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FOREWORD

(Option II)

This report is onme 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 spale and/or associated sodium minerals occurring in a certain
area’éf the Piceance Creek basin, Colecrado. The studies were made
in recognition of the interest that began to develop same years ago
when it was learned that nahcolite, a natural form of sodium bicarbo-
nate, and dawsonite, §odium dihydroxy aluminum carbonate (from which

4

2lumina can be derived}, were asscciated in significant concentrations
with the o0il shale in tLis area. The particular location chosen for
study purposes is defined in the mining secrions and on maps included
in the reports.

The studies, which consider a raage of possibilities in regard
to depth and characteristics of the measures assumed to be mined and
processed, were based originally on 1966 condirions. 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 minines and processing parameters with assurance.

This situation is discussed in more detail later.
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The following report, covering Option II of the three-part study,
is concerned with an integrated operation involving a so-called "whire
nahcolice bed," containing a high concentrarion of sedium bicarbonate
and occurring at a depth of about 1,900 feetr, plus an underlying measure
of 0il shale-nahcolite-dawsonite material at a nominal depth of 2,400
feet. This latter material is characterized on the basis of limited
investigation, a point discussed more fully in the report, as contain-
ing 25.2 weight percent nahcolite and 9.2 weight percent dawsonite (a
carbonate mineral containing both sodium and alumigum), and yielding
23.0 gallons of shale oil by Fischer assay. The sales products in this
opticon include soda ash derived both from the white nahcolite bed and
from the nahceclite and dawsonite cont;ined in the underlying measure,
alumina stemming from the dawsonite, a pipelinme-quality shale oil, and
oil-related byproducts of coke, suifur, and ammonia.

The first report, covering Option I, is c¢oncerned only with material
from the same "white nahcolite bed" of Option II. The sales product in
Option I is limited to soda ash.

Option II1T, the subject of the third report, is closely similar
to Option II except that the oil shale-nahcolite~dawsonite measure occurs
at a nominal depth of 2,600 feer. The available characterization data
for this material indicate a nahcolite concenrration of 14.8 weight per-
cent, a dawsonite concentration of 11.6 weight percent, and a potential
shale 0il content by Fischer assay of 37.0 gallons per ton. The same
sales products are considered io Option IITI and in Option II; however,
the quantities differ in keeping with compositional differences of the
lower—level raw material.

-
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The studies described above were predicated largely upon informa-
tion supplied by the U.5. Geclogical Survey, based on the resulcrs 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 sodiumminerals processing aspects of the studies. It is stressed
that a much more comprehensive investigation would be required prior to
starcting actual operations to define with adequate assurance such factors
as extent, attitude, and characteristics of the deposits, mining condi-
tions, operating condiricns and costs, and product yields. The need is
recognized for an extensive drilling program and possibly even a pilor

mining operation, neither of which has been effected to date.-
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CIRCA 1971

AN ECONOMIC ANALYSIS OF AN OIL SHALL
NALRCOLITE, DAWSONITLE COMPLEX IN COLORADOD,
OPTION II

SIMTIARY

An 01l shale and sodiunm=-minerals processing complex located as
siiown in fipure 1, consisting of a two-level shaft minine operation,
retorting, partial refining, and a minerals processing plant requires
a total canital investment of $605,947,700 based on 1971 values. The
cormplex is desiened to process 8,000 tons per calendar day of a
salected white nahcolite ore and 60,000 tons per calendar day of a
nahcolite-dawsonite—-oil shale material to produce the products listed
in table 39.

The sale of products will yield an annual income of $268,283,000
based on 1971 prices (sec table 39). To produce this income an annual
exnenditure of $143,188,700 is required. This expenditure includes
the cost of labor, materials, maintenance, taxes, insurance, payroll
overhead, and denreciation. The intevest rate of return or discounted
cash flow rate isl7.20 percent baserd on the weighted average life for
depreciation of 13.99 wvears.

As indicated in figure 10, the white nahcolite ore is processed
direcrly in onc section of the sodium—minerals plant for producticn
of soda ashi. The nalicolite- and dawsonite-bearins material, except
for a portion of the high nahcolite material which is handled separately,
is retorted to yield raw shale oil and snent shale: the latter consti-

tutes the charge to another section of the sodium-rinerals plant. The

_ /-
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o0il, is refined by coking and hydrocrackine to yield a pipeline qualirty
produet and various bynroducts; the spent shale is proces'sed to vield
additional soda ash and alumina. The denuded spent shale and other
solid wastes are ultimately disposed of as mine fill.

Operations throushout the comnlex are conducted essentially on a
round~-the-clock. seven-day-per-week basis. Downtine for maintenance,
inspection of equipment, and sinmilar functions is vrovided for in the
design canacities of the various sections of the comnlex. The mine
operates 20 shifts per week or 95.24 percent of the time. The on-stream
factors for the processing sections are 95.89 percenr for the sodium-
minerals plant, 95 percent for the refinery, and 90 percent for the
crushing, screening, and retortins. Sufficient surce capacity in the
form of stockpiles or other storane facilities is provided between all
princinal sections of the complex to permit normal dewntime of individual
sections without disruption of operations in the complex.

The minineg measures selected for thnis study, 9 feet in the case
of the white nahcolire and 60 feet in the case of the nahcolite-
dawvsonite-oil shale measure, occur at nominzl depths of 1,900 feet
and 2,400 feet, respectively. The bilevel mining layour that is
visualized is large enouch to support operations for 20 <cars; however,
further investigation would be required to verify sufficient reserves
and the minability of the deposits prior to startine an actual develop-
ment.

The surface land requirements for the intearated complex are
estimated to be 915 acres. This estimate includes 300 acres for the

water reservoir amd 370 acres for the waste disnosal pond.
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The detailed equipment lists are given in tables 2 through 17

and the cost summaries are shown in tables 18 through 34.
MINING

General

As indjicated in figures 1 and 2, the hypothetical mining operation
is located in Rio Blamco County, Colorado. For purposes of the study,
a contiguous land area of some 1l sections of land is involved: Sections
13, 14, E1/2 15, 23, 24, 25, 26, 27, 28, T 1 S, R 98 W, WL/4 17 and 20,
18 and 19, T 1 S, 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 2,400 feet below the surface (fig. 3).

The location, size, and attitude cf the white nahcolite deposit
and the nahcolite—dawsonite—cil 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 2,400-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 mahcolite
bed to be mined. However, sufficient information to evaluate this
condition as well as to define cther mining conditions with assurance
is lacking. Such information normally would be obtained from zn
extensive drilling program or even a pilot mining operation, neither
of which have been effected.

Since sufficient exploration has not been done to determime the
actual?mining conditions and limitations, the following assumpticns
have been made for the 1,900~ and 2,400-ft levels.

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

1. A uniform, flat lying bed of nahcolite with a minable thick-
ness of 9 feet occurs approximately between 1,879 feer and 1,890 feet
below the shaft collar.

2. The mining zone is overlain by a competent member including
the upper two feer of the interval mentioned above which, when rock
bolted and supported om pillars, will carry the overlying material
across the mine openings.

3. Rooms and entries 16 feet wide stand open indefinitely when
rock bolted on 5-foor centers and mining is limited to a 50 percent

overall extraction rate.
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4, lardness, frasnentation, and swell factor of the nalicolite
are similar to that of trena. Specific sravity is 2.24, equivalent to H
140 pounds per cu ft or 14.3 cu ft per ton in place. Swell factor is
0.535, equivalent to 75 pounds per cu £t or 26.3 cu ft per ton of broken o

material.

5. Methane gas will be encountered: therefore, all electrical

equipment must be permissible1 and ventilation must be adequate for the

conditions.

6, Immervious beds lie adjacent to the mirine zone so that the
mine is dry. g
In further remard to the immediately precedine assumption XHo. 6, 5
it is recopnized that no significant inflow of water could be tolerated ‘
in cthe white nahcolite mine because of the solubility of the pillars to

be ieft for support and the difficultv of mining and handling the

T TP

nahcolite if wet. If a sienificant inflow were found to exist, it mirht
well be subject to enrineerino control at some cost; howaver, no such
cost is assiemed in this studyv in view of the sparsity »f information

nresently available about actual water conditions.

Assumptions conceruning the 2,400-foot level, nahcolite—dawsonite- %
oil shale bed, are: ;
1. A uniform, flat lying bed of nahcolite-dawsonite-oil shale ;

with a minable thickness of 60 feet occurs approximately between

2,378 feet and 2,438 feet below the shaft collar.

sk S A g

LAl

ltpermissible” means a machine, material, apparatus, or device has been
investigated, tested and approved by the Bureau of Mines and maintained
in permissible conditions. Reference: Federal Register, v. 34, MNo. 11,

Jan. 16, 1969.

o e
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2. The mining zone is overlain by a competent member which, wien
tock bolted and supported by pillars, will supporc the overlying
material acros; the mine openinss.

3. naulagewawvs 30 feet wide will stand open indefinitely wnen
rock bolted on 10-foot centers and mininm is limited to a 43 percent
overall extraction.

4, Specific pravity is 2,17, equivalent to 135 pounds per cubic
foot or 1l4.6 cubic feet per ton in place. Swell factor is 0.73,
equivalent to 101.3 pound per cubic -foort or 19.7 cubic feet per ton
of broken material.

5. @Methane gas will be encountered: therefore, all electrical
and diesel equipment must be permissible and ventilatiom must be
adequate for the conditions.

The miring area designated for this study was sized to provide
enough ore, including a reasonable ampunt for unminable areas, to
operate the shale oil and minerals processing plants for a period of
20 years at a 45 percent mining extraction. This extraction rate was
computed using the physical characteristics of the oil shale and column
of overburden to determine the size of openings and sire of pillars
which shou.d be left as support.2 é

The processing capacity is 68,000 tons per calendar day (24,820,000
tons per year), 8,000 tons from the 1,900-ft level and 60,000 toms from
the 2,400-ft level, with allowance in design to provide for 15 non-—

operating days per year, or equivalent time at reduced capacity for

2Obert, L., W. I. Duvall, and R. H. Merrill. Desipn of Underground
Openings in Competent Rock. BuMines Bull. 587, 1960, 36 pp.
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maintenance and repair. The mine and processing plant operate on a
seven—day—-per—week, three-shift-per—-dayv basis.,

No cost or time has been shown or allowed in makinm this study
for company formation or organization, acquisition of property rights,
ownership bloeking up, title clearance, or other legal nroblems.

The amount of predevelopmental drilling required would vary
considerably depending on the uniformity and consistency of both
the bedded deposit to be mined and the adjacent beds. If early drill-
ing indicates complete uniformity, a minimum of zdditional drill holes
would give adequate information. Discontinuous and/or nonuniform
formations would require closer hole spacing to evaluate the ore body.
Under average conditrions one core hole ir each 1/4 section (44 holes
on 11 sections) could provide sufficient information to delineate the
ore body. Three drill rigs would resquire about omne year to drill
the 44 holes which, along with the required engineering and assaying,
would cost about $1,936,200. TFor the purpose of this evaluation, it
is assumed that average conditions do exist in the area under considez-
ation and $1,936,20C is included in the cost estimates for predevelop-

mental drilling, engineering, and assaying.

Development

Assuming that the preliminary exnloration and feasibilicty study
indicatc the advisabilicy of proceedins furtiier, a mine development

prosran, estimated to require 38 months as detailed below, would ensuc.
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The threc shafts, located apnroximately in the center of the area
subject: to development, will be concrete lined. They can be sunk simul-
taneocusly. e two 20-ft diameter production shafts will be sunk about

152 fr below the producine level to allow for the surmp, surge bin, and

skin pocket. Denending on the amount of water encountered during excavation,

this will require about 24 months. Three 30-ft diametcr by 62-fc deen
caacrete lined suree Lins (2 at one shaft, one at the orher) with apr.a
fecavrs for delivering the material into skip measuring ppckets 3t 1.
produciion shafts will be excavated in the station arcas on the 2,400-ft
level.  One surye bin at one shaft will be used to handle the nahcuviite.

Tue 30=fr diameter service siitaft will be suna 30 it below the
2,490-ft level to aliow for a sump, Maintenance shop and supplv rooms
will he exravated near the service shaft station area on both the 1,9Ui-7t
and the 2.40C-fr level. The shafts will have a 2-ft thick reinforced
caonrreze iiﬁina 2o about 100 fr helow the collar. From there to Lire
<haft bottom the linine will be about 1 ft thick., Groutine will e
required to seal off anv water inflow to the shaft. The shait conilract
estimare includes a water clause that will cover che cost of hLandlins
water during excavation and of any grouting requiresd. Shaft sizes were
determined by production requirements and ventilation needs.

A 4-fr (inside diameter) ore pass from the 1 900-ft level ro thwe
2,400-ft level will be drilled and lined to transfer the nalicolite to
the 2,400-ft level for hoistine to the surface. Convevor transfer

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

Reproduced from
best available copy.
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Entry Drifts - 1,900-fc Level

After the shafrs and shé%t stations are completed the seven main
entries are driven north and south from the shafts. Initially the
pillars are 100 ft by 84 ft in the seven l6-ft wide by 9-ft high maiﬁ
entries for a distance of about 40f) ft from the shafts at which point
they would change to 64 ft by 54 ft. Pillars in the bleeder and butt
entries are 64 ft by 54 ft while pillars in the panels would be 34
ft by 39 ft (fie. 4). Barrier pillars 200 ft wide are left between
main. butr, and bleeder entries and the panels; 30-ft pillars are left
between the panels. The final size of the pillars left for support,
which dictates the distance between cresscuts, would be determined in
an actual development as experience was acquired. However, for the
purpase of this estimate, they are sized as above,

One mining unit (men and equipment) is used in the north main entry
and one in the south main entrv on each shift. Each unit--consisting
of a cuttine machine operator. driller, powderman, loader operater,
twoe shuttle car operators, roof bolter operator, two utility men,
and a unit boss with a set of mining equipment--can complete ten
10-ft rounds per shift. A total of 400 ft advance per day will be
completed using two units on each of two shifts. It is about 1,200
ft from the shaft te the butt and bleeder eptries in each direction.
Because of lateral excavation for cresscuts perpendicular to the entry,
1.66 ft of headins excavation must be driven for each foot of entry
advance. About 27,890 ft of heading excavation at 400 ft per day
equals 70 working days or 14 weeks. An estimate of 4 months is made
for this work, allowing for offtime and delays.

OPTION II
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At this time butt and bleeder entries will be started and driven
to panel drifts, with full production being realized about 10 months
after the shafts are finished. Panel develanment berins on the panels

adjacent to the shaft and proeresses outward.

Entrv Drifts = 2,400-ft Level

After the shafts, shaft stations, surge bins, and loading pockets
are completed, the haulage drifts, shops, and drifts necessary for
ventilation and access will be driven. The drifts will be 30 ftr wide
by 33 fr high. This provides sufficlient cross section for ventilation
as well as limiting the unsupported span to a safe distance. Crosscuts
between the drifts will provide access from one drift to another and
will aid in the ventilation. It allows flow of air from one drift to
another in case an obstruction would occur in portions of a drift. A
100-ft pillar will be left between the haulage drifts; 115-ft pillars
will be left between the haulage drifts and the panels (fig. 5).

The number of personnel employed for preproduction development
will vary depending upon the oumber of working faces available., 1In
general, the crews will be increased as the development progresses:

The time required for the preproduction underground development will
be approximately 6 months. During this time approximately 58,000 ft
of drifts and shop areas will be excavated; tonnage of material pro-
duced" during this development phase is approximately 3.5 million toms.
After the mine is in production 1t is necessary to excavate approxi-

mately 9,630 ft of drift in 93 days to develop a panel for production.
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The development heading round will be 30 bv 33 ft in cross
section, dentii of the round will be 20 fr. Approximately 1,300 tons

of material will be broken per round. A powder factor of (.55 pounds

of ALFO will be used per round.

The equipment used in a development heading round will be the same
as that used in mining in the panels.

The drill rig consists of two rotarv-hydraulic-electric machines
mounted on a truck. A self contained water system, tank and pump, is
mounted on the truck to provide water for drilling purposes; also a
compressor 1s mounted on the unit to provide air to aid in the removal
of cutrtings from the hole. The drill rig has a 33-ft feed change so
a 33-ft hole can be drilled in one pass; the rig is desicned so the
holes near the back of the 33-ft high face caun be reached. 7Two miners,
a miner's helper, and a truck driver are required per drill rig. The
penetration rate is assumed to be 10 ft per minute. It is estimated
that a develepment heading round can be drilled in 1.7 hours after
full production has been achieved.

After a round has been drilled the drilling crew will move to
another working area. A crew composcd of two powdermen and a truck
driver will then charge the holes in the development headins. The

equipment will consist of a truck containing a tank for transporting
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the ANFO {ammonium nitrate-fuel oil mixture) in bulk form. The unit

is equipped to pneumatically charpe the ANFOD into the holes. A hydraulic

lift powered by the truck motor allows access to the holes near the
back. Positioning controls on the loading platform are conveniently
located for the powderman. One powderman places a primer in the

hole while the other charees the ANF(}. The truck driver would service
the equipment. The 3-ton ANFO container on the truck is removable

so that az similar contaziner can be filled with ANFO on the surface,
brousht undereround and interchange” with the container on the truck.
1t is estimated that a develanpment headines round can be charged

in 1.7 hours. Upon comnleticn of the chareine phase which includes
wirina of the round, the crew moves to another headine.

After the area has been cleared of smoke from the blast and the
back tested for soundness, the loading and haulase units will commence
loading and transportins the broken material to the surse bins at the
production shafts. After the prenreduction development is comnleted
the material will be hauled to the crusher units located in a panel;
the crushed material wfll then be conveyed to the surge bins, A
front end articulated loader with a 20-ton capacity bucket will be
used to load the material inte 75-ton trucks. The number of trucks
required per loader during preproduction development will devend upon
the haulage distance. Sufficient trucks will be provided to keep the
loader working continuously. It is estimated that a loading rig can
load 1,755 tons per hour allowine for 90 percent availability and 10

minutes moving time per hour.
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All of the backs in the mine will be rock bolted on a 10 fr by
10 ftr partern. This pattern may change as experience is cbrained in
actual mining operations. In aduition the backs and ribs will be scaled
of all loose material. For this work a special truck equipned with =z
telescoping boom capable of providing access to the mine roof will be
used. A drill for roof bolting will be operated from the platform.
The boom is remotely controlled by the drill oﬁerator at the platform.
One miner and a truck driver are required per ri=. It is estimated
the scaling and placement of 6 roaf bolts per develonment rouné will
take 0.7 hours. A bulldozer equipped with a bucket or blade will

be used to clear the area of boulders after scaline and roof boltins.

Production — 1,900-ft Level

The cost estimate is based on a modified room and pillar mining
method similar te that used in some of the trona mines in southwestern
Wyoming, underground c¢oal mines, and other bedded deposits (fias. 6 and
7). Operations are highly mechanized and the minine personnel are
oreanized into minine units of men and equipment which are independent
of each other.

Each unit consists of 10 men - a cutter operator, driller, powder-—
man, loader operator, two shuttle car overators, a roof bolter operator,
two utility men, amd a unit foreman. Each phase of the mining eycle
takes 20 to 30 minutes. Barring unusual delays a unit completes 14 to
16 cycles per 8-hour shift. Enouzh working faces are made available

{15 to 16) to insure a urit loses no time waitine for a neadine in
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vhich to work. Thus at the beginning of a shift there may be three
rounds blasted ready to load out, three headines cleaned out ready
to rock bolt, etc. Production will averare about 1,500 touns per
wnit per shift at 100 tons per round. Two units operatineg on three
shifts, 20 shifts per 7-dav week can produce 60,000 tons per week.

This production rate provides sufficient reserve minine capacity
to insure maintainine the required 56,000 tons per week allowing
for all maintenance and repair, unscheduled downtime, etc. Two complete
sets of spare equipment are kept underground as spares to aveid undue
production delays when breakdowns occur,

The dimensions (16 ft wide by 9 ft hieh) of a develonment and a
production headine ave the same so that it makes little difference in
costs whether the ore is @ined from develonment or praduction headings.

A descrintion of each phase of the mininn cycle follows.

Cut
An electric-nowered coal curting machine that has been modified
by strengthenins desien chanpges for operation in harder material is used
to make a cut at the face of the headine to which the round would
break. The 10-1/2-ft deen cut is made the widrh 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 jumbeo, powered with a 115-hn electric motor driving a
hydraulic system, has two drills, each mounted on a hydraulically

controlled extendable boom arm. All controls are centrallv located
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so that the machine cam be operated by one man. Thirteen to 18 holes
{denending on the size of the heading and the touchness of the material)
are drilled in a fixed pattern to Lreak to the cut at the roof. The
heles are 1-3/4 inches in diameter and are drilled aboutr 11 fr deep using
tunasten carbide bits and aurer steel. This operation takes 20 to 30

minutes.

Blast

Alrhough ANFO is not designated as a permissible explosive it is
assumed no problem would be encountered in acquiring written permissioax
from the proper authorities to use it in this mine. ANFO is used in
the trona mines of Wyoming which are classified as gassy mines.

A small diesel—-powered loading truck, provided with a small
compressor and pressurized system, is used to pneumarically charge the
blasting agent, ANFO, into the holes. Millisecond-delay electric
blasting caps are provided with iron lead wires so they can be removed
from the ore by r;mgne'ts and are placed in the bottom of the hole in
a l-inch by 6-inch primer of 65 percent permissible dynamite. The
ANFO is charged to within about a foot of the collar of the hole.

A plastic bag (about 1-1/2-inch diameter by 1-ft long) is filled

with water and used for tamping or stemming in the collar of each
hole. In addition to its use as stemming, the water also acts to
quench the flash from the blasting agent. The round breaks about

10 fr deep. About 100 tons of ore are broken each round with most of
the material falling in the size ranpe of 12 toe 18 inches. One man
charfes and blasts the round in about 20 to 30 minutes. About 10

minutes must be allowed before the subsequent loading operation begins
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so that the dust- and smoka-laden air can be cleared our by the small

auxiliary venrilation fans.

Load and Haul

A 160-hp gathering-arm—type coal loader, modified by strengthening
design changes for cperaticn in nahcolite, is used to load the broken
rock. The ore i1s gathered onto a bar-flighr-feeder on the locader and
conveyed over the loader into a shuttle car. The loader is capable
of loadizg from 21 to 33 tons per minute and is operated by one man.
Two l4=-ten electric powered shuttle cars, used to haul the ore o the
conveyor, operate with one loader. The maximum haulage distance is
normally limited to 500 feet because of the trailing cable on the elec-
tric powered shurtle cars. One man operates each shuttle car. The
loading phase of. tne operation takes 20 to 30 minutes. To control the
dust, the muck pile is wetted with water piped to the working area

through the water distribution systen. The underground operation

requires 20,000 gallons of water per day.

Rock Bolt

An electric-hydraulic rock-bolting machine 1s used to drill the
rock-bolt holes, and to insert and tighten the S54—inch rock bolts
across the back of each newly blasted development and production
heading. A hydraulic-driven auger drill, similar to the drills wused in
the production headinge, 1s mounted on a hydrauliec, ex._endible bcom arm.
Vertica. holes, about 1-1/2 to 1-3/4-inches in diameter, are drilled
on 5-ft centers. The bolts, 54 inches long by 3/4 inches in diameter,

complete with expander and plate, are pushed into position and tigihtened
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with the drill to the prorer tcraue. One man can place the bolrs in
a heading in 20 to 30 minutes.
Convev and Hoist

The shuttle cars unleoad the ore into a crusher-convevor feeder
where it is reduced to minus 1l0-inch material. This feeder is started
with an on-nff switeh which has a pull cord conveniently located for
the shuttle car operators. It has an automatic shutdown mechanisn that
stops the ¢rusher—convevor feeder when it empties, 1Its operation is
monitored by the shaft station crusher attendant through a closed circuit
TV svstem so that he can dispatch renairmen in case of trouble. The
material is then conveved by the 36-inch transfer conveyor to the
secondary transfer convevors or to the mein entrv convevor., Near the
shaft the main entry conveyor discharees inte A screen feeder which
delivers ali plus S5-inch material to a secondary crusher where it is
crushed to minus 5 inches, the size material that can be handled
efficiently through the ore handline system.

The ore is then conveved to an ore pass which transfers the material
to a surge bin on the 2,400-ft level, Apron feeders under the surge
bin convey the ore to a skip measurinz pocket. The skio measuring
pocket fills the skip as it is lowered into position; simultzneously,
the other botrom dump skip discharees at the surface.

On the surface, the ore is conveyed to a stockpile. This is sized
at 56,000 tons, one week’s mill requirements, to provide for con-

tinuous processing in the event of short term emergency mine shutdown,

OPTION II



15
mine holidays, and to provide reasonable flexibilitv in mining opera-
tions. To eliminate contamination problems, this stockpile is a paved

and roofed area 300 fr x 150 fr,

0 fr high at eaves.

Ventilarion

Primary ventilation for this two level mining operation is
proevided by two fans mounted near the service shaf®t on the surface.
The fans are capable of producing 1,240,000 c¢fm at 8-inch water
gace: approximatelv 240,000 c¢fm used to ventilare the 1,900-ft
level and the remainder used to ventilate the 2,400-ft level. As necded,
regulators are used to control the quantity of air flowingz to each
level. The air is circulated througlh the mine and exhausted through
the production shafrs. Brattice cleth, zirlocks, and overcast drifts
are used to control the direcrion of the air flow. Portable blowers
and flexoid tubine provide secondarv ventilation at each "dead end”
workine face. Direction of air flow within the 1,900-ft level of
the mine is shown in figure 4. The crusher-convevor feeders are
located in exhaust entries and arranged so that the shuttle car operators
are upwind from the crusher, protectine them from the smzll amount of
dust that is penerated. Exhaust air moves from the crusher located
at the production shaft directly inte the shaft to prevent a dust
problem in this area. 1f dust should prove to be a problem, dust
collectors could be installed. Maximum air velocity throush the system

is 555 feet per minute or 6.3 miles per hour.
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Production — 2, 400-ft lavel

The mining system believed suitable for the 2,400-ft level is a

modified room and pillar svstem within a panel (fies. 8 and 9).

60-ft thick bed of nahcolite-dawsonite-oil shale is mined usine a

The

33-ft top headine round and a 27-ft bench round. The 33-ft ton round

is at the same level as the haulage drifts: the bench round bettems

27 feet below the floor of the haulage drifts. Ramps will provide

20

access for hauling the broken material from the bench round. The pillars

left on an evenlv spaced pattern are 70 feet square: the rooms are

50 feet wide.

The mining operation is hicrhly mechanized with equipment and

men

assizned to a specific phase of the operarion such as driill, blasc,

load and haul, and scale and rock bolt. As a unit comnletes its

specialized rask in one headin~_, it moves on to another to perform the

same task. Sufficient headines are available so these phases can

continue without interruption. Sufficient units are provided to

produce 60,000 tped: there is sufficient capacitv in the spares (re-

quited for repair and maintenance) to increase production if warranted.

Labor requirements to operate these spares is temporarily taken as

needed from a labor pool. Aporoximatelv 10 percent of the daily pro-

duction is provided from the development headings. This develooment

is necessary to provide production working areas inm advance.

Drill

The heading round, 33 ft high oy 30 ft deep by 50 ft wide,

is drilled with a rie identical to that used in the development heading.
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A V-cut pattern round is used to pull a 30-ft round. Exmerimental
work in oil shale has demonstrated that a round using a powder factor
of 0.55 pound of ANFO per ton of broken material will pull satisfactorily
and oroduce sufficient fragmentation; similar loading is assumed for cthe
current study. A round requires 2.6 hours for drilling and produces about
%.%00 tons of broken material.

A bench round, 27 ft hish by 30 £t deep by 50 ft wide is drilled
with two rotarv-hydraulic-electric machines mounted on a truck. The
feed mechanism permits holes to be drilled to the full depth of 27 ft.
in one pass. Experimental work has shown that no subdrilline is required
because the shale bre=ks to a parting plane. Three-tenths pound of ANFO
per ton of broken material provides satisfactory fragmentation producing
abonut 2,70J tons of broken material. Mannower remquired for the driil rio
is two miners, a minef's helner, and a truck driver. Estimaterd time
to drill the round is 1.7 hours at a penetration rate of 10 ft per
minute.

Mannower requirerents per shift are six miners, three miner’s
helpers, and three truck drivers. Two headine drill riss and one bench

drill rig are required.

Blast
The same type equipment is used to charze both the i ading and
beneh rounds. It is estimated that a developmeut heading round can be
chareged in 1.7 hours, a panel headin= round in 2.1 hours, and a bench

round in 1.4 hours. About 50 percent of a hole is charred, which
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satisfactorily pulls the round and gives acceptable frarmentation.
Sterming is used as necessarv.

Althoush ANFQ is not desienated as a permissible explosive it

22

is assumed that permission has been obtained from the prorer authorities

te use it in this mine. AXFO is used in the trona mines of Wyoming
which are classified as gassv mines,

The ammonium nitrate and fuel oil are mixed on surface in a plant
sunnlied by a powder companv. No powder mapazine is necessary for
stnr%qe of ammonium nitrate on surface or underground. On the surface
tie amronium nitrate prills remain on a powder truck until needed
in the mine: the truck is stationed when not in use in a shielded area
protected by embankments. The nrocedure for deliverving explosives
underground has been previously described. Two of these units with
the required mannower are required to maintain a production rate of
20,000 tons per shift.

Semarate facilities are provided for the storare of both nrimers
and caps on the surface and underaround,

Load and Haul

Two front end loaders snd six 75-ton rear dump trucks are used
to load and transnort the ore from the workine area t¢o a semi-portable
roll crusher located in a panel beine mined. The averagce haulace
distance is 1,500 feet. Each loader is carable of loadinc 1,755 tons
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 buckets, 20 tons per bucket. fill a 75-ton
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trucl;, It is estimated that a truck cyele, i.e.. load. dumn, and return
to the loadine sitc. requires 6.1 minutes.

Water trncks nrovide water for wettine the haulacewav and the
muckpiln. The undermround operations recuire 100,000 pallons of water
per dav for dust control durine drilline, loadine. and haula-~e.

A motnr natrol 1s nrovided to xeep the haula~owav clear.

Scale and Rocrk Bolt

All backs and ribs in the headine are scaled to remove loesc material
and the back is then bolted as close to the face as practical:3 bolrs
are placed on l0-ft centers in staecgered rows. It is estimated that
a round in a develonment headine is scaled and rock bholted in 0.7
hour and in a panel headine in 1.5 hours. A bench headine can be scaled
in 9.5 hour. Two scalias and rock bolting rigs and operating crews are
necessary to mainzain a production rate of 60,010 tons per calendar
dav. In addition, one rie is used to test the backs for soundness
in the permanent haulacewavs. Details concernin~ the ris have been

nreviously described in the develanment sepgment of this report.

Convey and Hoist
The haulage trucks unload the orc into a receivinr hopper from
which it is conveved via an apron feeder to a grizzlv feeder. Minus
10-1/2-inch material passes throush the grizzlyv and oatoc the transfer

conveyor. The plus 10-1/2-inch ore is fed to the roll crusher, crushed

3gast, J. H., Jr., and E. D. Gardner. Oil-Shale Mining, Rifle, Colo.,
1944-1956. BuMines Bull. 611, 1964, 163 pp.
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to minus 10-1/2-inch material and then is picked up on a transfer
convevear. (Mme or more transfer convevars deliver the sized ore to
the main conveyor. Near the production shafts the main convevor discharces
the material into one of two 2,000-ron capacity suree hins (fig. 9).

The erushing unit (honner, feeders, and crusher) is portable
so that it c¢an be moved from cne location to another as minine propresses.
Two units are in operation and a third is provided so that a unit
can be moved and set up at a new location without loss of production.
Dust collectors are provided at the crushine~ site to alleviate dust
problens.

Anran feeders under the surpge bin Fill the skip measurine pockets
with a skip lead.

The skip fills from the measurinr pocket at the same time the
other bottom dump skin discharees at the surface. Filline of the
skip measurine pocket and skip is automatic: the production hoist

also is automated so that only one man is needed 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
on the surface. Air is forced down the service shaft. circulated through
the mine and exhausted via the two production shafts. Direction of
the air flow is controlled by use of air locks., requlators, overcasts,
and bulkheads {fis. 8). Ventilation to the develorment headings is

provided by fans and ventilation tubine. "Dead-end" headinrs in the

OPTION 11



25

production arca are similarlv ventilared. Direcrion of alr flow within
the mine is also shown in ficure 8. The maximun velocity artained

iz aprrouimatelv 50% ft per minute or 5.7 miles per hour.

Surface Storace

Provisions are made for stockpiling a week's supply of ore on the
surface in a roofed and paved area 1,200 ft lone, 200 ft wide, 50 ft
high at caves. Also, convevors are provided for transport to the

storage plles and for distribution over the storage areas.

RETORTING

Of thie total material that is mined, the 60,000 tons per
calesoar dav from the 2,400-ft level makes up the feed, via pre-
paratorvy crushine and screenine facilities to the retortine plant.
Subsequently, the spent {(retorterd) shale is processed in one section
of the sodium minerals plant for production of soda ash and alumina.
The balance of the mined material. 8,000 tons per calendar dav of white
nahcolite from the 1,700-fc level, is not retorted, althourh its ormanic
content, renresentinz less than five gallons of potential ¢il per ton,
is utilized as fuel in the section of the sodium minerals plant to which
it is fed directly from its stocknile. Details of both sections of the
sodlum minerals complex apnear later in this report.

The retortine plant, including its premaratory crushing and screen-
ing facilities, is located in the general plant area desiennted in

figure 2. This area overlies a portion of the mine.
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Based on data provided by the U.S. Geclorical Survey, the raw
material from the 2,40u-ft level (termcd the nahcolite-rich zone on

occasion hereafter) is characterized as follows:

Specific gravity (in-place)......... 2,17

0il yield by Fischer assay..(gal/ton) 23,0

Nahcolite...iicosnesaaesses{Wt. pet,) 25,2

Dawsonite.svvseevrosreecss. (Wt pet.) 9.2

In relatively recent years, a numher of process and cost evalua-

tions of hypothetical oil-shale industries have been made by the Bureau
of Mines and others. In making such studies, it has been possible to
base the crushine, screenine, and retorting stecos on a considerable
amount of exnerimental data derived from various investipations in
which tvpical Green River oil shale was actuallv processed in equipment
rangine in size from laboratory scale to larse pilot or encineering
scale. 1In contrast, onlv a meager amnunt of small-scale work is known
to have been done with marerials containine sipnificant amounts of
naheolite and dawsonite such as that characterized above. Consequently,
it was necessarv in desizninz and specifying the operating results of
the crushing, se¢reenine, and retortine facilities thar are described
in the immediatelv following sections of this report to rely heavily
upon encineerine judpgment rather than directly-anplicable experimental
results. In gencral, equipment requirements and operating character—
istics were estimated by drawing upon known exnerience witn more
typical Green River oil shales, taking into aceount the expected effects
of the nahcolite and dawsonitc components. In the latter regard, it
was necessarv to estimate such factors as changes in unit heat require-

ments stemmine from anticipated cormasitional chanees durine retorting
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and the operational effects of lar«e releases of carbhon dioxide and
water from such decomposition reactions.

Further agrravatine the retort desion prohblems, a heatinne svstenm
was adonted in this study that involves circulatinon through the retort
of hot enses rather than use of the inrernal combustion feature that
tynifies most recent retortine experience. This modirication was con-
sidered necessary in order to achieve adecuate contrel of temperatures,
helieved to be a critical factor in the subsenuent efficiencv of sodium
mirerals processine as discussed more fullv later.

Possibly more imnortant. if one were seriouslv contemnlating an
actual commercial operation invelving a retortin=s comnlex such as is
described, is the question of whether or not the 44-ft—in-diameter units
visualized for the purnoses of this study could actuallv be opervated as
effectivelvr as is optimisticallv assured (an on-stream efficiency of
99 percent and an oil yield of 106 percent of Fischer assav when operatine
ar a unit throuahnut rate of about 500 pounds of shale per hour per
sa ft of cross sectional area). Altheush relatively small exrerimental
operations indicate the possibilitv of efficiencie< of this degree, no
unit even approachine the size visuvalized has actual}v been demonstrated
on typical oil shale, let alone on material containina hish concentra-

tions of nahcelite and dawsonite.

Crushing and Screenine

The shale from the stockrile (60,000 tons per calendar day) is
fed to a belt convevor (located in a tunnel under the stocknile) by

apron feeders. The minus 10-1/2-inch material is fed to a suree bin
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and then by anron fecders over arizzlv bar secrcens for remnval of under-
size before beine fed to the secondarv crushers. The crusher product
at minus 4-1/2 inches alone with the undersize from the erizziies
flows to a suree bin where the stream is divided and fed bv apron feeders
over vibratine scrcens for removnl of undersize porier to the tertiary
crushers. The product from the crushers alone with undersize macerial
at minus 3 inches is conveved to 24-hour storage, provided by two surce
bins. Tieurc 11 is a schematic flow diaeram of the crushine and screeains
plant.

The shale from the suree storame is fed bv apron feeders omto a belt
convevor which transports it to the screen house. The shale is rcceived
in surre bins apd thern fed by apren feeders to elr~ht parallel double-
deck vibratine screens, The screens senarate the nlus 3/16-inch
minus 3-inch fraction from the fines, The coarse shale is sent to
intermediate storase for transport to the retorts. The fines, also,
are sent to storage and arc then conveyed to the minerals processing
planc,

An allowance of 600 tons per calendar day is made for dust loss
which is removed by a dust control svstem.

The coarse shale fraction amounts to 50,920 tons pet calendar
dav and 85,480 tons per calendar dayv are fines.

The fines after leaching in the minerals plant are recvcled
to the retort feed stream. This recvcle stream amounts to 3,996 tons
per calendar day of shale plus 1,254 tons per calendar day of moisture

on the leached shale fines.
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Retortine Plant

The shale is retortec in seven retorts, each 44 ft in diameter
(see fizure 12), patterned generally alons lines of the Petrosix
retort. These retorts are equinped with the Cameron and .Jones improved
feedine and discharse mechanisms. The process is discussed in general
terms and the feedine and discharce mechanisms are described In detail
in "Tha Colovado School of Mines fQuarterly," v, 60, No, 3, July 1965,
in a paper presented at the Second il Shale Symrosium. The Petrosix
process was chosen as it allows more precise tempervature contrnl and
maintenance of a lower peak temperature in the shale bed than does an
internal combustion tvpe such as the Gas Conhustion retortins process,
This factor is discussed in more detail larter.

The shale from the crushine and screenins plant and the recycle
fines are fed te the suree bins at the retorting plant. The shale from
the surge bins is fed by bucket elevators to the fced hoprers aton the
retorts.

The retorts process 56,170 tons per czlendar day of coarse shale
and wer recirculated fines, including the moisture on these fines, and
produce 32,615 barrels of crude shale oil and 42,427 tons of retorted
shale per calendar day. On a moisture-free basis, the charee rate is
54,916 tons per calendar dav.

The shale bed is maintained at a denth of abour 200 feet and the
heat required for retorting is supnlied by a hot recvecle gas stream at
1,350°F which is injected into the bed about 6 feetrabovc the bottom.

This recvcle gas is heated by direct fired gsas heaters fueled with
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retort. product gas and sunplemental natural gas. A cold recvele gas
stream is fed to the bottom of the shale bed to conl the retorted shale
priotr to discharse.

The shale is fed to the top of the retorts and is heated to
aprproximatelv 1,000°F bv contact with the countercurrent hot recycle
gas. Bv the time the shale reaches this temperature, it is completely
retorted, Before the material reaches this temperature the nahcolite
and dawsonite undereo decradarion reactions duc to heat, forming
sodiunm carbonate and sodium alumiracte with evolution of carbon dioxide

and water vapor. he chemical reactions are as follows:

2WaHCO4 —> Na,€03 + COp + Hp0
NaAl(OH),Cn3 — NaalO, + CO2 + Hp0
It is important that the temnerature not be allewed to rise much above
1,000°F to avoid further reactions that would occur at higher tempera-
tures, resulting in impairment of the extractability of the sodium and
aluminum mineral wvalues.
1he 130°F gas from the top of the shale bed with entrained crude
shale oil is sent throush rotoclones and electrnstatic precipitators for
o0il removal. The gas stream then flows to blowers where it is compresscd
to 1.6 psic. Subsenuently, it is dividec into the recvcle gas stream
and the make gas srream which, zlons with supnlerental fuel, is burned
in the recvcle—-cas heater.
The recvcle stream is then split into two streams: 757,620,000
std cu ft per calendar day is sent throuch the recvcle blower to the

recvcle-gas heater where its temperature is raised to 1,350° F for
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iniection intn the shale bed: and 823,500,000 std ¢u ft per calendar
dav at 130°F is sent to the bortom of the retort. The recvcle blower
compresses the gas to 2,) psie.

The spent shale is sent to a storase pile and then to the sodium-—
minerals plant. The crude shale o0il, via a storase svstenm, is charged

to the refinery.

REFINING
The crude shale oil., praduced at a rate of 32,615 barrels ner

calendar dav in the "'study” retortin-~ plant. is characterized on the

31

basis of laboratory retorting and inspection work by the U.S. Geolomical

Survev and the Bureau of Mines, as follows:

Characteristics of Crude Shale 0il

CrAVIEV . e nrtecanasaeesasses (PAPI) 22.8%
Sulfur.e..c.icececannneaaa (WC. peT.) 0.65
NiLTOgeM. e vinnsnncnsesa (WE. pPCt.) 1.52
Pour point.......... teemcaanan (°F) 70
Viscositv......... (5§.0.5. @ 100°F) 356

The oil is further characterized by 2 black color and rather dis-
arreeable eodor tynical of Green River shale oil.

As has been generally recognized in earlier studies, such oils
require upgrading to yield an oil suitable for transport by pipeline,
a necessary stev if any sienificant market is to be claimed. In the
current study, a twWo-step refinine sequence was adopted, consisting
of recycle delayed cokinm of the raw oil followed by hvdrocracking

of the coker distillate to yield 23,393 barrels per calendar day of

a hizh quality pineline oil as the maior product. This ©il, discussed
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and characterized later in more detail alone with other nroducts,
is comparable to that for which a value of $3.0% per barrel was =sect
on the basis of industry judement in the 196% report of the Departinent
of the lnterior, "Prosnects for Nil Shale Develomment: Colorade, Utah,
and YWyoming."

The refinery visualized for study purnoses is located adiacent
to the retortine nlant in the generxl processine~ arca overlvine the
minc.

0Of the various serments of the visualized comnliex. the refinine
stons are probablv tlie least conjectural. By virtue of a variety of
work by industry as well as the Bureau of Mines. the applicabilitvy of
cokine and hvdrogenation processes to shale oil has beer ressonably
well demonstrated on scales raneinz from laboratorv to a full-scale
test in a cormercial refinerv several vears ago. Thus., althoueh manv
details such as precise operatine conditions and hvdrogen requirements
undoubtedly would warvant further consideration to arrive at the optimum
situation for an actual commercial venture charsins the particular oil
in nuestion, the gencrzl refinerv desien and operatine results specified
in the followins sections are considered adequate for the present

evaluation purnoses.

Delayed Cokine

The crude shale oil from the retortinr plant constitutes the feed

k4
to the refinery. The oil is first processed in a delaved cokine unit
with a heater outler temperature of 940°F and a coke chamber pressure

of 30 psic. The products include a coker distillate. stabilized ta
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retain the C4's produced and havine an end point of G80° to 700°F,
plus a eood qualitv coke suitable for sale as green metallureical
erade material. In addition, the C3's and lizhter fraction comtain
an apnreciable amount of hivdroren sulfide which is recovered and also
serves as a source of hvdrozen. The sulfur recnvery and hyvdrogen

nroducine plants will be described later.

The coker distillate is further nrocessed hy hvdrocrackine at
835°F and 1,500 psie, maintainine a licuid-heurtv-snace velncity of 0.9,
The system is typified generally by the Union 0il Company's Unicracking-
JHC nrocess, featurine a sulfur and nitroeen resistant, cobalt-
molvhdate type catalyst. Hydropen consumrtion is about 1,300 scf per
barrel of feed, and the hydrosen recvcle is about B0OO scf per barrel.
The major product frem hvdrocrackine is a 56.9° API distillate containing
essentiallvy no sulfur or nitroeen and containine about 60 volime
narcent naterial in the z#snline boiline rance and 40 volyme percent
material in the diesel fuel hoilin~ rance which also mects other
D=2 diesel specifications. The overall hydroeenate! distillate contains
all C4's and heavier material produced to a final boiline peoint of
fram 680° to 70N°F.

The hydrocracker sas is relativelv rich in hvdrosen sulfide
and amrmonia due to the hydrocenation of the sulfur and nitroser contained!
in the distillate charge. The sulfur and ammoni2 are bath recovered

and sold as byproducts.
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The hydroeen requirement is produced by reformine the coker
and hydrocracker off-gas after removal of hvdrogen sulfide as

described later.

Armonia and Sulfur Recoverv

The sulfur and ammonia products come from the coker and hvdro-
cracker gases, the former containine 1.75% to 1.70 mole percent hyvdroaen
sulfide and the latter containine approximately & mole percent hydrogen
sulfide and in excess of 20 mole percent ammonia. The recoverv svstem
involves scrubbine the coker and hydrocracker gases with aqueous
solutions recycled in a closed circuit within che sulfur and ammonia
plants. The rich s¢crubber liquids are fed together to a hydrogen
sulfide strinner, the overhead fraction (rich in hydrosen sulfide)
is sent to a conventienal Claus plant for sulfur recovery. The bottom
stream from the hydroeen sulfide stripnmer, rich in ammonia, is again
stripped to separate the ammonia from the bulk of the water and a
small arnount of residual hvdrogen sulfide, then the ammonia is dried
and liquefied for storase and sale.

The fuel gas produced contains the excess gas from cokinp, the
sweet tail gas from the hydrocen plant, and the purified gas from
hvdrocrackine. The total fuel gas has a heatineg value of about 18 x ng
Btu per calendar day and a unit heatine value of 1,220 Btu per std cu ft.

All parts of the refinine svstem operate with an onstream efficiency

of 95 percent includine the coking plants. Although the coking units
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are cyveclic in nature, thev operate continuously: as one coker is re-
moved from the flow pattern a deco%ed chamber is brought into service
without disruption of the onstream schedule.

The integrated flow pattern and material balance for the refinery

is shown in figure 13.

MINERALS PROCESSING, WHITE NAHCOLITE

Nalicolite Premaration

The area visualized for the white nahcolite processine facility
overlicvs a portion of the mine area as shown in firurce 2.

The process adopted for this evaluation, shown schematically in
figures 14 and 15 is desipgned to effect recoverv of dense soda ash
(sodium carbonate) having an estimated puritv of 99.9 plus percent as
the marketable product, startineg witii the stockniled white nahcolite
provided by the previously described mining operation. Four princinal
processine stens are involved: Nalhcolite preparacion, inciuding
calecining: leachine: crvstallization: and preduct dehwdration.

Characterization data for the raw white nahcolite were provided
by the UI.8. Geological Survey. In the absence of a comprehensive
sampling program such as would be needed to define mining and process-—
ing paramsters with a high degree of assurance it was assumed thar a
composite sample, analyzed by the Geological Survey, through the whice
nahcolite section at one location typifies the average 9-foor measure
adopred 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 notential oil vield hv Fischer assav of 4.1 pallons per ton,
and cold water solubility data as follaws:

Cold-water insclubles, WwE 7 ... ineecienanncanas 15,32
Cold-water-soluhle ions,
wt. Z of oricinal material:

1008 L T T T 6.%4
HC03.................................... 48.19
Neeeeeeratceencoecasamanaasantcoannanenaaa 23.09
Cliieeieoaasceenncaassmsnncssnnmsnsnansnnnsa 9.13
T3 ¢ P U

O 0.01

Y L
K eeecanroneananaseennncscanannsnsnnsnnas <0.01
A

Total . icieenenacnartaacsananssensa 93.20
Warter (Acsumed) ii i iineennnrecnnnnsanans 6.10

The above data. sunsnle=mented by rertinent fundamontal chemical and
nhveical pronmertyv dar~ and by publisicd infer-~atian concernine closelv
allied processas such as recoverv of soda ash from tTona, werc used by
the Burcau of Mines as bases for estimatine process recuirements for
purnoses of the nresent evaluatinsn. 1In the absecnce of actua! induztrial
exnerience or even pilot plant results for processine white nahcolite,
it also was necessarv to assume plant operating parameters in many
instances, basing values on knowledre of tvpical equipment performance
and zeneral eneincerine judement. Such values as settline rates in
thickeners. solids contents of filter and centrifuce cakes, and dust
losses in crushine and calcining were generally ser in this manner.

A detailed descrintion of each nrocess ster in the white nahcolite
nlant follows:

White nahcolite ore is recovered from beneath the mine stockpile
bv pushine it onto one of six apron feeders with a bulldozer. The

feeders arc so spaced as to reduce the amount of bulldozing required
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and are sized so that onlv one is needed to supnlw the plant at any
time. A 30-inch, 675-ft-1onr belt convevor transports the ove fronm
the feeders to a hopner above the primary harmermill. The ore is
crushed in the hammermill from minus five inches to one inch and is
conveved to a hopper above two secondary hammermills operatine in
parallel. These hammermills reduce the ore to 1/8 inch. The 1/8-
inch ore falls directlv onto vibratins screens from which plus 1/8-
inch ore is recvcled to the honner above the secondarv hammerwmills,
and minus-1/8-inch ore is conveved to storage silos. Fieure 15 is
a flow diagram of the white nahcolite nrocessine plant.

The minus~1/8-inch ore from the silons is conveved to hoppers which
feed three 12.5— bv 249-foat gas-fired rotarv calciners operatine at
1.000° F. The sodium bicarbrnate contained in the nahcolite is
decomposed to sodium carbonate by the followine reaction:

2NaHC03 —— 1\'320')3 + H20 + CO3.
The greatlv increased solubility of sodium carbonate facilitartes the
following leachine step. Althouch decomposition will occur helow
1,000°F, this temperature is used so that all of the organics present
in the raw material are burned. The orranics if left in the sysﬁem
would cause foaming in crystallization and would discolor the nproduct,
judeing from experience in the trona industry. A credit for the heat
of combustion for the oreanics is included ia the heat calculations
for calcining. The sodium carbonate is cooled to 150°F in rotary

coolers and is conveved to a hopper in the leachine section.
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Dust collection equipment is 1included for all convevor transfer
points, hammermills, and screens. Senarate systers are desisgned
for the raw nahcnlite before calceination and for the calcined material.
Senarate has collectors are used for eacha.

Marerials bhalances and flows in the nahcolite preparation section

are shown in figures 16 and 17.

Leachine

Calcined material is fed from a hopner inte an agitated leach
tank operatine at 100°F where the sodium carbonate and other water
soluble compounds are dissolved during a 15 minute peried. Steam
is added directlv ro the leach tank to maintain the temperature.

It is assumed that the water soluble commeonents dissalve under the
above conditions.

From the lecach tank, the slurrv is numred to a 240-ft dinmeter
settler where the insolubles settle at a rate of 0.6 ft per hour and
are removed in the underflow which contains 48.5 percert solids.

The settler underflow is washed countercurrentlv in four 170-ft diameter
thickeners froam which the underflow is pummed to a tailin~ pond.

and the overflow is recvcled to leachine. The same settline rate

and solids content are used in sizin~ the countercurrent wash thickeners
as were used in sizine the settler. Condenserd water from the carbonate
crvstallizers is used for washine.

Overflow nreenant solntion from the scrtler is clarified in

pressure leaf filters at a rate of 50N ealleons of filtrate per sq
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ft per dav to renove any solids that were not removed durine settline
and is pumped fo surge tanks before ervstaliization. The filter cake
contains 50 percent solids. The materials balance and general flow

diagram for leaching are shown in ficures 18 and 19.

Crvstallizartion

Fifcty-five percent of the sodium carbonate in the pregnant solution
from the leaf filters is c¢rystallized from solution as sodium carbonate
menohydrate in a seven-effect forced—circularion evaporator. The last
effect is maintained ar 1.6 inches mercury, and 100 psig steam 1s used
in the first effect to give a temperature difference of about 29°F per
effect. A heat-transfer coefficient of 450 Btu per hr-sq £t-°F is
used for sizing the crystallirzer.

Based on solubility data® at 68°F, the solubility of sodium
carbonate is estimated to be 29.5 grams per 100 grams of saturated
solurion at 100°F when considering the effect of sodium chloride and
sodium sulfate which are alse present In the solution. Water evaporated
during crystallization is condensed and used as wash water in the
countercurrent wash thickeners. It is assumed that the slurry with-
drawn from the crystallizer would have the same 30 percent solids com-

tent as the slurry processed by the trona industry.?>

“Linkl, W. F. Seidell's Solubilities of Inorganic and Metal Organic
Compounds, v. 2, 4th ed., Am. Chem. Soc., 1965, pp. 933-944.

5Sommérs, H. A. Soda Ash from Trona. Chem. Eny. Propg., v. 56, No. 2,
February 1960, pp. 76-79.
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Coocling 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 39°
and 70° T respectively. The wood-filled tower has a circulation rate
of 13,409 gallons per minute and process makeup water requirement of
408,000 gallons per day.

The crystal slurry from the crystallizer is pumped to four 54—
inck bowl centrifuges where the monchydrate crystals are separated
from the mother liquor, washed with 110° F water, and conveyed in screw
conveyors to drying. During washing, 2 percent of che monohydrate
crystals are assumed to dissclve and 385 percent of the mother liquor is
washed free.

To avoid excessive chloride and sulfate impurities in the product,
2.5 percent of the mother liquor is discarded as a purge solution. The
remaining mother liquor is recyzled to leaching.

The material balance and equipment f£low diagram are shown in
figures 20 and 21.

Drying and Product Storage

The centrifuged cake, containing about 4 percent sciution, is fed
into four 1Z by 108 ft gas-fired rotary dryers operating a:- 600° F.
During drying, moisture and water of crystallization are driven off.
Dehydration of the monohydrate crystals to form soda ash may be repre-
sented by the following reaction:

NajyC03-H50 ~+ NaCO3 + Hy0.

The monohydrate crystals are assumed to decompose to the demse form of
soda ash having the following composition as determined by a material

balance.
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Percent

Na»C03... 99.93
NaCl,.... Q.05
Na»804-. .- .02
100.00

Soda ash from the dryers is cooled in rotary coolers to about 150° F
and conveyed to storage silos on a 24-inch belt conveyor.

Ten 100,000 cu ft siles provide storage for up to 7 days. The
praduct is loaded into covered hopper cars by belt feeders from the
silos. The product leoading system operates one shift 5 days per week.
The materials balance and general flow diagram are given in figures

22 and 23.

MINERALS PROCESSING, RETORTED SHALE

Complementing the white—nahcolite processing facilities described
in the preceding section of this report, zn independent and relatively
complex processing sequence 1is required to recover the soda ash and
alumina values scemming from the nahcolite and dawsénite contained in
the 60,000 tons per calendar day of ore mined from the nahcolite-rick
zone. Figure 24 shows 2 general flow diagram eof the sodium minerals
plant.

Two raw feed streams are invelved: The retorted shale, which
comprises the bulk of the charge to minerals processing and which
contains extractable sodium carbonate and sodium aiuminate derived
from the nzhcolite and dawsonite present in the original raw material;
and a stream of unretorted fines diverted from the crushing and

screening section of the retorting plant. This fines stream, sized
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to 3/16-inch and smaller marticles, is relatively rich in nahcolite
in comnarison to the orisinal orc by virtue of the tendency of this
mineral to decrepitate more rezdily in crushine than does the oil
shale itself.

Briefly, the processine afforded the shale fimes stream involves
calcininn to convert the nahcolite to sodium carbomate, leachine to
dissolve the sodium carbonate., senmaration of the solution from the
undissolved shale, crvstallization and final conversion of the sodium
carbonate {(monchvdrate form) to soda ash, and returr of the undissolved
shale fraction to retorting. Ultimately then, the shale portion ¢ the
fines makes un a part of the retertine charee and in retorted form is
returned to the minerals processing plant as a part of the total speat
or retorted shale that constitutes the major flow stream throush this
plant.

The spent shale is erushed and then is leacked with weak caustic
solution to disseolve its alumina and soda content. The solution is
senarated from the undissnlved residue; this residue constitutes the
major portion of the solid waste disnosed of in the mine. The solution
is treated with lime to reduce its silica content and 1s carbonated to
precinitate aluminum trilivdrate. The latter material is separated fronm
the sodn=rich mother liquor and is calcined to yield alumina as one of
the final croducts.

The mother licuor mentioned above. combined with the sodium car-

bonate solution from the shale fines processine line, 1s evanorared

OPTION 11



and crvstallized to praduce sodium carbonate morohvdrate which sub-
senuently is calcined to form dense soda zsh, the second sales nroduct
of the sodium minerals plant.

EFach sten of the processing scheme is detailed in the followines
descrintive sections of this renort and in the pertinent tables and
dinnrams that arce referenced later. Overall; desien of thc retorted-
shale sectinn of the sodium minerals comnlex is bascd on chareine
44 241 tons nper oneratine dav of rcotorted shale plus 8,%44 tons per
operatine dav of nahcolite-rich shale fines, yieldine 1,468 tons per
operating day of alpha-alumina and 11,332 tons per operating day of
dense soda ash, Addine the soda ash product from processing the white
naiicolite, as previously discussed, the total sodz ash product is
15.587 tons per operatins dav. The plant is assumed to onerate 350
davs per vear for an onstream efflciency of 95.39 percent. On a
calendar—dav basis, then, the dailv yields of alumina and soda ash
are 1.408 rons and 14,947 tons, resnectivelw.

Except for product leoading anc limestone receiving operations,
which are handled on an eicht-hour—-per~day, five-day-per-week hasis,
normal plant operation is rouné-the-clock and seven davs per week,

In addition to characterizing tae material mined from the
anahcolite~rich zone as containing 25.2 weight percent nahcolite and
9.2 weight percent dawsonite as discussed under "Retorting,” the U.S.
Geolorical Survey srovided rhe following data for water-scluble iloms
of particular interest as potentizal impurities to be coped with ino

the sodium minerals plant:
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Cold—Water-Soluble Ion Characterization,
Nahcolite-Rich Zone

Chloride....cuicencecenannna -fwe. per.) 0.05
Sulfate....cccecunn- ceese.. {WE. per.) 0.16
Calciumee.ecncenaa-. eesses {wWt. pet.) 0.02
Mamesiume. e nnnereanasa. {(WE. pEL.) Trace
POtassSiumMe.cccceaneanannasas (WE. pct.) Trace

At the low concentrations indicated, 'impurities” were not con-
sidered significant im desipn or other considerations, other than teo
account in the material balances for the sulfate. Additional
analytical data used for design purposes included a variety of test
results obtained by the Bureau of Mines on retorted samples of the
same "'mahcolite-rich"” zone material. The retorring work was performed
by the U,S. Geolegical Survey usinpg small bench scale equipment in which
low-temperature, Indirect-heating conditions were achieved in simulation
of the condi.,fions' visualized for the plant—scale reterts described earlier.

The laboratory data mentioned ahove, supplemented by published
information ranging from standard chemical and physical property data
to technical articles relating to pertinent onerations in the troma
and alumina industries, were used in designing and judeine the capabili~
ties of the retorted-shale sodium minerals 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 engineering judgment in
setting such factors as performance of particular items of equipment.

since industrial and/or pilot-plant experience using the particular
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raw material in question is lacking. A rigorous design for comsctruction
and operarion of an acrual plant of the scale wvisualized obviously
would require considerably more information, from pilot or preferably
prototype operations in particular.

Data sources as well as operating conditiomns, equipment performance
parameters and the like that were set for estimating purposes are
detailed in a step-by-step manner in the following descriﬁtive sections

of this report.

Retorted Shale Crushing

The spent shale is conveyed from the retorting operation to hoppers
above hammermills which reduce the material to 1/8 inch. Crushed
material from the hammermills flows by gravity to wvibrating screens.

Plus 1/8=inch material is recycled to the hammermills, and mirnus 1/8-inch
material is conveyed to hoppers in the leaching section.

The material balance and equipment flow diagram are shown in
figures 25 and 26.

A cyclone dust collection system is inecluded for minimizing dust
losses from conveyoxr transfer points, hammermills, and screens. The
system is located so that the dust is fed into hoppers above the

retorted shale leaching step.

Retorted Shale Leaching

Minus 1/8-inch material and recovered dust from the retorted
shale crushing section is fed into leaching tanks operating at 100° F.

The alumina and soda content is dissolved by 0.8 normal sodium
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hvdroxide solution® during a 15 minute period. It is assumed thar

the alumina and soda, originally present in the raw shale as dawsconite
and/or nahcolite, are present as sodium aluminate, NaAld,, and sodium
carbonate, NaC03. During leaching 99 percent of the soda originally
present as nahkcolite, and 95 percent of the soda and 78 percent of the
alumina originally present as dawsonite are dissolved.”

The dissolved material is separated from the undissolved material
in settlers having a settling rate of about 0.7 foot per hour,? and
the solution 1is clarified in pressure leaf filters that are designed
on the basis of 500 gallons of filtrate per sq ft per hour.

Underflow from the settlers, containing 48.5 percent sol:l.ds,7
is waslhied countercurrently in wash thickeners whose underflow, also

containing 48.5 percent solids, is pumped to tailings disposal.

Overflow from the wash thickeners is recvecled to leaching. Because
the overflow contains sodlum carbonate, lime is added during leaching
to causticize the sodium carbonate according to the followins reaction:

NaZCD3 + Cal + H20 -3 2NaOH + CaC03.

The sodium hydroxide formed is considered part of the 0.8 normal
solution used for leaching. It is assumed that 80 percent of the
alumina entering the process with the lime forms sodium aluminate.

. A material balance and an equipment flow diagram are shown in

figures 27 and 28 respectively.

®Nielsen, Irvin. Importance of Deep Deposits of "0fl Shale' and Sodium
Minerals in Northwest Colorado. Paper presented to Colorado Plateau
Section of the AIME, May 24, 1968.

MLaboratory data, College Park Metallurgy Research Center, College Park,
Md.
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Des{lication

Clarified solurion from the pressure leaf filters contains silica
equivalent te 0.0025 percent of the retorred shale charre to leaching
for the nahcolite~rich zone process.e 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°F.
Durings a 3V minute retention period the silica precipitates as does
three percent of the alumina in the solution.?

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 approximatrely 50 percent solids, is washed

in thickeners. The underflow from the thickeners 1s pumped to tailings

disposal. Overflow from the settlers is clarified in pressure leaf
filters, designed on the basis of 500 gallons 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 29 and 30.

8%ork cited in footnote 7.

9Copson, R. L., J. 1. Walthall, and T. P. Himnett. Propress Report on
the Fxtraction of Aluminaz From Clays by the Lime-Sinter Modification
of the Pedersen Process. P1557498, Jan. 14, 1944.
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Alumina Precipitation and Caleination

The desilicated solution from desilication is carbonated at 194°F

for 12 hours.l?

A "seed" solution containing alumina as alumina tri-
hydrate, the alumina being equivalent to about 25 percent of the
alumina present in the desilicated solution, is added to carbonation.
During the 12 hour rerention period 85 percent of the alumina in the
desilicated solution precipitates as alumina :rihydratel1 using the
"seed" zlumina trihydrate as nuclei- The precipitation reaction is
as follows:

2NaAlOp + €Oy + 3H20 — Aly04 « 3H20 + Nay(0j.
In addition to the precipitation reaction the sodium hydroxide in the
solution is converted to sodium carbonate following the reaction:
2NaOH + CO; —» N32C03 + H,y0.

Coarse alumina trihydrate is separated from the "seed" in a

primary thickener having a settling area of 12 sq ft per tom of dry

10gork cited in footnote 9.

llperers, F. A., P. W. Johnson, J. J. Henn, and R. C. Kirby. Methods
for Producing Alumina from Clay, An Evaluation of a Lime-Soda Sinter
Process. BuMines Rept. of Inv. 6327, 1967, 38 pp.
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solids per day.lz Overflow from the primary thickener is settled in
a secondary thickener having a settling area of 30 sq ft per ton of
dry solids per day.12 Underflow from the secondary thickener, con-
taining 45 percent solids,!3 is recycled to carbonation as "seed"
while the overflow is pumped to the soda ash crystallization and
dehydracion section.

Underflow from the primary thickener, containing 55 percent
solids,13 is washed in wash tanks in series and is filtered in internal
drum filters having a filtering rate of about 2 tons of dry sollds per
sq ft per day. The filter cake, contalning 75 percent solids, is
calcined at 2,000°F in gas-fired rotary kilns to produce a-alumina
according to the reaction:

Al,03 - 3Hp0 —3 Al,05 + 3Hp0.

The alumina product is cooled =o 150°F in rotary coclers and
conveyed to silos having a total capacity for 14 days production.
Belt feeders feed the aluminz into covered hopper cars for shipping.

A cyclone dust ceollector is included for minimizing dust losses
from all conveyor transfer points. The material balance and flow

diagram are shown in figures 31 and 32.

lzPerry's Chemical Engiaeers' Handbook, ed. by R. H. Perry, C. H.
Chilteon, and S. D. Kirkpatrick. McGraw-Hill Book Co., Inc., New
York, 4th ed., 1963, pp. 19-49.

l3poeers, F. A., P. Y. Johnson, and R. C. Kirby. A Cost Estimate of
the Bayer Process for Producing Alumina. BuMines Rept. of Inv. 6730,
1966, 23 pp.
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Shale Fines Leaching

Raw 0il shale fines, containing nahcolire, are conveved from the
retorting operation to hoppers feeding gas-fired rotary kilns operating
at 460°F. The nahcolite is calcined to produce sodium carbonate by the
reaction:

2NaHCO5 —> NapC03 + €O, + H,0.
The sodium carbonate is cooled to 150°F in rotary coolers aad conveyed
to a hopper above a leaching tank. Sodium carbonate is dissolved at
100°F in water duripg a 15 minute period and is then separated from the
undissolved material in a settler having a settling rate of approximately
0.6 ft per hr. 1 Underflow from the settler, containing 48.5 percent
s0lids, 1s washed in a thickener whose underflow, also containing 48.5
percent solids, is filtered on rotary vacuum filters having 2 filtering

rate of approximately 76 pounds of dry cake per sq ft per hr.t*

The
filter cake, containing 75 percent soiids, is ccnveyed to the retorting
operation. Filtrate from the filters is used in the wash thickerner,
and overflow from the wash thickener is recycled to leaching.

The material balance and equipment flow diagram are shown in
figures 33 and 34.

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.

l4york cited in foorneore 7.
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Soda Ash Crystallization and Dehydrarion

Overflow from the secondary thickener in the alumina precipitation
and calicination 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:

NazC03 + HZO — NaZCO3- H20.
The last effect of the crystallizers operates at 100°F, equivalent ro

about 28 inches mercury vacuum ,

The material balance and equipment flow diagram are shown in

figures 35 and 36.

The crystal slurry, containing 30 percent solids,!® is pumped to
continuous centrifuges where the crystals are separated from the satu-
rated solution, which contains about 33.7 perceut sodium carbonate,16
and washed. During washing. some of the sodium carbonate monchydrate
dissolves. The cake from the centrifuge, containing 4 percent moisture,
which includes some aqueous sodium carbonate, 1is calclned at 600°F in
gas-fired rotary drvers to drive off the moisture and to produce dense
soda ash by the reaction:

+ H,O.

3 2

The product is cooled to 150°F in rotary coolers and is conveyed to

N32C03 4 HZO —_ NaZCO
silos having a total capacity for about 14 days operation. Two belt

feeders for each silo feed the soda ash into covered hopper cars for

shipping.

!3work cited in foornote 5.

1% OPTION II
*Work cited in footnote 4.



The solution from the centrifuze is divided with part recycling
to the crystallizers and the rest going to the sodium sulfate removal
step. In the sodium sulfare removal step lime is added to the solurion
to react with sodium sulfate and with sodium carbonate. The reactions
involved are as follows:

¥a,80, + Cal + 3H,0 —— 2NaOR + CaSO, « 2H,0,

and, N32003 + Ca0 + H,0 —» 2NaOH + CaC03.

The <=istie solution, thus produced, i1s filtered on rotary vacuum
filters, having a filtering rate of 50 pounds of dry cake per sq ft per
hr, to remove the solids. The cake, containing 35 percent seolids, is
washed, repulped with raw water (not shown in the material balance)
which reddces the solids content to approximately 39 percent, and the
slurry is pumned to tailings disposal. Filtrate from these filters is
diluted with water and pumped teo storage tanks in the retorted shale
leaching section.

Water evaporated from the last effect of the ecrystallizers is
condensed In barometric condensers and is recycled with the coocling
water to a cooling tower Iin closed circuit with the crystallizers.
This condensed water ' : considered as part of the makeup water re-
quired in the cooling tower. Water condensed in the last 6 effects
of the crystallizers is recycled for use within the process. Steanm
condensed In the first effect is returned to the steam plant.,

A cyclone dust collector is included for minimiziar dust losses
from cenveyor transfer points, and the dust is returned to hoppers

feeding the rotary dryers.
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Limestone Calcination and Flue-gas Processing

Limestone is received by rail and is stored in the open
in a storage area capable of holding a l4-day supply. The limestone
is withdrawn from storage on apron feeders located ar various positions
under the storage area. Any one of the feeders is capable of with-
drawing limestone at the required rate for the process. The limestone
is conveyed from the feeders to 2 hopper feeding a standard-head cone
crusher which reduces minus 5=inch limestone to 1 inch. This ore is
conveyed to a hopper feeding short-head cone crushers which further
reduce the ore to 1/4 inch. This 1/4-inch material flows by gravircy
onto a vibrating screen where the plus 1l/4-inch material is removed
and recycled to the hopper feeding the short-head come crushers. The
minus 1/4~-inch material 1is conveyed to hoppers above gas-fired rotary
kilns that operate at 2,200°F, The minus 1/4-inch limestone 15 fed
into the kilas where the calcium carbonate decomposes to lime by the
reaction:
CaC03 —> Ca0 + CO,,
and the silica reacts with lime to form insoluble dicalcium silicate
according to the reaction:
2Ca0 + $i0, —> 2Ca0 - $10,.
The burnt lime product is cooled to 150°F in rotary coclers and con-

veyed to silos where it is gstored for further use in the process.

OPTION Il



A cyclone dust collector is included for minimizing dust losses
from conveyor transfer points, crushers, and screens.

Flue gas from the rotary kilas contains a large quantity of
carbon dioxide which is used for carbonation in the alumina precipita-
tion and calcination section. The flue gas is cooled from 1,100°F to
350°F in waste~heat boilers to recover heat as 100 psip steam.

Part of the flue gas, the percentage beins based on the quantity
of carbon dioxide required for carbonation, is passed into gas scrubbers
where any remaining dust is removed, and the gas 1s cooled to 90°F.

This washed flue gas is compressed te 50 psig and the temperature of
the gas from the compressor is maintained at approximately 194°F. The
compressed flue cas, supplemented hv carbon dioxide from the nvdrosen
plant serving the refinery (see figures 13 and 37), is fed to the
carbonation sectiomn.

Cooling water used to cogl the flue gas in the gas scrubbers along
with water condensed ocut of the flue gas is pumped to a cooling tower
in closed circuit with the gas scrubbers. Water used for cooling in
the compressors is cocled in a coeoling tower in closed circuir wich
the compressors.

Flue gas not required for use in carbomation is vented to the

atmosphere ahead of the gas scrubbers_

The material balance and equipment flow diagram are shown in

figures 37 and 38.

OPTION
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WARTE DISPNSAL

General

The solid wastes produced by processine of the white nahcolite
and the nahcolite~-rich material are disposed of underground in mined-
ont areas, includinz spzce in both the white nahcalite mine and the
shale mines. This material is pined in the form of a slurry from the
plant area to the desired underanround location and allowed to settle.
The liguid which "bleeds’ from the slurry as it settles is collected
and returned te the surface for trratrment and reuse as process water.
Litimately, all solid wastes are accomaodated in this manner as mine
fi1l: however, it is necessarvy durins the earlv life of the nroject
to store a portion of the wastes ir temnorarv surfacce ponds, as certain
of the mine workings carmot be filled immediately.

Other waste streams, such as the rclatively small amourt of purae
solution from the white-nabcolite processing plant, tank drainings, and
the like, are imncunded on the surface in ponds or dilied arcas desiened

te safesuard amainst pollution of the surroundine terrain and natural

wAater courses.

Reproduced from
best available copy.

Basis and Procedure for Mine Waste-Disposal Concept

It is estimated that the solids content of the wasre slurries

35

renerated in the sodium minerals comnlex will ransce in particle size from

about 1l/4-inch to dust. with the bulk of the material falline in the sirze

ran~e cof £ to 20 mesh. The combined slurry from all sections of the

comnlex, made up of 48.5 weicht percent solids and the balance water,

OPTION
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is judered to be readilv pumnmble., When allowed to sctrtle undisturbed
over a neriod cf =ime., the slurrv is estimared to dewater to an
ultimate composition by weieht of 80 nercent solids and 20 nercenc
water, in which state the material is zssumed to be reasonablv srable,
comnositionally and structurallw, alchourh it has little supmort strencth,
The bulk densityv ir this ultimate state is aporoximately 100 pounds ner
cu ft.

Information from pubiished sources.t/ aummented bv the judament orn
Buliines minine research nrrseomnel. indicates that the waste material
described above will be suitable for disnosal as fill in the mine. It
is judeed further that the initial sJurry will not exhihit undue agbrasive
or corrosive effects in rerard to nu~ns and pinine: thus, delivery to
the desired mine location via a pinine system is adoented as the most
feasihle aonpreoach irn this evaluzation.

The waste slurrv from the soadinm minerals comnlex is produced at
a rate of 77,974 tons per calendar day, rermresentine 37.347 tons cf
solids or 47.308 tons of 80 percent solids £ill. The wvarious srtreans
from individual sections ¢of the complex are piped to a surge pond
sized to accommadate 10 hours® preduction and provided with asmitarion

equipment to achieve uniformity of mixture and te prevent nremature

settline. From this noint, mine personnel assume resnonsibility for

Reproduced from
- best available copy.

17Colorado School of Mines Research Foundation, Ine. Transportation
of Solids in Steel Pipelines, 1965,

Babcock, Henry A. Test Work and Data Required for Slurry Pipelime
Design. Paper presented to 1967 AIME Conference.
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nandline, pumpine the mixture underercound on a normal schedule of 6
hours per shift or 18 hours ner calendar day. Transoort to the general
areas te be filled is viea four 12-inch steel lines, with externdible,
readily movable, sections of l2-inch plastic pininnm susnended from

the mine roof beina userd to deliver the slurrv to the specific locations
within panels or elsevhere as desired. Line sizin~ is such that under
nermal aumninne rates the suserended slurrv will not tend te senarate
enrounte to its point of denosition. In addition. one 12-inch line is
requized for return of “hleed" water te the surfacce. an? one spare line
is nroavided for handlins slinrrvv or wat~r as desired shoul:d normal
achednles be disrunted or other emarsency situations oceur.

The general operating plan iavolves discharpge of slurry behind
timber dams positioned to restrain movement of the material while
settline is in progress. As the excess water leaves the fill
material, it filters throueh brattice cloth supported on the dams
te tran remainine salids, then is nicked un by pu—mes from su—ns pro-
virdnd acar the nanel enrriecs or elseshere as apnro-nriare denmemdins upon
the particular part of the worliinas beire filled with waste. From
these pickun sums, the water is transnorted to lareer sumns near the
mire shafts for final clarification before beine returmed to the surface
for treatment and reuse.

he mohile plastic lines are supnorted in plank trouchs anchored

to the mine back (roof) with rockbelts. Two men attend each line and

Reproduced from
best available copy-
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water pickup pumn each shifr durine filline operations with natt-

Eal

tine assistance of one to-man crew for movin~ discharee lines within
the immediate fill areas. Periodicallv, assisczance also is required

in remevine and insealling the discharees lines and numns; for example,
from one panel te another, and in srovidine ei-ectricnl service, pump
maintenance, and the like (see Table Ne. 306). Filline operatinns ave
inte~rated between upner (1.900-fFr) and lower (2,407%=fr) mine levels,
one pisinz svstem onlw beina used periodically on the unner level. One
of the operating crews from the lower level is assioned ahave vhen
needed. Drain water from unner-level filline ancrations is dronred zo
the main sumps on the lower leval for return to the surface.

Overall consideration of available mine volume in relation to the
volume of the waste fill material at its stable condition of 20 weight
percent solids indicates that all such waste can eventuallv be emplaced
underzround, This conclusion imcludes the conditions that snace in the
white-nahcolite mine as well as in the lower-level shale mine will he
usecd, and that emnlaccment is feasible to 90 percent and 98 percent,
respectively, of the total mine heicht on each level {(leaving roughly
one foot of unfilled hei~ht in each case). However, until the time that
mine development and production have prozressed to the extent that one
pranel has been mined out amdd a second started. all slurrv must be
rctained abovezrcund. This period approximates 150 days, at which time
fillinc ovrerations are initiated on the léwer level. In about 180 days,
the first panel in the white-nzhcolite level also beenmes available for
fill. This latter time is not critical, as fillines oparations are

confined to the lower level during the intermediate 30-dav period.

OPTION
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Over the ensuine period of abour five vears, a further limitation
exists in wasre-fill operations, in that only the panels proper mav be
utilized. Other parts of the workines—-the various drifts and entry
svstems==must be kent apen to provide access to and from the current
production minine areas. Thus, a relatively small portion of the waste
slurrv must continue to be "bdacklozred’” on the surface durine this
S-vear neriod. Subseauently, minine operations are advanced snsu i
that it is possible nor orly to disnnse of all solid wastes underarsund
as 430 percent solids fill material but also to work cut the ‘'backlos™
a4t a rate to eliminate all surface storace essentiallv within the assumed
20-vear mine life.

Considering both filling limitations—-the 1530-dav—orefill period
nles the 5-vear-partial-rate pericd--n surface retazinin~ pond of
aporoximately 14 million cubie yards capacity is required, based on
the premises that surface storagge will be in the same gtate of 80 percent
501ids /20 percent water that is estimated for the mine-fill condition.
that the material will be reslurried as it is eventually picked up and
transported urderground, and that apnroximately 10 percent excess outane
should be provided t¢ safepuard against smillover durine sterms. reslurrv-
ine operations, and the like. In term$ of tonnages as tased on the 30
percent ultimate £ill state, "pond' waste accumulates at the full pro-
duction rate of 47,308 tons per calendar day for 130 davs, then at a
reduced rate of apnroximatelv 5,309 tons per calendar day for the ensuing

5 vears, for a maximum accumulation of sliechtlv more than 17 million tons.
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Disposal of Miscellaneous Wastes

The purge sclution from the white nahcolite crystallization system
is piped to a diked-off portion of the settling pond. The volume
allowed can be increased as the solids wastes are pumped to the mine.
Therafore, the total volume available is suff cient for the life of the
tlant.

Provisions for disposal and reclamation of water from the refinery

are included in plant facilities.

CAPITAL INVESTMENT

Table 1 is a summary of thne total capital investment raguired to
install the complex to mine and process 8,000 toms per calendar day of
iaize naheolicte ore and 54,050 toens per calendar .lav of nahcelite-dawsonite-
oil suale mataerial., Includod arc initizl catalvyst ansd chenicals, iaterest
Curine constructinn, startns eoxnesse, and worhir~ ganital, The total e=ti-
mated investment is $605,947,700. Detailed equipment lists are given
in tables 2 through 17. The capital requirement for the mine,
including development, is shecwn in tables 18 and 19. Cost summaries
for each of the processing svstems are shown in tables 20 through 34,

Tne cost of refinery processing units, except for deiayed coking,
are based on "black box" information. This consists of the cost of
the equipment and utilities reqg. .red in a processing step but not the
number, siz2, or arrangement and type of the individual items of equip-

ment.

OPTION II



e

61

The sources of informarion for the various processes are given

below:
Reference number
Reference number, for
DProcess investment utility requirement
Hydrocracking......... 1 3
Evdrogen producticm... 1L 2
Sulfur recovery....... 4 &
Ammonia reco . eryv...... & 4

1. Hydrocarbon Processing and Petroleum Refiner, September 1964,

2. Critical Materials Requirements for Petroleum Refining, March
1966, National Petroleum Council.

3. The 0il and Gas Journal, Apr. 5, 1965.

4. Engineering Estimates of Capital Requirements and Operating
Costs for Retorting a2nd Refining Qil Shale. XNPC Subcommittee
on Synthetic Fuels, Cil Shale Engineering Group, Aug. 1, 1831.

Working capital requirements are shown in table 35. Interest
during construction (5%) assumes a 3-year construction period with 2%
of total expenditures made in the first vear, 20% in the second year,
and 78% in the third year. Aun allowance of $18,294,500 is included
for startup expenses.

A utility summary is given in table 42, The cost of providing
steam, powar, cooling water, sanitary water, etc., is included in plant
utilities. The cost of administrative buildings, roads, fences, roll-

ing stock, etc., is included in plant facilities.

OPERATING COST
The direct laber, maintenance labor, and the required supervisory
and administrative personnel are listed in table 36. Also included is

tne annual cost of the listed personnel as well as wages and salaries.
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Table 37 is 2 summary of the estimared annual operating cost.

These costs include labor, labor supervision, maintenance, maintenance
supervision, and adminisrration and general overhead as taken from
table 36, and in addition 25 percent of the payroll is allowed for
pavroll averhead.

Thq;operating costs also include natural gas, limestonz, catalyst
and chemicals. wacter charges, rovalties, taxes, insurance, and deprecia-
tion. The depreciation schedule is shown in table 41.

The annu2l operating cost is $143,188,700 before Federal income

tax or return on investment.

FINANCIAL ANALYSIS

Table 39 lists the annual receipts available from the sale of
products. The receipts total $268,283 00C per year leaving a balance
or gross income of $125,094,300 (see table 40). Allowing total deple-
tion of $37,862,600 the taxable income becomes $87,231,700. Then allow-
ing 50 percent for Federal income tax, the net profit becomes $43,615,800.

The interest rate of return or discounted cash flow rate is $17.20
percent. The interest rate of retura or OCF methods of eveluating
profitability account for the time value of money and are a measure of
discounted positive cash flows over the weighted depreciable life of
the installation. The positive cash flow is the summation of net profit,

depreciation, and depletion.
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UNIT OPERATING COST
Table 37 shows the total annual operating cost for the complete
complex. Table 3B shows a modificatiom of annual operating cost and
charges the direct compouents to the major operating processes. The
€lements of the operating cost are prorated and charged to the processing
steps on an appropriate basis. The table also gives the capital iovest-

ment prorated and charged using the same procedure.
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AN OIL SHALE, NAHCOLITE, -
DAWSCNITE COMPLEX, OPTION II

TABLE 1. - Capital investment summary.

Capital
Investment
Unitc Dollars
Mine ciceeccancnneaans teacemne eseemaane sesenena ceenna eeesees. 37,325,900
Soda ash recovery from white nahcolite
Preparation .cc.ccceiecreccancncanaaencacnannnnns wesevaness 8,559,800
Leaching ..cccnvccecncnan sesaseesnsena ceeseasn cscsmmssrsnnce 3,903,700
Crystallizarion ........ ceeecmesausareaccmsscacasanannanan 6,362,300

Product drying and SCOTAZE cecvcescrocentcascannnncccsenans 4,288,700
Retort plant

Crushing and screening ............. seessraassesasssenrees 4,167,000
Retorcting ........ tesanes Mesesaaes teesssreasasrensesensess 49,767,900
Delayed coking .....cecnveveccnnns acsareas Srreraestaterretvan 6,274,500
Refining ........ et etainenanasan crreseanee teessermr-ververer 34,696,000
Naihcolite-rich material nrocessing
Retorted shale crushing ......... cseccesssrirernencenansan 2,310,300
Rezorted shale leaching ...... “seesrmsecsssresrmnanan ees.s 10,963,800
Desilication .....ieeevicccacannceencnacancas tesmssecescann £,320,500
Alumina precipitation and calcining .......... eesecsseneas 26,490,900
Shale fines leaching ...ceeccccancnnene- sesecesmacecanans- 7,652,600

Soda asn crystallization and dehydraction ......ecscesceens 73,669,400
Limestone calcination and flue gas processing ...s-cc.ceses 13,431,100

Plant facilicties ......... secteranserratastsssrecacrannnn sses 58,366,400
Plant utlilities ...eevecee.- cecscmescsscssaananas sesanecseans-se G98.770.300

Total construction €o0SL .cceucca-a s mmesamaacacenenas - 452,521,100
Toitial catalyst and chemicals ....c.ceieerincnninnnrecccnacnnns 2,145,400

TOTAl PLAAL COST tueueeateesraisonsasosacvonsssorssnssonae 454,666,500
Interest during construcfion (53X) ceseeivsecenrncancennasas 22,733,300

SLArtupD eXPENSE .seeseescsstsncsascsssascsancnnnncans eews-- 18,294,500
Subtotal {depreciation} «..cv..-.. vasese veseae recacesseses 493,694,300
Working Capifal ..ieeeccivescestososnseacscscoscassvscncnnans e 110,253,400
TOTAL CAPITAL INVESTMENT ...ceececeancnsanncsannaancaannns 605,947,700
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TARBLE 2. - Detailed equioment list, mine, 1.900-ft aad 2 400-ft level

bl B

1,900-fr level

MINIXG AND HAULAGE

Cutting Machine
Number: 4
Madel: Jov 15RU
Voltaee: &40 A.C.
Hp: 225

Electric Drill
Number: &
Model: 2 Room Jov CD=73
Voltage: 44U A,C.
Hp: 115

Powder Wacon
Numnher: 4
Air commressor mounted
on vehicle
Pneumatic loader canacitv:
306 1bs/hr
Power: Dicsel

Loader
Number: 4
Model: Joy li BU 10-11n
Voltare: 449 ALC.
Lip: 160

Shuttle Car
Nurmber: 3
Model: Joy 10 SC 274
Voltage: &40 A.C.

Ep: 133

Roof Bolter
Numher: 8§
Model: Jov RBD
Voltage: 4450 A.C.
Hn: 50

Power Center
Number: 8
4. 100 volts to 440 volts
withh accessories

CONVEYING AND CRUSIIING

‘Belt Convevor

Nyumber: 3

Size: 42 in. wide x 6,000 ft long
Belt speed: 500 fpm

Hp: 200

Belt conveyor
Number: 3
Size; 36 in. wide x 6,000 ftr izuag
Belt speed: 500 fpm .
Hp: 150

Crusher Feeder
Nurmber: 3
Tvpe: belt

Crusier
Numher: 1
Tyne: Roll
Size reductien: Minus 10 in. to
minus 5 in.

TV Svstem

Numher: 1
Closed circuit

SHOPS AND AUNTLIARY

Mancar
Number: 1
Power: Diesel

Bulldozer
Numbher: 1
Model: D-6
Power: Diesel

Personnel Car

WNumber: 6
Batrerv powered polf cart

OPTION TT



TALE 2. — 1,900-ft level (Continued)

Nurmhers:s 1
For personnel cars

Havhine Shon
Nuymher: 3
Portable

Machine Shon
umher: 1
Main shoa. statienarsy

‘-_f;;iér: 3
Drive: TLlectric
Tvnae: Hvdraulice-
electric, 2 drill
Hr: 154

fench Jumhe
Numher: 2
NDrive: Dlectric
Tyre:  Hvdraulic-eleerric.
2 drill
Ho: 150

Rewcer Truck
sumber: 4
Capacitv: 7 tons
Equipred with pneumatic
delivery svsten
Hp: 193
Drive: Diesel

Scaling and Rock Boltiug Rig
Yumber: 4
Aerial lift: Truco Model
Tal 70-75
Chassis: FWD Model 66-15-CC
Drive: Diesel
Hp: 150

VENTTLATION

Fan
T Tvumbers 30
Hn: 15
For secondarv ventilation,
main fans under 2,400-ft
Tevel

2.400-Ft leval

Front—-end Loader
Humber: &
Model: Housh 400
Ducket camaciztv: 20 rens
Nrive: Diesetl
Hp: 500

Haulaee truck
NMumber: 9
Canacity: 75 tons
Drive: Diese?
Hn: 700
Model: 7%A YHaulmalk, WABCO

Motor Patrrel
Numher: 2
Drive: Diesel

Hn: 15U
RBulldozer

Nurmber: &

Model: Hough D-90C
Drive: Diesel

Hp: 70C

water Truck
Number: &
Te deliver water to drills
and water haulage

OPTION
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TABLE 2. - 2,400-ft level (Continued)

CRUSHING AND CONVIYLINC
Hopner

Number: 3

Portable

Canaciry: 130 tons

Apron Feeder
Number: 3

Double Roli Crusher
Number: 3
Size: 43 in.
pPrive: Motor
itn: 13U each roll

x ht)

Toanvevar Svstem

Number: 1

Tyre: Belr

Size: 63 in. wide
% 3.5 miles lons

Up: 2,100

Orive: Motor

Bust Collecter
Sumber: 3

VENTILATION EOUTIPMENT

Main Vearilation Fan

Numbher: 2

Serves both the 1 9UU-fcC
and 2,409 fr lavels

Capnacity: 650,000 c¢fm
to 7 in. W.Co

Hpe 1,000

Drive: motor

Model: Jov H-120-65

Aoxiliary Ventilation Fan
Numter: 1
Service:
Capacitv:

ta 5 in.
Hmn: 36
brive:

Machine shop
70,000 cfm
v.G.

Motor

o™
~1

Adr Lock
Number: 3
3 sets of service doors near
saervice shafr hvdraulicallvy
orerared.
Size: 15 ft x 20 ft with
200 fr between doors

Auxiliarv Fan
Number: 20
Service: develapment and
production headines

MISCLELLANENUS MINTMNC EOUTPMENT

Power Center
Numbher: 6
4.19% volts to 447 volts
or 220 voltse
Incinfes switcheear

Nymher: 1

2,000 oal

Capacitv:

ANFO Transpove Trailew
Number: 3

Capreizv: 3 tons

Linine: wond
Truck

Number: 14

Type: Pickun

Fuel Truck
Number: 1

Ambulance
Number: 1

Bus
MNMumber: 2

Sunnly Truck
Numbher: 4

Undersrcund Machine Shop
Number: 1
Size: 530 ft by 500 ft
(near service shaft)
Includes l5-ton crane

QPTION I1
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TATLE 2. - 1,900-ft and Z,400-ft levels

SEAFT _AXD HOISTING EQUIPMENT

Productien Hoist
Xumber: 2

Tvne: Koepe, & rape

Sneed:  1.300 fpm

Hp: 7.000

Drive: 2 - 3,500 Hp motots
tieadfrane

Number: 3

Tvpne: Koepe

Conscruction material:
reinferced concrete
and WT bears

Concrete required:

Lstimated steel:

511 Cy
75,000 lbs

Service and Manhoist
Sumber: 1

Tvse: Koene 1 rone
Spead: 1.200 fpm
Hn: 1.200)

Drive: motor

linist House
Number: 2
Size: 1,200 s5q ft

BLILDINGS AMD SURFAGE

Undercround Suree Rin
Number: 1 4 1,900-ft ievel
2 @ 2,400-ft level
2.00N tons

Canacitv:

Dre Pass
Number: 1
Size: 4-fr diam.
from 1,900-ft te
2.400-Ft level

Powder Marazine
Nurmber: 1
Primers only
Camacicy: 60,000 1b
Size: 16 ft x 26 ft

Masazine

Number: 1
Caps only
Size: 17 ft x 20 ft

Warehouse
Number: 1
Size: 40 fr x 150 ft

Fabrication and Weldine Shon
Size: 20 ft x 100 ft

Elactric Shon
Number: 1
Size: 20 ft x 100 fr

Chanee House. Lamn Room & Office
Number: 1
Size: 13,655 sq ft

Convevor
Number: 1
Tvrme: Belt
Size: 60 in. x 1.100
Hp: 350
Drive:

hil
o,

Motonr

oom Convevor Qil Shale
Nunher: 2
Tyne: Belt
Size 61 in. x 200 ft lone
Hp: 100
Drive:

motor

Boom Convevor Nahcolite
Number: 2
Tyne: 3Belt

Size: 60 in. x 70 ft long
Hp: 80
Drive: motor

OPTION Il



TABLE 3, - Dertailed equipment list, nahcelite preparation secricon,

recovery of soda ash from white nahcclite

Apron feeder (Pl

Number: 6.

Size: 42 inches x 10 fr.
Speed: 20 fpm.

Drive: Motor,

Hp: 5.

Belr coenveyor (P2)

Number: 1.

Znclosed.

Size: 30 inches x 675 fr.
Rise: 35 fc.

Speed: 300 fpm.

Drive: Motor.

Hp: 40.

Weightometer included.

Hopper (P3

Number: 1.
Capacity: 4,635 cu fr.=

Apron feeder (P&)

Number: 1.

Size: 42 inches x 10 fr.
Speed: 20 fpm.

Drive: Motor.

Hp: 5.

Hammermill (P5)

Number: 1.

Size: 40 inches x 40 inches.

Drive: Moror.
Hp: 300.

*Required capacircy.

Belt conveyor {(P&)

Number: 1.

Enclosed,

Size: 30 inches x 150 ft.
Rige: 45 ft,

Speed: 30 fpm,

Drive: Motor.

Hp: 25.

Bopper (P7

Number: 1.
Capacity: 4,514 cu fr.

Apron feeder (P82

Number: 2.

Size: 24 inches x 10 ft.
Speed: 20 fpm.

Drive: Motor,

Hp: 2.

Hamrermill (P9)

Number: 2.

Size: 60 inches x 40 inches.
Drive: Motor,

Hp: 400.

Hopper (P10

Number: 2. -
Capacity: 2,498 cu ftr.

Vibrating screen (Pll)

Number: 4.

Size: 20C sq ft.
Drive: Motor.
Hp: 20.

OPTION 1L



TABLE 3. =-{Continued)

Belt conveyor (Pl2)

Number: L.

Enclosed.

Size: 14 inches x 85 ft.
Rise: 25 ft.

Speed: 200 fpm.

Drive; Motor.

Hp: 3.

Transfer hopper (P12A)

Number: 1.
Capacity: 30 cu ftr.

Belt conveyor (P1ZRB)

Number: 1.

Enclosed.

Size: 14 inches x 85 ft.
Rise: 25 fc.

Speed: 200 fpm.

Drive: Motor.

Hp: 3.

Belt conveyor (P13)

Number: 1.

Enclosed.

Size: 30 incheg x 280 ft.
Rise: 85 fz.

Speed: 300 fpm.

Drive: Moctor.

Hp: 50.

Belt conveyor (Pl4)

Number: 1.

Enclosed.

Size: 30 inches x 110 ft.
Speed: 300 fpm.

Drive: Motor.

Hp: 10.

Tripper included.

Storapge silo {Pl5)

Number: 6.
Concrete.
Capacity: 100,000 cu fr.

Belt feeder (P16)

Number: 6,

Capacity: 9,000 cu ft/hr.
Size: 48 inches x 10 fr.
Drive: Motor.

Hp: 3.

Belt convevor (Pl7)

Number: 1.

Enclosed.

Size: 30 inches x 21G fr.
Rise: 30 ftr.

Speed: 300 fpm.

Drive: Motor.

Hp: 20.

Belt conveyor (P18)

Number: 1.

Erclosed.

Size: 30 inches x 50 ft.
Speed: 300 fpm.

Drive: Motor.

Hp: 10.

Tripper included.

Surge bin (P19)

Number: 3.
Capacicy: 1,441 cu fc.

Screw feeder {P20)

Numbter: 3.

Capacity: 2,900 cu £t/hr.
Drive: Motor.

Hp: 3.

OPTION
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TABLE 3., - (Continued)

Rotary kiln (P21) Bag dust collector (P27-nahcclite ore)
Number: 3. Number: 1.
Size: 12.5 fr diam x Capacity: 58,414 cu ft/min.
249 ft long.
Lining: 6 inches, fireclay Blower (P28-nshcolite ore)
brick.
Drive: Motor. Number: 2.
Hp: 125. Capacity: 29,207 cv ft/min.
Drive: Motor.
Cyclone dust collector (P22) Hp: 50.
Number: 9. . Bag dust collector (P29-calcined
Capacity: 27,984 cu fr/min. material)
Blower (P23 Number: 1.

Capecity: 6,305 cu fi/min.
Number: 9.

Capacity: 27,984 cu ft/mia. Rlower (P30-calcined material)
Drive: Motcr.
Hp: 60. Number: 1,
Capaciry: 5,305 cu ft/min.
Rotary cooler (P24) Drive: Moror.
Ep: 10.
Number: 3.
Size: 11.5 fr diam x Service crane {P31)
183 fr long.
Drive: Motor. Number: 1.
Hp: 75, Capacity: 20 tons.

Type: Bridge.
Cyclone dust collector (P25)

Number: &.
Capacity: 31,596 cu fr/min,

Blower (P26)

Number: 9.
Capacity: 21,064 cu fr/min.

Drive: Moter.
Hp: 40.

OPTION 1I



TABLE 4. - Detailed equipment lisct, leaching sec:tion,

recovery of soda ash from white nahcolite

Belt conveyor (Dl)

Number: 1.

Enclosed.

Size: 30 inches x 210 fr.
Rise: 50 fc.

Speed: 30 fpm.

Drive: Motor.

Hp: 20.

Surge bin (D2)

Number: 1.

Capacity: 7,891l cu ft.

Apron feeder (D3)

Number: 1.
Size: 36 ioches x 10 fr.
Speed: 20 fpm.
Drive: Motor,
Hp: 5.

Pump (D&
Number: 1,
Capaclity: 1,968 gp=zm.
Drive: Motor.
Ep: 350,

Pum D5
Number: 1.
Capacity: 12 gpm.
Drive: Motor.
Hp: 1.5.

Leaching tank (D6

Number: 1.

Capacity: 54,494 gal.
Drive: MNotor.
Hp: 50.

Agitator Iincluded.

Pump (D7

Number:
Capacity:
Drive:
Hp: 75.

1 + 1 extra.
5,086 gom,.
Motor.

Thickener (D8)

Number: 1.

Size: 10 fr x 240 fr.
Drive: Motor.
Hp: 10.

Pum D9
Number: 5 + 5 extra.
Capacity: 431 gpm.
Drive: Motror.
Hp: 10.

C.C.D. thickenezr (D10}

Number: &,

Size: 10 £t x 170 ft.
Drive: Motor.

Hp: 7.5.

Pump {D11}

Number: &,
Capacicty:
Drive:
Hp: 20.

1,857 gpm.
Motor.

Waste mixing tank (D12)

Number: 1.
Capecity:
Drive:
Hp. 20.
Agltator included.

20,955 gal.
Motor.

OPTIOX 1T
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TABLE £. - (Continued)

53

Number: 1 + 1 extra.
Capacity: 488 gpm.
Drive: Motor.

Hp: 1lS.
D14
Number: 2.

Capacity: 2,327 gpm.
Drive: Motor.
Hp: 50.

Pressure filters (DLl5)

Number: 7.
Size: 60 inch diam.
Area: 1,645 Bq ft.

Sump tank (D15A)

Number: 7.
Capacity: 317 cu fr.

Surge tank (D16)

Number: 1,
Capacity: 361 gal.

D17

Number: 1 + 1 extra.
Capacity: 17 gpm,
Drive: Meoror,

Hp: 1.5.

Surge tank (D18

Number: 2.
Capacity: 53,605 gal.

OPTION
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TABLE 5. - Detailed equipment list, crystallization sectiocn,

recovery of soda ash from white nahcolite

Pump {(C1)
Number: 1 + 1 extra,
Capacity: 4,645 gpm,
Drive: Motor.
Hp: 100,

Crystallizer (7-effect)(C2)
Number: 1.

Area per effect:
Type: Forced circulation.
Barometric condenser.

Capacity: 13,220 gpm.
Steam ejector.
Capacity: 297 lb dry gas/hr.

Surge tank (C4)

Number: 5.
Capacity: 91,665 gal.
Pump (CS

Number: 1.
Capacity:
Drive:
Hp: 20.

Pump (C6)

Number: 1.

Capacity: 13,419 gpm.
Drive: Motor.

Hp: 150.

1,857 gpum,
Motor.

12,750 sq ft.

Pump (C7)

Number:
Capacity:
Drive:
Hp: 60.

Centrxifuge (C8)

Number: &.
Size:
Drive: Motor.
Hp: 150.

1 + 1 extra.
2,787 gpm.
Motor.

Heat exchanger (C9)

Numbe:s: 1.
Size: 7 @q fc.
Type: Fixed-tube.

Surge cank (C10)

Number: 1.

Capacity: 45,08¢ gal.

54 inch bowl diam.

* OPTION TI1



TABLE 6. - Detailed squipment list, drving and product storage
gection, recovery of soda ash from white mahcolite

Screw conveyor (S1)

Number: 4.

Size: 16 inches x 30 fr.
Capaciry: 1,600 cu fr/hr.
Drive: Motor.

Hp: 5.

Rotary dryer (S52)

Number: &.

Size: 12 fr x 108 fr,
Drive: Motor,

Hp: 50,

Bag dust collecror (S3)

Number: 12.
Capacity: 27,940 cu ft/mics.

lower (S4

Number: 12.

Capacizty: 27,940 cu fr/min.
Drive: Motor.
Hp: 60,

Rotary cooler (S5)

Wmber: 4.

Size: 9 fr x 56 fr.
Drive: Moror.

Rp: 20.

Belt conveyor (S6)

Numbez: 1.

Encziosed.

Size: 24 inches x 330 ft.
Ripe: BS ft.

Speed: 30 ft/min.

Drive: Motor.

Hp: 25.

Belt conveyor (S57)

Number: 1.

Enclosed.

Size: 24 inches x 200 fc.
Speed: 300 fr/min.

Drive: Motor.

Hp: 7.5.

Tripper included.

Storage silo (58

Number: 10.
Concrete.
Capacity: 100,000 cu fr.

Belt feeder (S59)

Number: 10.

Capacity: 2,400 cu ft/hr.
Size: 24 inchee x 15 ft.
Drive: Motor.

Hp: 1Ll.5.

Belt feeder (S10)

Humber: 10.

Capacity: 2,400 cu ft/hr.
Size: 24 inches x 30 ft.
Drive: Motor.

Hp: 1.5.

Bag dust collector {($12)

Number: 1.

Capacity: 12,622 cu ft/min.

Blower (S13
Number: 1.
Capacity: 12,622 cu ft/win.

Drive: Motor.
Hp: 20.

OPTINN

11



76

TABLE 7., - Detailed equipment list, shale crushing., screemiung, and storage

Shale surge bin No. 1 (1 required)

Belt conveyor Wo. 3A & 3B (2 reguired)

Holdup: 20 minutes.

Size: 30 ft x 30 ftr x 30 fr s.s.
height with 2 hopper bottom.

Material of conscruction:
Reinforced concrete.

Apron feeder (4 required)
(Two for secondary and 2 for
tertiary crushing).
Size: 9 fe x 20 fr.
Speed: 55 fpm.
Drive: 40 hp motor.

Grizzly bar screen (2 required)
Bar cpening: 4.5 in.
Size: 6 £t x 24 fr (including
deckplate).
Drive: 15 hp motor.

Secondary pyratory cruster

2 required)
Capacity: 662 tons per hour.
Drive: 250 hp motor.

Belt conveyor No. 14 & 13

(2 tequired)

(Conveys from crushers to
conveyor No. 2.)

Size: 54 in. x 50 ft.

Drive: 20 hp motor.

Belt conveyor No. 2 (1 required)

(Conveys from tertiary crushers to
conveyor No. &.)

Size: 54 in. x 50 ft.

Drive: 20 hp wmotor.

Belt convevor No. 4 (1 required)

(Main conveyor to 24-hr storage.)
Size: 60 in. by 200 fr.

Rise: 80 ft.

Drive: 35CG hp motor.

Surge bin No. 2 (2 required)

Holdup: 24 hrs.

Size: 100 fr x 100 fc x 60 fr s.s.
heighe, 60° sloping bottom.

Material of construcrtion:
Reinforced concrete,

Apron feeder (& recuired)

{From 24-hr stovage-2;. from coarse
o0il shale storage-2.)

Size: 10-1/2 £t x 20 ft.

Speed: 55 ft per min.

Drive: 35 hp motor.

Screen feed hopper (2 required)

Holdup: 20 minutes.

Size: 30 ftr x 30 £t x 30 fc s.s.
height, 60° sloping bottom.

Materisl of construction:
Reinforced concrete,

(Main conveyor to tertiary crushing,) Apron feeder to double deck screen

Size: 60 in. x 100 fr.
Rise: 40 ft.
Drive: 125 hp motor.

Splictter (1 required
Size: 20 ft x 20 fr x 20 ft s.s.
heighe with two hopper beottom.
Material of construction:
Reinforced concrete.

Scalping screen (& required)
Size: 6 ftr x 16 fr.
Drive: 7.5 hp motor.

Tertiary gvratory crusher (2 reguired)

Capacity: 440 tph,
Drive: 250 hp motor,

{8 required)

Sizet 42 in. x 10 fc,
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
sccrage.

Size: 60 #n. x 100 fc.

Rise: &40 ft.

Drive: 125 hp motor.

OPTION II



TABLE 7, countinued

Suree bin No. 3 (2 regquired)

Coarse shale storage.

Holdup: 3 hours.

Size: 50 ft x 50 ft x 38 ft
with pyramidal botrom.

Material of comsctruction:
Reinforced concrete.

Surgze bin No. 4 (2 required)
Nahcolire rich fines.
Holdup: 24 hours.
Size: 60 ft x 60 ftr x 35 fr with
pyrimidal bottom,
Material of construction:
Reinforced concrete.

Belt conveyor (2 required)
Nahcolite rich fines to storage.
Size: 30 in. x 400 ft.

Rise: 70 ft.
Drive: 25 hp wotor.

Exhauster (1 required)
Ap: 2 psi,
Hp: 1,200.
Cfm: 50,000

Cyclone (1 required)
Cfm: 50,000

77
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TAsLe B. - Detailed equipment lisc, retertine nlant
Retort Pump

Number: 7.

Size: 44 ft ID x 20 ft high
retorting section.

Tvpe: Petrosix and the Cameron
and Joresl improved feeding
and discharge mechanism.

Refractory: 9 in. firebrick,

9 in. =30 insulating brick
(retort sectiom).

Drive for feeding and discharging:
Motor-activated hydraulic.
Hp: 110 top (feed); 200 bottom

{discharge).

Rotncxgggz
Number: 42.
Capacity: 47,000 cfm.
Drive: 125 hp moror.
Head developed: 12 in., water.

Retort gas blower, centrifuosal

Number: 7.
{Recvcle and product gas.)
Drive: 2,000 hp motor.

Air blower, centrifusal

Combustion air to gas heater.
Number: 7.
Drive: 275 hp motor.

Llectrostatic precipitator

Number: 14.

Size: 12 ft 4 in ID x 20 ft high.
Capacity: 140,100 cfm.

Power: 60 kwhr per hr.

Number: 7.

(Shale oil ro storage.)
Capacity: 175 gnm.

ap: 20.

Drive: 5 hp motor.

Retort feed haonner

Number: 7.
Size: 20 fr ID x 20 ft high,
60° conical bottom.
Holdup: 1 hour.
Material of construction: Stecl,

Retort feed belt convevor

Number: 2

Size: 54 in. x 200 ft.
Drive: 100 hp motor.

Retort discharce belt conveyor

Number: 1.

Size: 54 in, x 625 fr,
Rise: 0.

Drive: 100 hp motor.

Stacker belt convevor

Numher: 2.

Size: 2 = 54 {in. x 50 ft,
Rise: 12 ft.
(extend to each side of
main conveyor.)
Drive: 25 hp motor, each side.

L, <refacance to specific makes or models of equipment is made to facilitare
understanding and does not imply endorsement by the Bureau of Mines.

OPTION Il



TABLE 8. - (Continued)

Gas heater

Number: 7. 2
Area: 52,427 fr
Operating pressure: 15 psia.
Operating temperature:
Hot gas side: 2,350°F.
Cold gas side: 1,350°F.
U: 6,

Bucket elevator feed hopper

Number: 7.

Size: 20 fr ID x 20 fr high,
60° conical bottom.

Heldup: 1 hour.

Marerial of construction: Steel.

Apron feeders

Number: 21.
Capacity: 150 cpi.
Size: 42 in x 10 ft.
Drive: 7.5 hp mectcr.

Bucketr elevator

Numbcr: 21.
Capacity: 150 tph.
Length: 150 ft.

Bucket size: 16 in x 8 in x 8-1/2 in.

Drive: 40 hp motor.

Recyclie gas blower, centrifugal

Retort heating gas to gas heater.

Number: 7.
Drive: 275 hp motor.
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YABLE 9. - Princinal items of equipnment list, delaved cok

D1 heatine furnace

Su-her: .
dearins canacity: 334 MY Ben/ore.
Trse surface: 40,300 s fr.,

nin fractionator

sumber: 1.
Size: 14 fr & in. IDb: & nlates.
St=inner

utiher: 1.
Size: 5 fr 9 dun. TD: 5 mlates.

AlAarhoe

Nemkar: 1.

-
zoer o ft 9 ia. ID; 24 nlates.

Coke drum

Number: 2
Size:

Coke cuntter
Number: 1.
With car and azuxiliary
handlins cauisment.
Accumulator
Number: 1.

Holdup: 1N minnces.
Size: 7 ft x 21 fr.

Reproduced from

best available copy.

EAl
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TAsf 10.- Detailed equipment list. retorted shale

crushing section, nahcolite=-rich zone

Belt convevor (RO1)

Number: 1.

Enclosed.

Ssize: 60 in. x 650 f¢.
Rise: 50 ft.

Speed: 450 ft per min.
Drive: 200 hp motor.

Selt conveyor (ROlA)

Number: 1,

Size: 60 in. x 250 fc.
Speed: 450 fr per min.
Drive: 75 hp motor.
Tripper included.
Weichtometer included.

Hoppers (ROZ)

Number: 5.
Capacitv: 7,013 cu ft.

Belt feeders (RO3)

Number: 5.
Size: 58 inm. x 10 ft.
Drive: 3 hp motor.

Hammermills (RO4)

Number: 5.
Capacity: 395 tons per hr.
Drive: 1,00C hp motor.

Vibrating screens (ROS)

Number: 15,
Size: 172 sq. ft.
Drive: 20 hp motor.

Belt conveyor {RDSA)

Number: 1.

Size: 36 in. x 200 fr.
Speed: 400 ft per min,
Drive: 15 hp motor.

Belt conveyor (RO6)

Number: 1.

Enclosed.

Size: 36 in. x 70 fec.
Rise: 27 ft.

Speed: 400 ftr per min.
Drive: 25 hp motor.

Transfer hopper (RO6A)

Number: 1.
Capacity: 30 cu ft.

Belt conveyor (RO7)

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 comvevor (ROS8A)

Number: 1.

Enclosed.

Size: 60 in. x 130 fc.
Rise: 40 fr.

Speed: 450 ft per min,
Drive: 125 hp motor.

OPTIOT II



TABLE 10. - (Continued)

Belt conveyor (R0O8B)

Number: 1.

Size: 60 in. x 1G0 fr.
Speed: 450 ft per min.

Drive: 50 hp motor.
Tripper included.

Service crane (RQ9)

Number: 1.
Size: 40 ton.

Cyclone dust collectors

(RRRR)

Number: 4.
Capacity: 53,000 cu

Blowers (RRRR)

Number: 8&.
Capacity: 26,402 cu
Drive: 50 hp motor.

ft per min.

ft per min.
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TASLE 11, - Detailed equipment list, retorted shale

leaching section, nahcolire-rich zong

Hoppers (LOl)

Number: 4.
Capacity: 6,977 cu fr.

Belt feeders (L02)

Number: 4.
Size: 48 in. x 10 fc.
brive: 3 hp mortor.

Leaching tanks (LO3)

Number: 4.
Capacity: 98,629 gal.
Agitartor Drive: 150 hp motor.

Hoopers (LO4)

Number: 4.
Capacity: 176 cu fr.

delt feeders (LO5)

Numbers: 4.
Size: 12 in. x 10 fr.
Drive: 0.5 hp motor.

Pumps (LO6)

Number: 1 + 1 extra.
Capacity: 28,931 gal. per min.
Drive: 300 hp motor.

Settlers (LO7)

Number: 4.
Size: 250 ft diam.
Drive: 10U hp motor.

Pumps (L0O8)
Number: 4.

Capacity: 2,975 gal. per min.
Drive: 60 hp motor.

Thickeners {L0O9A)

Number: 3.
Size: 250 fr. diam.
Drive: 10 hp motor,

Pumps (LOSB)

Number: 3.
Capacity: 3,966 gal per min,
Drive: 75 hp motor.

Thickeners (LOY9C)

Number: 3.
Size: 250 fr diam.
Drive: 10 hp motor.

Pumps (LO9D

Number: 3.
Capacity: 4,085 gal per min.
Drive: 50 hp motor.

Pumps (LO9E)
Number: 3.
Capacity: 3,966 gal per win.
Drive: 75 hp motor.

Thickeners (LO9F)

Number: 3,
8ize; 250 ft diam.
Drive: 10 hp motor.

Pumps (LO9G)
Number: 3.

Capacity: 4,085 gal per min.
Drive: 50 hp motor.

OPTION II
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TALLE 11. - (Continued)

Pumos (L10)
Number: 2.
Capacity: 4,085 gal per min.
Drive: 125 hp motor.

Storage tanks (L1ll)

Number: 7.
Capacity: 885,257 gal.
Agitator drive: 40 hp moter.

Pumps (L12)
Number: 4.
Capacity: 5,405 gal per min.
Drive: 75 hp motor.
Pumps (L13)
Number: 4.
Capacity: 4,257 gal per min.

Drive: 100 hp motor.

Clarifving filters (L14)

Mumber: 32.
Area: 1,645 sq ft.

Repulp tanks (L15)

Number: 2
Size: 16 ft x 126 fr x 1 fr high.

Pumn L16)
Number: 1.
Capacity: 168 gal per min.
Drive: 20 hp motor.
Pumps {L17)
Number: 3.

Capacity: 3,966 gal per min.
Drive: 250 hp motor.

OpPTION 11
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TAGLL 312, - Dertailed equipment list, desilicatiom
section, nahcolite-rich zone

Desilicatrion tanks (D02)

Number: 5 + 1 extra.
Capacity: 92,442 gal.
Apitator Drive: 75 hp motor.

Hopper (DO3)

Number: 1.
Capacity: 138 cu fr.

Table feeders (DO4)

Number: 1 + 1 extra.
Diameczer: 36 in.
Drive: 1 hp motoer.

Lime slakers (DD4&4A)

Number: 1 + 1 extra.
Capacity: 47,040 gal.
Agitator Drive: 40 hp motor.

Pumn (D04B)

Kumber: 1.
GCapacity: 1,724 gal per min.
Drive: 20 hp motor.

Pumps (DU5)
Number: 5 + 1 extra.
Capacity: 3,389 gal per min.
Drive: 40 hp moror.

Settlers (DO6)

Number: 2.
Size: 250 ft. diam.
Drive: 10 hp motor.

Pumps (DU7)
Number: 2.

Capacity: 70 gal per min.
Drive: 3 hp motor.

Thickeners (DO08)

Number: 2.
Size: 250 ft diam.
Drive: U hp motor.

Pumps_(DO9)
Number: 2.

Capacity: 70 gal per min.
Drive: 7.5 hp motor.

Pumps (D10)

Number: 2.
Capacity: 35 gal per min.
Drive: 3 hp motor.

Pumps (D11)
Number: 2.
Capacicty: 8,403 gal per min.
Drive: 200 hp moror.

Clarifying filters (Di2)

Number: 28,
Area: 1,645 sq ft

Repulp tanks (D12A)

Number: 2.
Size: 16 fr x 110 ft x 1 ft high

Pump (D12B)
Number: 1.
Capacity: 1 gal per min.

Drive: 0.75 hp motor.

Storage tanks (D13)

Number: 5.
Capacity: 96,441 gal.
Agltator drive: 50 hp motor.

OPTION II
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TABLE 13. - Detailed eguipment list, alumina precipitation

and calcination section, nahcelite-rich zone

Pum cal)
Number: 1I.
Capacity: 16,877 gal per min.
Drive: 300 hp motor.

Carbonation tanks (C02)

Number: 116.
Size: 98,718 gal.

Pumps (C03)
Number: 1 + 1 extra,
Capacity: 17,495 gal per min.

Drive: 200 hp motor.

Primary thickener (C04)

Number: 1.
Size: 211 ft diam.
Brive: 10 hp motor.

Pump (CO5)
Number: 1.

Capacity: 16,311 gal per min.
Drive: 200 hp motor.

Secondarv thickener (C06)

Number: 1.
Size: 159 ft diam.
Drive: 7.5 hp motor.

Pump (CO7)

Number: 1.
Capacity: 16,993 gal per min.
Drive: 250 hp motor.

Pumps (CO8)
Number: 1 + 1 extra.

Capacity: 245 gal per min.
Drive: 15 hp motor.

Pumps (C0%)
Number: 1 + 1 extra.
Capacity: 683 gal per
Drive: 60 hp motor.

Wash tank (Cl0}

Yumber: 1.
Size: 23 ft diam x 60

Pum Cll)
Number: 1.
Capacity: 427 gal per
Drive: 7.5 hp motor.
Pumps (C12)
Number: 1 + 1 extra.
Capacity: 683 gal per

Drive: 15 hp motor,.

Wash tank (C13)

Number: 1.
Size: 29 fr diam x 60

Pum Cl4)
Number: 1.

Capacity: 427 gal per
Drive: 5 hp motor.

min,

ft high,

min,

min.

ft high.

min.

Internal drum filters (Cl6)

Number: 4.
Area: 300 sq £t.
Drive: 20 hp motor.

Pump (C17)

Number: 1.
Capacity: 427 gal per
Drive: 20 hp moror.

min.

OPTION IIL
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TanLn 13. - (Continued)

Screw convevors (C18) Belr conveyor (C25B)
Nuymber: 4. Number: 1.
Size: 9 in. diam x 30 fr long. Enclosed.
bDrive: 5 hp motor. Size: 18 in. x 160 fe.
Speed: 250 ft per min.
Rotarv kilns (C19) Drive: 5 hp motor.

Tripper included.
Number: 4.

Size: 12 ftr diam x 376 ftr lonz. Silos {(C26)
Lining: 9 in. alumina brick.
Drive: 200 hp motor. Number: 4.
Concrete.
Cvclone dust collectors {C20) Capacity: 93,000 cu ft.
Number: 20. Belt feeders (C27)

Capacity: 25,951 cu ft.
Number: 8.
Blowers (C21) Size: 24 in. x 15 ft.

Drive: 1.5 hp motor.
Number: 20.

Capacity: 25,951 cu ft per min. Bag dust collector {(CCCC)

Drive: 50 hp motor.
Number: 1.

Rozarv coolers (C22) Capacity: 3,000 cu ft per min,
Number: &, Blower (CCCC)
Size:; 6.5 ft diam x 31 ft long.
Drive: 20 hp motor. Number: 1.
Capacity: 2,837 cu ft per min.
Belt convevor (C25) Drive: 7.5 hp motor.

Number: 1.

Enclosed.

Size: 18 in. x 110 ft.
Speed: 250 £t per min.
Drive: 2 hp motor.
Weightometer included.

Belt convevor {(C25A)

Number: 1.

Enclosed.

Size: 18 in. x 225 fr.
Rise: 110 fe.

Speed: 250 ft per min.
Drive: 15 hp motor.

OPTION II
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TABLE 14, ~- Detailed equipment list, shale fines leachinn

section,

nahcolite-rich zone

Belt convevor (F0O1)

Number: 1.

Enclosed.

Size: 30 in. x 700 fr.
Rise: 4C fr.

Speed: 300 ft per min.
Drive: 30 hp motor.

Belt convevor {(FOlA)

Number: 1.

Size: 30 in. x 135 fr.
Speed: 300 ft per min.
Drive: 10 hp motor.
Tripper included.
Weightometer included.

doopers (F02)

Number: 6.
Capacity: 658 cu ft.

Screw feeders (F03)

Number: 6.
Size: 2% in. x 5 ft.
Drive: 1.5 hp motor.

Rotarv kilns (F04)

Number: 6.
Size: 12 ft diam x 116 ft long.
Drive: 50 hp motor.

Cvelone dust collectors (F0S)

Number: 18.
Capacity: 28,973 cu ft per min.

Blowers (F06)

Number: 18.
Capacity: 28,973 cu ft per min.
Drive: 60 hp motor.

Rotary coolers (FO07)

Number: 6.
Size: 7 ftr diam x 56 ft long.
Drive: 20 hp mortor.

Belr convevor (Fl0)

Number: 1.

Enclosed.

Size: 30 in. x 150 fr.
Speed: 300 fr per min.
Drive: 7.5 hp motor.

Belt convevor (Fl0A)

Number: 1.

Enclosed.

Size: 30 in. x 125 ft.
Rise: 40 ft.

Speed: 300 ft per min.
Drive: 25 hp motor.

Hopper (F1l1)

Number: 1.
Capacity: 3,951 cu ft.

Belt feeder (Fl2)

Number: 1.
Size: 48 in. x 10 ft.
Drive: 3 hp motor.

Leaching tank (Fl3)

Number: 1.
Capacity: 48,452 gal.
Agitator drive: 75 hp motor.

P Fl4)
Number: 1.

Capacity: 3,553 gal per min.
Drive: 40 hp motor.

OPTION II
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TanL: 14, - (Conrtinued)

Sertler (F13)

Number: 1.
Size: 178 fr diam.
Drive: 7.% hp motor.

Pump (F1€)
Number: 1.

Capaciry: 1,409 gal per min.
brive: 30 hp motor.

Thickener (F17)

Number: 1.
Size: 170 ft diam.
Drive: 7.5 hp motor.

Pum F1l8)

Number: 1.
Capacity: 1,763 gal per min.
Drive: &40 hp motor.

Pump (F139)
Kumber: 1.
Capacity: 1,409 gal per min.
Drive: 30 hp motor.

Rotary vacuum filters (F20)

Number: 6.
Area: 790 sq ft.

Belt conveyor (F21)

Number: 1

Enclosed.

Size: 24 in, x 500 fr.
Speed: 300 ft per min.
Drive: 25 hp motor.

39

Pump (¥22)
Number: 1.
Capacity: 498 gal per min.
Drive: 7.5 hp motor.

Pum F23

humber: 1.
Capacity: 2,143 gal per min.
Drive: 40 hp motor.

Clarifying filters (F24)

Number: 4.
Area: 1,645 sq ft.

Repulp tank (F244)

Number: 1.

Size: 16 fr x 30 ft x 1 £t high.

Pump  (F24B)
Number: 1.

Capacity: 20 gal per min.
Drive: 5 hp moter.

Cyclone dust ccllector (FFFF)

Number: 1.

Capacity: 6,305 cu ft per min.

Blower (FFFF)

Number: 1.

Capacity: 6,305 cu ft per min,

Drive: 15 hp motor.

OPTION IT
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TABLE 15. - Detailed equipment list, soda ash crystallization

and dehvdrarion section, nalicolite-rich zone

Mixing taoks (801)
Number: 2.
Capacity: 54,540 gal.
Agitator drive: 50 hp motor.
Pump {502)
Number: 1.
Capacity: 23,997 gal per min.
Drive: 125 hp motor.

Crystallizers (S03)

Number: 1l.
Evaporator, 7 effect.
Area per effect:

Type: forced circulation.
Barometric condenser.

Capacity: 10,375 gal per min.
Steam ejector.
Capacity: 246 1lb dry gas per hr.

Condensate tanks (S503A)

Number: 11.
Capacity: 34,369 esal.
Pumps S03B)

Number: 11.

Capacity: 1,250 gal per min.
Drive: 50 hp mertor.

Pumps __S04)
Number: 1 + 1 extra.
Capacity: 7,958 zal per min.
Drive: 25C hp motor.

Centrifuges (S05)
Number: 10.

Size: 54 in. bowl.
Drive: 150 hp motor.

Pumny S506)

Number: 1.
Capacity:
Drive: 75 hp motor.

(507)

Screw conveyors

Number: 10.
Sfize: 12 in., diam x 30 ft.
Drive: 5 hp motor.

Rotary dryers (508)

13,711 sq ft.

Number: 10.
Size:

Drive: S50 hp moror.

Cyclone dust collecrors /(509)

Number: 40.
Capacity:

2lowers (510)

Number: 40.
Capacity:
Drive: 50 hp motor.

Rorarv coolers (Sll)

Number: 10.
Size:
Drive: 30 hp motor.

Ralt conveyor (S14)

Number: 1.
Enclosed.
€ize: 36 in. x 265 ft.
Speed: 400 ft per minm.
Drive: 15 hp motor.
Welghtometer included.

OPTION

5,971 gal per min.
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12 fr diam x 120 ft long.

23,694 cu fr per min.

23,694 cu ftr per min.

7.5 ft diam x 83 fr long.



TASLE 15, - (Continued)

Belr convevor (S514A)

Number: 1.

Enclosed.

Size: 36 in. x 225 ft.
Rise: 110 fc.

Speed: 400 ft per min.
Drive: 75 hp motor.

Belt convevor (S14B)

Number: 1.

Enclosed.

Size: 36 in. x 560 fr.
Speed: 400 ft per min.
Drive: 30 hp motor.
Tripper included.

Silos S13)
Number: 28.

Concrere.

Capacitv: 100,000 cu ft.

Belt feeders (S16)

Number: 28.
Size: 24 in. x 15 fr.
Drive: 1.5 hp motor.

Belt feeders (S16A)

Number: 28.
Size: 24 in. x 25 ft.
Drive: 1.5 hp motor.

Mixing tank (S523)

Number: 1.
Capacity: 19,835 gal.
Agitator drive: 20 hp motor.

Pump (524)

Number: 1.
Capacity: 4,165 gal per min.
Drive: 50 hp motor.

Desulfating tanks (§25)

Number: 2.
Capacity: 58,867 gal,
Agitator drive: 50 hp motor.

Hoppers (526)

Number: 2.

Capacity: 315 cu fr.

Belt feeders (527)
Number: 2.
Size: 16 in. x 10 fr.
Drive: 1 hp motor.

Pumps 528
Number: 1 + 1 extra.
Capacity: 4,316 gal per min.
Drive: 50 hp motor.

Rotary vacuum filters (529)

Number: 4,
Area: 700 sq fr.

Repulp tanks (S30)

Number: &.
Capacity: 2,186 gal.
Agitator drive: 1 hp motor.

OPTION II
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TABLL 15. - {Continued)

Pumn  (531)

et ————

Number: 1.
Capacity: 699 gal per min.
Drive: 50 hp motor.

Pump (532)
Number: 1.

Capacity: 4,158 gal per min.
Drive: 125 hp motor.

Pumps _ (835
Number: 1l.
Capacity: 10,636 gal per min.
Drive: 200 hp motor.

Bag dust collector {SSSS)

Number: 1.
Capacity: 5,700 cu ft per wmin.

Blowers (SSSS)

Number: 1.
Capacitv: 5,675 cu ft per min,
Drive: 15 hp motor.

Water storage tank {SSSS)

Number: 1.
Capacity: 1,055,040 gals.

92
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TABLE 16, - Dertailed eauipment list, limestone calecinine and flue—gas

processing section,

nahcolite-rich zane

Hopners (101)

Number: 10.
Capacitv: 1,111 cu ft.

Belt convevors (TOlA)

Number: 10.

Size: 18 in. x 20 fr.
Speed: 250 ft per min.
Drive: 1.5 hp moror.

Belt coavevor {T02)

Number: 1.

Enclosed.

Size: 36 in. x 400 ft.
Spaed: 4U0 ft per min.
Drive: 25 hp mortor.
Weightometer included.

Belt convevor (T(12A)

Number: 1.

Enclosed.

Size: 36 in. x 115 ft.
Rise: 60 ft.

Speed: 40U ft per min.
Drive: 75 hp motor.

Belt convevor (TC2B)

Number: 1.

Enclosed.

Size: 36 in., x 280 ft.
Speed: 400 ft per min.
Drive: 30 hp motor.
Tripper included.

Apron feeders (TO04)

Number: 1 + 2 extra.
Size: 24 in. x 10} fr.
Drive: 2 hp motor.

Belc convevor (T05)

Number: 1.

Enclosed.

Size: 24 in. x 450 ft.
Rise: 50 f{«t.

Speed: 300 ft per min.
Drive: 15 hp motor.

Honper (T06)

Number: 1.
Capacity: 1,810 ecu ft.

Ceone crusher, standard head

93

{TO8)

Number: 1.
Size: 4 fr.
Drive: 75 hp motor.

Vibrating screen (T09)

Number: 1.
Size: 114 sq frc.
Drive: 15 bp moror.

Belt convevor (T13)

Number: 1.

Enclosed.

Size: 12 in. x 55 ft.
Rise: 27 fr.

Speed: 200 ft per min.
Drive: 3 hp motor.

Transfer hepper (7T10a)

Number: 1.
Capacity: 30 cu fr.

Belt convevor (T11)

Number: 1.

Enclosed.

Size: 12 in. x 55 fr.
Rise: 27 fr.

Speed: 20 ft per wmin
Drive: 3 hp motor.

OPTION 11
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TABLE 16. = (Continued)

Beltr convevor (T12)

Number: 1.

Size: 24 in. x 95 ft.
Rise: 50 fr.

Speed: 300 ft per miu.
Drive: 20 hp moter.

Hopper T13)

Number: 1.
Capacity: 2,263 cu fr.

Cone crushers, short head (T15)

94

Rotarv ki’as (T19)

Number: 4.

Size: 12.5 ft diam x 235 ft long.

Lining: 9 in superduty fireclay
brick.

Drive: 125 hp motor.

Cyclone dust collecrors (T20)

Number: 2.
Size: 5.5 fr.
Drive: 200 hp motor.

Belt conveyor (T1l6)

Number: 1.

Enclosed.

Size: 24 in. x 100 ft.
Rise: 40 ft.

Speed: 300 ft per min.
Drive: 15 hp motor.

Belt convevor (T1l6A)

Number: 1.

Enclosed.

Size: 24 in. x 100 ft.
Speed: 300 ft per min.
Drive: 7.5 hp motor.
Tripper included.

Hoppers (T17)

Number: 4.
Capacity: 452 cu ft.

Screw feeders (T18)

Number: 4.
Size: 18 in. diam x 5 ft.
Drive: 1 hp moter.

Number: 16.
Capacity: 28,221 cu tt per min.

Bloﬁers (T21)

Number: 16.
Capacicty: 28,221 cu ft per min.
Drive: 60 hp motor.

Waste-heat boilers (T21A)

Number: &4

Size: 10,955 sq ft.

Blowers (T22)

Number: 8.
Capacity: 29,307 cu ft per min.
Drive: 60 hp motor.

Gas scrubbers {(T23)

Number: 4.
Capacity, inlet: 50,190 cu ft
per min.

Pumps (T234)

Number: 4.
Capacity: 1,649 gal per min.
Drive: 30 hp motor.

Compressors (T24)

Number: 4.

Pressure: 50 1b per sq in.
Capacity: 15,426 cu ft per min.
Drive: 800 hp motor.

; OPTION II



TABLE 16. — (Continued)
Pump (T2%4)
Number: 1.

Capacity:
Drive:

63 pal per min.
3 hp motor.

Rotarv coolers (T25)

Number: 4.
Size: 7.5 ft diam. x 33 £t long.
Drive: 20 hp motor.

Belt conveyor (T28)

Number: 1.

Enclosed.

Size: 20 in. x 100 fr.
Speed: 250 ft per min.
Drive: 3 hp motor.

Belr convevor (T28A)

Number: 1.

Enclosed.

Size: 20 in. x 225 fr.
Risz: 110 fr.

Speed: 250 ft per min.
Drive: 15 hp motor.

Belt convevor (T28B)

Number: 1.

Enclosed.

Size: 20 in. x 200 ft.
Speed: 250 ft per min.
Drive: 5 hp motor.
Tripper included.

Silos (T29)

Number: 5.
Concrete.

Capacity: 100,000 cu ft.

9s

Belt feeders (T30}

Number: 5.
Size: 30 in. x 10 fr.
Drive: 1.5 hp motor.

Belt convevor (T31)

Number: 1.

Enclosed.

Size: 20 in. x 200 ft.
Speaed: 250 ft per min.
Drive: 32 hp motor.

Belt conveyor (T31A)

Number: 1.

Enclosed.

Size: 20 in. x Y0 fr.
Rise: 45 fr.

Speed: 250 ft per min.
Drive: 7.5 hp motor.

Belt conveyor (T31B)

Number: 1.

Enclosed.

Size: 20 in. x 1,600 fc.
Speed: 250 ft per min.
Drive: 20 hp motor.
Tripper included.

Service crane (T32}

Number: 1.

Capacity: &0 ton.

Cvclone dust collector (TTITT)

Number: 1.

Capacity: 25,000 cu ft per min.

Blower {(TTTT)

Number: 1.
Capacity: 24,275 cu ft per min.
Drive: 50 hp motor.

OPTION II
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TABLE 17, - betailed equipment liszt, tarkage
\S
1
No. of Sizeg, Diam., Height,
Service tanks obls feer feet Tvpe
Retort crude zTundoWwn ........- 14 6,000 40 27 Cone roof
CTude SLOTARE trvrrarasnccens . 4 150,00u 100 108 Cone roof
Cokinm charge ...ccecerrasenes 2 40,000 70 59 Cone roof
Coker distillate rundown ..... 4 35,000 70 52 Pontoon roof
Coker distillate storage and
hvdrocracking Charpe ...... 2 35,000 70 52 Pontoon roof
Hydrogenation plant rundown .. 2 35,000 70 52 Ponteon roof
Slop tanks ..eevseaeas Sreeeane 2 8,000 40 36 Cone roof
Emergency fucl ieii.ieieeinas 1 500 lo 14 Cone rtoof
Ammonia, liquid ..., veenennn- 2 1,200 9 53 Horizontal
pres. vessel
Sulfur, molTen .ceveescaceacsen 2 2 670 18 15 Cone roof
Hydrocracred distillate
STOTAPE cacnsancnsses ceeann 2 150,000 100 108 Pontoon roof

OPTION II
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TABLE 18. - Capital investment summary, mine
Deferred
Unit erpenses Depreciable Total cost

1,900-ft level

Mining and haulage............... 81,764,400
Crushing and conveying........... 1,414,400
Shops and auxiliarv......-....... 369,200
Ventilation.. oo ivennenneennann 30,000

2,400-ft level

Mining and haulage............... 3,404,500
Crusiing and conveying...-....... 5,035,100
Shops and auxiliary.....ee.eo-.-. 488,400
Ventilation. .ceesiceicersoasncaes 161,100

Common _to 1,900 and 2,400-ft levels

Ventilation (surface

installations).....cveveincannn 216,600
Exploration and development...... $911,600
Shafts and hoisting eguipment.... 11,502,800 3,346,900
Buildings and surface....-.ce..... 12,1G0 1,447,800
Total direCl.c.ccceeannnceanancanas 12,426,500 17,678,400
Field indirect 0.5 (16,514,100 x 0.10)....ccuucnnnn.

Engineering 0.05 (11,514,900 + 17,678,400 + 825,700)

Overhead and administratien....-....coccaioiaiaana...
13T+ oo o
Contingency at 10Z ...ccicirernecracranccncccananans
TOLALl eereacanmneanacsacnanansosmecessnrnconnannanna

$30,104,900
825,700
1,501,000

1l

,501,000

33,932,600

3,393,300

37,325,900

OPTION TI



TABLE 19, - Equipment cost summary, mine - 13900-ftr level

J N S

oW W W

b

W@

30

Mining and haulage

Description

Joy 15RU cutters

Joy CD=73 2 boom electric drills
Powder wagon

Joy 14BU 10-11D loaders

Joy 10SC 27A shuttle cars

Joy RBD 8 roof boltexrs

Grand total

Conveving and crushing

42-in. conveyors, morors, controls
36-in. conveyors, motors, controls
Crusher-conveyor feeders
Roll crusher &t shaft

-10 in, to -5 in.
Closed circuit TV

Grand total

Shops and auxiliary

Mancar
Diesel tractor, blade and winch
Personnel cars
Transformers 4100-440V
Battery charger (underground)
Portable machine shops
Main machine shop
Electric distribution wire,

17,500 ft size O

5,000 ft 3-conductor #4
Water line

Grand total

Ventilation

Main ventilation fansd/
Heading ventilation fans

Grand total

Cost each

$109,000
73,500
7,600
73,500
67,200
43,100

210,500
~88,400
53,300

50,700
7,100

5,700
48,400
2,700
9,100
300
11,300
113,400

51,300
27,200

1,000

1/ See ventilation section for the2,400-ft level.

Depreciable
Total cost

$436,000
294,000
30,400
294,000
537,600

172,400

1,764,400

631,500
565,200
159,300

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

QPTION II
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TABLE 19. - Equipment cost summary K mine = 2400-ft level, continued

W

40C

[ ond
S PN O e

wwww

[

Mining and hanlage

Description

Heading jumbo

Bench jumbo

Powder trucks with pneumatic
loading system

Scaling and rock bolting rig

Starting drill steel inventory

Rotary bits, 3-1/2" and 4"

Hough 400 iront end locader

Haulage trucks

Motor patroi

Bulldozer

Warer truck

Total

Crushing and conveyiung

Hopper
Apron feeder

Grizzly feeder, switch gear and motor
Double roll crusher, switch gear

and motor
Coaveyocr system
Dust collector

Total

Coat each

$171,400
89,500

22,100
82,700
6/ft

32
143,300
143,900
36,800
75,400
11,400

5,100
17,900
25,500

124,900
4,492,100
7,600

Depreciable
COST

$ 514,200
179,000

88,400
330,800
2,400

600
573,200
1,295,100
73.600
301,600

45,600

3,404,500

15,300
53,700
76,500

374,700
4,492,100

22,800

5,035,100

OPTIOXN II



TABLE 19. - Equipment cost summary -2400 -ft level, continued
Shops and auxiliary
Depreciable
Description Cost each cost
6 Power center transformers $ 9,100 $54 ,500
1 Fuel cil pipeline 27.200 27,200
1  Fuel c¢il storage tark, underground 8,500 8.4GC
9,000 ft Electvric size '0' main line .75/%t 6,800
3 ANFO transpert trailer 1,700 5,100
14 Pickups for superwvisors, etc. 4,000 50,000
2 Fuel and service trucks 14,700 29,40C
1 Ambulance 5,900 5,900
- 2 Bus 9,100 18,200
4 Supply truck 5,900 23,600
1  Underground machine shop 253,200 253,200
) Total 488,500
Ventilaticn
1 Auxiliary ventilation fan 2,700 2,700
. 20 Auxiliary fans for headings 1,600 32,000
10,000 ft Ventilation tubing 24" diameter 2.38/fc 23,800
- - 30,000 £t Electric cable 2.08/ft 62,400
) 3 Air locks for ventilation control 13,400 _40,200
- Total 161,100
2 Main ventilation fans 1/ 216,600
216,600

1/ These fans provide primary ventilation to both levels.

Total

OPTICN Il
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TABLE 19. - Egquipment cost summary, 1900- and 2400-ft levels, continued

Quantcicty

2

(=)

RO W

Shaft and hoisting equipment

Description

Shaft and equipment hoists, Koepe
with motors and controls for
production

Headframe; reintorced concrete
gfructures

Hoist, Koepe with motors and
- controls for service

Headframe; reinforced concrete
stTuctures

Installation of hoist and cables

Freight and truck haulage

Wire rope - 2" - 27,700 ft @ $4.25/ft

4 ore skips, 2 cages, ore chute

Production shaft excavation, lining
guides, 20 ft inside diametrer

Service shaft excavation, lining
guides, 30 ft inside diameter

Underground surge bin

Shaft statlons at levels

Ore pass 1900 level to 2600 level

Excavation and structures for
leading station and pockets

Total

Deferred expense

$5,383,700

4,470,600
607,100
879,700

40,100

121,600

11,502,800

Depreciable

$2,267,900

241,800

367,200

120,900
61,009
29,500

117,400

141,200

3,346,900

opPTION 11
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TABLE 19, - Equipment cost summary. 1900- and 240n-ft levels, continued

1
Buildings’land surface

Deferred expense Deprecizble

Quanticy Description
1 Access road (remporary) $12,100
1 Surface stockplile feed syatem $1,447,800
Total $1,459,90C

1/ Buildings included in plant facilities charges.

OPTION TII
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.- TABLE 20. - Eguiprent cost summary, nahcolite preparation section,
recoverv of soda ash from waite nali- ~lite

. Cost, dollars Toral cost,
b Item Quancity Material Labor dollars
Apron feedeT-...eacuasnn- 6 53,300 8,000
Belt cOnVeVOr. . -v.evnunan 1 95,400 17,200
. Weightometer...... vrerenn 1 3,400 900
HOppPerasaianeronveacronns 1 7,600 400
Apron feeder....-......... 1 8,900 1,400
Hammermill......covvenn.n 1 30,500 4,300
.. Belt CconvVeyYOreeeeonanenan 1 27,300 5,000
Hopper..... tesasacsnenaa. 1 7,500 =00
Apron feeder..-.ecoeo-.-, 2 10,100 1,500
Hammermill..oeevemaaacaa. 2 7¢,2C0 11,200
- HoDPer...veeceasaes cenens 2 9,300 500
Vibrating Screefec.ses... 4 57,300 6,800
Bell CONVeYOr. e uernnann 1 11,800 2,200
Transfer hopper.......... 1 100 100
-- Belt CONVeYOr..:vessesnss 1 11,800 2,200
Belt convevor...coccevvn.. 1 45,800 8,200
Belt CONVEYOT.eenmcaoanne 1 23,600 4,200
Bel: feeder....ceueauenn. 6 23,100 3,400
Belt conveyor...ccvneeans 1 36,000 £,500
Bell CONVEYOT.seencanasa . 1 12,200 2,200
Surge bim.......avuiinans 3 §,900 400
. Screw feeder............. 3 20,800 3,200
Rotary kilne.oeaeecnnnnans 3 1,470,900 441,300
Cyclone dust collector... g 64,400 6,500
BlOWeTr..unesn- e 9 43,000 4,300
R Rotary cooler............ 3 750,10C 150,00C
Cvclone dust collector... 6 46.200 4,600
BloWer eeeereueaessss cerine 9 30,900 3,100
Bag dust collector....... 1 19,500 2,500
oW e s rencme e e e 2 9,100 S00
Bag dust coliector....... 1 3,200 400
Blower......cccanen cesans 1 11,100 100
Service Cran€.ss--«. ctaes 1 31,100 3,100
- 3,054,200 707,000 3,7€1,200
Foundations.. .o eiieeectinsenonanns 152,700 203,600
QUG EUT @S e v e cnnemccnnncerons veen 122,200 61,100
) BULLAENES e e e s rennernnserannnnnans 152,700 152,700
) Insulatione.eses. e sesemaam e - -
. INStruUmencation . - .o it i e e i et e 61,100 24,400
Electrical..c.vcneineiiiinnneaaaa.. 183,300 137,400
.. Piping....ocea.s teebassanesseasanaan 152,700 76,400
Painting...cocececneascnnmneccsanns 9,200 27,600
- - MiscellaneouS.eecreenceannanmnenenns 122,200 ©7.800
956,100 781,000 1,737,100
-- Toral direct. ... oune.. cesrranasas 4,010,300 1,488,000 5,498,300
Field Indirecleeeescnneaaansoanssennass i cserassscacsosnansmaanssnns 744,000
Storzge silos....... e emma et At oo aaace ettt ettt ssnaaaa 495,00C
TOTal CONSCIUCTION. i iennremecncnrearcassranosanarnosan teaaare . 6,737,300
Engineering...ecceccecenennacaacnncanss teeeesatsasssascnr e 336,960
Overhead and administratioNececcsacsrurocctnnsaercaneacasenacansnnn 336,900
7,411.100
CONLAMGeNC Y.t r e acanssusnacaanannanacaassoananaasassnnaanassans e 741,100
5,152,200
FEB. .t isiascacnonnscannasansnacansanaansons cemmsmeancanrrermee et 407,600
B,559.800

Option II
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TABLE 21. = Equipment cost summary. leaching section,
recovery of soda ash from whire nahcolite

— Cost, dollars Total cos:c,
Iten Quancicy Material Labor dellars
Belt CONVEYOLeoewaenan- 1 31,900 5,700

_ Surge bin..i..verroraaas 1 10,400 600
Apron feeder,.ocvieea.. 1 6,800 1,000
PUMD. s e te s cmcanannsans 1 1,900 100
PUMP - e et et eeemaneanans 1 400 100
Leaching tank.......... 1 9.800 600
Pump. ..ot it aa 2 10,200 200
Thickener.....cceeeeaen. 1 286,700 28,700
PUMD . s cienssaracnnsanes 10 20,800 500
C.C.D. thickener....... 4 729,300 72,900
DUy v v eseanennanananans 4 6,700 200
Wasre mixing tank...... 1 5,400 300
PUMP e s st ev e emvancenenn- 2 4,500 100
PUMP . e i et ecemnesnanns 2 4,000 100
Pressure filrer........ 7 124,400 12,500
Sump CanK....eeeccanas- 7 7,500 800
SUYES TANH.ceanaacnana- 1 200 100
PUMD e e e saaseananssanans 2 2,100 100
SUTEe EanK...coseerranen 2 10,000 1,000

1,273,000 125,500 1,398,500
FoundationS..seeeracenncomnenns 57,300 76,400
SETUCTUTES e csenaccasnnsaascnnnn 50,900 25,500
BuildingS.eeeeeeeiicmcaneacanns 50,900 50,900
Insulation...ceeieiieanneannnns 12,700 18,100
Instrumentation....cceecaecnrnns 63,600 25,500
Elecrrical.ecenrccnenecaacnanann 114,600 85,900
) Piping..veeecesceanoscecsnnnnes 381,900 191,000
Painting...eceeeancenieaanaannn 5,1C0 15,300
MiscellaneouS.e e eeanacamnanes 63,600 50,900

800,600 540,500 1,341,100

.. Total direct.ceeseecicerncoassnaa 2,073,600 666,000 2,739,600
Field IndireC e ee e ieasacnaescanacanscaaccaasasaasnsnssanae 333,000
Total CONSEIUCLION. .ttt eeereennnesanaaanosacneanssnccacens 3,072,600
ENgineEring.-reacerrenaacracrreenrsaneaatananccsenronananrnn 153,600

" Overhead and administration....ceicecencinnecnnnanncaanann 153,600
3,379,800

CONLINZeNCY v eesnnsenasanaeccancansasasnesenasoansacsoanannasns 338,0CC
3,717.800

= S 185,500
3,903,700

Option IT



. TABLE 22. Eguipment cost summary, crystallization
Cost
" ltem ~ Quantity Material Labor Total cos:t
$5,800 $200
PUdP .sevcvveceernncacascascans s
- Crystallizer 7 effect ....... 1,688,800 84,400
Surge CaAnkK ..c.scccercccenscne 142,700 4,200
Pump ........ checesseccencane 1,800 100

5,500 100
10,000 200
271,900 27,200
300 100
5,900 600

PUDP 2.ecccsccccnvancocarnacs
ng*.'};-.ooo-oo-nn....v-oa-uao
Centrifuge ....ccevcercnccans

Heatr exchanger +e--sereesecss
SUrge 30K .cirevcsrarsacrsas

—_— NN~ N

2,132,700 117,100

95,000 128,000
85,300 42,700
85,300 85,300
21,300 32,000

106,600 42,700

191,900 144,000

639,500 319,900

8,500 25,500

106,600 85,300

Foundations ...... smeecnnmasnse “sevoena
SELIUCLUreE ,..ovccovecacnncnsnnsssnsns
Building® ....cccccenacecncccrnasansane
INSUlatian ...eceevnvscrnsnassncssnses
InSIrumentation ,..ccivencccssaccsnace
Electrical ...iciirrncirrveconceccaans
Piplns t PRSNGSR IdERERERBEANEReSaS

Painting ...eceseconccstesccocncccecns

Miccellanmeoue® .. i iiaasrc e -ras .e

1,341,300 905,400

! Total direct .ceeeceaconen teceeeseesa. 3,474,003 1,022,500

Field Indirect ... ceccccrecinnccsarcsrsarececsocarsssrasanes
Total conscruction LRy Y Y R N Y RN R E XX R IR N N
Engineering ...coucescasocessasscssssresssnssnsnnenssssssssssnns

Overhead and 3dminletTALION cesvsssccsncsasonsssoscsnssssasccs

COoDLINGeNnCY .ccvseesccctovencnctoncasscncasssccacsasnpssannss

~
T

$2,249,800

2,245,700

4,495,500

521,209

5,007,760
250,400
2501400

5,508, 500
550,850

6,059,3C0

303,000

6,362,300

OFTION I1
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TABLE 23. - Equipment cost summary, product drving and Storage
o Cost, doliars
Quanticy Material Labor Tor=l cost
SCrew CONnVEeYOTr...c.cssesns 4 $12,900 $1,900
- Rotarv dryer..-.....ccvvnnn 4 690,300 110,500
Bag dust collector....... 12 216,900 28,200
Blower...eeeaees Ceeseenen 12 50,700 5,100
- Rotary co0lereeeeacaenasss 4 245,200 33,200
Belt CONVeYOT-eceuernenns 1 37,000 6,600
Bell CONVEYOL.cueoneoronns 1 28,000 5,100
Belt feeder.............. 10 34,100 5,200
- Belr feeder....... esesen 10 52,000 7,700
Bag dust collector....... 1 4,600 500
Blower........ Ceeeaseeaan i 1,800 200
1,373,500 210,200 81,383,700
FOURAAtionS. ee.uneeann cerrrarens 68,700' 91,400
SUTUCLUL@S...ucceusecracanorannnn 54,900 27,500
Buildings......c.u... Ceseasmesana 68,700 68,700
Insniation..... cicersarsasnnaana - -
) Instrumentation...c.ccee... casana 27,500 11,Cca
Electricaleeeeieeeannconnnnnns . 82,400 61.80GC
Pl pimg e seencrncecercascanmannana 63,730 34,300
Painting.-avecrescvcvacseaanaennn 4,100 12,300
Miscellansous...... becesretenenn 54,200 43,500
. ) 429,900 351,100 781,006
Total dirett..cccceccncroanncnss 1,803,400 561,300 2,364,700
. Fleld fndirect..-.cviiienenarmananaa. besaan carcesressmeanay 280,600
) forage = T Y 730,300
Total construction.....cauueusn Cesteaesssesasreanamasacecnsn 3,375.630
Engineering..u-vcsceeccccccecnonancnacacaanaccanncsaansanns 168,800
Overhead and administration.....ccececieieanen.. ceacssnanan 168,800
3,713,200
Contingency......... salesssesensnnnnns vecanas tretssansscaan 371,300
4,084 ,500
F @@ ineaccaccaccsoacacssaceeneananeasnanacanamnnnns ceceanana 204,200
4,288,700

QPTION 11
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TABLE 24. - Equipment cost summary, crushing, screening, and storage
Cost, dollars Total cost,
Item Quantity Marterial Labor dollars

Surge bin No. l......... 1 25,400 2,500
Apron feeder............ 4 255,600 25,600
Grizzly bar screen...... 2 28,000 2,800
Secondary crusher....... 2 134,400 13,400
COnVEYOT vt esecnsescsnne 4 49,700 5,000
CONVEYOT esvrranrsnrasnns 3 82,200 _ 8,200
Splitter.essveencanaaann 1 10,100 1,000
Scalping screen.-....... 4 39,600 4,000
Tertiary crusher........ 2 134,400 13,400
Surge bin No. 2...... .o 2 243,500 24,300
Apron feeders........... 4 255,600 25,600
CONVEeYOT eveersonccnanens 1 39,700 4,000
Screen feed hopper...... 2 33,500 3,300
Apron feeder............ 8 131,800 13,200
TR o 1= - DR 8 79,100 7,900
Surge bin No. 3......... 2 53,300 5,300
Surge bdin No. 4d......... 2 63,900 6,400
ConveyoTr..cceeeennens caes 2 76,300 7,600
EXDAUSERT e cenncnncnacass 1 30,400 7,600
Cyclone.svieesnnanannnns 1 6,100 600

1,772,700 181,700 1,954,400
FoundationS..eeecccreeneeaaaans 88,600 118,200
SIruUCCUTeS. e aeccnananas eeenna 70,900 35,500
BUildingS.ueeecccaanennanncnannn 88,600 88,600
Insulation.icecaceicencnccnannn - -
Instrumentation.......ccecuv.n- 35,500 14,200
Electrical . mmmnnencianaenns 196,400 79,800
Piping.esceveceaccccecscnannanna 88,600 44,300
Painting..... sedeesaessasesnnnn 5,300 15,900
MiscellaneouS.aaccccenenannaann 70,900 56,700

534,800 453,200 1,008,000

Total direct.eecannceecnnnnnnnns 2,327,500 634,900 2,962,40C

Field IndireClee i ccniniciicaccaacacacescnaaaacascaanaasnananns 317,400

Total CONStrrCtioN.e . e ncecesnesrosenenassasncesnnsnncsnssons 3,279,800

Ingineering..ccceeeeeciieciinrenearasccaceccarcnnccancanannnan 164,000

Overhead and administration..... ceesemsementaaacacnestaannona 164,000

3,607,800

COnLINgeNCY. . vesceneeeecsasnccanscnscoccnanacccannenns ceeeaaaa 360,800

3,968,600

== t et eeecaieceemsasaacenaacseaarenannns 198,400

4,167,000



TABLE 25. = Equipment cost summary, nahcclite apticn II,

108

. retorting plant
A\
- Mcterial, Labor, Total cost,
Item Quantity dollars dollars dollars
Aprcn feeder ..eeesencecees 21 410,000 41,000
Roroclone ......... sescncns 42 1,160,700 276,700
.- Heating gas blower ........ 7 157,700 39,400
Electrostatic precipitatcrc. 14 4,331,800 866,400
Retort gas DlOWEL cevvevecs 7 2’030,300 507,500
.. Combustion air blower ..... 7 274,400 68,600
Gas hearter .ssiesvevecrocenon 7 1,686,700 168,700
Shale oll PUmMP .evcsvrenaens 7 11,600 2,900
Retort feed hopper +e.c.ss.. 7 106,200 10,600
.- Retort feed conveyor ...... 2 102,700 1.0,300
Bucket elevator feed hopper 7 106,200 16,600
Buckel €levator sesssessses 21 242,900 24,300
Retort discharge conveyor.. i 113,000 11,300
Traveling stacking conveyor 2 63,700 6,400
REetOTLS cvasscsovranssannans 7 2,621,100 262,100
13,419,000 2,306,800 15,725,800
Founda:ions SenssTITCTILIEIRIREITEOORORRSTOTTRETY lroosiaoc 13341)900
. SETUCTUTES ccasrrsncsoocscscsassanass 1,006,400 503.200
Bulldings ..cceececccccsssscasccacans 536,800 536,800
Tosulation seeeeesecescessocanssaness 402,600 805,200
Tnstrumentation ceeesrecacocccsssasces 670,900 268,400
Electrica}- * P S P EDE S IO R GgEE PP OSSPSR 536’800 &02,600
Piping 2S¢ PRREITEIT R T LRI RIPERISERON 5’3673600 2’683’800
Painting g 107>£‘00 3223200
MiScellaneous ..ceeecescaseccanssssss 12073,500 __858,800
10,708,400 7,722,900 ;§4£§£L§92
Total dITECT cveesrevcsocsennenenasnss 24,127,400 16,029,700 34,157,106
Field indirect ssssvecanmcanennena Ae iameresEcNsssTsssAasNsEP NS SY _S’—Ol-.l:—,s——o—g-
Total COnSIrUCTion eeeeenmcercas eetsasenana eeneman teisaescncacns 39,171,900
Engineering ceceececcececanvenccans creccssaaann ceeetecdcncenanne 1,958,600
Ovarhead and AdmINISETAtION «eeeecseeeecaccncecnccasasmaananns . 1,958,600
43,089,100
Contingency ....... eeemsessaccscancans ceccecesbocctibrancenanan 4,308,900
47,398,000
Fee .......... sasacdttandantoct binidnsred itadtltBaanssscadseanas 2236929_00_
49,767,900

QPTICK II
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TABLE 26. - Equipment cost gsummary, nabcolite optiom II,

delaved coking

Materisl, Labor, Total cost,
Item Quantity dollars dollars dollars
Coke chambal .cccescnsccncnse 2 673,100 67,300
Main fractionator ..eeeee-- 1 114,700 11,500
0il heating furmace ,...... 1 630,700 126,100
Depropanizer .....eceveee-s 1 6,700 700
Absorber ....... cresenmren 1 33,700 3,400
Coke cutter ...-c.ce.. cesea 1 266,700 66,700
Accumulator cecevceeacsanne- 1 4,200 400

1,729,800 276,100 2,005,900
Foundatlons .eeveacenes seeececsmrnane 69,200 92,300
SEXUCLUTES sctenccscsnsarcsnsssacnnns 129,700 64,800
Bu—ildings eseresmssbdasactenatttansoey 69,200 69,200
InsSulation .viceacscccscsssnsnvssacss 51,900 103,800
Instrumentation .....cecveccvasesanss 121,100 48,400
Electrical ..ieeverencscssnsscransses 69,200 51,900
PipiDZ ecossvovensssansasasssarssvsnsen 691,900 346,000
Painting ceessessvossesvraccencccesnans 8,600 25,800
Migcellaneous ceessevccccccsacsanonen 173,000 138,400

—_—_—

1,383,800

Total direct ceeecesesecesnsasssassses 3,113,600

940, 600

1,216,700

Field Indirect .ccacececstsesssscttntonsssvacesssassessassscssas

Total conatrUCLiOon ..cicvascsnsscsassscscrcencsesnncssscncsnstensse

Engineering .cesvevetenscstasectessacstacssnscsssncscnsssscnnsranse

Overhead and administration seecrcccccsessossnnsesrsosenasssnes

Contingency seeecstssasessssanscsascssassnssassnssssansoancsnnses

FEE@ .vreaceesarsrcacsoscsnsanensenssnsrsnasassscssgsncmcssnnsesns

2,324,400
4,330,300
__ 608,400
4,938,700
246,900
246,900

—_—

5,432,500
543,200
5,975,700

298,800

€,274,500



TABLE 27. - Equipment cosr Summary, refining

110

Material and labor,

Total cost,

Item dollars dollars

Hydrogen producfion ....cceeccececess 8,514,200

Hydrocracking ......isviersennrea.. 12,711,200

ATMONIA TECOVEYY seveveveneroncsens 809,600

Sulfurl TECOVETY toasevcescacanss . 852,000

Tankage cecceces. crrrsrens csrercans 4,422,000

Total cODSLTuUCLiOon .e.ccecacarcancsccancncns ceseciasceasnancan 27,369,000

Engineering ......c.ciccienccnnircacnennanna. cecsesnsesrrennns 1,365,400

Overhead and administration -ccecececcrccereancans cesrenascan 1,365,400
30,039,800

Contingency c.eeeceaacs ceeesesrerescsoanannnnn cenceceaneseoses 3,004,000
33,C43,800

FEB wevrestantsassvnnrassaasntsssasnussssassttstoncno-~stsnattosnss 126522200
34,696,000

OPTION II
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TABLE 28. — Equipment cost summary, retorted shale crushing sectrion
nahcolite-rich zone

Material, Labor, Total cosr,
Item Quantity dollars dollars dollars
Belt coONVeYOr .ccevscasncee 1 176,000 31,700
Belt CODVEYOT ssecesnssensas 1 41,300 7,500
weightomter tesse TR s eonsaq 1 3,700 900
Hoppers .c.sceceacesaccenes 5 53,500 2,700
Belt feeders .sccccceacssaes 5 13,400 2,000
Hammermills cescecccecocsen 5 244,300 34,200
Vibrating SCreeng eeecevcess 15 154,100 18,500
Belfl CONVEYOT ceevesecvenes 1 22,400 4,100
Belt conveyor e.ccvees ceeme 1 15,800 2,800
Transfer hopper ..ccccecesa. 1 100 100
Belf CODVEYOT cecacnamennnn 1 15,800 2,800
Belt CONVEYOr .ccvececccenas 1 35,800 6,500
Belr cONveyor ..ccecceceen .- il 42,100 7,600
Belt CONVEYOT .oneecvacases 1 20,200 3,700
Service crane ....-..... .o 1 43,900 4,400
Cyclone dust collectors ... 4 38,700 3,800
Blowers cceccvevaas cneansas 8 30,100 3,000
951,200 136,300 1,087,500
Foundations ...cccevevecn- cesesreccas 47,600 63,500
Structures -..... tessetmerncsannena .. 38,000 19,000
Builldings .ciercecscncimnnannanans e 47,600 47,600
Insularion -...cccanna.. emcerersasans - -
Instrumentation ...e.ec... cenemuvan . 19,000 7,600
Electrical ....... tesamansnnens ceeean 57,100 42,800
Piping ..cicictessncrencarancannansas 47,600 23,800
FPaintiDg ..ceecesscnccscancacsnasenas 2,900 8,700
Miscellan@ous ...sevevsosssscsancacnas 38,000 30,400
297,800 243,400 541,200
Total direct .eeccesneanssasssssanss 1,249,000 378,700 1,628,700
Field inditect LA L N B A B N N BN BN NN AN R RERENLEERENRENENLRERERER] 1892800
Total cONSLIUCTION seecccanaccssrecrerarrassarasssesacsnasnne 1,828,500
Engineeting S e s e e n e s ec TN L le ORIt Es IR T RPN RRRLONETE AN 90,900
Overhead and adminlSCraCion .vsesecrccssrscsernccnccrnseaseas 90,900
2,000,300
CODLANEENCY csssncveanncsassacsnssetssssrscsassssssssnsnsnsasse 200,000
2,200,300
FEE .crccnncscsasacenntncaanacssentstaststtssssnrsssnssvsrpasony M
2.310,300

OPTION I1



TABLE 29. - Equipment cost summary, rerorted shale leaching

112
section

nahcolite-rich zone

Material, Labor, Total cosc,
ltem Quanticv doliars dollars dollars
EQ?Pers assaesttssssbbbac b 4 37,700 1,900
Belt feaders .cicecicsncacs 4 9,500 1,500
Leacning tanks .eseseseccns 4 60,80C 3,300
HOpPPers siscesssesssenscesns 4 1,900 100
Belt feeders ..sececerncces 4 5,100 800
PUDPS sevsssanssassssrnsnce 2 20,000 500
Settlers sescovrvrerrenvnss 4 823,000 82,300
leps TesevIRRIEIGTOEIEITCRLETDY 4 16,800 300
Thickeners sescsescresncees 3 617,300 61,700
PUMPS ceccnsssssasnacncnanss 3 14,300 300
Thickeners .esecsceecccncees 3 617,300 61,700
PUmpS cecccrcsrsaccscnncaes 3 4,500 200
POWPS weevcesavsncannsoanes 3 14,300 300
Thickeners .ceecenccecceees 3 617,300 61,700
PUDIPE ecvccssncvosanconanes 3 4,500 200
PUDPS ecccecavecrncccnconcan 3 7,700 300
Storage tanks ...cccccaca.s 7 83,600 5,700
PUDPS weeccennccccscccncans 4 7,600 300
Pumps8 ..... seeciacssnssanes 4 17,500 300
Clarifying filters ...ece... 32 568,800 56,900
Repulp tanks seccsessenccss 2 6,700 700
PUDD cvceccecscosccsccnncen 1 i,800 100
PUMPS ...ccecsnnccncccncoes 3 24,800 400

3,582,800 341,400 3,924,200
Foundation8 «...cecvescecevaesaesee 161,200 215,000
SCTUCLUTES .evacacccccanacanaasanns 143,300 71,700
Brlldings ...scccccccccccncssncenns 143,300 143,300
InsSulation ....ccciceccccacnncnsons 35,800 53,700
Instrumentation ....ccccceenccunnn. 179,100 71,700
Electrical ...c.ccceccccacccncnanns 322,500 241,800
Plping ...c.cccceceneneccccnnranseses 1,074,800 537,400
Painting .....eccaceecnccccccesases 14,300 42,200

Hi.scellaneouﬂ Cssstsetbhcntdonancnna 1792100 1432300

2,253,400 1,520,800
Total direct ..scecsvessvecscecaess 3,836,200 1,862,200
Field indirect-vsascevesa sreessacestenatecnasaraseamnaa PN
Total coastruction....... veeena heeterrairecas st e sesttesann
Engineering... seocccecemcceccneseenccnccerccsncennnnnas tenaas
Overhead and adminisStratioDescescsnesccsonas tresimscsatrennes
Contingency..crcusesssenosaccssseene e esrrecesasaeseaanannnan
2 = = vestess e enaa [, ceans

3,774,200
7,698,400

931,100
8,629,500

431,500
__ 431,300
9,492,500

849,230

10,441,700
522,100

10.963.800 OFTTON 17T



TABLE 30. - Equipment cost summary, desilicarion section,

nahcolite-rich zone

Cost, doll

ars

Total cost,
Item (Quantity Material Labar dollars

Desilicarion tank......-.. 6 163,100 6,100
Hoppereecceeciareneeanans 1 500 100
Table feeder....cceceueaas 2 3,900 600
Lime slaker...c.ccceccnnas 2 23,700 1,500
2 1 1,000 100
PUDP -« v v v eemreeeraeenannn 6 20,900 400
Sertler..cieesceronannacnn 2 464,800 46,500
PUMD . e vsereasnccnanvanans 2 2,400 100
Thickener..eseeecearacoas 2 464 ,800 46,500
PUMD .+ s v v esenaacconsannss 2 2,900 100
PUMD . st cvc s vnnmscnsrannns 2 800 10C
PUMP- st eve e cntncecsannan 2 8,900 400
Clatifying filter.-...... 28 362,200 56,200
Repulp tank...eeeeesearss 2 7,100 700
PUMP-svcensnreanns ceerannas 1 400 100
Storage tank........ e 5 71,800 4,800

1,739,200 164,300 1,903,500
FoundationS..eococervernenancnss 78,300 104,400
SLTUCEUI@S. st vrrnnsvrnnnn-nennns 69,600 34,800
BUildingS..+eccrvenncaracnconsn 69,600 69,600
Insulatiof..co-.. ceseee cereens 17,409 26,100
InNStTumentation. cvsseevessseass 87,000 34,800
Electrical..veucevnsmacas aaaee 156,500 117,400
PAiPINg.ceercmerasanncacnarrnces 521,800 260,900
Painting. .ceececocemanrcnnnn- .- 7,000 21,000
MiscellandouS..oeeuesrananneans 87,000 69,600

1,094,200 738,600 1,822,800

Total direCt..vocuincsnarcasans 2,833,400 $02,900 3,736,300

Field indireCt...vcvvennerinnccnennnnonsoannann. ressesanena 451,400

Total consStructiof:vesessrnsnsss e eeraetanan G eeseesaaraana 4,187,700

Engineering......conuue- Sdeies At ar st rasaaent e ae 209,400

Overhead and administration..... tereetseenan trreresetenrans 209,400

4,606,500

Contingency.csescesaoasnans Geseemececacniasecasacaanaananna 460,600

5,067,100

P tteentttoseennannacaccatnactocrosasninssesna eiissrassane 233,400

5,320,500

QFTION II
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T&BLE 31. — Equipment cost summarwy, alumina precipitation and

calcination section, nahcolite-xrich zone

Cost, dollars

Total cosc,

icem Quanticy Marerial Labor dollars

PUMD . st v e vennrannnsernnens 1 6,100 300
Carbonation tank.....eee.n 52 554,500 55,500
Carbonation tank..seaaa... 52 554,600 55,500
PUNP e e s e nsennes eeearenaan 2 14,600 300
Primary thickener ......... 1 158,800 15,900
PURD .t s st tnnsccmecnnnnanns 1 7,200 100
Secondary thickener....... 1 106,300 10,600
PUDP.e cascennconnanannsosna 1 5,100 200
Do 2 2,700 100
Pump....--.. eeeraan e 2 6,300 100
Wash tank......coveuennne .- 1 25,000 2,500
PUMP. - ennennaaanceaasceans 1 600 100
PUMDPs s snnsnssnnnannnnannn 2 4,300 100
Wash tanke.cveoecneanncaeas 1 25,000 2,50C
PUMD . oreerrnsnncenscnsnen 1 600 100
Iaternal drum filter...... 4 169,500 16,900
PUMPatesaeesocnransanssnns 1 800 100
SCrew Conveyor...«... PRR 4 7,600 1,100
Rocary kiln.....ovvvnennn- [ 5,744,500 1,723,400
Cyclone dust collector.... 20 111,900 11,200
BlOWEY e toacnnannns ceaemana 20 65,600 6,600
ROLATY COOler...u.iuccunnnn 4 130,800 32,700
Belr CONVEYOT .. ueranvnnan 1 14,000 2,500
Weightometer...veeaenannns 1 2,900 80¢
Bell CONVEYOr.ovieiecanaannn 1 24,600 4,400
Bellt COMVEeYOT .s:a:eananane i 21,100 3,800
Belr feeder...civieenannaes 8 17,600 2,700
Bag dus: collector........ 1 3,600 400
BlOWeLeu: iecrrvenncenannns 1l 600 100

7,786,900 1,950.600 $,737,500
FoundationS.eeesee.a ceesesareianan 350,400 467,200
SLIUCTUL@S . ccsrrasrarerararareans 311,500 155,700
BuildingS.-curenenecnannnnnnnenns 311,500 311,500
InSulatiOfecessaneascsacnnnananae 77,900 116,800
InsStrumentation...ceeeeaaaans e 389,300 155,700
Electrical....ivneiiimimnannnnnnnns 700,800 525,600
Pipingecc. s e innerannnnnennann 2,335,100 1,168,000
PainCingecscess-ans sasseasseancas 31,100 93,300
MiscellaneouS.caacecascconcannnns 336,300 311,500

4,897,900 3,305,300 _8,203,200

Total direClauceeenacacacnancancss 12,684,800 5,255,900 17,940,700

Field IndireCteeceecoaascaaasacassasnassassscasannsorcaassoncs 2,628,000

S110S. e iitecrvernnenans Ceeseerraerarar e Ceaesmaat e 282,100

Total CoNSErUCEIONe . c e iacenassanesasscosnnnsnosnansnsancnnns 20,850,800

Engineering....c.oveecirecnineneacanionnornannn Gesberrearoanana 1,042,500

Cverhead and administration...ccieeiirrineiinectnnnnnarannnnns 1,042,500

22,935,800

CONTANZONCY s e e crasrerensnansnerssarsnmereemsssenanaresmsasnnennasn 2,293,600

25,229,400

Feg...o... herenea. bt eateeisberanatetacctecaasnonrnareenenn 1,261,300

26,490,900

OPTION 11

SO e

SEP A

R TR

Trace

FrE Akt

N r

S T



TABLE 32. - Equipment cost Summary, shale fines leaching section,

nahcelite-rich zone

Cost, deollars Total cost,
Item Quantity Material Labor dollars

Belt CONVEYOT - veceervnssn 1 87,000 15,600
Belt CONVEYOL . viasssoans i 14,700 2,700
WelghtOomerer - cocvesaranss 1 3,000 800
315323 1=S S s 6 8,400 400
Screw feeder.-.vaueeenan-- 5 45,800 6,800
Rotary kilnm.............. 6 1,108,060 177,200
Cyclone dust collector... 18 - 112,500 11,200
Blower . oceeuicoaecnnnans 18 67,600 6,800
Rotary cooler.cevececenss 6 294,000 47,0600
Belt conveyor.e.eeeeeaaaan 1 24,100 4,400
Belt CcONnVeYOTr.caecesceaessn 1 20,700 3,700
HOPDeT e acasnsnacananannan 1 5,900 300
Belt feeder.............. 1 2,400 300
Leaching tank............ 1 10,300 600
PULP- s s smccnannnacranannnn 1 3,100 100
Settler..cc.ceeacancnnaanns 1 122,000 12,200
PURD:cccmvansnscasanannns 1 3,000 100
ThicKener...oaeeeecaaaen- 1 115,4C0 11,500
PUMD .« cs e ssaaacncncanna 1 1,200 100
PUMP. s vsseeannsacasanannn 1 3,000 iG0
Rotary vacuum filter..... 6 249,200 24,909
Belt CONVEYOTaeecsnennen- 1 51,400 9,200
PUDP - cvernccnacnaacananns 1 600 100
PUDD. cvveeecomanacnananna 1 1,200 100
Clarifving filter........ 4 71,100 7,100
Repulp tank....c.ceceeren 1 1,300 100
PUMD. s e eccvscnncsrascacns 1 1,100 100
Cyclone dust collector... 1 2,100 200
BlOWer.eeuveancesssaonas . 1 900 100

2,431,000 343,800 2,774,800
FoURdatiOnSsescesnccenanascarnasns 109,400 145,700
SETUCEUTES.cueceananessscrcssnanne 97,200 48,600
BuildingS..ceececonnansanceaennnnn . 97,200 97,200
Insulation.cverrenaccennanrenncas s 24,300 36,500
Instrumentation.eeeecees tecennansa 121,690 48,600
Electrical...... tesesane cerarensss 218,800 164,100
Piping..cscececcscascsncnnanns cese 729,300 364,600
Painting...sveiieenincencnnrasnens 9,700 29,100
MiscellaneousS. . cvseenccannenanss .e 121,600 57,200

1,529,100 1,031,600 2,560,700

Total direCt...overvvennnsn e 3,960,100 1,375,400 5,335,500

Field indirect..caciessecasnnssanas caesceasancen cesesssacans 687,700

Total COonStrUCTION. . vers-ceersoetananuasecsanacsanasenansnnana 6,023,200

Engineering. ccveeeroonceencucncassannnnnnnsonnns eeereaaan 301,200

Overnead and administration....ve-ceceereverenvarecccccanaas 301,200

6,625,600

CONtingenCyY. .o sescessnaannan Sesetansaiesasasaacaa ceeiesseasan 662,600

7,288,200

Fee..o. it iieeen H e et easaaiesasstestescscanranmnanns 364,400

7,652,600
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TABLE 33. - Equipment cost summary, soda ash crystallizarion and

dehydration section nahcolire-rich zone

Cost, dollars

Total cosrt,

Item CQuantity Material Labor dollars
Mixing tank...ssecveces ceeen 2 18,600 1,000
PURD.scvrrvcnsesansascccnans 1 3,000 100
Crystallizer....eceeuvmceen. 11 19,440,000 972,000
Condensate tank..... eresenn 11 43,000 4,300
PURD. s cssesscansossn caeeens 11 13,200 700
PUBD. csvesencocnass e . 2 17,700 300
Centrifuge...caveecnsnacnans 10 496,000 49,600
Pump...covcvvennsssnasasran. 1 1,900 100
SCTEW COOVEYOL.e.soaannsncnn-s 10 23,000 3,500
Rotary dryer..c.eececeancnn. 10 1,907,200 305,200
Cyclone dust cellector...... 40 204,400 20,400
BloweT..socusua- et retmeanes 40 123,400 12,300
Rotary cooler....covcvne... . 10 742,200 118,800
Belt CODVEYOL.ousossvasssnas 1 43,900 7,900
Weightometer. ivacennnaanenes L 3,000 800
Belt conveyor........ feceeas 1 38,200 6,800
Belt COnNVeyOT...-... e seen . 1 923,100 16,700
Beit feeder...... retrasmanaa 28 61,500 9,200
Belt feeder..vuceccvscnccnns 28 90,600 13,600
Mixing tank....ceevvovnceres 1 5,300 300
PUMP.vcviesnessssnnsncnanana 1 1,500 100
Desulfating tank....seceeses 2 20,100 1,100
Hopper..... tettetserenananne 2 1,600 100
Belt feeder.e..oueeciincacnns 2 2,900 400
PUMD . e et evraccccnnonannaeansa 2 6,800 100
Rotary vacuum filter........ 4 157,200 15,700
Repulp tanKe..iioeeaana- ceaan 4 5,800 300
PUmp.ceeeeeas ciiatacsncanenn i 3,100 100
PUMP.carennanss teamanenene 1 2,600 100
Pump..ec.ann et ceereravee 11 44,000 2,200
Bag dust collector.......... 1 5,400 700
Blower...... tesestiaarsseacna 1 200 100
Water storage tank........ .- 1 30,200 3,000
23,651,400 1,567,600 25,219,000

FoundationS..e.ocreve-cnnsnsnvnnnan 1,064,300 1,419,100

SErUCLUTES:.snecnvsccnanms teressseen 246,100 473,000
BuildingS..vcvcuversssncsnsanscsen 946,100 946,100
Insulatioh:-steseeosennarsnananesons 236,500 354,800
Instrumentation..eceecseeaen. ciceen 1,182,600 473,000
Electrical-veeiarecesscsancnsannnn 2,128,600 1,596,500
PIping...c e cacancccsasacaannnas . 7,095,400 3,547,700
Painting...cccccenaann creesabase o 94,600 283,8GC0
MiscellaneouS...cseocatccssasncees 1,182,600 946,100

14,876,800 10,040,100
Total direCtaeceeecececcecenareanas 38,528,200 11,607,700
Field indirect....cccceeriecrecann Leaesosscvsnonses edecorasnan
3 0 I = T - crcebteccaccoenneneanancos
Total coastructiONecc.ceaane. teecesmcsaertsesenconnn cecereacens
Engineering...... Seaanecscesesaeetaateerratscaacaactaam et s
Overhead and administration............. teecnerevesacsesmnnse
Contingency...caeicecaricerecncccnccsannas teecsescsasbsecsansan
Feeeereosns tecarecnnacnnn SetateseactE sttt a sttt n et te Ty

24,916,900

50,135,900
5,803,800

2,044,900

57,984,600
2,899,200

2,899,200

63,783,000

6,378,300

70,161,300

3,508,100

73,669,400
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TABLE 34. - Equipment cost sSummary, limestone calcining and flue-gas
processing section, nahcolite-rich zone

Cost, dollars Total cost,
Icten Quanticty Marerial Labor dollars
HOPPOTceosesnanannucnnaennas 10 24,100 1,100
Belt CONVEYOTr ... eeeeriannss 10 26,800 4,800
Belt CONMVEYOr...veieinaunans 1 70,400 12,700
Welightometer. .ooeeineeanssas 1 3,400 ’ 900
Belt conveyor...... cesessans 1 24,200 4,300
Belt CONVEYOL.oeeeass-. ceeus 1 58,100 10,400
Apron feeder....oceceeaenann 3 15,700 2,400
Belf CONVEYOT -v.vcvonenncnan 1 53,600 9,600
J215 7+ 1 T3 o 1 3,600 100
Cone crusher, standard head. 1 39,600 4,700
Vibrating screen.......... . 1 7,100 900
Belt CONVeYOT.cveaencannanss 1 8,100 1,500
Transfer hopPpPer.-vcenencasns 1 100 100
Belt CONVEYOr.-cecesacaaaannn 1 8,100 1,500
Bell CONVEeYOT.vewaancacnnnnn 1 15,600 2,800
HOpper.sceieeceanncaseasanea 1 4,300 300
Cone crusher, short head.... 2 161,800 19,400
Belt CONVEYOT.ecenancracneana 1 16,400 2,900
Belt CONVeYOr.--ceucecensanss 1 18,300 3,300
HOPPAY cecrrnnsennacnncannnns 4 4,700 300
Screw feedeT...veeeencnneann 4 18,500 2,800
Rotary kiln.ecceeeceeeecacaana A 1,931,200 579,200
Cycleone dust collector...... 16 109,500 11,000
BlOWETeeevuaovenncaanncsanes 16 66,700 6,700
BlOWeT - cucecacarcnananasanns 16 34,200 3,400
Gas scrubber.......iciaaaaan 8 51,600 5,200
PUDPe e vt ceenannocennannannnnn 4 4,900 200
COMPTresSSOT cncascccsncassnasnn 4 314,100 31,400
PUMP:cccnrncencrnacnnnnsnees 4 400 100
ROTATY COOLET.ureerasessnnna 1 152,200 38,000
Bell CONVEYOTecsoaesenoraana 4 15,306 2,800
Bell CONVeYOr..cesscsanccona 1 29,000 5,200
Belf COMVOYOT:veesoenaccnnnn 1 29,700 5,300
Belt feeder.u.eeeeeeneeannas 1 9,500 1,400
Bell COOVEYOTeccrcssvonnans 3 26,500 4,800
Belt CONVEYOr . veescorssorenns 1 14,200 2,500
Belt COMVEYOT.uceneesnasanns 1 150,600 27,100
Service crane.......eueunnna. 1 43,900 4,400
Cyclone dust collector...... 1 7,600 288
BlOWEer..coeeeooeasnosancnnan 1 3,600
1 3,578,000 816,800 4,394,500
Foundations.....cmcemmamancenanee. 143,100 190,800
SLruUCLUYeS. . nstcntrosnecssancnaannn 143,100 71,600
BuildingS.eeecacenaconercnonnnccnn 143,100 143,100
Insulation.cecesecsccrecosensannns 107,300 161,000
Instrumentation.....ceiceeccaccens 250,500 100,200
Electrical....iieeiiincnnncaannana 286,200 214,700
Piping.eecressesensiceacnncasannce 1,252,300 626,200
Painting.-.-.-c... sevesceerasaaane 14,300 42,900
MiscellaneouS. iccesssnsncancacanns 143.100 114,500
7,483,000 1,665,000 4,148,000
Total direct...cicviceimrmnnenaann 6,061,000 2,481,800 8,542,800

{continued on page 117-a)
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TABLE 34, continued

Total direct cost (catried forward)..... teeesnanen . 8,542,800
Field indirect..... ceeiseaanaan tecsesscsissssessnesansassassas 1,240,900

SE108 s aneentnanaannasarascaaasnascaansancnanaanan feeenennenaan 412,500

Waste heat boilers......... eesescencscncncnana csccsccsmssnscsss 375,200

Total construction......... tesessssssssssssssssscsssasvensesss 10,571,400

Engineering-cscccucrancscnnnanaas teseescsasansansececesrssneocs 528,600

Overhead and admipistration...ccececseccccccens eessescscnsscse 528,600

11,628,600

CoOntINgeNnCYeeerecacasennacene cessemsacansman emanaa cesesesacnen 1,162,900

12,791,500
F e insnsasnssneanansncssscesanssssstssenacsssasessssssssnsancnns 639:600

13,431,100
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TABLE 35. - Estimated working capital,

Inventory — 30 calendar days' recelpfs ..ecceccsesseesansss $22,050,700
Account Receivable - 90 calendar days' receipts ........... 66,152,000

Cash - 30 calendar days' receiptsi......................... 22,050,700

110,253,400

OPTION II
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TABLE 37. - Estimated annual operating cost

Annual cost,

dollars

Natural EaS.«:vesres 76,074,952 M scfy x $0.30 per M scf... 22,822,500
LimesStone.sssescssacssnnnncann 1,368,750 tpy x $1.78/ton... 2,436,400
Catalyst and chemicals. e uaee i roiianneeansoncaenscnannsnn 902,500
RAW WO @l uuannconnaasasnn 7,597,045 M gpy x $0.10/M gal... 759,700
Charge for use of water-$0.026/M gal x 7,597,045 M gpy... 197,500
B o= B I ' 11,980,9G0
Direct 1abor SUpPervViSion.... i vueuvennenercnceses veeanans 920,600
Maintenance labor...... .cc.iiiiiiiiivnann rerratsrasaanen 10,426,900
Maintenance labor supervisicn....ccieerinceccneinnens etene 1,371,500
Maintenance material (100%Z of plant maintenance laber)... 7,850,800
Maintenance material (mine)......vecerivereacena cearaeean 2,264,100
Operating supplies (20% of plant maintenance, plant only) 3,348,600
Operating supplies (min€l.ccevececcecenes ceeecessenssann .- 2,685,800
Payroll overhead.....c.. v ecncnnanns 25% of payrell... 6,175,000
Royalty on minerals at 5% of mineral receiptS.....evecec-- 11,302,600
Royalty om shale at $0.07/ton = 60,000 x 365 x $0.07..... 1,533,000
Administration and general overhead......... tessssasasaas 2,686,600
Taxes, wmining property (based on gross proceads)......... 3,662,400
Taxes on improvement, mine (0.04 x 1/3 x $21,918,800).... 292,300
Insurance, mine {0.01 x $21,918,800) . et nennacann 219,200
Taxes, plant -~ 0.04 ($417,340,600 x 1/3)........ Creseeann 5,564,500
Insurance, plant - 0.02 ($417,340,600)..... b estiasae e 8,346,800
Depreciation (see table 41)..cuineaccnncnncsanananannnsna 35,438,400

143,188,700

OPTION II
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TABLE 38. = Total capizal investnent and annual operating cost, dollars ,?
Minerals
Icem Hinlng Rerorting Refining processing Total -
Equipment inveSCMeNnt... cveeesvsoes 37,325,900 53,934,900 40,970,500 162,953,100 295,184,400 f
Facilicies and ucilicies........... 21,821,700 23,103,600 22,459,100 89,952,300 157,336,700 i
Tnicial CACalySLar.usrenveneennnnnn 2,145,400 2,145,400
Interest during construction (5%}.. 2,955,300 3,864,700 3,273,600 12,639,700 22,733,360 v
SCATTUP EXPRNSCeccecscancsnosannnnn 2,378,300 3,110,100 2,634,400 10,171,700 18,294,500 “
Working capital......c.oiviemnian.n 35,391,400 12,458,600 10,804,800 51,598,600 110,253,400 3
&
Toral capital requirement...... 99,872,600 96,471,900 82,287,800 327,315,400 605,947,700 4
Operating cost items: %
Natural gaS.eenees.n Cerssecsanesn 4,165,100 2,919,000 3,804,500 11,933,500 22,822,500 :
LimeSTONe. .ottt e ininecacaaaeannn - - - 2,436,400 2,436,400 H
Catalyst and chemicalS....c...... - - 891,900 10,600 902,502
Raw Waler...ceeeveuennne Ceeeeenen - 3,800 79,700 676,200 759,700 5
Charge for use of wate@r..eevene.- - 1,000 20,700 175,800 197,500
Direct laDOr-wcsesc-ssansananannss 4,834,700 854,500 882,900 5,408,800 11,960,900 4
Direct labor supervision......... 193,500 79,800 119,100 528,200 920,600 *
aintenance labor....... .. 0uea--- 2,576,100 1,640,800 1,248,300 4,961,700 10,426,900 . <
Mainctenance laber supervision.... 33C,000 217,700 165,500 658,300 1,371,600 :
Haintenance material (1007 of . N
plant maintenance labor, i
plant only...imcinnininannnanann - 1,640,800 1,248,300 4,961,700 7,850,80C !
HMaintenance material {mine, =
mining report)... ... oca-iaaannn 2,264,100 - - - 2,264,100 >
Operating supplies (20% of plant :
maintenance, plant onlvl)....... - 699,900 532,400 2,116,300 3,348,600 R
Operating suppiies {mine, %
from miring Teport)...ceecaaaana 2,685,800 - - - 2,685,800 ;
Payroll overhead (25% of pavroll) 1,983,600 698,200 504,006 2,889,200 6,175,C00
Rovalty on minerals at 5% of "
mineral receipts............... 11,302,600 - - - 11,302,660 :
Rovalty on shale at $0.07 per ton 1,533,000 - - - 1,533,000 K
Administration and general overhead 1,199,300 168,400 176,000 1,142,900 2,686,600 :
Taxes, mining propertv (based on ¥
Zross proceedsS) ceieecenanns rean 3,662,400 - - - 3,662,400 5
Taxes on improvement, mine {(0.04 :
x i/3 x 17,991,000} ... ..., 292,300 - - - 282,300 . :
Insurance, mine (0.0l x 17,991,000} 219,200 - - - 219,200 a
Taxes, plant - 0.04 (454,666,500 L
B3 2 5 1PN 292,700 1,032,200 850,300 3,389,300 5,554,500 :
Insurance, plant - . M
0.02 (454,666.500). ... cunnnnnn 439,100 1,548,300 1,275,400 5,084,000 §,346,8C0 b
DepreciaCiofeecercrecanacnananns 4,538,300 5,160,100 4,354,800 21,385,200 35,438,400 -
Total operating ¢coSLeseewaa--- 42,511,800 16,664,500 16,253,900 67,758,500 143,188,700 f

Cost, dollars per ton of ctotal
ore mined..ceenrriariicannan ceen 1.713 0.671 0.655 2.730 5.769

Cost, dollars per barrel of
shale oil product.cc.sicenccncss 4.031 1.580 1.541 6.425 13.577 4

Cost, dollars per ton of 5
total mineral produclS...cee---.. 7.125 2.792 2.723 11.351 23.897

OPTION IT



TABLE 39. — Product selling price and angual receipts
Soda ash, 14,947 tpy x 365 day/yr x §35.50/ton $193,675,800
Alurina, 1,408 tpd x 365 day/yr x $63/ton 32,377,006
Coke, 732.2 tpd x 365 day/yr x $8/ton 2,138,000
0il, 28,893 bbl/day x 365 day/yr x $3.72/bbl 32,230,900
Sulfur, 27.956 tpd x 365 day/yr x $13.39/ton _136,600

Ammonia, 56.726 tpd x 365 day/vyr = $35/ton 724,709

Total annual receipts 268,283,000
Selling price Freight allowance
Coke, tom $20.00 ' $12.00
0il, barrel 4.12 0.40
Sulfur, long ton 15.00
short ton 13.39
Ammonia, ton 35.00
Alumina, ton 75.00 12.00
Soda ash, ton 35.50

OPTION I
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TABLE 40. - Financial analysis

134

Total capiral investment....... sescmiemsasanns $605,847,700
annual sales......cieecencane tteeticenananaann 268,283,000
Annual operating COSCecicecccassoncascaananens 143,188,700
GrosSsS INCOmMe.ccuiserncecasssessansanccnancaenns 125,094,300
Depletion on minerals .15(226,052,800)....... 33,907,500
Depletion oil shale .15 (26,354,900)1...... 3,954,700
Taxable iDCOME~esnnnssannnnneennnnn PO 87,231,700
Tederal income tax at 50 percent......ccemcns- 43,615,900
Net income.c..eeeceees seseseccaaaccnsencasaanas 43,615,800
Discounted cash flow
Anrual cash flow (net income + depreciatilon +
depletion) . et rionscasncnannannn e §116,916,800
Present value? at 1 = 17.2 §05,033,000
Present value at i = 17.21 605,765,800
Interest rate (by interpolation) i = 17.203

! Yalue of o0il after retorting assumed to be $2.50 per barrel.

+1) 8-
2 Present value of n payments of $1 = (L)L i = interest rate

. »
per period. i(1+i)n
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TABLE 43, - Operating Cost Depreclation Schedule

Annual
Life, Depreciaticn depreciation,

Item years base, dollars dollars
Mine {(depreciable) ..c.eccecacnn 10 21,918,800 2,191,900
Mine (deferred expemse) ..... .o 20 15,407,100 770,400
Soda ash recovery plant

(vhite nahcolite) ..v... ceeee 11 23,113,100 2,101,200
Retorting plant .....cccecevemann 16 53,924,500 3,370,900
Refiadig seeevcrovovecoscnroanas 16 40,970,500 2,560,700
Retorted oil shale

processing plant ......c.c.-- 11 139,838,600 12,712,600
Plant £acllities ..e-eevvceven-s 20 58,566,400 2,928,300
Plant utiliries ....eocecaceas .. 20 98,770,300 4,938,500
Interest during comstruction ... 11 22,733,300 2,066,700
Startup expense ........ ceevee .. 11 18,294,500 1,663,100
Initial catalyst and chemicals . 16 2,145,400 134,100

35,438,400

OPTION 1l
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FIGURE 1. - Location of 68,000 TPCD Project, Rio Blanco County, Colo
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Depth

Elevarion
6540.0

68.000 TPCD Project
Production Hoisting

€0,000 TPCD shale, nahcolite,
dawsconite

8,000 TPCD nahcolite

365 calendar days per year

68,000 TPCD coral

Avg 5G
Data

%2

24,820,000 tons per year ‘
20 producing shifts per week &
23,800 tons per shift b=
1 shifr per wk. mainten. & repair &

1900 level

46350.0

White nahcolite bed

2.24 Sp. gravircy
1L40#/CF in place
14.29 CF/T

.535 swell facter
75#/CF broken

Ore pass — I: k‘
b

Mine ©

ft.

2438 Fts

548 fe.

- |
M 23 GPT o0il shale
2400 level I' 9.2% (wt,) Dawsonite
]112438.0 4102.0 25.2% (wr.) Nahcolite
2.17 Sp. gravity Mine 60 f:.
135.0 #/CF in place urge bins
14.8 CF/T
Required: 3 shafts; 2 production,
.75 swell facrtor 1 service _
101 .3#/CF broken Hoist 68,000 TPCD - 476,000 T/wk
20 shifts/wk - 1 shift M & R =
23,800 T/shift
2 hoists = 30 trips/hr each
Measuring pockets S4 T/erip x 60 = 3240 T/hr
23,800 T/shift + 3240 T/br = 7.35 hrs
\ hoisting per shift
h 4
2598.0 3952.0

Sump

FIGURE 3. - Schematic diagram of shaft and mine levels
for the 68,000 TPCD project.
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FIGURE 14.- Process Flowsheet, Recovery of Soda from White Nahcolite
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FIGURE 17. -~ Equipment Diagram, Nahcolite Preparation Section.
Recovery of Sode& Ash From White Nahcolite.
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Pumgs [CI)

Cooling tower (C3)

Crystallizer (C2) @—

Pump (C6)

P> Surge tanks {CY)

Pumpe, (C7) pumy (CS5)

Centrifu?es {C8) ¢————Heat exchanger {(9)d—e—m—mm——Wash water

P Surge tank (C10)

FIGURE 21. - Equipment Diagrem, Crystailization Section.
Recovery of Soda Ash From White Mahcolite. .
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Screw cenveyors (S!)

Rotary dryers (52)

Blowers (34)

—p»Bag dust collectors (53)

]

Rotary coolers ($5)

Q

—

Belt conveyor ($6)

¢
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44—
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3elt feeders ($9)

sz:t feeders (S10)

Scda ash

FIGURE 23. - Equipment Diagram, Drying and Product Storage Sectien,
Recovery of Soda Ash From White MNahcolite.
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FIGURE 24. - Production of alumina and sode ash from cahcolite-rich oil shales

OPTINN 17

s,



~

LU L

-

e emaiy -

L06-11Y

* (Kep 10d suol) duU0Z YdF1-33][0Yuu

‘uoy1005 BuTysNid aTeYs pali01aa ‘edusieq [EFIIIBY - *SZ HUNOLd

122 [v1o0}
oLt 19420
[ osZeN
91 Zo1yen
ki) Eonley
g80] 31BNQ
0z0‘ %Y [eio] x
n
L8 e houuo czH”““ 08
2ol YogleN
4}
€2 Zo1VeN ONTHSNY
6089 €onlen
2(eys poriojalr
fpoysnip

192 4Y 1830,
FATACT 19420
€01 Y0s%eN
£62°¢ Zo1veN

£¥8‘9 €oocun

aTeYys pajroIay

-~
-~

oPTTION




JoAY

Al1-908

RETORTED SHALE

'
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'

BELT CONVEYOR (RO1A)

'

Y

o

BELT CONVEYOR (RO7)

HOPPERS (RO2) g

'

BELT
FEEDERS (R03)
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'

VIBRATING

TRANSFER HOPPER (RO6A)
4

BELT CONVEYOR (RO6)

’

SCREENS (ROS)

'

BELT CONVEYOR (RO8)

'
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vV
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FIGURE 25, - Equipment diagram, retorted shale crushing section,

nahcolite-rich zone.
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FIGURE 32. - Equipment diagram, alwnina precipitat:on and
calcination section, nahcolite-rich zone.
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FIGURE 38, - Equipment diagram, limestone calcinérion and flue-gas
processing section, nahcolite-rich zone. i
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FIGURE 38. - (continued)
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