned to effect recovery of dense ~oda ash

(SO,l:iu, carhonate) h?vinc: an estiml'ltp.d purity of 99.9 plus percent as

the marketahle product. starting with the stockpiled white nahcolite

provided by the previously dp.scrihc,l mining operation. Four principal

processing steps are involved: ~ahcolite preparation. includin~

calcinin~: leachin~: crystallization; and product dehydration.

Characterization data for the raw white nahcolitp were provided

by the I..:.S. roColo~ical Survey. In the absence of a comprehcnsive sampling

pro~rarn such as would he needen to define mi~in~ and processin~ parameters

with a hi?h deeree of assurance it was assumed that a composite sample

obtained and analyzed by the Geological Survey, through the white

nahcolite section at one location typifies the average 9-ft measure

adopted for the mining evaluation as discussed earlier. Inspection

of ·this sample indicated an in-place specific gravity of
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2.24, a potential oil yield by Fischer assay of 4.8 ~allons per ton,

and cold water solubility data as follows:

37

Cold-water insoluble~, wt %.......•....•••••..
Cold-water-soluble ions,

wt. % of ori~inal material:
C03' •••••••••••••••••••••••.••••••••••••
IIC03· ••••••.••••••.•.••••••.•••••.••••••
Na ••••••••••••••••••••••••••••••••••••••
Cl •••••..••.••••••••••••••••••••••••••••
S04· •.•••••••..•••••••••••••••••••••••••
Ca •••••.••••••••••••••••••••••••••••••••
~I~ ••••••••••••••••••••••••••••••••••••••
K ••••••.••••••••••••••••••••••••••••••••
AI •••••••••.••••••••••••••••••••••••••••

TotRl ••..•.•••••••.••.•••••••••.•
~~ater (assumed) •.•.•••••.•••••••••.••••.

15.52

6.34
48.00
23.09

0.13
O.lO
0.01

Ne9't.
<0.01
Ne'!l.
93.20

6.80

Tho:> above data, s'lPplp'",ented by pertinent fundament::!l chemical and

physical property dat:'l and by published information concc~in~ closely

allied ~rocesses sucb as recnverv of soda Ilsh froT!'l tron:'!, were used by

the Bureau of }Iine~ as hp.ses for esti~"'tin'! process re~uirp.~ents for

'!)ur,osec; of the presp.nt eV-'lluation. In the absence of actu.. l industrial

experience or even pi10t nl:tnt reslllts for procp.ssinp' whitE' nahcolite,

it also was necessary t~ assume plant operatin~ parameters in many

instances, basin~ values on knowled~e of typical equipme~t performance

and ~eneral en~ineerin~ jud~ent. Such values as settlin~ rates in

thickeners, solids contents of filter and centrifuRe cakes. and dust

losses in crushin~ and calcinin~ were generally set in this manner.

A detailed description of each process step in the white nahcolite

plant follows:

\ihite n~lcolite ore is recovered fro~ beneath the mine stockpile

by pushin2 it onto one of six apron feeders with a bulldozer. ~le
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feeders are so spaced as to reduce the amount of bulldozing required

and are sized so that only one is needed to sUD~ly the plan~ a~ any

time. A 30-inch, 675-f~-10n~ bel~ conveyor transrort~ the ore from

the feeders to a hopper above the primary h3~er~ill. The ore is

cru5hed in the hammermill froM minus five inches to one inch and is

conveyed to a hopper above two secondary ham~ermills operatin~ in

parallel. These harn::Jernills reduce the ore to 1/8 inch. The 1/8­

inch ore falls directly onto vibratin~ screenc; from which plus 1/8­

inch ore is recycled to the hopper ahove the seconnarv hammermi~ls.

and ~inus-l/n-inch ore is conveyed to storage silos. Fi~ure l6 is

a flow diaqram of the white nahcolite processin~ plant.

The tIlinus-l/B-inch ore froT'l the silos is conveveci to hoppers which

feed three 12.5- by 249-foot ~as-fired rotary calciner"l operating

at I.OOO° F. The sodiU1ll bicarbonate contained in the nahcolite is

deco~nosed to sonium carhonate by the following reac~ion:

2NaHC03~ Na2C(')3 + H20 + CO?.

The greatly increased "lolubility of sodiU1ll carbonate facilitates the

followin<: leachin~ step. Althou<>;h decomposition will occur below

l,OOOoF, this temper"lture is used so that all of the orp.i'l.ni.cs present

in the raw material are burned. The or~anics. if left in the system.

would cause foaming in crystallization and would discolor the product,

iudgin~ from experience in the trona industry. A cr.edit for the heat

of combustion for the organics is included in the heat calculations

for calcinin~. The sodiUITl carbonate is cooled to l50°F in rotary coolers

ann is conveyed to a hopper in the leachin~ section.
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Dust collection equinrnent i~ includeo for all convevor tr~nsfer

points, ha~ermills, and screens. Separate systems are desi~ned for

the raw nahcolite before calcination and for the calcined material.

Separate ba~ collectors are used for each. ~~terial b~lances and flows

in nahcolite preparation section are shown in fi~ures 17 and 18.

Le::lchint-

Calcined material is fec1 from a honper into o'ln agit:'lterl leach

t:=mk operatin~ at 100°. where the sodl.lIl'1 carbon:tte and other wa~er

soluble compounds arc flissolved durin~ a 15 minute period. SteaM is

ac!r1ecl directly to the lC::l.ch t.::lnk to maintain the teTlT"leratllre. It

is asslIT'lE"d th::l.t the water solllhle COlT1T'onents dissolve under the above

conditions.

'From the le<lch tank, thE'! slurry is ou..,nerl to a 240-ft dianeter

settler where the insoluhles settle at a rate of 0.6 ft per hour and

ar(> renoved in the unrlerflow which cont:lins 48.5 percent solids. The

settler underf~ow is w::l.shed cOllntercl1rrentl~' in fOllr 170-ft diameter
i

thickeners from which the underflow is ~ulllTlel'l to o'l taiH.no:- pond. and

the overflow is recyclec1 to leo'lchi~~. The same settlin~ rat~ and solids

content are used in sizin~ the countercurrent wash thickeners as were

usec1 in siztn~ the settler. Condensed water fro~ the carbonate crystal-

lizers is used for washin~.

Overflow ?re~o'lnt solution from the settler is clarif.ied in pres-

sure leaf filters o'lt a rate of 500 p;allnns of f:11trate per sq ft i'er

dav to remove anv ~olids th~t were not re~oved durin~ settlin~ and is
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!,l1:!1!'1Cci tn sur"!e tallk.c:: hel'ore crv!' t", l.li?...tion. The filtE"T cak.e contl'lins

50 percent solids. The materials balance ann p.ener~l flow dia9raM for

leaching I'Ire sho"'~ in fip:lIres 19 and 20.

Crvsta1lization

Fifty-five percent of th~ sodiup.! carbonate in the pregnant solution

frol'1 the leaf filters il'i cryst'il11ized from solution as sodiu"l carbonate

monohydrate in ... seven-effect fot'ced-circul3.tion evaporator. The last

effect is maintained at 1.6 inches mercury. ann 100 pl'ii~ steam is usee

in the first effect to r,ive a tC"lpernture difference of about 29°F per

effect. A heat-transfer coefficient of 450 Btu pe, hr-s~ ft-O~ is

us~d for sizing the crvst~11izer.

~ased on solubility dat..." at 68°F, t.he solubility of sodium

c:1rbon~te is estimated to be 29.5 ~ra,...l'i per 101) p,rams of saturated

solution at 100°F when considerin~ the effect of sodium chloride and

sodium sulfat.e which are also present in the solution. t~at.er evaIloratcd

during crystallization is condensed and used as wash wat.er in t.he

countercurrent wash thickeners. It. is assumed that. the slurry with-

drawn from t.he cryst.a11izer would havc t.he same 3U percent solids con-

tent as the slurry processed by the trona indust!)7. 5

"Link1 , ,,,. F.
COT!l[lounc!s, v.

Seidell's Solubilities of Inor~anic and Metal Organic
2, 4th ed., Am. Chern. Soc., 1965, P? 933-944.

SSommers, H. A. Sod~ Ash from Trona. Chern. En~. Pro~ •• v. 56, No.2,
February 1960, p~. 70-79.
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Cooling water requirements for the crystallizer's condenser and

ejector are supplied by a cooling tower. The tower operates at a wet

bulb temperature of 65°F with hot and cold water temperatures of 89°

and 70°F respectively. lhe wood-filled tower has a circulation rate

of 13,409 gallons per minute and process makeup water requirement of

408.000 gallons per day.

Tho:! crystal slurry from the crystallizer is pumped to four 54-inch

uo\,l centr.ifuges where ;;he monohycirate crystals arc separated from the

motiler liquor, washed with llOoF water. ancl conveyecl in screw conveyors

to dryin,~. During w<'lshing 2 pe.rcent of the monohydrate crystals is

assumed to dissolve and 85 percent of the mother liquor is washed free.

To avoid excessive chloricl~ and sulfate im;>uri ties in the proJuct.

2.5 percent of tr.c mother liquor is di.c;carded as a pur.~c solution. The

r(:l'l:linin~ mother 1i1uor is rec;."c1cd to lcachinli!:.

The material balance and equipment flow diagram are shown in figures

21 and 22.

Drving anG Product Stor~%e

The centrifu~ed c:tkC', CO!ltClinin~ about 4 pE'rcent solution. is fed

into four 12 by 108 ft g.::ls-fired rotary dryers 0J'eT..J.tin~ at 600°F.

During drying. moisture and wacer of cryst.J.llization arc driven off.

Dehydr.ation of the monohydrat.e crystals to foI'l1l soda ash may be repre­

sented by the follOWing react.ion:

NazC03·H20 --. NaZC03 + H20.

The monohydrate cryst~ls are assumed to decompose to the dense form of

sod;) ash having the follo\·lin~ composition as determined by a material

balance.
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Na2Co3
NaCl
Na2S04

Percent

99.93
0.05

.02

100.00
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Soda asll from the dryers is cooled in rotary coolers to about lSOGF

and conveyp.d to storage silos on a 24-inch belt conveyor.

Ten 1011,000 cu ft silos provide storap;e for up to 7 days. The

product is loaded into covered ho!,:,cr cars by belt feeders frOM the

silos. The product loadin~ syste~ oreratp.s one shift 5 days pcr week.

The materials balance ann general flow diagram are given- in fi.l"';ures 23

and 24.

MI~RALS PROCESSING, RETORTED SHALF.

Co~nle~entin~ the white-n~hcolite processin~ facilities described

in the precedin~ section of this report. an indp~en~e~t and relatively

cO!'1T'llex prncessinr; sel'Jucnce is reQllirecl to recover the soda ash and

alumina values stemmin~ from the nahcolite anrl dawsonite contained in

the 60,000 tons per calendar day of ore mined from the dAwsonite-

rich zone. Figure 2S shows a general flow dia~ram of the sodiu~

minerals plant.

Two raw feed strearn.c; are involved: The reto't'tcc! shale, which

comprises the Dulk of the charge to minerals processin~ and wbich

contains extractable sodium carbonate and sodium aluminate derived

from the nahcolite an~ dawsonite present in the original ra~ material;

and a stream of unretorted fines diverted from the crushin~ and
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screening section of the retortin~ plant. This fines stream, sized

to 3/l6-inch and smaller particles, is relatively rich in nahcolite

in comparison to the original ore by virture of the tendency of this

mineral to decrepitate more readily in crushin~ than docs the oil

shale itself.

Briefly, the processin~ afforded the sha~e fine5 strpam involves

calcininv. to co~vert the nahcolite to sodiul'l carbonate, leachin~ to

dissolve the sodium carbonate, separation of the solu~ion fro~ the

undissolved shale, crystallizatio:1 anc.l final conversion of the sodium

carbonate (monohydrate form) to soda ash, and return of the undissolved

shale fraction to retortin~. Ultimately then, the shale portion of the

fines makes up a part of the retorting char~e and in retorter. form is

return~d to the minerals processin~ plant as a part of the total ~~eDt

or retorted shale that constitutes the major flow stream throu~h this

plant.

The spent shale is crushed and then is leached with ....e.3k caustic

solution to dissolve its alumina and soda content. The soletton is

separated from the undissolved residue; this residue constitutes the

major portion of the solid waste disposed of in the mine. The solution

is treated with li~e to reduce its silica content and is carbonated to

precipitate aluminum trihydrate. The latter material is separated from

the soda-rich mother liquor and is calcined to yield alumina as vne of

the final products.

TIle mother liquor mentioned above, combined with the sodium car­

bonate solution from the shale fines processinp. line. is evaporated
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and crystallized to produce sodium carbonate monoh?drate which sub­

sequently is _calcined to form dense soda ash, the second sales product

of the sodium minerals p'lan't.

Each step of the processin~ scheme is detailed in the followin~

descriptive sections of this report and in the pertinent tables 'and

dia~rams that are referenced later. Overall, design of the retorted­

shale section of the sodium minerals complex is based on char9,ing

43,464 tons per operatin~ day of retorted shale plus 8,186 tons per

operatiD~ day of dawsonite-rich shale fines, yielding 1,834 tons per

operatin9, day of aloha-alumina and 7.802 tons per operatin~ day of

dense sod~ ~sh. Addin~ the soda ash product from processin~ the white

nahcolite. as previously discussec, the total sod~ ash product is

12,047 tons per operatin~ day. The plant is assumed to Dperate 350

days per year for an onstream efficiency of 95.89 percent. On a

calendar-day basis, then, the daily yields of alumin~ and soda ash

are 1.759 tons and 11,552 tons, respectively.

Except for product loadin2 and limestone ~eceiving operations,

which are handled on an ei~ht-hour-per-day, five-day-per-week basis.

normal plant operation is round-the-clock and seven days per week.

In addition to characteriziDp, the material mined from the

dawsonite-rich zone as containinl! 14.8 wei~ht percent nahcolite and

11.6 wei~ht percent dawsonite as discussed under "Retortin~." the U.S.

Geological Survey provided the following data for water-soluble ions

of particular interest as potential impurities to be coped with in

the sodium minerals plant:

OPTION III



45

Cold-t-!ater-$olub Ie Ion Cll''1racteriz:tti on.
Qawsonite-Rich Zon~

Chloride •...••...••••••.••• (wt. pet.)
Sulfate .....••.•••.••..•••• (wt. pet.)
Calcium•••.•••.•.••••.••••• (wt. pet.)
}~~nesium••.••.•••.•••••••• (wt. pet.)
Potassium•••••••••••••••••• (wt. pct.)

0.05
0.23
0.05
Trace
Trace

At the low concentrations indicated. "impurities" were not con-

sidered sip,nificant in desi~n or other considerations. other than to

c~=ount in the material balances for the sulfate. Adnitional analytical

data used for design purposes included a variety of test results obtained

by the Bureau of l'lines on retorted samples of the sar:Je "dawsonite-rich"

~aterial. The retorting work was performed by the U.S. Geolo~ical Survey

using small bench sCi'l.le eqllipnent in which low-telm:lerature, indirect-

heatin~ conditions were achieved in siMulation of the conditi~ns visualized

for the plant-~ca1e retorts de5cribed earlier.

The laboratory data mentioned above, supp1ementp.d by published

information raT:~in~ fro~ standard che~ical and physical pro~erty date

to technical articles relating to pertinent operations in the trona

and alumina industries, were used in desi~ing and jud~ing the capabi1i-

ties of the retorted-5hale sodium minera15 plant. In much the same

manner as was true in respect to the white-nahcolite plant, it also

was necessary in many instances to rely on en~ineerin~ jud~ent in

se:tin~ such factors as performance of particular items of equipment,
'.

since industrial and/or ~i1ot-plant experience usin~ the particular

raw material in question is lacking. A rigorous desi?,'T1 for construction
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and operation of an actual plant of the scale visualized obviously

would require consider~blv more information, from pilot or preferably

prototvpe operations in particular.

Data sources as well 2S operatin~ conditions, equipment perf.ormance

parameters and the like that were set for estimatinz pur?oses are de­

tailed in a sten-by-step manner in the followin~ descriptive sections

of this report.

Retorted Shale Crushing

The spent shale is conveyed from the retortin~ operation to hoppers

above ham~ermills which reduce the material to 1/8 inch. Crushed

mi'lterial from the haf"1TT1eJ:"T"lills flows by gravity to vibratin<:!: screens.

Plus l/8-inch material is recvcled to the ha~ernil15, and minus 1/8-

inch material is conveyed to hormers in the lei'lchin~ section. The material

balance and equipment flow diagram are shown in figures 26 and 27 •

.\ cyclone clust cQllcction system is included for miniT'1izin~" dust

] esses from conveyor transfer ooints, haM:llet:!lills. and screel1S. Th.:!

systc., is located so t;1at the dust is fed into hop~crs above t:,e ret"["t~<.l

sh~le lead.inr. step.

Retorted Shale Leachin~

:-linus lId-inch material and recovered dust from the retorted

shale crushinr, section is fed into leachin~ tanks operating at 100°F.

The ""lllmina and soda content is di.ssolved by 0.8 normal sodium
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hyclroxi.de solution b during a 15 minute period. It ·is assumed t:hat

the alumina and soda, ori<>;inally present in t:he raw shale as dawsonite

and/or nahcolite, are present as sodium alumin~te. XaA10Z' and sodium

carbonate, ;~aZC03. During leaching 99 percent of the soda originally

present a.s nahcolite, anrl 95 percent o~ the soda and 78 percent of the

alumina originally present as dawsonite ar~ dissolved. 7

The dissolved mat ..rial is separate..! from the unrlissolvcd I:l<ltcrial

in settlers havin~ a se:tlin~ rate of about: 0.7 foot per hour,7 and

t:he solut:ion is clarified in pressure leaf filters thet are designed

on tile basi!' of 500 gallons of filtrate per sq ft per hour.

lJnderflm.; frot:! ti1e settlers, containin<>; 48.5 perct>nt solids. 7

is ..:a<.ed countercurrently ~n wash thickeners whose underflol.... also

cont~ining 48.1 percent solids, is pu~ned to tailings disnosal.

Overflow f~ol". the wash thickeners is recycled to leachino;::. Because

t;1e overflotv contains sodiUM carbon."lte, li~e is added dur.in~ leachin~

tQ caustici:>:c the sodiur.l carbonate accordin~ to trlc follm.;in~ reaction:

",a2C03 + CaO + H20 ~ 2NaOH + CaC03 •

The sodiur:l hydroxidp for~ed is consideren part of t!1e 0.8 nOn-v.ll

sol:ltion used for leaching. It is assul'lc!\ that 80 percent of thE'

aluT'lina enterinp; the process with the lime fo1:'1"s sociiul'l alul:1ini:lte.

A materi~l bali:l~cc and an equip~ent flow diagra~ arc shown in

figures 28 and 29 respectively.

°Nielsen, I~vin. Import."lnce of Deep Deposits of "Oil Shale" and SOrliU2
r:inerals in ~orthwe~L Color~do. Paper presented to Colorado Plateau
Section of the Anm, !'lay 24, 1968.

7Laboratory data, Colle~e Park Metallur~y Research Center, College Park,
~li].
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Desilicat~()n

Clarified solution from the pressure leaf filters contains silica

equivalent to 0.0025 percent of the retorted shale charge to leaching

for the nahcolite-rich zone process. S This silica must be removed or it

will contaminate the products. Lime is added to the solution in lime slakers

and is pumped to desilication tanks operating at 176 0 F. During a 30-~inute

retention period the silica precipitates as does three percent of the

alumina in the solution. 9

The desilicated solution is separated from the residue in settlers

haVing a settling rate of 135 pounds per sq ft per hr. Underflow from the

settlers, containing approximately 50 percent solids, is washed in thick-

eners. The underflow from the thickeners is pumped to tailings disposal.

Overflow from the settlers is clarified in pressure leaf filters, designed

on the basis of 500 gal1o~s of filtrate per sq ft per hr, combined with

overflow from the wash thickeners, and pumped to storage tanks.

The material balance and equipment flow diagram are shown in figures

30 and 31.

Alumina Precipitation and Calcination

The desilicated solution from desilication is carbonated at 194 0 F

for 12 hours. 10 A "seed" solution containing alt:l!lina as alumina tri-

hydrate, tne alumina being equivalent to about 25 percent of the

8Work cited in footnote 7.

9Copson, R. L., J. H. Walthall, and T. P. Hignett. Progress Report on
the Extraction of Alumina From Clays by the Lime-Sinter Modification of
the Pedersen Process. PB57498, Jan. 14, 1944.

10Work cited in footnote 9.
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alumina present in the desilicatcd solution, is added to carbonation.

Durin!!; the 12-hour retention period 85 percent of the alumina in the

desilicat~d solution precipitates as alumina trihydrate11 using the

"Sl"t!d" alumina trihydrate as nuclei.

as follows:

TIle precipitation reaction is

In addition to tile precipitation reaction the sodium hydroxide in the

solutio~ is converted to sodium carhonate following the reaction:

2NaOH + C02 - ~a2C03 + H20.

Coarse alumina trihydrate is separated from the "seed" in a

primary thickener having a settling area of 12 sq ft per ton of dry

solids per day.12 Overflew from th~ primary thickener is settled in

a secondarv thickener having a settlin?- area of 30 sq ft per ten of

d f'y solies per da:; .12 Underflow from the secondary thickener, COl1-

tainin!1; 45 ilercent solids,13 is recycled to carhonation as "seed"

while the overflow is pUMped to the soda ash crystallization and

dehycration section.

Unclerflow from the primary thickener. containin~ 55 percent

solids,13 is washed in wash tanks in series and is filtered in internal

11peters, F. A., P. W. Johnson, J. J. Henn, and R. C. Kirby. Methods
for Proc.lucing Alumina froT:l Clay, An Eva.luation of a Lime-Soda Sinter
Process. BuMines Rept. of Inv. 6927, 1367, 38 pp.

12perry's Chemical Engineers' Handbook, ed. by R. H. Perry. C. H.
Chilton, and S. D. Kirkpatrick. McGraw-Hill Book Co., Inc., ~ew

York, 4th ed., 1963, pr. 19-119.

13Pcters, F. A., P. W. Johnson, and R. C. Kirby. A Cost Estimate of
the Bayer Process for Producin~ Alumina. BuMines Rept. of Inv. 6730,
1966, 23 pp.

OPTION III



50

drUM filters having a filterin~ rate of about 2 tons of dry solids per

54 ft per day. The filter cake, containine 75 percent solids, is

calcined at 2,nOOoF in gas-fired rotary kilns to produce a-alumina

accordin~ to the reaction:

AIZO) . 3H20 -..=,. Al20 3 + 3HZO.

The ah.mina product is cooled to 150°F in rotary coolers and

cn~veyed to silos having a total capacity for 14 days .produ~tion.

Belt feeders feed the alumina into covered hopper cars for shipping.

A cyclone dust collector is includen for minimizing dust losses

from all conveyor transfer points. TIl~ material balance and flow

dia~ram are shown in figures 32 and 33.

Shale Fines Le<lching

Raw oil shale fines, cont<lining nahcolite, is conveyed from the

,:,"ptortin~ operation to hopper5 feedinr. ~as-fired rotary kilns operating

at 460°F. TIle nahcolite is calcined to produce sodium carbonate by the

reacLion:

Z;-iaHC03 ~ :,a2C03 + CO2 + H20.

The sndiul'l carhonate is cooled to l500F in rotary coolers and conveyed

to a hnp?er above a leachinR tank. SodhltT' carhonate is dissolved at

10QoF in water during a 15 minute period and 1s then separated fro~ the

undissolved material in a settler havinr, a settling rate of approximately

0.6 ft per hr. 14 Underflow fr~ the settler, containing 48.5 percent

solids, is washed in a thickener whose underflow, also containing 48.5

14Work cited in footnote 7.
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percent solids. is filtered on rotary vacuum filters having a filtering

rate of approximately 76 pounds of dry cake per sq ft per hr. 1lt The

filter cake, containing 75 percent solids," is conveyed to the retorting

operatio~. Filtrate from the filters is used ~ the wash thickener.

and overflow from the wash thickener is recycled to leaching. The material

balance and equipment flow diagram are ?hown in figures 34 and 35.

Overflow from the settler is clarified in pressure leaf filters

designed on the basis of 500 gallons of filtrate per sq ft per hr and

is then pumped to the soda ash crystallization and dehydration section.

Soda Ash Crystallization and Dehydration

Overflow from the secondary thickener in the alumina precipitation

and calcination section and sodium carbonate solution from the shale

fines leaching section are mixed, and the resultant solution is evaporated

in 7-effect crystallizers to crystallize sodium carbonate monohydrate

according to the reaction:

The last effect of the crystallizers operates at 100 0 F. equivalent to

about 28 inches mercury vacuum.

The material balance and equipment flow diagram are shown in

figures 36 and 37.
15

The crystal slurry. containing 30 percent solids, is pumped to

continuous centrifuges where the crystals are separated from the sa~u­

16
rated solution. which contains about 33.7 percent sodium carbonate,

14Work cited in footnote 7.
15Work cited in footnote 5.
16Work cite~ in footnote 4. OPTION III



and O1,)slled. Durin~ washinR. Some of the sodin:n carbonaee monohydrate

dis:>olves. The cake fro~ the centrifuo,e, coneainin~ 4 perc~nt moisture.

\~hic~ incllllles some aqueous sodiu'" carhonat.e. is calcincd at 600°F ill

~as-firetl roeary drvers to driv.;: off the moisture and to prodllc~ c.lense

soda ash by the reaction:

~a2C03 • H20 -4 ;l;a2C0
3

+ H
2
0.

Tlle proJuct is cooled t.o ISO°F in rota.ry coolers ane! is conveyed t.o

silos havin~ a total capacity for about 14 days operat.ion. Two bclt

ree<.i",rs for each silo feed the soda ash into covereel hoppcr cars for

s:,iT',.,in~.

The solution fi."om the centrifu,:c is divided 10Iith part recyclin~

en t~e crystallizers and the resc goin~ co the sccliu~ sulfate removal

stefl. In the sodiu~ sulfate remov~l ster li~e is added to the solution

to react with sodiul'1 sul fate and witl\ sodium carbon1'lte. TIle reactions

involv~d arf> as follows:

Na2S04 + CaO + 31!20 ~ 2~a1)H + CaS04 • 21120,

and • ~'Cl2C03 + Cao + H20 ~ 2~~a0I1 + CaC03 •

The callst i.e solution. thus prorluced, is filtered on rotary vacuum

filt;:rs, havi.n~ a filtering rate of 50 pounds of dry cake per sq ft per

hr, to remove the solids. The cake. containin~ 55 percent solids, is

1oIashecl, reI'ul~e(l with raw water (not shown in the material balance)

\-,hicil reducE'S the solid!': content to ap1"lroximately 39 percent. and tlu~

slurry is pum9cd to tailin~s dis~osal. Filtrate from these filters is

di1utf'U with water and pltlllp~d to storage tanks in the retorted shale

leachi!l~ section.
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\"atcr eVri.porated frol'l the last eFfect of the crystal I i7.ers is

condenscd in barometric condensers and is recycled with the coolin~

"'at"r tn a coolin-; tm,;er in closed circuit with the crysLallizers.

T1lis conrlensecI wp-ter is considered as part of the PJ;Ok<>ur watpr re-

quir.'".: in th(~ cooliw' tower. I'at.-C' cC'nJens~d in t11[< lC!st & .'ffeers

of t::l' crystal1iz('r,.. is recycled f('lr ItSC within the prl"cess. S~e~lln

A cYclone dust' collector is included for mini~j;f.in.. dust losses

fn'" cOT1veyor tr.:msfpr points. :mrl L;H:: dust is returTlp.d to horper:>

Reproduced from
best ;,vailable copy.

LilrlC;',;; to:1C is rec~iveJ by rail and is stored in the open

in a stor:1~~ are~ can2bl~ of holJin" R L6-day surr1y. TIle lil'l~stollC

rlra.~..'in~ limestone ri.t tile required T;>tt> for the process. The limcstmlt>

is conv~ycJ from th~ fe-.!c.lers to a hO~i'er fcedin?,; a st:.Jno:~"rd-hcarl C(>n~

CrU'5!H<r \.hic:~ re"uccs minus 5 inc:' lil'lp,stone to linch. This ore is

convey.::J to a hop!'er fced1n~ short-he"-o cone crush... rs which furth~r

rp.c.!uc:c tht" ore to 1/4 inch. This 1/4-iT'lch materi:l.l flows by gravity

onto a vihr;'ltiTl~ screen where the plus 1/4-inch materi:tl is removed

ano r",cycleo to the hopper feedin~ the short-head cone crusher~. The

minus 1/4-inc:l material is conveyed to hoppers above gas-fired rotary

kilns th:l.t. operate at 2.200°F. The minus 1/4-i.nch lir.lest.one is fed

OPTION III



54

into the kilns where the calcium car.bonate decomposes to limO:! by tbe

reaction:

and the silica reacts with Ii!!!!? to form insoluble dicalcium silicate

accordin~ to the reacti.on:

2eal") + 5i02 - 2CaO· 5i02 •

Re~roduced from
best available copy.

The burnt lir.te product is cooler! to 150"F in rot;l,~' coolers and con-

ve,·",,! to si los where i.t i.s stored for furtner use in the proces~.

A cyclone dust collcctC'r i~ included for mir:ir.i7.ir:,,: dust losses

frot:! conveyor transfer poir.ts, crushers. and scrc,cns.

Flu~ ?,<lS fro~ the rotary kil~s contains a lar~c quantitv of

tio;'l an" calcination secticm. The flue ~as is coole:! fro::! 1.100"F to

350"F in wastc-:leat boi l<>rs to recC"'v.::l'" nc"'t as lOr) psi,,: steam.

Part of t:IC flue l1;as, the ?er..:~nta:~E' beim', based on the quantity

of carnoll din:dl!t" r"'1uired for carbonation, is passecl intn ~as scrub:,C'rs

whcre any r~"';linin<:; dust is rC"loveu. an,! the l:as is cooled to 90°F.

This t...ns!lcJ flue ~as is co"!"r~sse<1 to 50 psi~ and tllp. temperature of

tile ~as fro!!! the compressor is maint:tined at a.p?ro~im.:ltely 194°F. T!\I;!

compressed flue gas ~upplemented by carbon dioxide from th~ hydro~en

plant serving the refi.nery (see fi~r~s 14 and 38) is fed to the carbon-

ation sect:1on.

Coolin~ ,,rater u5ecl to c'ilOl the flue Ras in thp gas scru1>bers a long

with water condensed out of the flue gas is pumped to a cooling tower
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in closed circuit with the 6as scrubbers. Water used for cooling in

the compressors is cooled in a cooling tower in closed circuit with

the compressors.

Flue gas not required for use in carbonation is vented to the

atmosphere ahead of the gas scrubbers. The material balance and

equipment flow diagram are shown in figures 33 and 39.

WASTE DISPOSAL

General

The solid waste5 produced by proces5in~ of the whit€ nahcolite

and the dawsonite-rich material are disposed of under~rounci in mine~­

out areas. includin~ space in both the white nahcolite mjne and the

shale TIlines. 'i'his material is pi~ed in the form of a slurry frow. the

plant area to the desired underground location and allowed to sp.ttle.

Thp. liouid which "bleeds" from the sll.lrry as it settles is coliected

and returned to the surface for treatment and reuse as process water.

Ultimately. all solid w~stes are acco~od2ted in this manner as mine

fill: however, it is necessary durin~ the early life of the project

to store a portion of the wastes in temporary surface ponds. as certain

of the mine workings cannot be filled immediately.

Othcr waste strea!'ls. such as the relatively small amount of pur!'.:e

solution from the whitc-na.hcolite procp.ssin~ plant, tank dra.inings, and

the like, are impounded on the surface in ponds or diked areas desi~ed

to safe~ard against pollution of the surroundin~ terrain and natural

water courses.
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Basis and Procedure for Mine Waste-Dis~os~l Conce~t

It is estimated that the solids content of the waste slurries

~enerated in the soniu~ minprals co~lp.x will ran~e in particle size fro~

about 1/4-inch to dust, with the bulk of the material fallin~ in the size

ran~e of 8 to 20 mesh. Thp combined slurry froM all sect inns of the

com~lex, made up of 47.6 weir-ht percent solids and the balance water,

is judp.ec to be readily pumpable. When allowed to settle undisturbed

over a period of time, the slurry is estimated to dewater to an

ultimate composition by weight of 80 percent solids and 20 percent

water. in which state the material is assumed to be reasonahly stable,

com~ositionally and structurally, althou~h it has little su~~ort strength.

The bulk density in this ultimate state is approximately 100 pounds per

cu ft.

Information from puhlished sources,17 au~ented by the jud~ent of

n~1ines minin~ research personnel, indicates that the waste material

described above will be suitable for dis~osal as fill in the minc. It

is judRcd further that the initial slurry will not exhibit undue abrasive

or corrosive effects in rep.ard to pumps and pipin~: thus, delivery to

the desired mine location via a piping system is adoptee as the most

feasible approach in this evaluation.

i7Colorado School of Mines ~esearch FOllnrlation. Inc. Transportation
of So11~s in Steel Pipelines, 1965.

Babcock, Henry A. Test Work and Data Required for Slurry Pipeline
Design. Paper presented to 1967 AIME ~onference.

Wayment. W. R. Correspondence dated Aug. 19, 1968. Spokane ~linin~

Research Laboratory.
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The waste slurry from the sodium minerals cornolex is produced at

a rate of 83.187 tons per calenrlar day. representing 39.597 tons of

solids or 49.496 tons of 80 percent solids fill. The various streams

from individual sections of the complex are piped to a surge pond

sized to accommodate 10 hours' production and provided with agitation

equipment to achieve uniformity of mixture and to prevent premature

settlinr.. Fron this point. mine personr!.el assume responsihility for

handling. pumrin~ the mixture underground on a normal schedule of 6

hours per shift or 18 hours per calendar day. Transport to the general

areas to be filled is via four l2-inch steel lines. with extendible.

readily movable. sections of l2-inch plastic piping su~pended from

the mine roof being used to deliver the slurry to the specific locations

within panels or elsewhere as desired. Line sizin~ is such that under

no~al pumpin~ rates the suspended slurry will not tend to separate

enroute to its point of deposition. In addition. one 12-inch line is

required for return of "bleed" water to the surface. and one spare line

is provided for handlin~ slurry or water as desired should normal

schedules be disrupted or other emergency situations occur.

The general operating plan involves dischar~e of slurry behind

timber dams positioned to restrain movement of the material while

settlin~ is in progress. As the excess water leaves the fill material.

it filters through brattice cloth supported on the dams to tra~ re­

maining solids. then is picked up by pumps from sumps provided

near the panel entries or elsewhere as ap?ropriate dependin~ upon
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the particular part of the work~ngs being filled with waste. Fro~

these pickup sumps, the water is transported to lar~er sumps near the

mine shafts for final clarification before bein~ returned to the surface

for treatment and reuse.

The mob~le plastic lines
,

are supported in plank troughs anchored

to the mine back (roof) with rockbolts. Two men attend each line and

wate~ pickup pump each shift durin~ fillin~ operations with part-

time assistance of one two-man crew for movinp; dischar<;:e lines within

the ~mmed~ate fill areas. Per~odicallv, assistance also is required

in remov~ng and in5tallin~ the dischar~e lines and pumps, for example

from one panel to another. and in providinR electrical service, pump

maintenance, and the like (see Table No. 38). FillinC! operations are

inte~rated between upper (1,900-ft) and lower (2,6JO-ft) mine levels,

one pipin~ syste;n only being used periodically on the upper level. One

of the operatin~ cr~lS from the lo~er level is as5i~ed above when

neecicn. Drain water from upper-level fillin~ operations is dropped to

the ~ain sumps on the lower level for return to the surface.

Overall consideration of avai1-'l.ble mine volu;.Ie in rel-'l.tinn to the

volume of the waste fill material at its stable condition of 80 wei~ht

percent sol ids indicates that all such waSLe can evp.ntual1y be etnolaced

under~round. Th).s conclusion includes the cond; ticms that space in the

white-nahcolite mine as well as in the lower-level shale m~ne will be

used, and that em?lace~ent is feasible to 90 percp.nt and 98 percent,

res~ectively, of the total mine hei~ht on each level (leavin~ roughly

one foot of unfilled height in each case). However, until the time that
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mine develoomene and produce ion have pro~rpssect to the extent that one

panel has been mined out and a second started. all slurry must be

retained above~round. This period approximates 150 days, at which time

fillin~ operations are initiated on the :ower level. In aboue 180 days.

the first panel in the white-nahcolite level also becomes available for

fill. This latter ti~e is not critical, as filli~~ o~eratin~s are

co~fined to the lower level during the intermediate 30-dav oeriod.

Over the ensuing period of about five years, a further li~itation

exists in waste-fill operations, in that only the panels prope~ may be

\ltilized. Other pares of the workin~s--the various drifts and entry

syste~s--must be kept open to provide access to and fro~ the current

production mininq areas. Thus, a re!.ativelv small portion of the waste

slurr~' must continue to be. "backlo~,~ed" on the surface durin<>- this

5-ye"l.r periorl. Subsequently, minin~ operations are advanced enough

that it is possible not only to diSDose of all solid wastes under~round

as 80 percent solids fill material but also to work out the "backlog"

at a rate to eliminate all surface stora~e essentially within the assumed

20-year mine life.

Considerin~ both fillin~ limitations--the l50-da?-prefi~1 period

plus the 5-year-partial-rate period--a surface ret<l.ininq ponc'l of

approximately 12 million cubic yards capacity is required, based on

the premises that surface storage will be in the same state of 80 percent

solic'ls/20 percent water that is estinated for the mine-fill conditio:1.

that the material will be reslurried as it is eventually picked UP and
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transported under~round. and that approximately 10 percer.t excess outa~e

should be provided to s;;feguard a~ainst spillover dllring storm!':, resltlrry­

in~ operations, and the like. In terms of tonna~cs as based on the 80

percent ultimate fill state, "pond" waste accumulates at tL:> full pro­

duction rate of 49,496 tons per calendar day for 150 days, then at a

r~duced rat~ of approximately 3,200 tons per calendar day for the ensuing

5 years, for a maximum accumulation of approximately 11 million tons.

QisT\osal of J-liscellaneous \,)astcs

The purge solution from the white nahcolite crystallization system

is piped to a diked-off portion of the settlin~ pond. The volume

allnwed can be incre:tscr.! as the solids wastps are ptl"lT'ed to the mine.

Tnprcfore, the total volume av~;lable is sufficient fOt" the life of the

p l.'mt.

Provisions for disnosal anQ reclamation of wat~r from the refinery

are included in plant facilities.

CAPITAL INVESTMENT

Table 1 is a summary of the total capital investment required to in­

stall the complex to mine and process 8,000 tons per calendar day of white

nahcolite ore and 60,000 tons per calendar day of nahcolite-dawsonite-

oil shale material. Included are initial catalyst and chemicals. interest

during construction, startup expense, and working capital. The total

estimated investment is $636,973,000. Detailed equipment lists are given
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in ta'.J1~s '2 throu~h 18. The capital 't"ecl'cl.'t"c!T1pnt for tl,e mine',

incluJin~ uevc1o?ment, is shown in tables 19 and 20. Cost sUiTIlllaries for

The co~t of refinery proce~sin~~ units, exce7't for c..Ielay.:d co;".iu",

arc basec; on "black box" i:1f~'rT'J<lticoI1. This cOllsi,:;ts of th.,. cosL of

t!H' e<:lIi!'ment ann uti1ilie'i reCluired in a p't"oces"ill" step hut not the

",,,,nt.
.~

The sources of inror'.:Ition for the various proc('s~es arc given

ProCC5S

lIyJrccrackifl~ ••.••••.•.•.
I:ydropen pro,ll1ction ••••••
Su1fur r('cove rv •.•.••.•.•
Am~oni..:I recovery •.•••••••

Reproduced from
best available copy.

Re f (' rE>llCl' nu"!ht"r,

invc,:;t.,e!lt

1
1
4
4

Ref~rcnc~ numher for

11 t i Ii tv rcell; i. r",'ncn t

3
2
4
4

1. Hydrocarbon Processing and Petr~:eum Rcfinpr, September 196~.

2. Critical :'!atcrii'lls Re'luir",,.,ents for Pet1""Oi~U~l Refinin~. :larch 1966.
~ational Petrol",um Council.

3. The Oil and Gas Journal, April 5, 1965.
4. Cn~ineeril1~ Estimates of Caf"lit;>.l Rerruirement,:; and Operating Cost,:;

for Retortin~ and Refinin 0 Oil Shale. :';PC SubcoTTlTTlittec on Synt.],ct.ic
FuC'1s, Oil Sh::l1~ En~inecring Group, AU\>.\lst 1, 1931.
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Working capital requirements are shown in table 37. Interest

during construction (5%) assumes a 3-year construction period with 2%

of total expenditures made in the first year, 20% in the second, a~d

78% in the third year. An allowance of $19,520,400 is included for

startup expenses.

A utility summary is given in table 44. The cost of providing

steam, power, cooling water, sanitary water, etc., is included in plant

utilities. The cost of administrative buildings, roads, fences, rolling

stock, etc., is included in plant facilities.

OPERATING COST

The direct labor, maintenance labor, and the required superviscry

and administrative personnel are listed in table 38. Also included is

the annual cost of the listed personnel as well as wages and salaries.

Table 39 is a summary of the estimated annual operating cost.

These costs include labor, labor supervision, maintenance, maintenance

supervision, and administration and general overhead as taken from

table 38, and in addition, 25 percent of the payroll is allowed for

payroll overhead.

The operating costs also include natural gas, limestone, catalyst

and chemicals, ~~ter charges, royalties, taxes, insurance, and depre­

ciation. The depreciation schedule is shown in table 43.

The annual operating cost is $151,373,400 before Federal income

tax or return on investment.
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FINANCIAL ANALYSIS

Table 41 lists the annual re~eipts available from the sale of

products. The receipts total $257,599,600 per year leaving a balance

or gross income of $106,226,200 (see table 42). Allowing total depletion

of $34,831,700, the taxable income becomes $71,394,500. Then allowing

50 percent for Federal income tax the net profit becomes $35,697,250.

The interest rate of return or discounted cash flow (OCF) rate of

return is 14.45 percent. The interest rate of return or OCF method of

evaluating profitability account for the time value of money and are a

measure of the discounted positive cash flows over the weighted depre­

ciable life of the installation. The positive cash flow is the sum

of net profit, depreciation, and depletion.

UNIT OPERATING COST

Table 39 shows the total amlual operating cost for the complete

complex. Table 40 shows a modification of annual operating cost and

charges the direct components to the major operating processes. The

elements of the operating cost are prorated and charged to the processing

steps on an appropriate basis. The table also gives the capital invest­

ment prorated and charged using the same procedure.
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AN OIL SHALE, NAHCOLITE,
DAWSONITE COMPLEX, OPTION III

TABLE 1. - Capital investment summary

Unit

Mine .••••••••••••....•.•...••••••••••••••••••..••...
Soda ash recovery from white nahcolite:

Preparation•••• , •....••.......•••••.••.••••••• ,
Leaching •••••••••••..•••....••......••.•••.••••
Crystallization•••••••..••••••..•.••.•.•..•••••
Product drying and storage•......•.....•••...••

Retort plant:
Crushing and screening .••••.•...•..•..•......•.
Briquetting •••....•• , .••.••••••••••••••....•••.
Retorting ••••••..••....••.•...•••••••••..•.•.•.

Delayed coking •••..•.••.....••.•..•••••••••••••••.•.
Refining .•••.•••••••••••...••........••.•.•••••••.••
Dawsonite-rich material processing:

Retorted shale crushing ••...••.•.•....•••.••.••
Retorted shale leaching •••••••....••.....•••.••
Des i1ica t ion .•....••••••••••••••••••..••••••..•
Alumina precipitation and calcining •••.•••.•..•
Shale fines 1eaching •...••••••••••••••••••••.••
Soda ash crystallization and dehydration•••••••
Limestone calcination and flue gas processing ••

Plant facilities ••••••••.•.•........••••••••••••••••
Plant utilities .••••••••••••.•••...•..•.••• ~ ••••••••

Total construction cost .•••••••••••••••.••.....••.•.

Initial catalyst and chemicals •• ; •••••.••••••.••.•••

Total plant cost (tax and insurance base) •••••••••••

Interest during construction (5%) .....••••••••••••••
Startup expense •••••••••••••••••••.....•..•••..•••••

Subtotal (depreciation) ••••••••••••••••••.•••..•••.•

Working capital •••.•••••..•.•••.•••••••••••••.•••••.

Total capital investment ..•••.....••.•..••••••••••••

Capital investment

$37,917,200

8,559,800
3,903,700
6,362,300
4,288,700

4,222,400
1,212,900

54,801,400
9,548,800

48,329,100

2,309,200
10,808,600

5,192,100
31,101,000

7,298,500
64,361,600
16,391,800
61,405,300

106,175,500

484,189,900

3,32'4,100

487,514,000

24,075,700
19,520,400

531,110,100

105.862,900

636,973,000
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TABLE 2. - Decailed equipment list. mine. 1.900-ft level

MINING AND HAULAGE

Cutting machine (4 required)
Model: Joy 15RU.
Volcage: 440 A.C.
Hp: 225.

Electric drill (4 required)
Model: 2 boom Joy CD-73.
Voltage: 440 A.C.
Hp: 115.

Powder wagon (4 required)
Air compressor mounted on

vehicle.
Pneumatic loader capacity: 300

Ibs/hr.
Power: Diesel.

Loader (4 required)
Model: Joy 14 BU 10-110.
Voltage: 440 A.C.
Hp: 160.

Shuttle car (8 required)
Model: Joy 10 SC 27A.
Voltage: 440 A.C.
Hp: 135.

Roof bolter (8 reguired)
Model: Joy RBD.
Voltage: 440 A.C.
Hp: 50.

Power center (8 required)
4,100 volts to 440 volts

with accessories.

CONVEYING AND CRUSHING

.
:/

Crusher (l required)
Type: Roll.
Size reduc::ion: Minus-lO" to

minus-5".

TV system (1 required)
Closed circuit.

Shops and auxiliary

Ma~car (1 required)
Power: Diesel.

Bulldozer (1 required)
Model: 0-6.
Power: Diesel.

Personnel car (6 reguired)
Battery powered golf cart.

Battery charger (1 required)
For personnel cars.

Machine shop (3 required)
Portable.

Machine shop (l required)
Main shop, not portable.

Ventilation

Fan (30 required)
Hp: 15.
For secondary ventilation, m~in

fans under 2,600-ft level.

Belt conveyor (3 required)
Size: 42"wide by 6,000'
Belt speed: 500 fpm.
Hp: 200.

long.

Belt convevor (3 required)
Size: 36" wide b)' 6,000'
Belt speed: 500 fpm.
Hp: 150.

Crusher feeder (3 reguired)
Type: Belt.

long.
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TABLE 2, continued

MINING AND HAULAGE

mine, 2,600' level

CRUSHING AND CONVEYn~G

66

Heading jumbo (3 required)
Drive: Electric.
Type: Hydraulic-electric; 2 drill.
Hp: 150.

Bench iumbo (2 reqUired)
Drive: Electric.
Type: Hydraulic-electric. 2 drill.
Hp: 150. -

Powder truck (4 required)
Capacity: 3 tons.
Equipped with plieumatic delivery

system.
Hp: 100.
Drive: Diesel.

Scaling and rock bolting rig
(4 required)

Aerial life: Truco Model TaL 70-75.
Chassis: FWD Model 66-lS-CC.
Drive: Diesel.
Hp: 150.

Front end loader (4 required)
Model: Hough ~OO.

Bucket capacity: 20 tons.
Drive: Diesel.
Hp: 500.

Haulage truck (9 required)
Capacity: 75 tons.
Drive: Diesel.
Hp: 700.
Model: 75A Haulpak, WABCO.

Motor patrol (2 required)
Drive: Diesel.
Hp: 150.

Bulldozer (4 required)
Model: Hough D-90C.
Dr' Diesel.
Hp: ,00.

Water truck (4 required)
To deliver water to drills and

water haulage.

Hopper (3 required)
Portable.
Capacity: 150 tons.

Apron feeder (3 required)

Grizzly screen (3 required)

Double roll crusher (3 required)
Size: 48" x 60".
Drive: Motor.
Hp: 150 each roll.

Convevor svstem (1 required)
Type: Bel t.
Size: 60" wide by 3.5 T:liles long.
Hp: 2,100.
Drive: Motor.

Dust collector (3 required)

Ventilation equipment

Main ventilation fan (2 reguired)
Serves both the 1,900' and 2,600'

levels.
Capacity: 650,000 cfm to 7" lol.G.
Hp: 1,000.
Drive: Motor.
Model: Joy H-120-65.

Auxiliary ventilation fan (l reauired)
Service: Machine shop.
Capacity: 70,000 cfm to 5" W.G.
Hp: 36.
Drive: Motor.

Air lock (3 required)
3 sets of service doors near service

shaft hydraulically operated.
Size: IS' by 20' with 200' between

doors.

Auxiliary fan (20 required)
Service: Development and production

headings.
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TABLE 2, continued

Miscellaneous mining equipment

Power center (6 required)
4,100 volts to 440 volts or 220 volts.

(Includes switchgear.)

Fuel oil storage tank underground
(1 required) .

Capacity: 2r.,000 gallons.

ANFO transport trailer (3 required)
Capacity: 3 tons.
Lining: Wood.

Truck (14 reguired)
Type: Pickup.

Fuel truck (1 required)

Ambulance (l required)

Bus (2 reg ui red)

Supply truck (4 reauired)

Underground machine shop (1 reguire~)

Size: 50' by 500' (near service
shaft) •

Includes IS-ton crane.

1,900-ft and 2,600-ft l~vels

Production hoist (2 reguired)
Type: Koepe, 6 rope.
Spaed: 1,800 fpm.
Hp: 7,000.
Drive: Two 3,500 Hp motors.

Headframe (3 required)
Type: Koepe.
Construction material: Reinforced

concrete and WF beams.
Concrete required: 511 eu yds.
Estimated steel: 75,000 lbs.

Service and hoist (1 reguired)
Type: Koepe.
Speed: 1,200 fpm.
Hp: 1,200.
Drive: Motor.

Hoist house (2 required)
Size: 1,200 sq ft.

Buildings and surface

Underground surge bin
Capacity: 2,000 tons (1 @1,900'

level, 2 @ 2,600' level).

Ore pass (1 required)
Size: 4' diameter from 1,900' to

2,600' level.

Powder magazine (1 reauired)
Primers only.
Capacity: 60,000 lb.
Size: 16' by 26'.

Magazine (1 reguired)
Caps only.
Size: 17' by 20'.

Warehouse (1 reguired)
Size: 40' by 150'.

OPTION III



". ~"

TABLE 2, concinued

Fabrication and welding shop

Size: 20' by 100'.

Electric shop (1 reguired)
Size: 20' by 100'.

Change house. lamp room, and
office (1 1~guired)

Size: 13,655 sq ft. 2

Convevor (1 ~eguired)

Type: Belc.
Size: 60" wide by 1,1.00' long.
Hp: 350.
Drive: Motor.

Boom conveyor, oil shale
(2 reguired)

Type: Be 1 t:.
Size: 60" .....ide by 200 I long.
Hp: 100.
Drive: Motor.

Boom convevor,nahcolite (2 reguired)
Type: Belt.
Size: 60" wide by 70' long.
Hp: 80.
Drive: Motor.

OPTION III-
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4ABLE 3. - De~ailed equipment list, nahcolite preparation section,
recovery of soda ash from white nahcolite
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Apron feeder (Pl)

Number: 6.
Size: 42 inches x 10 ft.
Speed: 20 fpm.
Drive: Motor.
Hp: 5.

Belt conveyor (F2)

Number: 1.
Enclosed.
Size: 30 inches x 675 ft.
Rise: 35 ft.
Speed: 300 fpm.
Drive: Motor.
Hp: 40.
Weightometer included.

Hopper (F3)

Number: 1.
Capacity: 4.635 cu f~.

Apron feeder (F4)

Number: l.
Size: 42 inches x 10 ft.
Speed: 20 fpm.
Drive: Hotor.
Hp: 5.

Hammermill (P5)

Number: 1.
Size: 40 inches x 40 inches.
Drive: Hotor.
Hp: 300.

Belt conveyor (P6)

Number: 1.
Enclosed.
Size: 30 inc~es x 150 ft.
Rise: 45 ft.
Speed: 30 fpm.
Drive: Hotor.
Hp: 25.

Hopper (P7)

Number: l.
Capacity: 4,514 cu ft.

Apron feeder (PS)

Number: 2.
Size: 24 inches x 10 ft.
Speed: 20 fpm.
Drive: Motor.
Hp: 2.

HamlDe:'mill (P9)

Number: 2.
Size: 60 inches x 40 inches.
Drive: Motor.
Rp: 400.

Hopper (PIO)

Number: 2.
Capacity: 2,498 CU ft.

Vibrating screen (Pll)

Number: 4.
Size: 200 sq ft.
Drive: Metor.
Hp: 20.
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TABLE 3. - (Continued)

Belt conveyor (P12)

N\ODIber: 1.
Enclosed.
Size: 14 inches x 85 ft.
Rise: 25 ft.
Speed: 200 fpm.
Drive: Motor.
Bp: 3.

Transfer hopper (Pl2A)

Number: 1.
Capacity: 30 cu ft.

Belt conveyor (P12B)

NUlllber: 1.
Enclosed.
Size: 14 inches x 85 ft.
Rise: 25 ft.
Speed: 200 fpm.
J)rive: Motor.
Hp: 3.

Belt conveyor (P13)

Number: 1.
Enclosed.
Size: 30 inches x 280 ft.
Rise: 85 ft.
Speed: 300 fpm.
Drive: Motor.
Hp: 50.

Belt conveyor (P14)

Number: 1.
Enclosed.
Size: 30 inches x 110 ft.
Speed: 300 fpm.
Drive: Motor.
Hp: 10.
Tripper included.

Storage silo (P15)

Number: 6.
Concrete.
Capacity: 100,000 cu ft.

Belt feeder (P16)

Number: 6.
Capacity: 9.000 cu ft/hr.
Size: 48 inches x 10 ft.
Drive: Motor.
Hp: 3.

Belt conveyor (P17)

Number: 1.
Enclosed.
Size: 30 inches x 210 ft.
Rise: 30 ft.
Speed: 300 fpm.
Drive: Motor.
Hp: 20.

Belt conveyor (P18)

N...ber: 1­
Enclosed.
Size: 30 inches x 50 ft.
Speed: 300 fpm.
Drive: Motor.
Hp: 10.
Tripper included.

Surge bin (P19)

Number: 3.
Capacity: 1,441 cu ft.

Screw feeder (P20)

Number: 3.
Capacity: 2.900 cu ft/hr.
Drive: Motor.
Hp: 3.
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TABLE 3. - (Continued)

Ro~ary kiln (P21)

Number: 3.
Size: 12.5 f~ diam x

249 f~ long.
Lining: 6 inches. fireclay
brick.

Drive: Motor.
Hp: 125.

Cyclone dust collector (P22)

Number: 9.
Capacity: 27.984 cu ft/min.

Blower (P23)

Number: 9.
Capacity: 27.984 cu ft/min.
Drive: Motor.
Rp; 60.

Rotary cooler (P24)

Number: 3.
Size: 11.5 ft diem x

183 ft long.
Drive: Motor.
Hp; 75.

Cyclone dust collector (P25)

Number: 6.
Capacity: 31.596 cu ft/min.

Blower (P26)

Number: 9.
Capacity: 21.064 cu ft/min.
Drive: Motor.
Rp: 40.

71

Bag dust collector (P27-nahcolite ore)

Number: 1 •
Capacity: 58.414 cu ft/min.

Blower (P2a-nahcolite ore)

Number: 2.
Capaci~y: 29.207 cu ft/min.
Drive: Motor.
Hp: 50.

Bag dust collector (P29-calcined
material)

Number: 1.
Capacity: 6.305 cu ft/min.

Blower (P30-calcined material)

Number: l.
Capacity: 6.305 cu ft/min.
Drive; Motor.
Rp; 10.

Service crane (P31)

Number: 1.
Capacity: 20 tons.
Type: :Bridge.
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TABLE 4. - Detailed equipment list. leaching section,
recovery of soda ash from white nahcolite

72

Belt conveyor (D1)

Number: 1.
Enclosed.
Size: 30 inches x 210 ft.
Rise: 50 ft.
Speed: 30 fpm.
Drive: Motor.
Hp: 20.

Surge bin (D2)

Number: 1.
Capacity: 7,891 cu ft.

Apron feeder (D3)

Number: 1.
Size: 36 inches x 10 ft.
Speed: 20 fpm.
Drive: Motor.
Hp: 5.

Pump (ii4)

Number: 1.
Capacity: 1,968 gpm.
Drive: Motor.
Hp: 50.

Pump (D5)

Number: 1.
Capacity: 12 gpm.
Drive: Hotor.
Hp: 1.5.

Leaching tank (D6)

Number: 1.
Capacity: 54,494 gal.
Drive: Hotor.
Rp: 50.
Agitator included.

Pump (D7)

Number: 1 + 1 extra.
Capacity: 5,086 gpm.
Drive: Motor.
Hp: 75.

Thickener (DS)

Number: l.
Size: 10 ft x 240 ft.
Drive: Hotor.
Hp: 10.

Pump (D9)

Number: 5 + 5 exr.ra.
Capacity: 431 gpm.
Drive: Motor.
Hp: 10.

C.C.D. thickener (DI0)

Number: 4.
Size: 10 ft x 170 f't.
Dr5.ve: Motor.
Hp: 7.5.

Pump (D11)

P.Ulllber: 4.
Capacity: 1,857 g~.

Drh'e: Motor.
Hp: 20.

Waste mixing tank (D12)

Number: 1.
Capacity: 20,955 gal.
Drive: Motor.
Rp. 20.
Agitator included.
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TABLE 4. - (Continued)

Pump (D13)

Number: 1 + 1 extra.
Capacity: 488 gpIR.
Drive: Motor.
Hp: 15.

Pump (D14)

NUlllber: 2.
Capacity: 2.327 gpm.
Drive: Kotor.
Hp: 50.

Pressure filters (D15)

Number: 7.
Size: 60 inch diam.
Area: 1,645 8q ft.

Sump tank (DlSA)

NUlllber: 7 •
Capacity: 317 cu ft.

Surge tank (D16)

Number: 1.
Capacity: 361 gal.

Pump (Dl7)

Number: 1 + 1 extra.
Capacity: 17 gpm.
Drive: Motor.
Hp. 1.5.

Surge tank (D18)

Number: 2.
Capacity: 53,605 gal.

,.
I

!
Ii
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TABLE 5. - Detailed e('uipme!
recovery 0 f '.

Pump (Cl)

Number: 1 + 1 extra.
Capacity: 4,645 gpm.
Drive: Motor.
tip: 100.

Crystallizer (7-effect)(C2)

list, crystallization section,
a ash from white nahcolite

Pump (C7)

Number: 1 + 1 extra.
Capacity: 2,787 gpm.
Drive: Motor.
Hp: 60.

Centrifuge (C3)

74

Number:
Size:
1'yp~:

Number: 1.
Area per effect: 12,750 sq ft.
Type: Forced circula~ion.

Barometric condenser.
Capacity: 13,220 gpm.
Steam ejector.
Capacity: 297 1b dry gks!hr.

Surge tank (C4)

Number: 5.
Capacity: 91,665 gal.

Number: 4.
Size: 54 inch bowl diam.
Drive: Motor.
Hp: 150.

Heat exchanger (C9)

l.
7 sq ft.
Fixed-tube.

Surge tank (C10)

Pump (C5)

Number: 1.
Capacity: 1,857
Drive: Motor.
lip: 20.

Pump (C6)

gpm.

Number: : .:1.
capaCity:' 45,086 gal.

Number: l.
Capacity: 13,419 gpm.
Drive : Motor.
Hp: 150.

OPTION I:::r
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TABLE 6. - Decailed equip~nt list, drying and product storage
section, recovery of soda ash from white nahcolite

75

Screw conveyor (Sl)

Number: 4.
Size: 16 inches x 30 ft.
Capacity: 1,600 cu ft/hr.
Drive: Motor.
Hp: 5.

Rotary dryer (52)

Number: 4.
Size: 12 it x lOS ft.
Drive: Motor.
Hp: 50.

Bag dust collector (53)

Number: 12.
Capacity: 27,940 cu ft/min.

Blove1\ (54)

Number: 12.
Capacity: 27.~40 cu ft/min.
Drive: Kotor.
Hp: 60.

Rotary cooler (55)

Number: 4.
Size: 9 ft x 56 ft.
Drive: Kotor.
Hp: 20.

Belt conveyor (56)

Number: l­
Enclosed.
Size: 24 inches x 330 ft.
Rise: 85 ft.
Speed: 30 ft/~n.

Drive: Kc~or.

Hp: 25.

Belt conveyor (57)

Number: 1.
Enclosed.
Size: 24 inches x 200 ft.
Speed: 300 ft/min.
Drive: Motor.
Hp: 7.5.
Tripper included.

Storage silo (58)

Number: 10.
Concrete.
Capacity: 100,000 cu ft.

Belt feeder (59)

Number: 10.
Capacity: 2,400 cu f~/hr.

Size: 24 inches x 15 ft.
Drive: Motor.
Hp: 1.5.

Belt feeder (510)

Number: 10.
Capacity: 2,400 cu ft/hr.
SiEe: 24 inches x 30 ft.
Drive: Motor.
Hp: 1.5.

Bag dust collector (S12)

Number: l.
Capacity: 12,622 cu ft/cin.

Blower (S13)

Humber: 1.
Capacity: 12,622 cu f~/.1n.

Drive: Motor.
Hp: 20.

OPTION III
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TABLE 7. - Detailed equipment list, shale crushing, screening.

76

'.~~.
and storage' I,' ~

"..
, -'

I

,:,

Shale s~rge bin No. 1 (1 required)
Holdup: 20 minutes.
Size: 30 ft x 30 ft x 31 ft s.s.

height with 2 hopper bottom.
Material of construction:

Reinforced concrete.

Apron feeder (4 required)
(Two for secondary and 2 for

tertiary crushing).
Size: 9 ft x 20 ft.
Speed: 55 fpm.
Drive: 40 hp motor.

Grizzly bar screen (2 reqUired)
Bar opening: 4.5 in.
Size: 6 ft x 24 ft (including

deckplate) .
DrivE: 15 hp motor.

Secondary gyratorY crusher
(2 reqUired)

Capacity: 662 tons per hour.
Drive: 250 hp motor.

Belt conveyor No. LA & lB
(2 required)

(Conveys from crushers to
conveyor No.2.)

Size: 54 in. x 50 ft.
Drive: 20 hp motor.

Belt conveyor No.2 (1 required)
(Main conveyor to tertiary crushing.)
Size: 60 in. x 100 ft.
Rise: 40 ft.
Drive: 125 hp motor.

Splitter (1 required)
Size: 20 ft x 20 ft x 20 ft s.s.

height with two hopper bottom.
Material of construction:

Reinforced concrete.

Scalping screen (4 required)
Size: 6 ft x 16 ft.
Drive: 7.5 hp motor

Tertiary gyratory crusher (2 required)
Capacity: 440 tph.
Drive: 250 hp motor.

I

Belt conveyor No. 3A ~ 3B (2 reqUired)
(Conveys from tertiary cr~shers to

conveyor No.4.)
Size: 54 in. x 50 ft.
DriYe: 20 hp motor.

Belt conveyor No.4 (3 required)
(Main conveyor to 24-hr storage.)
Size: 60 in. by 200 ft.
Rise: 80 ft.
Drive: 350 hp motor.

Surge bin No.2 (2 required)
Holdup: 24 hrs.
Size: 100 ft x 100 ft x 68 ft s.s.

height, 60° sloping bottom.
Material of construction:

Reinforced c~~crete.

Apron feeder (4 required)
(From 24-hr storage-2; from coarse

oil shale storage-2.)
Size: 10-1/2 ft x 20 ft
Speed: 55 ft per min.
Drive: 35 hp motor.

Screen feed hopper (? reauired)
Holdup: 20 minutes.
Size: 30 ft x 30 ft x 30 ft S.s.

height, 60° sloping bottom.
Material of construction:

Reinforced concrete.

Apron feeder to double deck screen
(8 required)

Size: 42 in. x 10 ft.
Drive: 7.5 hp motor.

Screen (8 including 2 spares)
Opening: 3/16 inch.
Type: Double deck, scalp to 1 in.

top, remove -3/16 in. material on
bottom.

Size: 5 ft x 16 ft.
Drive: 7.5 hp motor.

Belt conveyor No.5 & 6 (2 required)
24 hour storage to screen house;

screen house to coarse shale
storage.

Size: 60 in. x 100 ft.
Rise: 40 ft.
Drive: 125 hp motor.
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TABLE 7, continued

Surge bin No. 3 (2 required)
Coarse shale storage.
£old~p: 3 hours.
Siz2: 50 ft x 50 ft x 42 ft

with pyramidal bottom.
Material of construction:

Reinforced concrete.

Surge bin No. 4 (2 required)
Nahcolite rich fines.
Holdup: 24 hours.
Size: 60 ft x 60 ft x 36 ft with

pyrimidal bottom.
Material of construction:

Reinforced concrete.

Belt conveyo~ (2 regui~ed)

Nahcolite rich fines to storage.
Size: 30 in. x 400 ft.
Rise: 70 ft.
Drive: 25 hp motor.

Exhauster (1 required)
lip: 2 psi.
Hp: 1,200.
Cfrn: 50,000

Cyclone (1 required)
Cfrn: 50,000

77
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TABLE 8. - Detailed equipment 1isc. briquetting

Surge bin No.1

Number: 2.
Capacity: 80 tons.
Size: 12 ft ID x 12 ft s.s. hei~ht;

60° conical bottom.
Material of construction: Steel.

i :., ~

Vibratorv feeder No.1

N~mber l.
Size: 18 in. x 42 in. with

6 in. deep pan.
Drive: 0.75 kwhr magnetic.

Har.DlIer mill

Number: 1.
Capacity: 33 tph.
Drive: 30 hp motor.

Mixer and briguetting machine

Number: 1.
Mixer:

Type: 2-shaft horizontal paddle.
Capacity: 33 tph.

Briquetting machine:
Drive: 35 hp motor.

Surge bin No.2

Number: 1.
Capacity: 80 cons.
Size: 12 ft ID x 12 ft 5.S. height,

60° conical bottom.
Material of construction: Steel.

Su~t;!p bin No.3

Belt convevor No.1

Number: 1.
(To bin from briQuetting machine.)
Size: 14 in. wide x 100 ft long.
Rise: 20 ft.
Drive: 5 hp motor.

Belt conveyor No.2

Number: l.
(To bin from hammer mill.)
Size: 14 in. wide x 100 ft long.
Rise: 20 ft.
Drive: 5 hp motor.

Vibratory feeder No.2

Number: 1.
Size: 18 in. x 42 in. with 6 in.

deep pan.
Drive: 0.75 kwhr maF;tletic.

Belt conveyor No.3

Number: l.
(Fines from soda ash recovery plant.)
Size: 14 in. wide x 50 ft long.
Rise: O.
Drive: 2 hp motor.

Belt conveyor No.4

Number: 1.'
(Briquets to retort feed conveyor.)
Size: 14 in. wide x 500 ft long.
Rise: 120 ft.
Drive: IS hp motor.

Number: 1.
Capaci~y: 80 tons.
Size: 12 ft ID x 12 ft s.s. height,

60° conical bottom.
Material of construction: Steel.

Number: 1.
(Fines from dryer.)
Size: 14 in. wide x
Rise: 120 ft.
Drive: 15 hp motor.

500 ft long.
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TABLE 9. - Detailed equipment list, rctorting plant

Suober: 7.
Size: 46 ft ID x 20 ft hi~h

retortin~ section.
Type: Petrosix and the Cameron

and Jones 1 improved feedin~

and dischar~e mechanism.
Refractory: 9 in. firebrick,

9 in. K-30 insulating brick
(retort section).

Orive for feedin~ and dischar~ing:

Motor-activated hydraulic.
Hp: llU top (feed); 20U bottom

(dischar~e).

Rotoclone Z

t'uml.>er: 49.
Capacity: 45,UUU cf~.

Drive: 12~ hp motor.
Head developcd: 12 in. water.

ReLort gas blower, cpntrifllgal

Retort feed belt convevor

=,umber: 1.
Size: 54 in. x 200 ft.
Drive: 100 hp motor.

Retort di~char2e belt convevor

Number: 1.
Size: 54 in. x 625 ft.
Rise: O.
Drive: 100 hp motor.

Stacker belt convevor

;-.lumbcr: 1.
Si7.e: 2 - 54 in. x 50 ft.
Rise: 12 f:.

(extend to each side of
main conveyor.)

Drive: 25 hp motor. each sidc,

Heat exchanger

Air blower, centrifu~al

~umber: 7.
(Recycle and produ<;t ~as")

Drive: 1,250 hp motor.

Number:
Drive:

7.
300 hp motor.

Number: 7.
Area: 62,192 ft 2

Oper~ting pressure: 15 psia.
Operatin~ temperature:

Hot gas side: 2,350°F.
Cold ~as side: l,350°F.

u: 6.

Bucket elevator feed hopner

hlectrostatic precipitator

Nu",ber: 14.
Size: 13 ft 10 x 2U ft hi~h.

Capacity: 156,5UO cfrn.
Power: 00 kwhr per hr.

Number: 7.
(Shale oil to storage.)
Capacity: 250 ~m.

.'.1'1: 20.
Drive: 5 hr motor.

Rctort feed hopner

Number: 7.
Size: 20 ft 3 in. ID x 20 ft 3 in.

high, 60° conical bottom.
Holdup: 1 hour.
~terial of construction: Steel.

Bucket elevator

Number: 21.
Capacity: 150 tph
Length: 20u ft.
Bucket size: 16 in. x Sir. x -1/2 ia .
Drive: 40 hp motor.

Recycle gas blcwer. centrifu~al

~umber: 7.
Size: 20 ft 3 in. 10 x 20 ft 3 in.

hi~h, 60° conical bottom.
lloldun: 1 hour.
Material of construction: Steel.

Number:
Drive:

7.
J25 hp motor.

1, 2Referenc~ to specific makes or models of equinment is made to facilitate
understandinp' and does not imply endorsement by the Bureau of Mines.
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NU~~E'r: 2.
Heat;n~ c<ll'acity: 276 M!-l Btu/hr.
Tube surface: 37,320 sq ft.

~~in fractionator

;':u,,:\!Jel:: 2.
Siz~: 13 it ID: 8 plnte5.

:<u~~el:: 2.
Size: 5 ft 2 in. ID: 5 plat~s.

~uT'1ber: 2.
Size: 6 it ID; 20 plates.

Coke drum

Number: 4.
Size: 20 it ID: 65 ft long.

Coke cutter

Number: 2.
With car and auxiliary coke

handlin~ equioment.

Accumulator

Number: 2.
Holdup: 10 minutes.
Size: 6 it 8 in. x 20 ft.
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Belt conveyor (R01)

Number: 1.
Enclosed.
Size: 60 in. x 650 ft.
Rise: 50 ft.
Speed: 450 ft per min.
Drive: 200 hp motor.

Belt convevor (R01A)

Number: 1.
Size: 60 in. x 250 ft.
Speed: 450 ft per min.
Drive: 60 hp motor.
Tripper included.
Weightometer included.

Hoppers (R02)

Number: 5.
Capacity: 7.057 cu ft.

Belt feeders (R03)

Number: 5.
Size: 4M in. x 10 ft.
Drive: 3 hp motor.

Hammermills (R04)

Number: 5.
Capacity: 39B tons per hr.
Drive: 1,000 hp motor.

Vibrating screens (Ro5)

Number: 15.
Size: 180 sq. ft.
Drive: 20 hp motor.

Belt conveyor (ROSA)

Number: 1.
Size: 36 in. x 200 ft.
Speed: 400 ft per min.
Drive: 15 hp motor.

Belt conveyor (R06)

Number: 1.
Enclosed.
Size: 36 in. x 70 ft.
Rise: 27 ft.
Speed: 400 ft per min.
Dr'.ve: 25 hp motor.

Transfer hopper (R06A)

Number: 1.
Capacity: 30 cu ft.

Belt conveyor (R07)

Number: 1.
Enclosed.
Size: 36 in. x 70 ft.
Rise: 27 ft.
Speed: 400 ft per min
Drive: 25 hp motor.

Belt conveyor (ROB)

Number: 1.
Size: 60 in. x 240 ft.
Speed: 450 ft per min.
Drive: 40 hp motor.

Belt conveyor (ROBA)

Number: 1.
Enclosed.
Size: 60 in. x 130 ft.
Rise: 40 ft.
Speed: 450 ft per min.
Drive: 125 hp mctor.
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T~jL~ 11. - (Con~inued)

Belt conveyor (R08B)

Number: 1.
Size: 60 in. x 100 ft.
Speed: 450 ft per min.
Drive: 50 hp moto~.

Tripper included.

Service crane (R09)

Number: 1.
Size: 40 ton.

Cvclone dust collectors (RRRR)

Number: 4.
Capacity: 53.000 cu ft per min.

Blowers (RRRR)

t'umber: 8.
Capacity: 26,402 cn ft per min.
Drive: 50 hp motor.

•
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Hoppers (LOl)

Number: 4.
Capacity: 7,022 cu ft.

Belt feeders (L02)

Number: 4.
Size: 48 in. x 10 ft.
Drive: 3 hp motor.

Leaching tanks (L03)

Number: 4.
Capacity: 98,318 gal.
Agitator Drive: SO hp motor.

Number: 4.
Capacity: 103 eu ft.

Belt feeders (LOS)

Number: 4.
Size: 12 in. x 10 ft.
Drive: 0.5 hp motor.

Pumps (L06)

Number: 1 + 1 extra.
Capacity: 28,839 ~a1. per min.
Drive: 300 hp motor.

Settlers (L07)

Number: 4.
Size: 250 ft diam.
Drive: 10 hp motor.

Pumps (L08)

Number: 4.
Capacity: 3,110 gal. per min.
Drive: 60 hp motor.

Thickeners (L09A)

Number: 3.
Size: 250 ft. diam.
Drive: 10 hp motor.

Pumps (L09B)

Number: 3.
Capacity: 4,147 gal per min.
Drive: 75 hp motoT.

Thickeners (L09C)

Number: 3.
Size: 250 ft dia~.

Drive: 10 hp motor.

Pumps (L09D)

Number: 3.
Capacity: 4,272 gal per min.
Drive: SO hp motor.

Pumps (L09E)

Number: 3.
Capacity: 4,147 ~a1 per min.
Drive: 75 hp motor.

Thickeners (L09F)

Number: 3.
Size: 250 ft diam.
Drive: 10 hp motor.

'Pumps (L09G)

Number: 3.
Capacity: 4,272 gal per min.
Drive: SO hp motor.

OPTION III
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TABLE 12. - (Continued)

Pumps (LIO)

Number: 3.
Capacity: 4.272 gal per min.
Drive: 125 hp motor.

Storage tanks (L11)

Number: 4.
Capacity: 98.914 gal.
Agitator drive: 50 hp motor.

Pumps (LIZ)

Number: 4.
Capacity: 3.461 gal per min.
Drive: 50 hp motor.

Pumps (L13)

Number: 4.
Capacity: 4,099 gal ?er min.
Drive: 100 hp motor.

Clarifying filters (L14)

Number: 31.
Area: 1,645 sq ft.

Repu1p tanks (LIS)

Numbe~: 2.
Size: 16 ft x 126 ft x 1 ft high.

Pump (Ll6)

Ncmber: 1.
Capacity: 176 gal per min.
Drive: 20 hp motor.

Pumps (L17)

Number: 3.
Capacity: 4,147 gal per min.
Drive: 250 hp motor.

......,. :"- ••....
I

fi-
8~ '\ '1
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TAi>"i.L 13. - Det'lill'J o:!'lUi'Ol"!enL list. dC'si1icnti.cm sC·cti.01l.
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Oesilication tanks (002)

Number: 5 + 1 extra.
Capacity: 89,002 gal.
Agitator Drive: 75 hp motor.

Hopper (D03)

Number: 1-
Capacity: 175 cu ft.

Table feeders (004)

Number: 1 + 1 extra.
Diameter: 48 in.
Drive: 2 hp motor.

Lime slakers (D04A)

Number: 1 + 1 extra.
Capacity: 45,536 gal.
Agitator Drive: 40 hp motor.

Pump (D04B)

Number: 1-
Capacity: 1,669 gal per min.
Drive: 20 hp motor.

Pumps (DOS)

Number: 5 + 1 extra.
Capacity: 3,263 gal per min.
Drive: 40 hp motor.

Settlers (D06)

Number: 2.
Size: 250 ft. diam.
Drive: 10 hp motor.

Pumps (007)

Number: 2.
Capacity: 91 ~al per min.
Drive: 3 hp motor.

Thickeners (D08)

Number: 2.
Size: 250 ft diam.
Drive: 10 hp motor.

Pumos (009)

Number: 2.
Capacity: 91 gal per min.
Drive: 10 hp motor.

Pumps (DIO)

Number: 2.
Capacity: 47 gal per min.
Drive: 3 hp motor.

Pumps (011)

Number: 2.
Capacity: 8,066 gal per min.
Drive: 200 hp motor.

Clarifying filters (D12)

Number: 26.
Area: 1,645 sq ft

Repu1p tanks (D12A)

Number: 2.
Size: 16 ft x 102 ft x 1 ft high

Pumo (012B)

Number: 1.
Capacity: 1 gal p2r min •.
Drive: 0.5 hp motor. .

Storage tanks (013)

Number: 5.
Capacity: 92,732 gal.
Agitator drive: 50 hp motor.

OPTION III
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T,\IJLi: 14.- Det<lil."j equinl'lent list, alumin:, I'r(:ci.,it.,ti0n onc: c.:llcinoti<.m
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Pump (COL)

Number: 1.
Capacity: 15.228 gal per min.
Drive: 300 hp mo~or.

Carbonation tanks (CO2)

Number: 112.
Size: 98.874 gal.

Pumps (C03)

!'lumber: 1 + 1 extra.
Capacity: 16. 918 gal per min.
Drive: 200 hp motor.,.

Primary thicker.er (C04)

Number: 1.
Size: 232 f~ diam.
Drive: 10 hp mo~or.

Pumt> (COS)

Number: 1.
Capacity: 16.064 gal per min.
Drive: 200 hp motor.

Secon~~rv thickener (C06)

Number: 1.
Size: 164 ft diam.
Driv~: 7-1/2 hp motor.

Purep (C07)

Number: l.
Capacity: 16.338 gal per min.
Drive: 250 hp mot01:.

Pumps (C08)

Number: 1 + 1 extra.
Capacity: 260 gal per min.
Drive: 15 hp motor.

Pumps (C09)

Number: 1 + 1 ex~ra.

Capacity: 853 gal per min.
Drive: 75 hp mo~or.

Wash ~ank (CI0)

Number: 1.
Size: 33 ft diam x 60 ft high.

Pump (Cll)

Number: 1.
Capacity: 534 gal per min.
Drive: 7.5 hp motor.

Pumps (C12)

Number: 1 + 1 extra.
Capacity: 853 gal per min.
Drive: 20 hp motor.

Wash tank (CD)

Number: 1.
Size: 33 ft diam x 60 ft high.

Pump (C14)
,/.

Number: 1.
Capacity: 534 gal per min.
Drive: 5 hp motor.

Internal drum filters (C16)

Number: 5.
Area: 300 sq ft.
Drive: 20 hp motor.

Pump (C17)

Number: 1.
Capacity: 534 gal per min.
Drive: 20 hp motor.

OPTION III
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Number:
Size:
Drive:

"::,\I:Ll. 14. - (Cont.inucd)

Screw conveyors (C18)

Number: 5.
Size: 10 in. diam x 30 ft long.
Drive: 5 hp motor.

Rotarv kilns (C19)

Number: 5.
Size: 13 ft ciam x 330 ft long.
Lining: 9 in. alumina brick.
Drive: 150 hp motor.

Cvclone dust collectors (C20)

Number: 30.
Capacity: 25,629 cu ft.

Blowers (C2l)

Number: 30.
Capacity: 25,629 cu ft per min.
Drive: 50 hp motor.

Rotarv coolers (C22)

5.
7 ft diam x 50 ft long.

20 ho motor.

Selt conveyor (C25)

Number: 1.
Enclosed.
Size: 18 in. x 130 ft.
Speed: 250 ft per min.
Drive: 3 hp motor.
Weightometer included.

Belt convevor (C25A)

Number: 1.
Enclosed.
Size: 18 in. x 225 ft.
Rise: 110 ft.
Speed: 250 ft per min.
Drive: 15 hp motor.
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Belt conveyor (C25B)

Number: 1.
Enclosed.
Size: 18 in. x 200 ft.
Speed: 250 ft per min.
Drive: 5 hp motor.
Tripper included.

Silos (C26)

Nurr.ber: 5.
Concrete.
Capacity: 92,000 cu ft.

Belt feeders (C27)

Number: 10.
Size: 24 in. x 15 ft.
Drive: 1.5 hp motor.

Bag dust collector (CCCC)

Number: 1.
Capacity: 3,000 cu ft per min.

Blower (CCCC)

Number: 1-
Capacity: 2,837 cu ft per min.
Drive: 7.5 hp motor.

OPTION IiI
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TAi~LE 15. - f)et.~i Ie,! C',"!uirQent '.is t. shilll~ fines l<'<,-C"i,~~sec t i.~.
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Number:
Size:
Dr:'ve:

8elt convevor (FOI)

Nu:nber~ 1­
Enclosed.
Size: 30 in. x 700 ft.
Rise: 40 ft.
Speed: 30G it per min.
Drive: 40 hp motor.

Belt convevor (FOLA)

Number: l.
Size: 30 in. x 135 ft.
Speed: 300 it Der min.
Drive: 10 hp motor.
Tripper included.
~eightometer included.

HODpers (F02)

Number: 6.
Capacity: 757 ~u ft.

Screw feeders (F03)

~umber: 6.
Size: 24 in. x 5 ft.
Drive: 1.5 hp motor.

Ro~arv kilns (F04)

Number: 6.
Size: 12 ft diam x 109 ft lon~.

Drive: 50 hp motor.

Cyclone dust collectors (F05)

Number: 12.
Capacity: 29,190 cu ft per min.

Blowers (F06)

NUI:lber: 12.
Canacity: 29,190 cu ft per min.
Drive: 60 hp motor.

Rotarv coolers (F07)

6.
7 ft diam x 63 ft long.

20 lop motor.

Belt conveyor (FlO)

Number: 1­
Enclosed.
Size: 30 in. x 150 ft.
Speed: 300 ft per min.
Drive: 7.5 hp motor.

Belt ccnveyor (FIOA)

Number: 1.
Enclosed.
Size: 30 in. x 125 ft.
Rise: 40 ft.
Speed: 300 ft per min.
Drive: 20 hp mot~~.

HO'.lper (Fll)

Number: 1.
Capacity: 3,983 cu ft.

Belt feeder (F12)

Number: 1.
Size: 48 in. x 10 ft.
Drive: 3 hp motor.

Leac~ing tank (F13)

Nu,;;t>er: 1.
Capacity: 38,917 gal.
Agitator drive: 60 hp motor.

Pump (Fl4)

Number: 1.
Capacity: 2,853 gal per min.
Drive: 40 hp motor.

OPTION III



T;,;;L,-: 15. - (Cont:inue<.l)

Sel:der (FlS)

Number: 1.
Size: 122 ft diam.
Drive: 5 hp motor.

Pump (Fl6)

Number: l.
Capacil:y: 1,843 gal per min.
Drive: 40 hp motor.

Thickener ';Fl7)

~ulTlbe:-: l.
Size: 156 fl: diam.
Drive: 7.5 hp motor.

Pump (FlB)

Number: 1.
Capacil:y: 1,659 gal per min.
Drive: 40 hp motor.

Pump (Fl9)

Numb€"r: 1.
Capacil:y: 1,843 gal per min.
Drive: 40 hp motor.

ROl:arv vacuum filters (F20)

r;umber: 10.
Area: 610 sq fl:.

Bell: conveyor (F2l)

Number: 1
l:::nclosed.
Size: 24 in. x 500 ft.
Speed: 300 ft per min.
Drive: 25 hp motor.
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Pump (F22)

Number: 1.
Capacil:y: 651 ~al per min.
Drive: 10 hp mol:or.

Pump (F23)

Number: l.
Capacil:y: 1,738 gal per min.
Drive: 30 hp mOl:or.

Clarifying filters (F24)

Number: 2.
Area: 1,645 sq fl:.

Repulp tank (F24A)

Number: 1.
Size: 16 ft x IS fl: x 1 fl: high.

PUr.lp (F24B)

Number: 1.
Capacil:y: 17 gal per min.
Drive: 3 hp motor.

Cvclone dust collector (FFFF)

Number: 1.
Capacil:y: 6,305 cu fl: per min.

Blower (FFFF)

Number: l.
Capacil:y: 6,305 cu ft per min.
Drive: 15 hp motor.

(lPTION III
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TAnr.E 16. - Det::'!i1f'c e'luip..,~nt 1ist. sad.,. .'is!' crY5t:1l.1i~.~::i("\:1 an'!
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~xin~ tanks (SOl)

"umber: 1.
Capacity: 89,502 gal.
Agitator drive: 75 hp motor.

Pump (502)

Number: 1.
Capacity: 19~690 gal per min.
Drive: 125 hp motor.

~rystallizers (503)

Number: 10.
Evaporator. 7 effect.

Area per effect: 13,747 sq ft.
Type: forced circulation.

Barometric condenser.
Capacity: 10,381 gal per min.

Steam ejector.
Capac~ty: 246 Ib dry ~a~ per hr.

Condens~te tanks (S03A)

Number: 10.
Capacity: 34.102 g~l.

PUffins (5035)

~umber: lG.
Capacity: 1,250 gal per min.
Drive: 40 hp motor.

Pumps 504)

Number: 1 + 1 extra.
Capacity: 5.102 gal per min.
Drive: 150 hp motor.

Centrifuges (50S)

Number: 7.
Size: 54 in. bowl.
Drive: 150 hp motor.

Pump (506)

Number: 1.
Capacity: 3.571 ~al per min.
Drive: 40 hp cotor.

S~rew convevors (507)

Number: 7.
Size: 12 in. di2~ x 30 ft.
Drive: 5 hp motC">r.

Rotary dryers (508)

Number: 7.
Size: 12 ft diam ~ 120 ft long.
Drive: 50 hp motor.

Cyclone dust collectors (509)

Number: 28.
Capacity: 24,832 cu ft per min.

Blowers (SID)

Number: 28.
Capacity: 24,832 cu it per min.
Drive: 50 hp motor.

Rotary coolers (511)

Number: 7.
Size: 7.5 ft di~m x 81 ft long.
Drive: 20 hp motor.

Belt conveyor (514)

Number: l.
Enclosed.
Size: 36 in. x 180 ft.
Speed: 400 ft per min.
Drive: 10 hp motor.
Weightometer included.

OPTION III



TABLE 16. - (Continued)

Belt conveyor (S14A)

Number: 1.
Enclosed.
5ize: 36 in. x 225 ft.
Rise: 110 ft.
Speed: 400 ft per min.
Drive: 60 hp motor.

Belt conveyor (514B)

Number: 1.
Enclosed.
Size: 36 in. x 400 ft.
Speed: 400 ft per min.
Drive: 20 hp motor.
Tripper included.

5ilos (515)

Number: 20.
Concrete.
Capacity: 96,000 cu ft.

Belt feeders (516)

"umber: 20.
5ize: 24 in. x 15 ft.
Drive: 1.5 hp motor.

Belt feeders (516A)

Nu.mber: 20.
5ize: 24 in. x 25 ft.
Drive: 1.5 hp motor.

Desu1fating tanks (525)

Number: 1.
Capacity: 31,953 ~al.

Agitator drive: 30 hp motor.

Hoppers (526)

Number: 1.
Ca~acity: 1,092 cu ft.

Belt feeders (527)

Number: 1.
Size: 24 in. x 10 ft.
Drive: 1.5 hp motor.
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Pumps (528)

Number: 1 + 1 extra.
Capacity: 1,491 gal per min.
Drive: 25 hp motor.

Rotary vacuum filters (529)

Number: 6.
Area: 790 sq ft.

Reoulp tanks (530)

Number: 6.
Capacity: 3,705 ~al.

Agitator drive: 2 hp motor.

Pump (531)

Number: 1.
Capacity: 1,185 gal per min.
Drive: 75 hp motor.

Pump (532)

Number: 1.
Capacity: 1,031 ~a1 per min.
Drive: 40 hp motor.

PumDs (535)

Number: 10.
Capacity: 10,605 ~al per min.
Drive: 200 hp motor.

Bag dust collector (S555)

Number: 1.
Capacity: 5,700 cu ft per min.

Blowers (SS5S)

Number: 1.
Capacity: 5,675 cu ft per min.
Drive: 15 hp motor.

Water storage tank (5555)

Number: 1.
Capacity: 1,055,040 gals.

OPTION III
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Nt;;rnber:
Size:
Drive:

Hopoers (TOl)

~,lMoer: 11.
Capacity: 1.111 cu ft.

Belt conv~~ors (TOlA)

Number: II.
Size: 18 in. x 20 ft.
Speec: 250 ft per mir..
Drive: 1.5 hp motor.

Belt conveyor (T02)

=--umber: 1.
Enclosed.
Size: ~2 in. x 440 ft.
Speed: 400 ft per min.
Drive: 30 hp motor.
Weightometer included.

Belt conveyor (T02A)

Number: l.
Enclosed.
Size: 42 in. x 115 ft.
Rise: 60 ft.
Speed: 400 ft per min.
Drive: 75 hp motor.

Belt conveyor (T02B)

Number: 1­
Enclosed.
Size: 42 in. x 300 ft.
Speed: 400 ft per min.
Drive: 40 hp motor.
Tripper in~luded.

Apron feeders (T04)

1 + 2 extra.
24 in. x 10 ft.

2 hp motor.

Belt conveyor (T05)

Number: 1­
Enclosed.
Size: 24 in. x 150 ft.
Rise: 50 ft.
Speed: 300 ft per min.
Drive: 15 hp motor.

Hopper (T06)

Number: 1.
Capacity: 1,968 cu ft.

Cone crusher. standard head (TOS)

Number: 1.
Size: 5 ft.
Drive: 100 hp motor.

Vibrating screen (T09)

Number: 1.
Size: 140 sq ft.
Drive: 15 hp motor.

Belt conveyor (TID)

Number: I.
Enclosed.
Size: 14 in. x 55 ft.
Rise: 27 ft.
Speed: 200 ft per min.
Drive: 3 hp motor.

Transfer hooper (TIOA)

Number: I.
Capacity: 30 cu ft.

Belt conveyor (TIl)

Number: 1.
Enclosed.
Size: 14 in. x 55 ft.
Rise: 27 ft.
Speed: 20 ft per min
Drive: -3 hp motor.
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TA~LE 17. - (Continued)

Belt conveyor (T12)

Number: 1.
Size: 24 in. x 95 ft.
Rise: SO ft.
Speec: 300 ft per min.
Drive: 15 hp motor.

Hopper (Tl3)

Number: 1.
Capacity: 2,599 cu ft.

Cone crushers, short head (TIS)

Number: 2.
Size: 5.5 ft.
Drive: 200 hp motor.

Belt conveyor (T16)

Number: 1.
Enclosed.
Size: 24 in. x 100 ft.
Rise: 40 ft.
Speed: 300 ft per min.
Drive: 15 hp motor.

Belt conveyor (T16A)

Number: l.
Enclosed.
Size: 24 in. x 100 ft.
Speed: 300 f~ per min.
Drive: 7.5 hp motor.
Tripper included.

Hoppers (Tl7)

Number: 4.
Capacity: 492 cu ft.

Screw feeders (T18)

Number: 4.
Size: 18 in. diarn x 5 ft.
Drive: 1 hp motor.
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Rotarv kilns (T19)

Number: 4.
Size: 13.5 ft diam x 279 ft lon~.

Lining: 9 in superduty fireclay
brick.

Drive: 150 hp motor.

Cyclone dust collectors (T20)

Number: 24.
Capacity: 27,074 cu ft per min.

Blowers (T21)

Number: 24.
Capacity: 27,074 cu ft per min.
Drive: 60 hp ~otor.

Waste-heat boil~rs (T2lA)

Number: 4
Size: 12,493 sq ft.

Blowers (T22)

Number: 12.
Capacity: 28,115 cu ft per min.
Drive: 60 hp motor.

Gas scrubbers (T23)

Number: 4.
Capacity, inlet: 62,226 cu ft

per min.

Pumps (T23A)

Number: 4.
Capacity: 1,803 gal per min.
Drive: 30 hp motor.

Compressors (T24)

Number: 4.
Pressure: SO 1b per sq in.
Capacity: 16,979 cu ft per ~in.

Drive: 850 hp motor.
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Pump (T24A)

Number: 1-
Capacity: 81 ~al per min.
Drive: 3 hp motor.

Rotarv coolers (T25)

Number: 4.
Size: 8 ft diam. x 38 ft lon~.

Drive: 20 hp motor.

Belt convevor (T28)

:-lumber: l.
Enclosed.
Si7.e: 20 in. x 100 ft.
Speed: 250 ft per min.
Drive: 3 hp motor.

Belt conveyor (T2RA)

Number: 1.
I::nclosed.
Size: 20 in. x 225 ft.
Rise: 110 ft.
Speed: 250 ft per min.
Drive: 20 hp motor.

Belt conveyor (T2RB)

~umber: l.
Enclosed.
Size: 20 in. x 240 ft.
Speed: 250 ft per min.
Drive: 5 hp motor.
Tripper included.

Silos (T29)

NU'llher: 6.
Concrete.
Capacity: 100,000 cu ft.
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Belt feeders (T30)

~umher: 6.
Size: 30 in. x 10 ft.
Drive: 2 hp motor.

Belt convevor (T31)

Number: 1.
Enclosed.
Size: 20 in. x 240 ft.
Speed: 250 ft per min.
Drive: 5 hp motor.

Belt conveyor (T31A)

Number: 1.
Enclosed.
Si7.e: 20 in. x 90 ft.
Rise: 4S ft.
Speed: 250 ft per min.
Drive: 7.5 hp motor.

Belt conveyor (T31B)

Number: 1­
Enclosed.
Size: 20 in. x 1.600 ft.
Speed: 250 ft per min.
Drive: 20 hp motor.
Tripper included.

Service crane (T32)

Number: 1.
Capacity: 40 ton.

Cyclone dust collector (TTTT)

Number: 1.
Capacity: 25.000 =u ft per min.

Blower (TITT)

Number: 1.
Capacity: 24,275 cu ft per min.
Drive: 50 hp motor.
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No. of Size, Diam., Height,
Service tanks bbls feet feet Tvpe

Retort crude rundown ......... 14 10,000 45 36 Cone roof
Crude storage ................ 4 250,000 134 100 Cone roof
Coking charge ................ 4 30,000 70 45 Cone roof
Coker distillate rundown ..... 4 25,000 70 37 Pontoon roof
Coker distillate storage and

hydrocracking charge ...... 4 25,000 70 37 Pontoon roof
Hydroll;enation plant rundovn .. 4 30,000 70 45 Pontoon roof
Slop tanks ................... 2 6,000 35 36 Cone roof
Emergency fuel ............... 1 800 20 15 Cone roof
Ammonia, liquid .............. 2 1,200 9 53 Horizontal

pres. vessel
Sulfur, molten ............... 2 1,070 20 20 Cone roof
lIydrocracked distillate

storaF::e ............... ~.... 2 250,000 120 125 Pontoon roof
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TABLE 19. - Capital investment summary. "lline
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Unit

1,900-ft level

M1.ni.ng and haulage •••••••••••••
Crushing and conveying •••••••••
Shops and auxiliary ••••••••••••
VentilatioD ••••••••••••••••••••

2.600-ft level

K1Ding and haulage •••••••••••••
Crusbmg and conveying •••••••••
Shops and auxi11ary ••••••••••••
VentilacloD ••••••••••••••••••••

Common to 1.900 and 2,600 levels

Ventilation (sarface
installations) •••••••••••••••

Exploration and deve~pment ••••
Shafts aDd. hoisting eq.~ipment ••
B\rl.ld1DgS and surface ~'•••••••••

Total direct

Deferred
expenses

$911,600
12,069,000

12,100

12,992,700

Depreciable

$1,764,400
1,414,400

369,200
30,000

3,404,900
5,035,100

4BB ,400 ,­
160,700 _.

216,600

3,375,200
1,318,800

17,577,700

Total cost

$30,570,400

Field indirect rr.s (16,979,600 x 0.10) ••.•..••.•••••..•.•••••

Engineering 0.05 (12,081,100 + 17,577,700 + 849,000) .

Overhead and administration••••••••.•.••••••••••••••••••••••..

Subto tal ••••••.•••••••••••••••••••••••••.•••••••••••••••••

Contingency at 10 percent •.••••••••••••••••••••••••••..•••••••

To tal ••.•.•.•••••••••••••••••••••••.••••••••••••••••••••.•

. 849,000

1,525,400

1,525,400

34,470,200

3,447,000

37,917,200
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TABLE 20. - EguipmenL COSL summary. mine - 1900-fL level
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4
4
4
4
8
4

3
3
3
1

1

1
1
6
8
1
3
1

30

Mining and haulage

DescripLion

Joy l5RU cutters
Joy CD-73 2 boom electric drills
Powder wagon
Joy l4BU 10-110 loaders
Joy 10SC 27A shuttle cars
Joy RBD 8 roof boILers

Grand total

Conveving and crushing

42-in. conveyors, motors, controls
36-in. conveyors, motors, controls
Crusher-conveyor feeders
Roll crusher at shaft

-10 in. to -5 in.
Closed circuit TV

Grand total

Shops and auxiliary
Mancar
Diesel tractor, blade a~ct winch
Personnel cars
Transformers 4100-44UV
Battery charger (underground)
Portable machine shops
Main machine shop
Electric distribution wire,

17,500 ft size 0
5,000 ft 3-conductor #4

Water line

Grand total

Ventilation

Main ventilation fansl/
Heading ventilation fans

Grand total

Cost each

$109,000
73,500
7,600

73,500
67,200
43,100

210,500
188,400

53,300

50,700
7,100

5,700
48,400

2,700
9,100

300
!.1,300

113,400

51,300
27,200

1,000

Depreciable
Total COSL

$436,000
294,000
30,400

294,000
537,600
172,400

1,764,400

631,500
565,200
159,900

50,700
7,100

1,414,400

5,700
48,400
16,200
72 ,800

300
33,900

113,400

51,300
27,200

369,200

30,000

30,000

l/ See ventilation section for the 2600-ft level.

"'

OPTION III
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TABLE 20. - Esuipment cost summary, mine - 2600-ft level, continued

Mining and haulage

3
2
4

4
400

18
4
9
2
4
4

Description

Heading jumbo
Bench jumbo
Powder trucks with pneumatic

loading system
Scaling and rock bolting rig
Starting drill steel inventory
Ro~ary bits, 3-1/2" and 4"
Ho~gh 400 front end loader
Haulage trucks
Motor patrol
Bulldozer
Water truck

Total

Cost each

$171,400
89,500

22,100
82,700
61ft

32
143,300
143.940

36,800
75,400
11,400

Depreciable
cost

$514,200
179,000

88,400
330,800

2,400
600

573,200
1,295,500

73,600
301,600
"5,600

3,404,900

Crushing and conveying

3
3
3
3

1
3

Hopper
Apron feeder
Grizzly feeder, switch gear and motor
Double roll crusher, switch gear

and motor
Conveyor system
Dust collector

Total

5,100
17,900
25,500

124.900
4,492,100

7,600

15,300
53,700
76,500

374,700
4.492,100

22,800

5,035,100

OPTION III



TABLE 20. - Equipment cost summary - 2600-ft level, continued
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- ,

Shops and auxiliary

Description Cost each
Depreciable

cost

6
1
1

9,000
3

14
2
1
2
4
1

1
20

10,000
30,COO

3

Fower center transformers
Fuel oil pipeline
Fuel oil storage tank, underground
ft Electric size "0" main line
ANFO transport trailer
Pickups for supervisors, etc.
Fuel and service trucks
Ambulance
Bus
Supply truck

'Underground machine shop

Total

Ventilation

Auxiliary ventilation fan
Auxiliary fans for headings
ft Ventilation tubing 24" diameter
ft Electric cable
Air locks for ventilation control

Total

$9,100
27,200
8,400

751ft
1,700
4,000

14,700
5,900
9,100
5,900

253,200

2,700
1,580
2.38/ft
2.08/ft

13,400

$54,600
27,200
8,400
6,800
5,100

56,000
29,400
5,900

18,200
23,600

253,200

488,400

2,700
31,600
23,800
62,400
40,200

160,700

2 Main ventilation fans ~/

Total

1/ These fans provide primary ventilation to both levels.

216,600

216,600

'J?TIa~I III
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TABLE 20. - Equipment cost summary. 1900- and 2600-ft levels. continued

Shaft and hoisting eouipment

Quantity

2

2

1

1

2

1

3
6
1
2

De:>cription

Shaft and equipment hoists, Koepe
with motors and controls for
production $1,016,000 each

Headframe; reinforced concrete
structures $107,000 each

Hoist, Koepe ~ith motors and
controls for service

Headframe; reinforced concrete

Installation of hoist and cables
Freight and truck haulage
Wire rope - 2" - 27,700 ft @ $3.75/ft
4 ore skips, 2 cages, ore chute
Production shaft excavation, lining

guides, 20 ft inside diameter
Service shaft excavation, lining

guides, 30 ft inside diameter
Underground surge bin
Shaft stations at levels
Ore pass 1900 level to 2600 level
Excavation a~d structures for

loading station and pockets

Deferred expense Depreciable

$2,296,200

241,800

367,200

12U,900
61,000
29,500

117,400
141,200

$5,693,000

4.727,500
607.100
879.700

40,100

121,600

. ~, -~.". ~ -.~. -'

Total 12.069,000 3,375,200

OPTION III
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B Old" l/·d fUl lngs- an sur ace

101

Quanei ty

1
1

Description

Access road (temporary)
Surface srockpile feed system

Total

Deferred expense Depreciable

$12,100
$1,318,800

$1,330,900

1/ Buildings included in plant facilities charges.

OPTION III

;<--._.-'- -"".
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TABLE 21. - E9uipmen~ cost summary, n~~coliLe preparaLion secLion,
recovery of soda ash from white nahcolite

Item Ouan~iLv

Cost, dollars
Material Labor TOLal cos~

Fee ...•.••..•.••••••••••••••••••••••....••.•........•.......•••.

Contingency ...•.••..•• , .••••••..••• " .•.•••••••••.•.•••••....•..

Total direcL.................. ..••. 4,010,300 1,488,000
Field indirect •.••••.•..••.•••.....•••••...•.•.......••.•....•••
Storage silos ...•.••••......••••••••••..••.•••••••.•••••....•.•.
Total construction .
Engineering ..••.••••.. " ••••••.•• , ••••••••.•• , .•......•........ ,
Overhead and adminis"rration ..•..•.••...•••.•••••••••••••.•.•••••

Foundations .....•.••••••••• , ••••• , •
Structures .....••••..•......•••..••
Buildings .••..•.••••••.....••••....
Insulation...........•...•.•••••.••
Instrumentation .••••.•.....••......
Electrical ••....•.•••.•••••••...••
Piping .•.•••....•....•.......•...• "
Painting .•••..•.••••••.•.•••••.•. ,.
~liscellanecus......•••..•••••••••••

1,737,100

5,498,300
7[,4,000
495,000

6,737,300
336,900
336,900

7,411,100
741,100

8.152,200
407,600

8,559.800

$3,761,200707.000
203,600
61,100

152.700

24,400
137,400

76,400
27,600
97,800

781,000

8,000
17,200

900
400

1,400
4,300
5,000

400
1,500

11 ,200
500

6,800
2,200

100
2,200
8.200
4.200
3,400
6,500
2,200

400
3,200

441,300
6,500
4,300

150,000
4,600
3,100
2,500

900
400
100

3,100

53,300
95,400
3,400
7,600
8,900

30,900
27,300

7,500
10,100
79,200
9,300

57,300
11,800

100
11,800
45,800
23,600
23,100
36,000
12,200

&,900
20,800

1,470,900
64,400
43,000

750,100
46,200
30,900
19,900

9,100
3,200
1,100

31,100
3.054,200

152,700
122,200
152,700

61,100
183,300
152,700

9,200
122.200"
956,100

6
1
1
1
1
1
1
1
2
2
2
4
1
1
I
1
1
6
1
1
3
3
3
9
9
3
6
9
1
2
1
1
I

Apron feeder .•..•••.••..••
Bel~ conveyor ...•••.....••
~eigh~o~e~er....•.........
HOl3per .... , ..•• , •.•...••••
Apron feeder ........••.•••
Hammermill •...•••••..•....
Bel ~ conveyor ..•••.....•••
Hopper .•••.•.•.•....•.....
Apron feeder .••••.....••••
Harnmermill .....••.•...•...
Hopper •......••••...•.••..
VibraLing screen .••...•••.
Belt conveyor ••••.•...•...
Transfer hopper ...•...•••.
Belt conveyor •••..........
Belt conveyor ••.•.••.•.•.•
Belt conveyor .
~lt feeder ..••...•.•••...
Belt conveyor............•
Belt conveyor .
Surge bin......•..••••..•.
Screw feeder ..•...........
~otary kiln ••••.....••...•
Cyclone dust collector ••••
Blower .•..••••...........•
Rotary cooler •••••••••....
Cyclone dust col1ec~or....
Blower ..•••.•••.••..•••...
Bag dust collector .•••••.•
Blower .............•••....
Bag dust collector ••••..••
Blower .•••....•••••••••••.
Service crane •••••••.•••••

Option III



TABLE 22. - Equipment cost summary, leaching secti~~,

recovery of soda ash from white nahcolite

103

Item
Belt conveyor ••.•••••••••
Surge bin .•••••••••••••••
Apron feeder •••••••••.••.
Pump •••••••••••••• , ••••••
Pump •••••••••••••••.•••••
Leaching tank••..••.•••••
Pump ••• , ...• ' •....•••••••
Thickener .•.......•••••••
Pump •••••••••••••••••••••
C.C.D. thickener •••••••..
Pump •••••••••••••••••••••
Waste mixing tank••••••.•
Pump •••••••••••••••••••••
Pump •••.••••.•.. , .....•.•
Pressure filter .••.•..•..
Sump tank•.•...•.•.•..•••
Surge tank.••...••••.••••
Pump •••••••• " •••••••••••
Surge tank..•••••••••••••

Quantity
1
1
1
1
1
1
2
1

10
4
4
1
2
2
7
7
1
2
2

Cost,
Material

31,900
10,400

6,800
1,900

400
9,800

10,200
286,700

20,800
729,300

6,700
5,400
4,500
4,OOC

124,400
7,500

200
2,100

10,000
1,273,000

dollars
Labor
5,700

600
1,000

100
100
600
200

28,700
400

72,900
200
300
100
100

12,500
800
100

"100
1,000

125,500

Total cost,
dollars

1,398,500

Foundations ••••••.•••.••...•
Structures •••••••.•..•.••..•
Buildings ••.•.••••.•••••••••
Insulation••...••••..•••••••
Instrumentation•••.•••••••••
Electrical ••••••••••••••••.•
Pipi:lg .•••.•••••••••••••••..
Painting .••••••••••••••••••.
Miscellaneous ••••••.•••..•••

Total direct ••••.•••••••••••

57,300
50,900
50,900
12,700
63,600

114,000
381,900

5,100
63,600

800,600

2,073,600

76,400
25,500
50,900
19,100
25,500
85,900

191,000
15,300
50,900

540,500

666,000

1,341,100

2,739,600

Field indirect ••••••••••.•••.•..•••..••••••••••••...•....••

Total construction••••.•.•.•••.••••••••••••••••••.•.•••••••

Engineering ..••.•.•..•••.•••••••••••••..••.•.•••••••••••••.
Overhead and administration••••••.•••.•.••••••••••••••••••.

Contingency•••••••••••••••.•.•••••••••••••.••••.••.••.•••••

Fee•••••••.•...•...•••••••••••••.•.....•.•...••••••••...•.•

333,000

3,072,600

153,600
153,600

3,379,800

338,000

3,717,800

185,900

3,903,700

Option III
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TABU: 23. - Equipment C05~ 8UDm&ry, crys~alli%a~ion sectio:l.

Foundation•••••••••••••••••••••••••••

Total direct •••••••••••••••••••••••••

Struccures •••••••••••••••••••••.•.•••
Buildings ••.•••••••••••••••••••••••••
Insulation ••••••••.•••••••••••.••••••
Iuat.rumencat1oQ .•.••.•••• _._ •.•.••••••
Electrical •••••••••••••••••••••••••••
Piping •.••••••••••••••••••.••••••••••
Paioting •••••••••••••••••••••.•••••••

2.246,700

4,496.500

$2,249,800

Cost
Material Labor

$5,800 $200
1,688,800 84,400

142,700 4,200
1,800 100
5,500 100

10,000 200
271,900 27,200

300 100
5,900 600

2,132,700 117,100

96,000 128,000
85,300 42,700
85,30D 85,300
21,300 32,000

106,600 42,700
191,900 144,000
639,800 319,900

8,500 25,500
106,600 85,300

1,341,300 905,400

3,474,000 1,022,500

2
1
5
1
1
2
4
1
1

P\z:I:!lp ••••••••••••••••••••••••

Pump .••.••••••••••••••••••••
fUl:Jp ••••••••••••••••••••••••

PU:Dp

Crystallizer 7 effect •••••••
Surge tank .••••••••••••••.••

Centrifuge ••••••••••••••••••
Heat exchanger ••••••••••••••
Surge tank ••••••••••••••••••

Field indirect •••••••••••••••••••••••••••••••••••••••••••••• 511,200

5,007.700

Eng1nee~ias •••••••••••••• ~ ••••••••••• ~ •••••••••••••••••••••• 250,400

Overhead and adminl.cracion ••••.•••••••••••••••••••••••••••• 250,400

5,508.500

COD~ingeDcy ••••••••••••••••••••••••••••••••••••••••••••••••• 550,800

Fee ,..........................................................
6,059.300

303,000

6,362,300

OPTION I II
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TABLE 24. - Equipment cost summary, product drying and storage section

dollars

Screw conveyor ••••••.••.•
Rotary dryer •••••••••••••
Bag dust collector •••••••
BlO!\1I'::;;':' ••••••••••••••••••
Rotar J cooler ••••••••••.•
Belt conveyor ••••••••••..
Belt conveyor •••.•.••••••
Belt r~e~er .
~lt feeder ••••••••••••••
Bag dust collector •••••••
Blower ••••••••••••••••••.

Quantity
4
4

12
12

4
1
1

10
10

1
1

Cost,
Material

$12,900
690,300.
216,900
50,700

245,200
37,000
28,000
34,100
52,000
4,600
1,800

Labor
$1,900

110,500
28.200

5,100
39,200
6,600
5,100
5,200
7,700

500
200

Total cost

Foundations ••••••••••••••••• : •.•
S::ruc t ures .••..•.••••.......•..•
Buildings •••••••••••••••••••••••
Insulation••••••••••••••••••••••
Instrumentation•••••••••••••••••
Electrical ••••••••••••••••••••••
l'ip~D.g••••••••••••••••••••••••••
Painting••••••••••••••••••••••••
Miscellaneous •••••••••••••••••••

Total direct ••••••••••••••••••••

1,373,500 210,200

68,700 91,600
54,900 27,500
68,700 68,700

27.500 11.000
82,400 61,800
68,iOO 3.. ,300
4,100 12,300

54,900 43.900

429,900 351,100

1,803,400 561,300

$1,583,700

781,000

2,364,700

Field indirect •••••••••••••••••••••••••••••••••••••••••••••

Storage si.los ••••••••••••••••••••••••••••••••••••••••••••••

Total construction•••••••••••••••••••••••••••••••••••••.•••

Engineering .
Overhead and administration••••••••••••••••••••••••••••••••

Contingency•••••••.••••~••••••••••••••••••••••••••••••••••••

Fee•••••••••••••••••••••••••••••••••••••••••••••••••.••••••

280,600

730,300

3,375,600

168,800
168,800

3,713.200

371,300

4,084,500

204,200

4,288,700

OPTICdJ II I
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TABLE 25. - Equipment cost summary. crushing, screening. and storage
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Foundations ••••••.•.•••••••••••••••••
Structures ••••••.••••••••••••••••••••
Buildings. : ..••.•••••••••••••••••••••
Insulation••••••••••••••••...•••.•..•
Instrumentation••••••.•.•.••••••••••.
Electrical ••••••••.•••.•••••••••••.••
PiPing•..•.••.•....•.••••••••••••••••
Painti.ng ••••.••.••.•.••••••.••.•• '••••
Miscellaneous .••••••••••.•••.•••••.••

Item
Surge bin No.1 ••••••••.•••.•.•.

- Apron feeder •••••••••••..•.••..•
Grizzly bar screen.•••••..•••.••
Secondary crusher ••.••.•••.•••••
Conveyor •••••.•.•••••••••••.••••
Conveyor .•.•...•••••••••••••••••
Splitter .•.•.••..••••••••••..••.
Scalping screen•••••••••.•••.•••
Tertiary crusher ••••••••......••
Surge bin No.2 ••••••..••.....••
Apron feeder ••••.••.••.••.•.••.•
Conveyor •..•.•..•••••••••••.••••
Screen feed hopper ••••••••.•••••
Apron feeder •.••.•••••••••.••.••
Screen•••••••.•••••••.•••••.•...
Surge bin No.3 •••••••••.•......
Surge bin No.4 ••••••..•..•..•.•
Conveyor ..•..•.•.••••••.••••••••
Exhauster .•.•.••••••••••• ~ ••••..
Cyclone..•••••.•••••••••••• , ••

Quantity
1
4
2
2
4
3
1
4
2
2
4
1
2
8
8
2
2
2
1
1

Material, Labor,
dollars dollars

25,900 2,600
255,600 25,600

27,900 2,800
134,400 13,400

49,700 5,000
82,200 8,200
10,100 1,000
39,600 4,000

134,400 13,400
260,800 26,100
255,600 25,600

39,700 4,000
34,500 3,500

131,900 13,200
79,100 7,900
57,200 5,700
65,200 6,500
76,400 7,600
30,400 7,600

6,100 600

1,796,700 184,300

89,800 119,400
71,900 36,000
89,800 89,800

35,900 14,400
107,800 80,900

89,800 44,400
5,400 16,200

71,900 57,500

562,300 458,600

Total cost.
dollars

1,981,000

1,020,900

Total direct.~........................ 2,359,000 642,900
Field indirect •••.•..•••••.•.•••••••••••••••••••.•.•..••••••••

Total construction.•••••••••••••••••..•.•.•••••.•••••••••••••.

Engineering ••••••••••••.....••.•..•••••••••••••.••••••..•...•.
Overhead and administration ••••••.••••••••••••••.•••••.•.•••••

Contingency••••••••••••••••.••••..•..•••••••••••••••••••.•••••

Fee.•..•.•...••••••••••••••••••.•••.•••••.•••.••••••••••••••••

3,001,900
321,400

3,323,300

166,200
166,200

3,655,700

365,600

4,021,300

4,222,400



TABLE 26. - E9ui~ent cost summary. briquetting
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Item
Surge bin No.1 ••••••••••••
Vibratory feeder No.1 •.•..
Hammermill ••.•••..••.•••.•.
Mixer-briquetting machine•.
Surge bin No.2 •..•••.•••••
Surge bin No.3 ..••.•.•..••
Conveyor No.1 ••.••••.•••••
Conveyor No.2 ••••••••••••.
Vibratory feeder No.2 •.•••
Conveyor No.3 ••...•..•.•••
Co wE:yor No.4 •••••••••••••
Conveyor No.5 .•..••••....•

Quantity
1
1
1
1
1
1
1
1
1
1
1
1

Cost.
Material

5,800
1.600
3.600

79.200
5.800
5.800
7.400
7.400
1.600
5,000

27,600
27,600

dollars
Labor

600
200
800

7,900
600
600
700
700
200
500

2.800
2.800

Total cost.
dollars

Total construction...••••.•••......••...••••••••••..••••••••.•••

Field indirect ...•.•••••.••••••.••••....•.••.•••••..•.••..••.•.•

Foundations .•..••..••.•.•.•.•.•.•...
Structures •..••.••.••••..••••••.•••.
Buildings ••.•••••....••..••••.•.•...
Insulation......•...••......•....•..
Instrumentation •......•••.•..••••••.
Electrical ..•.•••..•.••••..••..•••••
Piping•.••....••..•..•••••••••••.•••
Painting .•.••.•••••.•.•••••••.•.••••
Miscellaneous .•••••••••••.•••.•.••.•

Total direct ...••••••••.••••••••••••

178,400 18,400

8,900 11,800
7,100 3,600
8,900 8,900

3,600 1,400
10,700 8.000

8,900 4.500
500 1,500

7.100 5.700

55,700 45,400

234,100 63,800

196,800

101,100

297,900

31,900

329,800

Eng ineering •••.••••••.••.....•...•.••••.•.••..•••••••••••.•••...
Overhead and administration••.•.•.••.•.••••••••••••••••.•..••.••

Cont ingency .•..••••••••••••••••.•..••...•••.....••.•.•••.•.••...

Fee ..•.•....•....•••••••••••••••••••••••••••••••••••.•••••.•••..

Dryers (2) •.••.•••••..•.•••..•....•••••.•••••••••••.••••••••••••

16,500
16,500

362,800

36.3CO

399,100

20.000

419,100

793,800

1,212,900

OPTION III



TABLE Z7. - Equipment cost summary. retorting plant

108

Item
Ro tcc10ne••••.•••.••••••••.
Heati~g gas blower .•••••••••
Electrostatic precipitator ••
Retort gas blower .••••••••••
Combustion air blower ••.••••
Recycle gas heater ••••••••••
Shale oil pump ••••••••••••••

. Retort feed hopper ••••••••••
R~tort feed conveyor •••.••••
Bucket elevator feed hopper.
Apro!1 feeder ••••..•.••••••••
Bucket elevator •••••••.•••••
Retort discharge conveyor •••
Traveling stacking conveyor.
Retorts •••••••••••••••••••••

Quantity
49

7
14

7
7
7
7
7
2
7

21
21

1
2
7

Cost.
Material
1,295,300

182.900
4.842.700
2,207.900

292,300
2,001,000

11,600
109,300
102,700
109.300
410,000
242,900
113,000

63,700
2.781,000

dollars
Labor

323,800
45.700

968.500
552.000

73.100
200.100

2,900
10,900
10.300
10,900
41,000
24.300
11.300

6.400
278,100

Total cost.
dollars

Foundat ions ••.•....•••....•.••••.
Structures••••••••.••.•••••••.•••
Buildings •••••••••••••••••••.••••
Insulat ion•••••••••••••••••••••••
Instrumentation••••••••••••••••••
Electrical ••••••••••••.••••••••••
Pi?ing •••••••.•.•••.•.•••••••••••
Painting .••••••...••••...••••.•••
Miscellaneous ••••••...••••••.•.•••

Total direct •••••••••••••••••••••

14.765,600 2,559,300

1.107,400 1,476,600
1,107,400 553.700

590,600 590,600
443,000 886,000
738,300 295,300
590,600 443,000

5,906.200 2,953,100
118,100 354,300

1.181.200 945.000

11,782,800 8.497,600

26,548,400 11,056.900

17~324,900

20.280.400

Field indirect •••••....•.•....••••.••••••.•••••.••••••••••••...

Total construction .•..•••••..•••.•••••••••••••.•.•••••••••••.••

Engineering ••••••••••••••••••••••••••••••••••••••••••••••••••••
Overhead and administration••••••••••••••••••••••••••••••••••••

Contingency •••••••...••••••.••••••••.••••••..••••••••••••••••••

Fee•.•••••••••.•••.••.•••••••••••••••••••••••••••••••••••••••••

5,528,400

43,133,700

2.156,700
2,156.700

47,447,100

4,744,700

52,191,800

2,609.600

54,801,400

OPTION III
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TABLE 28. - Equipment cos"t summary, delayed coking

109

Item
Material.

Quantity dollars
Labor.
dollars

Total cost.
dollars

Coke chamber ••••••••••••..
Main fractionator •••••••••
Oil heating furnace •••••••
Depropanizer ••·:-I.~ •.••.••••
Absorber ••••••••••••••••••
Coke cutter •••••••••••••••
Accumulator •••••••••••••••

'± ..-"
2
2
2
2
2
2

956,400
196,400

1.009,000
10,800
57,800

392,800
7,800

95,600
19,600

201,800
1,100
5,800

98.200
800

422,900 3,053,900

Foundations •••••••••••••••••••••••••
Structures ••••••••••••••••••••••••••
Buildings •••••••••••••••••••••••••••
Insulation ••••••••••••••••••••••••••
Instrumea~at1on ••••••••• ~ •••••••••••
Electrical •••••••••••••.••••••••••••
Piping ••••••••••••••••••••••••••••••
Painting ••••••••••••••••••••••••••••
Miscellaneous •••••••••••••.•••••••••

105,200
197,300
105,200

78,.900
184~200

105.200
1,052.400

13,200
263,100

2,104,700

139.900
98.700

105.200
157.800

73.700
78.900

526.200
39.600

210,500

1,430,500 3,535,200

Total direct •••••••••••••••••••••••• 4,735.700 1.853,400 6,589,100

F!eld ~d~rect ••••••••••••••••••••••••••••••••••••••••••••••••

Total construction ............................................
926,700

7,515,800

Engineering •••••••••••••••••••••••••••••••••••••••••••••••••••

Overhead and a~nlstrat1on •••••••••••••••••••••••••••••••••••

375,800

375.800

Contingency .....................................................
e,267,400

826,700

9.094,100

Fee . 454,700

9,548,800

OPTION III
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TABLE 29. - Equipmen~ cos~ summarv. refining

I~em

Hydrogen produc~ion••••••••••

Hydrocracking ••••••• ~ ..•• ~ ..•

Ammonia recovery •••••••••.•••

Sulfur recovery••••••••••••••

Tankage ••••••••••••••••••••.•

Material. dollars

13,682,400

19,065,000

1,190.300

1,144,400

2.957,300

Total cost. dollars

Total construction•••••••••..••••••••••••••••••

Engineer ing••••••••••••••••••••••••••••••••••••

Overhead and administration•••••••••.••••••••••

Cont ingency••••••••••••••••••••••••••••••••••••

Fee •.••••••••••••••••••.•.•.••••••••.••••••••••

38.039.400

1,902,000

1,902,000

41,843,400

4,184,300

46,027,700

2,301,400

48,329,100

OPTION III



TABLE 30. - Equipment cost summary, retorted shale crushing secticn,
dawsonite-rich zone

III

Material Labor
Cost. dollars

Item
Belt conveyor ..•••••••••
Belt conveyor •.••.••••••
Weightometer .•.•••...•••
Hopper ••.•.....••..•.••.
Belt feeder ••••••••••.••
Hammermill .•.•••••••••••
Vibrating screen••.•••••
Belt conveyor •••••••••••
Belt conveyor ....•••••••
Transfer hopper •.•••••••
Belt conveyor .........•.
Belt conveyor •••.•••••••
Belt conveyor •...•••••••
Belt conveyor .•..•••••••
Service crane ••••••••.••
Cyclone dust collector .•
Blower ••.•.•.•...•••••••

Quantity
1
1
1
5
5
5

15
1
1
1
1
1
1
1
1
4
8

176,000
34,700
3.700

53.800
13,400

244,300
160,300

22,400
15,800

100
15.800
35,800
42.000
20,200
43.900
38,700
30.100

31,700
6.200

900
2,700
2,000

34,200
19,300

4,100
2.800

100
2.800
6,500
7.500
3,800
4.400
3,800
3,000

Total cost,
dollars

Foundat ions. . •..••••.•••••••
Structures .•.•.•.••••.•••••• ~

Buildings •.••••••••••••••••••
Instrumentation•.•.••.••••••.
Electrical .•.•.•.•••••••••••.
Piping .•••••••••.•••.••..•••.
Painting•........•••..••..•.•
Miscellaneous ••..•••.•••••.••

Total direct .•...••.•••••••••

951.000 135.800

47,600 63,400
38,000 19.000
47,600 47,600
19,000 7.600
57,100 42,800
47,600 23.800

2,900 8,700
38.000 30,400

297,800 243,300

1.248,800 379,100

541,100

Field ind irect ....•.••••••••••• < ••••••••••••••••••••••••••••••

Total cons truction••••••••••••••••••••••••••••••••••••••••••••

Engineering ••••••••••••••••••••.•••.•.•.••••••••••••••••••.•..
Overhead and administration •••••••....•...••.•.••.•.•...••...•

Cont ingency•.•••.••••••••••••••.•••.••..••••••••••••••••••.•.•

Fee •••.•••..••.••.••••••••••.••..•........•••...•..••.••••••.•

189,600

1,817,500

90,900
90,900

1,999,300

199,900

2,199,200

110,000

2,309,200

OPTION III
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TABLE 31. - Equipment cost summary, retorted shale leaching section,
dawsonite-rich zone

Item
Hopper ......•••. ' ••••••
Belt feeder .••••..••.••
Leaching tank.•..••••••
Hopper ..•.•..••.••...••
Belt feeder ...•.•......
Pump ••.•..•.•..•.••..•.
Settler .......•..•.••.•
Pump .•••.........•..•..
Thickener ....•.•.•.•.•.
Pump••••.....••••...•..
Thickener ....••.•.....•
Pump ......••....••..•.•
Pump ...•....••.........
Thickener ...•••...•..•.
Pump ..•......•..•••••••
Pump ...•...•.••........
Storage tank ....•...•..
Pump ..••.....•••.......
Pump .......•...........
Clarifying filter ...•..
Repulp tank•.•.•.•.•.•.
Pump ...•......•.....•..
Pump •....•..•..••......

Quantity
4
4
4
4
4
2
4
4
3
3
3
3
3
3
3
3
4
4
4

31
2
1
3

Cost ,
Material

37,900
9,500

61,600
1,200
5,100

20,000
823,000
17,100

617,300
14,500

617,300
4,500

14,500
617,300

4,500
7,700

51,200
5,900

17,300
551,000

6,700
1,900

25,000

dollars
Labor
1,900
1,500
3,300

100
800
500

82,300
300

61,700
300

61,700
200
300

61,700
200
300

3,500
300
300

35,100
700
100
500

Total cos~,

dollars

Foundations ••.•..•.•......••••
Structures .•••..•••••••.••••••
Buildings•.... '•.......•..•••••
Insulation.••.••••..••••••••••
Instrumentation .••..•••••••••.
Electrical ••••.•.•..•...••••••
Piping ...••...••.•.••••.••••••
Painting ••..••••••.•••••••••••
Miscellaneous .......•...•.••••

Total direct ••••••••••••••••••

3,532,000 337,600

158,900 211,900
141,300 70,600
141,300 141,300
35,300 53,000

176,600 70,600
317,900 238,400

1,059,600 528,800
14,100 42,300

176,600 141,300

2,221,600 1,498,200

5,753,600 1,835,800

3,869,600

3,719,800

7,589,400

Field indirect ••••••••••••••••••••••••••.........•. ••· ••••••..••

Total construction•••••••••••••••••.•.....•.•......•••••••.•••..

Engineering •••••••.••••••••••.••••••.•.......•••...•••••••••••••
Overhead and administration •••••••.•••........•...••••••••••••••

Cootingency•••••••••••••••••••••••••••.•..........•.•••.•••••.••

Fee••••.••••.•.•.......•..•.•.•••.••....•.....••••••••••••••••••

OPTION III

917,900

8,50i,300

425,400
425,400

9,358,100

935,800

10,293,900
514,700

10,808,600



TABLE 32. - Eguiument cost summary, desilication section
dawsonite-rich zone

113

Item
Material,

Quantity dollars
Labor,
dollars

Total cost,
dollars

Desilication tanks , •••••••
Hopper ••••••••••••••••••••
Table feeders •••••••••••••
Lime slakers ••••••••••••••
Pump ••••••••••••••••••••••
Pumps •••••••••••••••••••••
Settlers ••••••••••••••••••
Pumps •••••••••••••••••••••
Thickeners ••••••••••••••••
Pumps •••••••••••••••••••••
Pumps •••••••••••••••••••••
Pumps •••••••••••••••••••••
Clarifying filters ••••••••
Repulp tanks ••••••••••••••
Pump ••••••••••••••••••••••
Stor~ge tanks •••••••••••••

6
1
2
2
1
6
2
2
2
2
2
2

26
2
1
5

10.1..400
500

5,500
23,500
1,000

20,7QO
464 ,800

2,500
464,800

3,300
800

8,900
522,000

6,600
400

70.900

6,000
100
800

1,500
100
400

46,500
100

46,500
100
100
400

52,200
600
100

4,700

Foundst ions ••••••.•••••••••••..•.•.•
Structures •.••••••••••••••••••••••••
Buildings •••••••••.•••••••••••••.•••
Insulation ••••••••••••••••••••••.•••
Instrumentation •••••••••••••••••••••
Electrical ••••••••••••••••••••••••••
Piping ••.•••••••••••••••••••••••••••
Pa1n~ing ••••••••••••••••••••••••••••
Miscellaneous •••••••••••••••••••••••

1,697,600

76,400
67,900
67,900
17,000
84,900

152,800
509,300

6,800
84,900

1,067,900

160,200

101,900
33,900
67,900
25,500
34,000

114,600
254,600

20,400
67,900

720,700

1,857,800

1,788,600

Total direct •••••••••••••••••••••••• 2,765,500 880,900 3,646,400

Field indirect ••••••••••••••••••••••••••••••••••••••••••••••

Total construction

Engineering •••••••••••••••••••••••.•••••..•••.••••••••••••••

Overhead and administration •••••••••••••••••••••••••••••••••

CODtingency ••••••••••••••••••••••••••••••••.••••••••••••••••

440,400

4,086,800

204,300

204,300

4,495,400

449,500

Fee .........................................................
4,944,900

247,200

5,192,10;;



TABLE 33. - Equipment cost summary, alumina precipitation
and calcination section, dawsonite-rich zone

114

Item
Pump ..•.......•.••••.•••
Carbonation tank•••••.••
Carbonation tank••••••.•
Pump •. , .••••••••••.•... ,
Primary thickener ••.••••
Pump •...•.••• , ••• , " .•••
Secondary thickener •.•••
Pump .••.••.••.••.•.•.•••
E'ump ..•••.••••.•...••••.
Pump •...•••• , . " .•••••.•
Wash tank••••....•......
Pump •...••...•...•.••...
Pump ....•••.....•.••.••.
'"ash tank••..••.........
Pump ...•......•..•...•..
Internal drum filter ....
Pump ••••..•..•••.•......
Screw conveyor .•••.••...
Rotary kiln•..•..••.•...
Cyclone dust collector ..
Blower ....••••••.•....••
Rotary cooler •••.....•••
Belt conveyor ..•..•••••.
Weightometer .••••••.•.••
Belt conveyor ....••.••.•
Belt conveyor .••.••••••.
Belt feeder •.••.•••••.••
Bag dust collector ••••.••
Blower ••.....••••••.•••.

Quantity
1

56
56

2
1
1
1
1
1
2
2
1
2
1
1
5
1
5
5

30
30

5
1
1
1
1

10
1
1

Cost ,
Material

6,100
535,900
535,900
14,500

178,500
7,200

110,500
5,100
2,700
7,100

27,200
600

4,700
27,200

600
211 ,800

800
10,300

6.809,500
165,800

97,500
260,600
16,100

2,900
24,600
25,100
22,000
3,600

600
9,115,000

dollars
Labor

300
53,600
53,600

300
17,800

100
11,000

200
100
100

2.700
100
100

2,700
100

21,200
100

1,600
2,042.800

16,600
9,700

65,200
2,900

800
t.,400
4,500
3,300

500
100

2,316,500

Total cost,
dollars

11,431,500

Fee. • • • • • • • • • • . . • . .. . .•.......•••.•••••.••••••••.•••...•....

Cont ingency ...••.....•.•.•••..•.••• ',' •..••.......•..••.......

Total direct................... 14,848,200 6,185,700
Field indirect •...•••••.••••••.••.....•.•.......•...•.•...•..
Silos .........•.•••.•••••••••••••..••••........•......•..••.•
Total construction•.....•••••.•.••••••.........•.........•...
Engineering ......••.•.•.•••••••..•••••••...•.••.....•.•......
Overhead and administration..••••••••.•••....•...............

Foundations .....•.•.•.••..••...
Structures ..•.....•.•••..••••.•
Buildings .....•••.•.••.•••••••.
Insula t ion ...•••••....•••••....
Instrumentation.....•••••••...•
Electrical •.••..•.•••••• , ••..••
Piping.....•••.••.•••••••••....
Painting .••••...••••••••••.••.•
Miscellaneous ...•••.•••.•..••••

410,200
364,600
364,600
91,100

455,700
820,300

2,734,500
36,500

455,700
5,733,200

546,900
182,300
364,600
136,600
182,300
615,200

1,367,200
109,500
364,600

3,869,200 9,602,400

21,033,900
3,092,800

352,600
24,479,300
1,224,000
1,224,000

26,927,300
2,692,700

29,620,000
1,481,000

31,101,000
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TABLE 34. - Equipment cOSt summary, shale fines leaching section,

dawsonite-rich zone

Fee ................•...•......•........••..•....•.• ·· •••••.•..

Contingency.....•..••.•.•....••.•...•..••.....•.•.•.•..•.•.••.

2,422,300
5,105,600

639,100
5,744,700

287,200
287,200

6,319,100
631,900

6,951,000
347,500

7,298,500

2,683,300

Total cost,
dollars

Cost, dollars
Material Labor

1
1
1

1
1
1
6
6
6

12
12

6
1
1
1
1
1
1
1
1
1
1
1

10
1
1
1
2

Quantity
87,000 15,600
14,700 2,700

3,000 800
9,400 400

~4,700 6,700
1,044,600 167,100

68,000 6,800
45,200 4,500

325,500 52,100
24,100 4,400
20,700 3,700

5,900 300
2,400 300
9,200 400
2,900 100

71,600 7,200
3,500 100

103,900 10,400
1,200 100
3,500 100

364,800 36,500
51,400 9,200

700 100
1,100 100

35,600 3,600
900 100

1,000 100
2,100 200

-=--=-:-::,......;9.;.00:;. 100
2,349,500 333,800

105,700 140,900
94,000 47,000
94,000 94,000
23,500 35,200

117,500 47,000
211,500 105,700
704,800 352,400

9,400 28,200
117,500 94,000

1,477,900 944,400
Total direct........................ 3,827,400 1,278,200
Field ir.-direct ......••........•.•...•..••.........••..••••.•.•
Total construction•.•.•.....•..•.•......•...•.......•.......•.
Engineering .........•••....•.••••.......•...•.....•••••.•••..•
Overhead and administration ...••........•................•••..

Foundatio~s•••••••••.••.•••••••••...
Structures •••.•.•••.•••••••.•.•••••.
Buildings•••••..•••...•..•..•.••....
Insulation•••........••.••••.••••...
Instrumentation.......•.•••...•••...
Electrical•.•.•....•........••••••••
Piping ••••••••.•.•.••••.•..••.•••••.
Painting •.•......••..•••.•...••••••.
Miscellaneous•..••••.••••••..•••.•••

Item
Belt conveyor •...••.••••
Belt conveyor ••.•.••••••
Weightometer •••.•.•.••••
Hopper ..•. '••••••••••••••
Screw feeder •••••.••••••
Rotary kiln •..•••••.••••
Cyclone dust collector ••
Blower ..•••••••...•..•••
Rotary cooler •.•••••••••
Belt conveyor •••••••.••.
Belt conv~yor•••.•••••••
Hopper •..•••••.....•••••
Belt feeder •••••...•.•••
Leaching tank•••••••••••
Pump •••.••.•..•.........
Settler••.•••••......•••
Pump •...••.•••.......••.
Thickener •••............
Pump ....•.••.•••.••.••••
Pump .••••••••.........••
Rotary vacuum filter ••••
Belt conveyor•...•••..•.
Pump ....•..•.........••.
Pump •.•.•.• ' •-.•.•••.••••
Clarifying filter •••.••••
Repulp tank•........•.•.
Pump ••.••...•......••••.
Cyclone dust collector ••
Blower ..••••.••••••••••.

OPT!ON III
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TABLE 35. - Equipment cost summary, soda ash crystallization and

dehydration section, dawsonite-rich zone

Fee •.•••.•••••••••.......•.•••••.•...•.......•••...•..•••.••••.

Cont ingency .•••••••.•..••••••.....•••.........•....•..•••••.•••

21,965,100
44,136,800

5,086,300
1,435,500

50,658,600
2,532,900
2,532,900

55,724,400
5,572,400

61,296,800
3,064,800

64,361,600

22,171,700

Tota!. cost,
dollars

Cost, dollars
Material Labor

1
1

10
10
10

2
7
1
7
7

28
28

7
1
1
1
1

20
20

1
1
1
2
6
6
1
1

10
1
1
1

Quantity
11,900 700

2,900 100
17,704,300 885,200

51,600 5,200
12,000 600
13,000 200

347,200 34,700
1,300 100

16,100 2,400
1,335,100 213,600

149,900 14,900
89,100 8,900

504,600 80,700
31,500 5,700
3,000 800

38,200 6,800
69,800 12,600
44,000 6,600
64,800 9,800
7,400 400
2,100 100
l,70C 200
6,200 100

249,200 24,900
11,100 800
4,000 100
1,100 100

40,000 2,000
5,400 700

900 100
30,200 3,000

20,849,600 1,322,100
938,200 1,250,900
834,000 417,000
834,000 834,000
208,500 312,700

1,042,500 417,000
1,876,500 1,407,400
6,254,900 3,127,400

83,400 250,200
1,042,500 834,000

13,114,500 8,850,600
Total direct....................... 33,964,100 10,172,700
Field indirect •.•.••••••••.•.•.••••.........•...••.•...••••••..
Silos •••.•••••••••.••.••••.•.....•.•........•..•••.•••.•••.••..
Total construction......••.•.......••.•...•.••.•..••••••••••...
Engineering •.•••••••-.•..••.•..•.....•...•..•••.....•••••••••••.
Overhead and administration•....•.......•...•........•.•••••.•.

Foundations ••...•••.•••••..•.••••••
Structures .•••..••..••••••.••••••••
Buildings...••.....••••••.•••••••••
Insulation .•••••••..•..•••••.•••••.
Instrumentation....••.•••..••••••••
Electrical •.••.••••••••••••••.••.••
Piping .•••••••••.•••••••.........••
Painting .•••••••••••.•••••••.•.•.••
Miscellaneous •••••.••.•••••••••••••

Item
Mixing tank •••••••••••••.
Pump ••••..••••••••.••••••
Drysta11izers •••.•••...••
Condensate tank.••.••••••
Pump••••.•.•••••.•.•...••
Pump .........•.••••..••••
Centrifuge••.•••••...••••
Pump .•••.....••••••..••••
Screw conveyor •••••••••••
Rotary dryer ••••••••..•••
Cyclone dust collector .••
Blower••.•.••.••••.•..•••
Rotary cooler•.•.•••••...
Belt conveyor ..•••.•.•••.
Weightometer ..•••••.•••••
Belt conveyor ..•••..•••••
Belt conveyor •.•••••.•.•.
Belt feeder •...•.•.•..••.
Belt feeder .•..•••..••.•.
Desulfating tank••.......
Hopper ...•...••.••••.•..•
Belt feeder ••••.••••••...
Pump .....••.•••••••••.•.•
Rotary vacuum filter ••••.
Repulp tank.••.•.•••.•••.
Pump.•••.••.••••.••••••.•
Pump .....••..•...•••.•.••
Pump.....•.....•.•.•••••.
Bag dust collector .•••••.
Blower ....•••.•..•••••.••
Water storage tank ••.•••.
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TABLE 36. - Equipment cost summarv, limestone calcining and flue-gas
processing section, dawsonite-rich zone

117

Fee.........•.................................................

Contingency.•...••...••..................... " .•..............

5,396,900

5,076,400
10,473,300
1,528,200

495,000
410,800

12,907,300
645,400
645,400

14,198,100
1,419,800

15,617,900
780,900

16,398,800

OPTION III

Tot"l cOSt.
dollars

Cost. dollars
Xaterial Labor

4
1
1
4
1
1
1
6
1
1
1
1
1
1

1
1
4
4
4

24
24

8
4

11
11

1
1
1
1
3
1
1
1
1
1
1
1
1
1
2

Quantity
26,500 1,300
29,500 5,300
86,000 15,500

3.600 900
26,800 4,800
69.100 12,400
15,700 2,400
53,600 9,600

3,800 100
73,800 7,400
8,500 1,000
8,400 1,500

100 100
8,400 1,500

15,600 2,800
4,800 300

161.800 19,400
16,400 2.900
18,300 3,300

4,900 300
19,900 3,000

2,509,100 752,700
150,400 15,100

97,300 9,800
49,800 4,900
64,400 6,500
4,900 300

323,600 32,300
400 100

180,700 45,100
15,300 2,800
29,000 5,200
34,100 6.!00
12,600 1,900
30,600 5,500
14,200 2,500

150,600 27,100
43,900 4,400

7,600 800
3,600 400

4,377,600 1.019,300
175,400 233,500
175,400 87,500
175,400 175,100
131,300 196,900
306,400 122,600
350,200 262,700

1,532,200 766,100
17,500 52,500

175,400 140,300
3,039,200 2,037,200

Total direct...................... 7,416,800 3,056,500
Field indirect ......•..........•.•..••........••...••.•..•••..
Silos ....•.....•....••..••••.••••...••...••...••.•..••...••...
Waste heat boilers.•••..•.•..............•••..•...............
Total construction ........................•.........••........
Engineering .•••••...•.•...••...••....•.••.•...•......•....••..
Overhead and administration•.........................•....•...

Itee
Hopper ...................•.
Belt conveyor .•..•.••....•.
Belt conveyor .•....•......•
Weightometer .
Belt conveyor ••••.•••••..•.
Belt corrveyor .
Apron feeder ..••.•.•.....•.
Belt conveyor .
Hopper ..•......••..•.....••
Cone crusher, standard head
Vibrating screen....•.•...•
Belt conveyor..•....•......
Transfer hopper .
Belt conveyor .••.....•.....
Belt conveyor .
Hopper ...••....•...•••.....
Cone crusher, short head ...
Bel t conveyor ..••......••..
Belt conveyor .
Hopper ....•................
Screw fe~der.•.............
Rotary kiln .........••.....
Cyclone dust collector .
Blower .
Blower •...•...•••....•.....
Gas scrubber ....•....•...•.
Pump.•....••...••.........•
Compressor ...........•.....
Pump..•....•...•...•.......
Rotary cooler .........•...•
Belt conveyor .
Belt conveyor ...•...•••....
Belt conveyor .
Belt feeder ••...••...•••...
Belt conveyor .
Belt conveyor ...••....•••..
Belt conveyor .
Service crane ....•....••..•
Cyclone dust collector .•...
Blower ••....•..............

Foundations .
Structures•....••.•••••...•••.•••.
Buildings .
Insulation•.•.•••...•••...••...•..
Instrumentation .
Electrical •....•....•.•.•••••..•••
Piping .
Painting.••...••...•••....•..•.•.•
Xiscellaneous..................•••



TABLE 37. - Estimated working capital.

Inventory - 30 calendar days' production ••••••••••••••••••••••

Account Receivable - 90 calendar days' produ~tiOD •••••••••••••

Cash - 30 calendar days' production •••••••••••••••••••••••••••

:!.l8

$21,172,600

63,517,700

21,172,600

105,862,900

OPTION III
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TABLE 39. - Estimated anr.ual operating cost

Natural gas - 85,005.700 M scfy x $0.30 per ~ scf .••..•..
Limestone - 1.562,565 tons per year x $1.78 per ton .
Catalyst and chemicals •••.•.•...•••..........••••••......
Raw water - 8,164.100 M gal/yr x $0.10/~ gal •.•••••......
Charge for use of water - 8,164,100 M gal/yr x

$0.026/M gal .•......••••.•••...............••••••••....
Direct labor ........•••••••....•....••......•.•••••......
Direct labor supervision ••.•.•...............•.•••••.•...
Haintenance labor ...•...••••••........•........••••.••...
Maintenance labor supervision.••..........•...•••••••....
Maintenance material (100% of plant maintenance labor) •..
~~intenance material (mine) .•••••.......•.......••.••••••
Operating supplies (20% of plant maintenance, plant only)
Operating supplies (mine) •.••••••...........•..•.•••••••.
Payroll overhead (25% of payroll) ••••...•...•.....•.•••••
Royalty on minerals at 5% of mineral receipts •..•••••••••
Royalty on shale at $0.2l/ton = 60.000 x 365 x $0.21 .••••
Administration and general overhead •.........•••.••••••••
Taxes. mining property -(based on gross proceeds) •..•••••
Taxes on improvement, mine - (0.04 x 1/3 x $21,802.000) •.
Insurance, mine (0.01 x $21,802,000) ••.••......•••.•••••
Taxes. plant - 0.04 ($449,596.800 x 1/3) •.••.....••....••
Insurance, plant - 0.02 ($449,596.800) ••........•..•...••
Depreciation - (see table 43) ...•..••••••••........•••••.

131

Annual cost,
dollars

25.501.700
2,781.400
1.454,000

816,400

212,300
12.179,700

972,600
10.426.900
1.371 ,600
7.850,800
2,257,700
3,348,600
2.685.900
6,237.700
9.506.700
4,599,000
2,686,500
3,472,400

290,700
218,000

5,994,600
8.991,900

37.516,300

151,373.400

OPTION III



/

TABLE 40. - Total capital investment and annual operating cost, dollars

132

Item Mining Retorting Refining
Minerals

Processing Total

Total capital requirement.. 97,828,900 109~33,900 113,414,000 315,896,200

12,276,200
9,953,400

46,791,400

CAPITAL INVESTMENT
Equipment investment ..•••. ,.
Facilities & utilities •.....
Initial catalyst •..•..•...••
Int. during construction (5%)
Startup expense .••.•.•••••••
Working capital ••.•••••••...

37,917,200 60,236,700
21,005,200 28,872,000

2,930,000 4,429,900
2,375,600 3,591,800

33,600,900 12,703,500

57,877,900 160,577,300
31,405,700 86,297,900
3,324,100
4,439,600
3,599,600

12,767,100

316,609,100
167,580,800

3,324,100
24,075,700
19,520,400

105,862,900

636,973,000

ANNUAL OPERATING COST
Natural gas ••••.•..•••••••...
Limestone •..•....••. , ••••.• , .
Catalyst & chemicals ••.•.•.• ,
Raw water ..••.. , •.••.••••••••
Charge for use of water •••.•.
Direct labor ••....•..••••••••
Direct labor s~~ervision••.••
Maintenance labor ....•.••••..
Maintenance labor supervision
Maintenance material (plant).
Maintenance material (mine) ..
Payroll overhead (25% of

payroll) .....•.......•.•...
Operating supplies (plant) ••.
Operating supplies (mine) ....
Royalty on minerals ........•.
Royalty on shale ..........••.
Administration & general

overhead....•... , ......•••.
Taxes, mining property .
Taxes on improvement, mine .
Insura nce, mine .
Taxes, plant .
Insurance, plant •...•......•.
Depreciation.••..••.....•..•.

4,054,900

4,821,600
192,100

2,576,100
330,000

2,257,700

1,980,000

2,685,900
9,506,700
4,599,000

1,058,400
3,472,400

290,700
218,000
282,300
423,500

4,518,600

4,242,500

6,500
1,700

990,300
82,500

1,696,600
225,100

1,696,600

748,500
723,600

286,200

1,197,100
1,795,700
5,937,700

4,807,600

1,433,600
128,100

33,300
987,200
175,700

1,630,600
216,300

1,630,600

752,400
695,50Ci

287,700

1,199,500
1,799,300
6,126,300

12.396,700
2,751,400

20,400
681,800
177 ,300

5,380,600
522,300

4,523,600
600,200

4,523,600

2,756,700
1,929,500

1,054,200

3,315,700
4,973,400

20,933,700

25,501,700
2,781,400
1,454,000

816,400
212,300

12,179,700
972,600

10,426,900
1,371,600
7,850,800
2,257,700

6,237,700
3,348,600
2,685,900
9,506,700
4,599,000

2,686,500
3,472,400

290,700
218,000

5,994,600
8,991,900

37,516,300

Total annual operating cost 43,267,900 19,630,700 21,903,700 66,571,100 151,373,400

COSt per ton of total ore
mined •.••.•••••••••.•.•..••

Cost per barrel of shale
oil product ••.•••••..•.•..•

Cost per ton of total
mineral products •••••••••••

1.743

2.571

8.906

0.791

1.166

4.040

0.883

1.301

4.508

2.682

3.955

13.702

6.099

8.993

31.156

OPTION III
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TABLE 41. - Product selling price and annual receipts

Coke 1,077.1 ton/cd x S8/ton x 365 day/yr ...........•

Oil 46,113 bbl/cd x $3.72/bb1 x 365 day/yr •..•......

Sulfur 45.698 short ton/cd x $13.39/short ton x
365 day/yr •.•..•. , •.•••••...•••••••••••..•.....•

Ammonia 116.302 ton/cd x $35/ton x 365 day/yr •.•.•..•..•

Alumina 1,759 ton/cd x S63/ton x 365 day/yr •••...•••••••

Soda ash: 11,552 ton/cd x $35.S0/ton x 365 days/yr ••••••••

TOTAL ANNUAL RECEIPTS •••••.•..••••••••••••••••••

S3,145,100

62,612,200

223,300

1,485,800

40,448,200

149,685,000

257,599,600

Coke, ton .....••........
Oil, barrel .
Sulfur, long ton .

short ton .
Ammonia, ton ...........•
Alumina, ton.•........•.
Soda ash, ton.•...•.....

Selli:u.g price

$20.00
4.12

15.00
13.39
35.00
75.00
35.50

Freight allowance

$12.00
0.40

12.00

OPTION III
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TABLE 42. - Financial ana1vsis

Total capital investment ••••..••••••••••.•.•.

Annual sales .••••..••••••••...•••••••......••

Annual operating cost ••••.•••••.•••.••.....••

Gross income.........••..•..•••..••..•••••.••

Depletion on minerals (0.15 x $190,133,200) ••

Depletion oil shale (base on value of oil)
0.15 x $42,078.1001 ••••••••••••••••••••••••

Taxable income......•.•.........•.•....••..••

Federal income tax at 507. .........•...•.••.••

Net income...•.......•............••...•.••••

Discounted cash flow

$636.973,000

257,599,600

151,373,400

106,226,200

28.520,000

6.311,700

71.394,500

35,697,250

35,697,250

Annual cash flow (net income + depreciation +
depletion) •.••.•.•.•.•.•......•..•........•

Interest rate (by interpolation)

Present value2 at i
i

14.5
14.4

i

108,045,250

635,541,800
638,577,900

14.45

Value after retorting assumed to be $2.50 per barrel.

Present value of ~ payments of $1 - (1+i)n-1 where i
iCl+i)n'

interest rate per period. n D 14.155 yr

OPTION III



TABLE 43. - Operating cost depreciation schedule

135

Item

Hine (depreciable) •••••••••••••
Hine (deferred expense) ••••••••
Soda ash recovery plant

(white nahcolite) •••••••••••
Retorting plant ••••••••••••••••
Refining •••••••••••••••••••••••
Retorted oil shale

processing plant ••••••••••••
Plant facilities •••••••••••••••
Plant utilities ••••••••••••••••
Interest during construction •••
Startup expense ••••••••••••••••
Initial catalyst and chemicals •

Annual
Life, Depreciation depreciation,
years base, dollars dollars

10 21,802,000 2,180,200
20 16,115,200 805,800

11 23,114,500 2,101,300
16 60,236,700 3,764,800
16 57,877 ,900 3,617,400

11 137,462,800 12,496,600
20 61.405.300 3.070,300
20 106,175,500 5,308,800
11 24,075,700 2,188,700
11 19,520.400 1,774,600
16 3,324.100 207,800

37,516,300

OPTION III
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FIGURE 1. - Location of 68,000 TPCD Project, Rio Blanco County, Colo
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Recovery of Soda Ash From White Nahcolite.
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3.

Retorted shale

~
BELT CONVEYOR (ROI)

•
I

/

BELT CONVEYOR (R07)

r
TRANSFER HOPPER (R06A)

I
BELT CONVEYOR. (R06)

t
---------t~~ BELT CONVEYOR (ROSA)

!
RAHKERKIllS (R.04)

~
VI5RAnNG

SCREENS (ROS)

+
BELT CONVEYOR (ROB)

+
BELT CONVEYOR (ROBA)

+
BELT CONVEYOR (R08B)

~

BELT CONVEYOR (ROIA)

~
HOPPERS (R.02) ..'41...--------

•BELT
FEEDERS (R.03)

FIGURE 27. - Equipment diagram, retorted shale crushing
section, DawsoDite-rich zone.
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Figure 39. - Equipment diagram. limestone calcination and flue-gas
processing section. dawsonite-rich zone.
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