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FOREWORD

(Option III)

This report is one of three which present the results of studies
entailing preliminary design, costing, and fimaieial evalunation of
hypothetical industry-scale complexes for mining and processing of
0il shale and/or associated sodium minerals occurring in a certain
area of the Piceance Creek basin, Colorade. The studies were made
in recognition of the interest that began rto develop some years ago
when it was learped that nahcolite, 2 natural form of sodium bicar-
bonate, and dawsonite, sodium dihydroxy aluminum carbonate (from which
alymina can be derived), were associated in significant concentrations
with the ¢il shale in this arez. The particular location chosen for
study purposes is defined in cthe mining sections and on maps included
in the reports.

The studies, wkich consider a range of possibilities in regard to
depth apnd characteristics of the measures assumed to be mined and
processed, were based originally on 1966 conditions. Subsequently,
the economics were updated to 1971 and are presented omn this basis in
the current reports. No similar updating of the technclogy was attempted
because lack of definitive knowledge concerning actual underground
conditions in the area of interest and of reasonably large quantities
of representative raw materials for processing studies precludes setting
mining and processing parameters with assurance. This situation is

discussed in more detzil later.
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The following report, covering Option III of the three-part study,
is concerned ;ith an integrated operation imvolving a so-called "white
nahcolite bed," containing a high concentration of sodium bicarbonate
and occurring at a depth of about 1,900 feet, plus an underlying measure
of 0il shale-nahcolite-dawsonire material at a mominal depth of 2,600
feet. This latter material is characterized on the basis of limited
invesrigarion, a point discussed more fully in rthe report, as contain-
ing 14.8 weight percent nahcolite and 11.6 weight percent dawsonite (a
carbonate mineral containing both sedium and aluminum), and yielding
37.0 gallons of shale oil by Fischer assay. The sales products in this
option include sod; ash derived both from the white nahcolire bed and
from the nahecolite anc dawsonite contained in the underlying measure,
alumina stemming from tkez dawsonire, a pipeline-quality shale oil, and
oil-related b&products of coke, sulfur, and ammonia.

The first report, covering Option I, is concerned only wich the

same "white nahcolite bed" of Option III. The sales product iIn Optionm I

- is limited to soda ash.

Option II, the subject of the second report, is closely similar to
Opzion IIT except that the oil shale-nahcolite-dawsonite measure occurs
at a nominal depth of 2,400 feert. The available characterization data
for this materizl indicate a nzhcolite concentration of 25.2 weight
percent,.a dawsonite concentration of 9.2 weight percent, and a poten-
rial shale-oill content by Fischer assay of 23.0 gallons per ton. The
same sales products are considered in Option II as in Option III; how-
ever, the quantirties differ in keeping with compesitional differences
of rhe lower-level raw marerial.

2V
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The studies described above were predicated largely upon informa-
tion supplied by the U.S. Geological Survey, based on the results of
examinations and analyses of the relarively few subsurface samples
available from the area in question. In addition, a limited amount of
related laboratory work was done by the Bureau of Mines in connection
with the sodium-minerals processing aspects of the studies. It is
stressed that a much more comprehensive investigatior would be required
prior to starting actual operaticns to defipe with adequate assurance
such factors as extent, attitude, and characteristics of the deposits,
mining conditions, operating comditions and costs, and product yields.
The need is recognized for an extensive drilling program and possibly
even a pilot mining operation, neither of which has been effected to

date.
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CIRCA 1971
AN ECONOMIC ANALYSIS OF AN OIL SHALE,

NAHCOLITE, DAWSONITE COMPLEX IN COLORADO,
OPTION III

SUMMARY

An oil shale and sodium-minerals processing complex located as
shown in figure 1, consisting of a two-level shaft mining operation,
retorting, partial refining, and a minerals processing plant, requires
a toral capital investment of $636,973,000 based on 1971 values. The
complex is designed to process 8,000 tons per calendar day of a selected
white nahcolite ore and 60,000 tons per calendar day cf a nahecolite-
dawsonite-oil shale material to produce the products listed in table 41.

The sale of products will yield an annual income of §257,599,600
based on 1971 prices (see table 41). To produce this income an anoual
expenditure of $151,373,400 is required which includes the cost of labor,
materials, maintenance, taxes, insurance, payroll overhead, and deprecia-
tion. The interest rate of return or discounted cash flow rate is
14.45 percent based on the weighted average life for depreciation
of 14,155 years.

As indicated in figure 10, the white nahecolite ore is processed
directly in one section of the sodium-minerals plant for production of

soda ash. The nahcolite- and dawsonite-bearing material, except for a
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portion of the hieh nahcolite material which is handled separately,

is retorted to yield raw shale oil and spent shale; the latter
constitutes the charge to another section of the sodium-minerals plant.
The oil is refined by cokineg and hydrocracking to yield a pipeline
quality preoduct and various byproducts. The spent shale is proceésed
to yield additonal soda ash and alumina. The denuded spent shale and
other selid wastes are ultimately disonsed of as mine fill.

Operations throuechout the complex are conducted essentially on
a tound-the-clock, seven-dav-per-week basis. Downtime for maintenance,
inspection of equiprment, and similar functions is provided for in the
desisn capacities of the various sections of the complex. The mine
operates 20 shifts per week or 95.24 percent of the time. The on-stream
factors for the processing .sections are 95.89 percent for the sodium-
minerals plant, 95 percent for the refinery, and 90 percent for the
crushing, screening, briquettine, and retortiae, Sufficient surge
capacity in the form of strckpiles or other storase faciliries is pro-
vided between all principal sections of the complex to permit nermal
downtime of individual sections without disruntion of operaticns in the
complex.

The mining measures selected for this study, 9 feet in the case of
the white nahcolite and 60 feet ir the case of the nahcolite-dawsonite-
0il shale measure, cccur at nominal depths of 1,900 feet and 2,600 feet
respectively. The bilevel mining laycut that is visuvalized is large
enough to support operations for 20 years; however, further investigation
would be required co verify sufficient reserves and the minability of the

deposits prior to starting an actual development.
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The land requirement for the integrated complex is 940 acres.
This includes total plant area of 300 acres, 315 acres for the water
reservoir, and 325 acres for the waste disposal pond.
" The derailed equipment listrs are given in tables 2 through 18

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

LIINING
General

As indicated in figures 1 and 2, the hypothetical mining operation
is located in Rio Blanco County, Colorado. For purposes ¢f the study,
a contiguous land area of some 11 sections of land is involved: Sec-
cions 13, 14, E1/2 15, 23, 24, 25, 26, 27, 28, T 1 S, R 98 W, WL/&4 sec 17
and 20, sec 18 and 19, T 1 S, R 97 W.

Preduction is from two different levels, a nahcolite zone approxi-
mately 1,300 feet below the surface and a nahcolite-dawsonite~oil shale
zone about 2,800 feer below the surface (fig. 3).

The location, size, and attitude of the white nahcolite deposit
and the nzhcolire-dawsonite-oil shale zone are assumed mostly from
analytical and other informatiom provided by the U.S. Geological Survey
and a preliminary isopach map of the white nahecolite bed (fig. 2). On
the 2,600-foot level the location of the nahecolite-dawsonire—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 thar a water-
bearing leached zone probably exists immediately above the nahceolite
bed to be mined. However, sufficient informatiom to evaluate this
condition as well as to define other mining conditions with assurance
is lacking. Such information normally would be obrained from an exten—
sive drilling program or evenr a pilot mining operation, neither of which
have been effected.

Since sufficient exploration has not been dome to determine the
actual mining conditions and limitations, the following assumptions
have been made for the 1,900- and 2,600-ft levels.

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

1. A upiform, more or less flat lying bed of nahcolite with a
minable thickness of 9 feet occurs approximately between 1,879 feet and
1,890 feet below the shaft collar.

2. The wmining zone is overlain by a competent member including
the upper two fee: of the interval mentioned zbove which, when rock
bolted and supported on pillars, will carry therverlying material
across the mine openings.

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

4. Hardness, fragmenration, and swell factor of the nahcolite are
similar to that of troma. Specific gravity is 2.24, equivzlent to 140
pounds per cu ft or 14.3 cu ft per ton in place. S8Swell faetor is 0.535

equivalent to 75 pounds per cu ft or 26.8 cu ft per ton of broken material.
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5. Methane gas will be encountered, therefore all electrical equip-
ment must be permissiblel and ventilation must be adequate for the
conditions.

6. Impervious beds lie adjacent ro rhe mining zone so thar the
mine .5 dry.

In further regard to the immediately preceding assumption No. 6,
it is recognized that no significant inflow of water could be tolerated
in the white nahcolite mine because of the sslubility of the pillars to
be laft for suppert and the d.fficuley of mining and handling the
nahcolite if wet. If a significant inflow were found to exist, it might
well be subject to engineering control at some cost; however, no such
cost is assigned in this study in view of the sparsity of information
presently available about actual water conditions.

Assumprions concerning the 2,600-ft level, nahcolite-dawsonite=-oil
shale bed, are:

1. A uniform, flar lying bed of nahcolite-dawsonite-cil shale
with a minable thickness of 60 ft occurs approximately between
2,530 feer and 2,590 feer below the shaft collar.

2. The miuning zone is overlain by a competent member which, when
rock bolted and supported by pillars, will support the overlying
material across the mine openings.

3. Baulageways 30 ft wide will stand open indefinitely when reck
bolted on 1l0-ft certers and nmining is limited to a 45 percent overall

extraction.

1*'Permissible” means a machine, material, apparatus, or device has been
investigated, tested, and apprcved by the Bureau of Mines and main-
tained in permissible conditions. Reference: Federal Register, v. 34,
¥o. 11, Jan. 16, 1969.
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4. Specific gravity is 1.97, equivalent to 123 pounds per cu ft
or 16.3 cu ft per tom in piace. Swell factor is 0.75, equivalent to
92.2 1b per cu ft or 21.7 cu ft per tcm of broken material.

5. Methane gas will be encountered; therefore, all electrical and
diesel equipment must be permissible and ventilation must be adequate
for the conditioms.

The mining area desienated for this srudy was sized to provide
enough ore, including a reasonable amount for unminable areas, to operate
the shale oil and minerals processing plants for a period of 20 vears at
a 45 percent mining extraction. This extraction rate was computed using
the physical characteristics of the 0il shale and columm of overburden
to Jdetermine the size of openings and size of pillars which should
be left as support.2

The processing canacitv is 68,000 tons per calendar day (24,820,000
tons per vear), 8,000 tons from the 1,900-ft lsvel and 60,000 tons
from the 2,600-ft level, with allowance in design to provide for 13
non-operating days per year, or equivalent time at reduced capacity for

mainrenance and repair. The mine and processing plant operates round-the-
clock seven days per week.

No cost or time has been shown or allowed 1= making this study for
com.any formation or oresanization, acquisition of propertv richts,
ownership blocking un, title clearance, or other lecal problems.

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

siderably depending on the uniformity and consistency of both the bedded

b .
Obert, L., W. I. Duvall, and R. H. Merrill. Desien of Underpground

Openings in Competent Rock. BuMines Bull. 587, 1960, 36 po.
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deposit to be mined and the adjacent bels. If early drilling inodi-
cates complete uniformity, 2 minimum of additional drill holes would
give adequate information. Discontinuous aand/or nonuniform formations
would require closer hole spacing to evaluate the ore body. Under
average conditions one core hole im each 1l/4 section (44 holes on 11
sections) cculd provide sufficient information to delineate the ore
body. Three rigs would require about 1 year to drill the 44 holes
which, along with the required engineering and assaying, would cost
atour $1,936,200. For the purpose of this evaluation, it is assumed
that average conditions do exist in the area under comnsideration and
$1,936,200 is included in the cost estimates for pre-developmental

drilling, engineering and assaying.

Development
Assuming that the preliminary exploration and feasibilility study
indicate the zdvisability of proceeding further, a mine development

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

Month
start

Month
finish

T+
TEéqg.

Production
TPCD

Tenmporary access road for explo-
ration and construction purpcses
only, involving virtually no
excavation or structures but

with adequate surfacing (3-1/2 mi)

Site preparation (shaft and
hoist house)

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

Install headframe and hoists
Station preparation at three
shafts

Lower equipment and begin
development

1,900-ft level

Drive 7 main entries 16 ft x
9 ft in two directions (38
working faces). Drive and
ream the ore pass between the
1,500 fr level and 2,600-ft
level.

Add necessary entry develop-
ment and equipment

Begin panel developmentr, add
mining equipment

Start full production in 38th
aonth

2,600-ft level

Drive haulage drifts, ventila=-
tion drifts and complete all
preproduction development

Start production in 36th month

1

25

28

29

33

34

36

29

25

28

29

33

3

36

37

35

600

1,200

4,000

8,000

Average

17,300

60,000
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Shafts

The three shafts, located approximetely in the center of the area
subject to development, will be concrete lined. They can be sunk
simultaneously. The two 20-fr diameter production shafts will be sunk
abour 150 fr below the producing level to allow for the sump, surge bin,
and skip pocker. Depending on the amount of water encountered during
excavation, this will require about 24 months. Three 30-ftr diameter by
»Z-f: deep concrete lined surge bins (2 at one shaft, one at the other)
with apron feeders for deiivering the material into skip measuring
pockets at the production shafts will be excavated in the station
arcas on the 2,600-fr level. One surge bin at one shaft will be used
to handle the nancolite.

The 30-ft diameter service shaft will be sunk 50 ft below the
2,600-ftr level to allow for a sump. Maintenance shop and supply rooms
will be excavated near the service shaft station area on both the
1,900-ft and the 2,600~ft levels. The shafts will have a 2-ft thick
reinforced concrete lining to about 100 £t below the collar. From there
to the shaft bottom the lining will be about 1 ft thick. Grouting will
be required to seal off any water inflow to the shaft. The shaft con-
tract estimate includes a water clause that will cover the cost of
handling water during gxcavation and of any grouting required. Shaft
sizes were determined by production requirements and ventilation needs.

A 4-ft (ionside diameter) ore pass from the 1,900-ft level to the
2,600-ft level will be drilled and lined to transfer the nahcolite to
the 2,600-ft level for hoisting to the surface. Conveyer transfer

equipment on the surface is arranged to stockpile rhe ores separately.
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Entry Drifts - 1,900-ft Level

After the shafrts and shaft starions are completed the seven main
entries are driven north and south from the shafts. Inirially the
pillars are 100 ft by 84 ft in the seven 1l6-ft wide by 9-ft high main
entries for a distance of about 400 ft from the shafts at which point
thevy would change to 64 ft by 54 fr. Pillars in the bleeder and butt
entries are 64 fr By 54 fr while pillars in rhe panels would be 34
ft by 39 ftr (fie. 4). 3Barrier pillars 200 ft wide are left between
main, butt, and bleeder entries and the panels; 50-ft pillars are left
between the panels. The final size of the pillars left for support,
which dictates the distance between crosscuts, would be determined in
an actual development as experience was acquired. However, for the purpose
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 entry on each shift. Each unit—-
consisting of a cutting machine operator, driller, powderman, loader
operator, two shuttle car operators, toof bolrer operator, two utilirty
men, and a unit boss with a set of mining equipment--can complete
ten 1l0-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 to the butt and bleeder entries in each direerion.
Because of lateral excavarion for crosscuts perpendicular to the entry,
1.66 ft of heading excavation must be driven for each foot of entry
advance. About 27,890 ft of heading excavation at 400 fr per day equals
70 working days or 14 weeks. An estimate of 4 months is made for this
work, allowing for off-~time and delays.
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At this rime butt and bleeder entries will be started and driven

to panel drifts, with full producrion being realized about 10 months

after the shafts are finished. Panel development begins on the panels

adiacent to the shaft and procresses outward,

R duced from
b:gtroavailable copY-

Entry Drifrs — 2,600-ft Level
After tie shafts, shaft stations, surre bins, and loadine pncieis
arc completed, the havlage drifts, shors, and drifts necessary for

vientilation anue access will bhe driven. The drifts will be 30 fr wide

bv 133 ft Liei.., This provides sufficioent aross section for ventilation
a3 well an limirting the unsupported span to a safe distance., (Cressculs

Detween the Jdrifls will provide access from one drift tn anotier and
will aid in tie ventilation. Tt allows flow of air from one drift to
Aanother in case an obstruction would occur in portions of a deifr. A
=y pillar will he lef: between the haulage drifts; 113=ft pillars
will he lefr betwean the havlapge drifts and the panels ({ie. 5).
The nuwsber of perscnnel emploved for preproduction development
will vary devending upon the number of workins faces availavle. Tn
seneral, the crews will be increased as the development nrosresses.
The time required for tie preproduction underprouni development will

e approximately & months, Durlne this time approximately 33,900 fi
of drifts and shon areas will be excavated; tonnage of material pro-
duced‘durinq this development phase is apnroximately 2.5 million tons.

After the mine is in production it 1s necessary fo excavate approxi-

mately 9.630 fr of drift in 93 days to develop a panel for productien.
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The development headine round will be 30 by 33 ft in cross section,
depth of the round will be 20 fr. Apnroximately 1,215 toms of material
will be broken per round. A powder factor of 0.55 pounds of ANFO will

be used per round.

The equiasment used in a development heading round will be thc same
as tirat used in mining in the panels.

The drill riy consists of twoe rotarv-hydraulic-electric machines
mongCed on a truck, A self contained water syster, tank and pump, is
mounted on the truck to provide water for drillinp purposes: also a
compressor is mounce. on the unit to provide air to aid in the removal
of cuttinas from the hole. The drill rie has a 33-ft feced chance 56
a 33-ft hole can he drilled in one pass; the rig is desicened so the
holes ncar the bacl: of the 33-ft high face can be reached. Two miners,
a miner's helner, and a truck driver are required per drill rig. The
senctration rate is assumed to be 10 ft per minute. It is estimated
that a development heading round can be drilled in 1.7 hours after
full production has been achieved.

Aftcr a round has been drilled the drilling crew will move to
another workins area. A crew composcd of two powdermen and a truck
driver will then charge the holes in the development headin=, 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 wunit

is equipped to poneumaticallv charege the ANFO into the holes. A hvdraulic
lift powered by the truck motor allows access to the holes near the

back. Positionine controls on the leadins platform are conveniently
located for the powderman. One powderman places a primer in the hole
while the other charees the ANFO, The truck driver would service the
enquipment. The 3—ton ANFO container on the truck is removable so that

a similar container can be filled with ANTO on the surface, brought
underpround and interchansed with the container on the truck. It is
estimated that a development headins round can be charged in 1.7 hours.
Upon compnletion of the chargine phase which includes wiring of the round.
the crew moves te another heading.

After the area has been cleared of smoke from the blast and the
back tested for soundness, the loading and haulage units will cormence
loading and tramsportinsz the broken material to the suree bins at the
production shafts. After the prenroduction development is completed
the material will be hauled to the crusher units located ir a panel;
the crushed material will then be conveved to the suree bins. A frent
end articulated loader with a 2(0=-ton capacitvy bucket will be used o
load the material into 75 ton trucks. The number of trucks required
per loader during prernroduction development will depend upon the haulaze
distance. Sufficient trucks will be provided to keep the loader working
continuously. 1t is estimated that a loadine rie can lead 1,755 tons
per hour allowing for 90 percent availabilitv and 10 minutes movine

time per hour.
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All of the backs in cthe mine will be rock bolted on a 10 ft by
10 ft pattern. This pattern may change as experience 1is obtrained in
actual mining operations. In addition the backs and ribs will be scaled
of all loose material. Fer this work a special truck equipned with a
telescoping boom capable of providing aceess to the mine roof will be used.
A drill for roof bolrine will be operated from the platform. The boom
is rTemotely controlled by the drill operator at the platform. One
miner and a truck driver are required per rig. It is estimated the
scaline and placement of 6 roof bolts per development round will take

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

to clear the area of boulders afrer scaling and roof beltine.

Production = 1,900-ft Level

The cost estimate is based on a modified room and pillar mining
method similar to that used in some of the troma mines in southwesrern
Wyomine, underground coal mines, and other bedded deposits {(figs. 6 and
7).7 Operations are highly mechanized and the minine personnel are organized
into mining units of men and equipment which are indemendent of each
other.

Each unit consists of 1@ men - a cutter operator, driller, powder—
man, loader operator, rtwo shuttle car operators, a roof bolter operator,
two utility men, and a unit foreman. Each phase of the mining cycle
takes 27} to 30 minutes. Barring unusual delays a unit can complete
14 to 16 cycles per S-hour shift. Enough workins faces are made available

{15 to 16) to insure a unit loses no time waiting for a heading in
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which to work. Thus at the beginnineg of a shiftr there may be three
rounds blasted readv to load out, three headines cleaned out ready
to rock bolt, etc. Production will average about 1,500 tons per unit
per shift at 100 tons per round. Two units operatine on three shifts,
20 shifts per 7-day wecek can produce 60,000 tons per week. This production
rate provides sufficient reserve minine capacitv to insure maintaining
the required 56,000 tons per week allowine for all maintenance and repair,
unscheduled downrime, etc. Two comnlete sets of spare equinment are
kent undereround as snares to aveoid undue production delays when break-
downs occur.

The dirmensions (16 ft wide by 9 ft high) of a develonment and a
production heading are the same so that it makes little difference in
costs whether the ore is mined from development or production headings.

A description of each phase of the mining cycle follows.

Cut
An electric—powered coal cutting machine that has been modified
by strengthening desien changes for operation in harder material is used
to make a cut at the face of the heading to which the round would
break. The 10-1/2-ft deep cut is made the width of the face as near
the roof as is practical. The machine is operated by one man: the

operation nermally takes 20 to 30 minutes.

Drill
The drill jumbo, powered with a 115-hp electric motor driving a
hydraulic system, has two drills, each mounted on a2 hydraulically

controlled extendable boom arm. All controls are centrally located
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so chat the machine can be operatud by one man. hirteen to 18 holes
{dependinz on the size of the headings and the toughness of the material)
are drilled in a fixed pattern to break to the cut at the roof. The
holes are 1-3/4 inches in diameter and are drilled about 11 fr deep using
tunesten carbide bits and auper stcel. This operaticn takes 20 to D

minutes.

Repreduced from
es! available copy.

Blasz
altiwouah ANFD is not desipcnated as a permissible explosive it is
assumue.. no problem would be encountered in acquirine written pernission
from the proper auticrities to use it in this mine. ANFO is wused in
the trona mines of Wyoming which are classified as gassy mines.

A small diesel-powered loadine truck, provided with a small
comressor and pressurized sviatem, is used to preumatically charve the
blasting angent, ANFO, into the holes. Millisecond-delay electric
blasting cans are provided with iron lead wires so they can bhe removed
from Lhe ore by macnets and are placed in the botteom of the hole in
a l-inch by G-inen primer of 65 percent permissible dynamit2. The
AUFO is charged to within about a feoonr of the collar of the hole.

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

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

10 ft decep. About 170 tons of ore are broken each round, with most of
the material falling in the size range of 12 to 18 inches. One man
charges and blasts the round in about 20 to 30 minures. About 10

minutes must be allowed before the subsequent loading operation hegins
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so that the dust- and smoke-laden air can be clcared out by the small

auxiliarv ventilatioan fans.

l.oad and laul

A 1G60-hp gatherinp-a.m-tvpe coal loader, modificd by strengthening
design changes for operation in nahcolite, is used to load the breken
tock. The ore is pathered onto a bar=flisht-feeder on the loader and
conveved over the loader inte a shurctle car. The loader is capable
of loadina from 21 to 23 tons per minutc and is operated by one man,
Two lé-ton electric powgrcd shuttie cars, used to hnul the ore to the
eonveyer, operate with one lmader. The maximum hanlaee distance is
normally limited to 5th) feet because of the trailinnm cable on the elec-
tric powered shuct;e cars. One man operates each shuttle car. The
loading phase of the operation talkes 20 to 30 minutes. To control tue
dust, the ruck pile is wetiad with water piped to the working area
thiroursh the water distributien syster. The undersround operation

requires 20,000 gallons of water per day.

duced from
Rbis:oavua‘[lable copY-

. Rock Bolt
An electric-hvdraulic rock-beltine macirine is used to drill the
rock-holt heles, and ro insert and tighten the S4-inch rock boles
across the back of each nmewly blasted development and production
lheading. A hydraulic-driven auger drill, similar to the drills used in
the production headings, is mounted on a2 hydraulic, extendible boom arm.
Vertical holes, about 1-1/2 to 1-3/4-inches in diameter, are drilled

on 5-ft centers. The bolts, 54 inches loﬁg by 3/4-inch in diameter,

complete with expander and plate, are pushed into position and tichrened
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with the drill to the proper torgue, One man can place the bolts

in a headine in 20 to 30 minutes.

Convey and Hoist

The shuttle cars unload the ore into a crusher-convevor feeder
where it is reduced to minus 10-inch material. This feeder is started
with an on-off switch which has a pull cord conveniently located
for the shuttle car operatnrs. It has an automatic shutdewn mechanism
that stops the crusher-convevor feeder when it empties. Its operation
is monitored by the shaft station crusher attendant throurh a closed
circuit TV svstem so that he can disratch renmairmen in case of trouble.
The material is then conveyed by the 36-inch transfer convevor to the
secondary transfer convevors or to the main entrv convewer. Near the
shaft the main entry convevor discharees into a screen feeder which
delivers all plus 5-inch material to a secondarv crusher where it is
crusined to minus 5 inches, the size material that can be handled efficiently
throu~ah the ore hardlinr svstem.

The ore is then conveved to an ore pass which transfers the
material to a surcc bin on the 2,600-ft level. Apron feeders under the
surze bin convey the ore to a skip measurin~ pocket. The skip measuring
pocket fills the skip as it is lowered Iinto positinnji simultaneously,
the other bottom dump skip discharces at the surface.

On the surface the ore is conveved to a stocknile. Tails is sized
at 56,000 tons, one week's mill requirements, to provide for continuous

processing in the event of short term emergency mine shutdown, mine
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holidays, and to provide reasanable flexibility in mining operations.
To eliminate contamination problems, this stockpile is a paved and

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

Ventilation

Primary ventilation for this two level mining operation is provided
by two fans mounted near the service shaft on the surface. The fans
are canable of producing 1,240,000 c¢fm at 8-inch water gage: approximately
240,000 cfm used to venrilate the 1,900-ft level and the remainder
used to ventilate the 2,600-ft level. If needed, repulators are used
to control the quantitv of air flowinn to each level. The air 1s circulated
through the mine and exhausted through the production shafts. Brattice
cloth, airlocks, and overcast drifts are used to control the direction
of the air flow. Portable blowers and flexoid tubing provide secondary
ventilation at each "dead end" workine face. Direction of air flow
within the 1,900-ft level of the mine is shown in figure 4. The
crusher-conveyor feeders are located in exhaust entries and arranged
so that the shuttle car operators are upwind from the crusher, protecting
them from the small amount of dust that is generated. Exhaust air
moves from the crusher located at the production shaft directly into
the shaft to prevent a dust problem in this area. If dust should
prove to be a problem, dust collectors could be installed. Maximum
air velocity through the system is 555 feet per minute or 6.3 miles

per hour.
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Production ~ 2,600-ft Level

The mining system believed suitable for the 2,600-ft level is
a modified room and pillar system within a panel (fies. B and 9).
The 60-ft thick bed of natcolite-dawsonite—cll shale is mined using
a 33-ft top heading round and a 27-ft bench round. The 33-ft top round
is at the same level as the haulage drifts; the bench round bnttoms 27
feet below the floor of the haulage drifts. Ramps will provide access
for haulinz the broken material from the bench round. The pillars
left on an evenly spaced pattern are 70 feet square; the rooms are
50 feet wide.

The minine operation is hiehly mechanized with equinment and
men assipgned to a specific phase of the operation such as drill,
blast, load and haul, and scale and rock bolt. As a unit completes
its specialized task in one heading, it moves onto another to perfornm
the same task. Sufficient headings 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 (required
for repair and maintenance) to increase production if warranted. Labor
reguirements to operate these spares is temporarily taken as needed
from a labor pool. Apnroximately 1) percent of the daily production
is provided from the development headings. This development is

necessary to provide production workine areas in advance.
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Drill

The headine round, 33 fr high by 30 ft deep by 50 ft wide, is drilled
with a ri¢ identical to thar used in the development heading. A V-cut
pattern round is used to pull a 30-ft round. Experimental work in oil
shale has demonstrated that a round usine a powder facter of 0.55 pound
of ANFO per ton of broken material will pull satisfactorily and produce
sufficient fragmentation: similar loading is assumed for the current
study. A round requires 2.6 hours for drilling and produces 3,037
tons of broken material.

A bench vound, 27 ft high by 30 ft deen by 50 ft wide is drilled
with two rotarv-hydraulic-electric machines mounted on a truck. The
feed mechanism permits holes to be drilled te the full depth of 27 fr. in
one pass. Experimental work has shown that no subdrilline is required
because the shale breaks to a parting plane. Three tenths pound of
ANFO per ton of broken material provides satisfactory fragmentation prc-
ducing 2,484 tonz of broker material. Manpower reéuited for the drill
rig is two miners, a miner's helper, and a truck driver. Estimated
time to drill the round is 1.7 hours at a penetration rate of 10 ft
per minute.

Manpower reguirements per shift are six miners, ﬁhree miner's helpers,
and three truck drivers. Two headine drill rigs and onc bemch drill

rie are required.

Blast
The same type equipment i1s used to charge both the headine and

bench rounds. It is estimated that a development headine round can
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be charged in 1.7 hours, a panel heading round in 2.1 hours, and a
bench round in 1.4 hours. Abour 50 percent of a hole is chareed which
satisfactorily pulls the tound and srives acceptable frasmentacion.
Stemming 1s used as necessary.

Althoueh ANFO is not desicnated as a permissible explosive it
is assumed that permission has been obtained from the proper authorities
to use it in this mine. NF0O is used in the trona mines of Wyomine
which are classified as gassyv mines,

The ammonium nitrate and fuel o0i1l are mixed on surface in a plant
supplied by 2 powder cempanv. No powder magazine is necessary for
storace of ammonium nitrate on surface or undererocund. On the surface
the ammonium nitrate prills remain on a powder truck until needed
in the mine, the truck being stationed when not in use in a shielded
area protected by embankments, The procedure for delivering explosives
undereround has been previously described. Two of these units with
the required manoower are required to maintain a production rate of
20,000 tons per shift.

Senarale facilities are provided for the storage of both primers

and caps on the surface and underground.

.Load and Haul

——
LT el

Two “ront end loaders and six 75-ton rear dumn trucks are used
to load and transport the ore from the workinz area to a semi-portsble
roll crusher located in a panel beins mined. The averase haulacge

distance is 1,500 feet. Each loader is capable of loadings 1,755 tons
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cf broken materizl per hour. A loader c¢ycle, 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, £ill a 75-tomn
truck. It is estimated that a truck c¢vcle, i,e., load, dumn, and return
to the loadine site, reaquires 6.1 minutes.

Water trucks provide water for wettinz the haulagewav and the
muckpile, The undereround operations reguire 100,000 gallons of water
per dav for dust control durineg drilling, loadins, and haulace.

A motor patrel is provided to keep the haularewav clear.

Scale and Rock Bolt

All backs and ribs in the headine are scaled to remove loose
material and the back is then bolted as close to th; face as pr:actical:3
bolts are placed on 10-ft centers in staggered rows. It is estimated
that a round In a develorment headine is scaled and rock bolted in
0.7 hour and in a panel headine in 1.5 hours. A bench headines can be
scaled in 0.8 hour. Two scaline and rock boltin~ rigs and operating
crews are necessary to maintain a production rate of 60,000 tons per
calendar day. 1In addition, one ripg is used to test the backs for sounduess
in the permanent haulapewavs. Details concerning the rig have been

previously described in the develooment secment of this reporrt.

3 East, J._H., Jr., and E. D. Gardner. O0il-Shkale Mininc, Rifle, Colo.,
1944=-1956. TuMines Bull. 611, 1964, 163 pp.
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Convev and Hoist

The haulare trucks unload the ore into a receivine hopnrer from
which it is conveved via an apron feeder to a grizzlv feeder. Minus
10-1/2-inch material passes through the grizzlv and ontn the transfer
conveyor. The plus 10~-1/2-inch ore is fed to the roll crusher, crushed
to minus 10-1/2-inch material and then is nicked up on a transfer con-
vevor. One or more transfer conveyors deliver the sized ore to the
main convevor. Near the productien shafts the main convevor discharges
the material into one of two 2,000-ten canacity suree bins (fie. 9;.

The crushing unit (honper, feeders, and crusher) is portable
so that iz can be moved from one location to another as minfne prooresses.
Two units are in operation and a third is provided so that a unit
can be moved amd set up at a new location without loss of production.
Nust collectors are provided at the crushine sice ro alleviate dust
nroblems.

Apron feeders under the surge bin fill the skip measuriung pockets
Uith‘a skip load.

The skip fills frcm the measurine pocket at the same time the
other hottom dump skip discharges at the surface. Fillinae of the
skip mea;uring pocket and skip is automatic: the production b;is: 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
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on the surface. Air is forced down the service shaft. circulated
throuah the mine and exhausted via the two productien shafts. Direction
of the air flow is controlled by use of air locks, repulators, overcasts,
and bulkheads (fis. 8). Ventilation to the development headines is pro-
vided by fans and ventilation tubine. 'Mead-end” headines in the pro-
duction area are similarlyv ventilated. Direction of air flow within

the mine is also shown in fiecure 8. The maxirmum velocitv attained

is aprroximartely 505 fr per minute cr 5.7 miles per hour.

Surface Storage
Provisions are made for stockpiling a week's supply of ore on the
surface in a roofed and paved area 1,200 ft long, 200 ft wide, 50 ft hish
at eaves. Alsg, conveyors are provided for transport to the storage piles

and for distribution over the storace areas.

RETORTING

Of the total material that is mined, the 60,000 toms ner
calendar day from the 2,600-ft level makes up the feed, via pre-
paratory crushing and screening facilities to the reforting plant.
Subsequently, the spent (retorted) shale is processed in oune section
of the sodium minerals plant for production of soda ash and alumina.
The balance of the mined material, 8,000 tons per calendar day of white
nahcolite from the 1,900-ft level, is not retorted, althoueh its organic
content, representine less than five gallons of potential oil per ton,

is utilized as fuel in the section of the sodium minerzls plant to which
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it is fed directly from its stockpile. Details of both sections of the
sodium minerals complex apoear later in this report.

The retortine plant, including its preparatory crusnine, screen-
ing and briquetting facilities, is located in the general plant area
designated in figures 1 and 2. This area overlies a portion of the
mine.

Based on data provided by the U.S. Geological Survev, the raw
material from the 2,600-ft level (termad the dawsonite-rich zone

on occasion hereafter) is characterized as follows:

Specific g¢ravitvy (in-nlace)......... 1.97

01l vield by Fischer assay..(gal/ton) 37.C

Naheolite....... caseasenss. (WL, DEC.) 14.8

Dawsoniteee.cceane. esesasea{wt. pecr.) 11.6

In relativelv recent vears, a number of process and cost evalua-

tions of hypothetical oil-shale industries have been made by the Bureau
of Mines and others. In makine such studies, it has been possible to
base the crushine, screening, briguetting, and retortine steps on
a cousiderable amount of experimental data darived f{rom various investi-
gations in which typical Green River oil shale was actually processed
in equipment ranging in size from laborarory scale to laree pilot
or engineering scale. In contrast, only a meager amount of small-scale
work is known to have been done with materials containing sienificant
amounts of nahcolite anéd dawsonite such as that characterized above.
Consequently, it was necessary in desiening and specifying the operating
results of the crushing, screening, and retortine facilities that

are described in the immediately followine sections of this rernort

to relv heavily upon encineerins judement rather than directlv-anplicable
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experimental results. In general, equipment requirements and operating
characteristics were estimated by drawing upon known experience with
more typlcal Green River oil shales, taking into account the expected
af fects of the nahcolite and dawsonite components. In the latter
rerard, it was necessarv to estimate such facrors as charges in unit
heat requirements stemmine from anticipated compositional changes
durine retorting and the operational effects cf large releases of
carbon dioxide and water from such decommosition reactions.

Further aggravatine the rerort desism problems, a heatine svstem
was adopted in this study that involves cireculation throuch the retort
of hot gases rather than use of the internal combustion feature that
tynifies most recent retorting experience. This modification was
considered necessary in order to achieve adenuate control of temperatures,
believed to be a critical facror in the subsenuent efficlency of scdium
minerals processine as discussed more fully later.

Possibly more important. if one were seriously contemplatine an
actual commercial operation iavolving a2 retorting complex such as is
descrived, is the guestion of whether or not the 46-ft-ipn-diameter units
visualized for the purposes of this study could actually be operated as
effectively as is optinmistically assumed (an on-stream efficiency of
90 percent and an oil yield of 100 percent of Fischer assay when operating
at a unit throughput rate of about 500 pounds of shale per hour per
sa fr of cross sectional area). Although relatively small experimental

operations indicate the possibility of efficiencies of this degree, no
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unit even anproachineg the size visualized has actuallv been demonstrated

on typical oil shale let alone on material containing hizh concentrations

of nahcolite and dawsonite.

Crushing and Screenine

The shale from the stockpile (60,000 tons per calendar day) is
fed to a belt convevor (located in a tumnel under the stocknile) by
apron feeders. The minus 10-1/2-inch material is fed to a suree bin
and then by apron feeders over grizzlv bar screens for reémoval of under-
size before being fed to the secondary crushers. The crusher preoduct
at minus 4-1/2 inches alons with the undersize from the grizzlies
flows to a surse bin where the stream is divided and fed by anran feeders
over vibratine screens for removal of undersize prior to the tertiary
crushers. The product from the ¢rushers along with undersize material
at minus 3 inches is conveyed to 24-hour storage, provided by two
surce bins. Fierure 1l is a schematic flow diaeram of the crushing
and screening plant.

The shale from the surge storage is fed by apron feeders omnto 2
belt conveyor which traasports it to the screen house. The shale is
received in surege bins and then fed by apron feeders to eight parallel
double-deck vibratine screens. The screens separate the plus 3/16-
inch minus 3-iunch fraction from the fines. The coarse shale is sent
to intermediate storage for transport to the retorts. The fines,.
also, are sent to storame and are then conveyed to the minerals processing

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

The coarse shale fraction amounts to 51,550 tons per calendar day
and 7,850 tons per calendar day are fines.

The fines after leaching in the minerals plaat are recycled to
the retort feed stream. This recycle stream amounts to 5,187 tons per
calendar day of shale plus 1,678 tons per calendar day of moisture on
the leached shale fines. Of this recycle stream 86.5% is fed directly

to the rertorts and 13.5 percent is used in the briquetting plant.

Briquetting Plant

Part of the recycled fines (4,487 tons per calendar day, dry basis)
are returned directly to the retort feed stream. The rest (700 tons per
calendar day, dry basis) are dried, mixed, and briquetred with 318 barrels
per calendar day of crude shale oil to produce 750 tomns per calendar day
of briquettes which are fed to the retcrt. The dried shale fires are
conveyed to a surge bin and by vibratory feeders to a hammermill which
reduces them to minus l4-mesh. The shale is conveyed to a surge bin
from which it is fed to a mixer to be mixed with crude shale oil (biader).
The material flows by gravicty from the mixer to a briquetting machine.

The briquettes are conveyed to a surge bin and then to the retorts.
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Retortine Plapt

The shale is retorted in seven retorts, each 46 fr in diameter
(see firure 13), patterned generallv alona lines of the Petrosix
retort. These retorts are equirped with the Cameron and Jones inproved
feeding and discharge mechanisms. The process is discussed in reneral
terms and the feedine and discharge mechanisms are described in detail
in "The Colorado School of Mines Quarteriy,” v. 60, No. 3, July 1965,
in a paper nresented at the Second 0il Shale Symposium. The Petrosix
procass was chosen as it allows more precise temnerature control and
maintenance of a lower peak temperature in the shale bed than does an
internal combustion type such as the Gas Combustion retorting process.
This factor is discussed in more detail later.

The shale from the crushine and screening plant, the briquectts
from briquetting, and the remainder of the recvcle fines are fed to
the surece bins at the retortinz planct. The shale from the surge bdins
is fed by hu-cket elevators to the feed hoppers aton the retorts.

The retorts process 58,239 tons per calendar day of coarse shale,
briguettes and wet recirculated fines, including the moisture on these
fines, and produce 52,354 barrels of crude shale oil and 41,673 tons of
retorted shale per calendar day. On a moilsture-free basis, the charpe
rate is 56,787 tons per calendar day, including briquettes.

The shale bed is maintained at a depth of about 20 feet and the
heat required for retorting is supplied by a hot recycle gas stream
at 1,350°F which is injected inco the bed about 6 feet above the hottom.
This recycle gas is heated by direct fired zas heaters fueled with
retort product gas. A cold recvcle gas stream is fed to the bottom

of the shale bed to cool the retorted shale prior to discharce.
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The shale is fed to the top of tha retorts and is heated to
approximately 1,000°F by contact with the countercurrent hot recycle
gas. By the time the shale reaches this temperarure, ir is completely
retorted. Before the marerial reaches this temperature the nahcolite
and dawsonite undergo degradation reactions due to hear, formiqz sodiun
carbonate and sodium aluminate with evolution of carbon disxide and
water vapor. The chemical reactions are as follows:

20

N2Al(OH),C0, —p Naally + €Oz + Hy0

2N2HCO03 ———p  NayCO3 + COp + H

It is important that the temperature not be allowed to rise much above
1,000°F to avoid further reactions that would occur at higher tempera-
rures, resultine in impairment of the extractability of the sodium and
aluminum mineral wvalues.

The 130°F gas from the top of the shale bed with entrained crude
shale ¢ill is sent through rotoclones and electrostatic precipitators for
0il removal. The gas stream then flows to blowers where ir is compressed
to 1.6 psipg. Subsequently, it is divided into the recycle gas stream
and the maxke gas stream. Most of the latter gas is burmed in the
recycle-gas heater: excess gas is used in the steam nlant. (See firures
10 and 13.)

The recycle stream is then split into tweo streams: 913,836,000'
stdiéu ft nper calendar day is sent through the recvcle blower to the
recvcle~gas heater where its temperature is raised to 1,350°F for

injectlion into the shale bed: and 857,076,000 std cu ft per calendar
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day at 130°F is sent to the bottom of the retort. The recycle blower
compresses the gas to 2.1 psig.

The spent shale is sent to a storage pile and then to the sodium=-
minerals plant. The crude shale oil, via a storace system, is charged

to the refinery.

REFINING
The crude shale oil, nroduced at a rate of 52,354 barrels per
calendar dav in the "'studv" retortirg plant, is characterized on the
basis of laboratory retorting and inspection work by the U.S. Geological
Survev and the Bureau of Mines, as follows:

Characceristics of Crude Shale 01l

CTaViLYercesoccoasassnonnnns (°API) 24.8
Sulfur.ceee... cecencrnea (wt. pet.) 0.63
NitTooeN . eereeeennnnn (wt. pct.) 1.76
Pour point..eenrue.s ceennesssca (°F) 70

Viscosity......... {(5.U.S. ® 1D0°F) 64

The oil is further characterized by a black color and rather dis-
agreeable odor typnieal of Green River shale oil.

As has been generallv recoeaized in earlier studies, such nils
require uperading to vield an oil suitable for transnort by pipeline,
a necessary step 1f anv sienificant market is to be claimed. In the
current study, a two-step refining sequence was adopted, consisting
of recycle delayed ecking of the raw oil followed by hydrocracking
of the coker distillate to yield 46,113 barrels per calendar day of
a hiph quality pipeline oil as the major product. This oil, discussed

and characterized later in more detail along with other products,
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is comparable to that for which a value of $3.08 per barrel was set

on the basis of industry judement in the 14965 revort of the Department
of the Interior, "Prospects for 0il Shale Development: Colorado, Utah,
and Wvoming."

The refinery visualized for studv purnoses Is located adjacent
to the retorting plant in the general procesginq area overlyine the
nine.

Of the various scements of the visualized complex, the refining
steps are probably the least conjectural. By virtue of a variety of
work by industrv as well as the Bureau of Mines, the apmlicability of
coking and hydroeenation processes to shale oil has been reasonably
well demonstrated on scales raneing from lahoratorv to a full-scale
test in a commercial refinerv several vears aeo. Thus, althouch many

details such as precise operating conditions and hydrosen requirements
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undoubtedly would warrant further consideration to arrive at the ontimum

situation for an actual cormercial venture charzine the particular oil

in gquestion, the general refinerv design and operatine results specified

in the followine sections are ronsidered adequate for the present

evaluation purposes.

Delaved Coking

The crude shale oil from the retorting plant constitutes the feed
to the refinery. The o0il is first processed in a delayed coking unit

wirth a heater outlet temperature of 940°F and a coke chamber pressure
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of 30 psig. The nroducts include a coker distillate, stabilized to
retain the C4's produced and havine an end peoint of 680° to 700° F,
plus a e¢ond quality coke suitable for sale as green metallureical
grade material. In addition, the C3's and lighter fraction contain
an apnreciable amount of hvdrogen sulfide which 1is recovered andéd also
serves as a source of hvdrogen. The sulfur recoverv and hydroecen

rroducing plants will be described larter.

Hydrocracking

The coker distillate is further processed by hydrocrackine at
835° F and 1,500 psig, maintaining a liauid-hourlv-snace velocity
of 0.9. The system is tvpified generally by the Union 0i1 Companys'
iinicracking=JHC process, featuring a sulfur and nitrogen resistanc,
Cobalt-molybdate type catalyst. IHydrosen consumntion is abour 1,300
scf per barrel of feed, and the hydronéﬁ recycle is about 800 scf
per barrel. The major product from hydrocrackine is a 536.9° API distillate
containine essentiallv no sulfur or nitrogen and containine about 60
voluyme percent material in the masoline bgllinc ranee and 40 volume
percent material in the diesel fuel boiline range which also meetrs
other D-2 Jiesel specifications. The overall hydrosenated distillate

contains all C4's and heavier material produced to a final beilin~

My

point ¢ from 680° to 700°F.
The hvdrocracker =as is relatively rich in hydroeen sulfide and
armonia due to the hydrogenation of the sulfur and nitrocen contained

in the disrillate charee. The sulfur and ammonia are both reccvered

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

later.

Ammonia and Sulfur Recoverv

The sulfur and ammoniz products come from the coker and hydro-
eracker gases, the former containine 1.75 to 1.80 mole nercent hvdroeen
sulfide and the latter containine approximately 4 mole nercent hydronen
sulfide and in excess of 20 mole percent ammonia. The recrvery system
invelves scrubbing the coker and hydrocracker nases with aqueous solu-
tions recycled in a clased circuit within the sulfur and ammonia nlants.
The rich scrubber liquids are fed topether to a hydroeen sulfide stripper,
the overnead fraction (rich in hvdrosen sulfide) is sent to a conventional
Claus plant for sulfur recoverv. The hottom stream from the hydrogen
sulfide stripper, rich in ammonia, is again stripned to separate the
ammonia from the bulk of the water and a small amount of residual
hydroren sulfide, then the ammonia is dried and liquefied for storage
and sale.

The fuel zas produced contains the excess gas from c¢oking, the
sweet tail gas from the hydrogen plant, and the nurificd gas from hydro-
cracking. The total fuel gas has a heatine value of about 23.2 x 10°
Btu per calendar dav and a unit heatinn value of 1,218 Bru per std
cu ft.

A1l parts of the refinime system operate with an on-stream efficiency

of 95 percent includine the coking nlants. Although the coking units
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are cyclic in nature, they operate continuously: as one coker is
removed from the flow pattern a decoked chamber is brought into service
without disruption of the onstream schedules.

The integrated flow pattern and material balance for the refinery

is shown in Figure lé.

MINERALS PROCESSTING, WHITE NAHCOLITE

Nahecolite Preparation

The area visualized for the white nahcolite processing facility
overlies s portion of the mine area as shown in fieure 1.

The process adoptec for this evaluation, shown schematically in
ficures 15 and 16 is desiened to effect recoverv of dense soda ash
{sodin~ carbonate) havineg an estimated purity of 99.9 plus percent as
the marketable product, starting with the stockpiled white nahcolite
provided by the previcusly described minine operaction. Four principal
processing steps are involved: Nahcolite preparation, including
calcinine: leachins: crvstallization; and product dehydration.

Characterization data for the raw white nahcolite were provided
by the U.S5. Geological Survey. In the absence of a comprehensive sampling
program such as would be needed to define minine and processing parameters
with a hich degree of assurance it was assumed that a composite sample
obtained and analyzed by the Gesological Survey, through the white
nahcolite section at one location typifies the average 9-ft measure
adppted for the mining evaluation as discussed earlier. Inspection

of -this sample indicated am in-place specific gravity of
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2.24, a potential oil yield bv Fischer assay of 4.8 gallons per ton,
and cold water solubility data as follows:
Cold=-water insolubles, Wt Zivseeroeereceaessss 15,52

Cold-wvater-soluble ions,
wt. % of oririnal material:

COgacinnnicennnscacannancanssscnancacnnnas 6.34
HOO3 e ioseaaeasansanacnnnossancssaannnnes 48.00
- 23.09
O 0.13
SO acececccasacesosrerennsosasnaassannsns 0.10
ClBoiureiceccecssscsscsansscnsnanneas eees 0.01
M iseteesaanssrssessssssnanrnssssnanasss Neel,
Keeouns oeassnrsscesssssesesssssescsnnsss <0,01
7 racaasa teasassrsssacsas Neel,

TotAl.eivoeecosnaanosas caseassess 93.20
Jater (assumed)...... caessaas seesacnenae 6.80

The above data, sunplemented by pertinent fundamental chemical and
physical pronertv data and by published information concernine closely
allied nrocesses such as recoverv of soda ash from trona, were used by
the Burcau of Mines as hases for estimatine process require-ents for
nurnoses of the present evaluation. 1In the absence of actusl indusrcrial
experience or even pilnt plant resnlts feor processine white nahcolite,
it also was necessary to assume plant operatina parameters in many
instances, basine values on knowledege of typical equipment performance
and general engineerine judpgment. Such values as settline rates in
thickeners, solids contents of filter and centrifupge cakes, and dust
losses in crushine and calcinine were generally set in this manmer.

A detalled description of each process step in the white nahcolire
plant follows:

White nahcolite ore is recovered from beneath the mine stockpile
bv pushing it onto one of six apron feeders with a bulldozer. The
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feeders are so spaced as to reduce the amount of bulldozing required
and are sized so that only one is meeded to supplv the plant at any
time. A 30-inch, 675-ft-long belt convevor traasports the ore from
the feeders to a honper above the primary hammérmili. The ore is
crushed in the hammermill from minus five inches to one inch and is
conveved to a hopper above two secondarv hammermills operatine in
parallel. These hamrermills reduce the ore to 1/8 inch., The 1/3-
inch ore falls directly onto vibratine screens from which plus 1/8-
inch ore is recycled to the hopper ahove the secondary harmermills,
and wminus-1/8-inch ore is conveyed to storase silos. Figure 16 is
a flow diasvam of the white nahcolite processine plant.

The minus-1/8-inch ore from the silos is conveved to hoprners which
feed three 12.5- by 249-foot gas-fired rotary calciners operating
at 1,000° F. Tihe sodium bicarbonate containad in the nahcolite is
decomnosed to sodium carbonate by the following reaccion:

2NaHCOy —» NazCngy + H20 + COz.

The greatly increased solubility of sodium carbonate facilitates the
followins leaching step. Althoush decomposition will occur below
1,000°F, this temperature is used so that all of the organics present
in the raw material are burmed. The organics, 1f left in the system,
would cause foaming in crystallization and would discolor the product,
judging from experience in the trona industry. A credit for the heat

of combustion for the organics 1Is included in the heat calculations

38

for calcining. The sodium carbonate is cooled to 150°F in rotary coolers

and is conveved to a hopper in the leachins section.
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Dust collection equinment ic included for all ccnvevor transfer
points, hammermills, and screens. Separate systems are desicned for
the raw nahcolite before calcination and for the calcined material.
Separate bae collectors are used for each. Material balances and flows

in nahcolite preparation sectijion are shown in figures 17 and 18.

Leachine

Calcined material is fed from a honper inte an agitated leach
tank operatine at 100°F where the sodium carbonate and other water
soluble compounds are dissolved durinm a 15 minute pericd. Steam is
added directly to the leach tank to maintain the temmerature. It
is assumed that the water solubhle components dissolve under the above
conditions.

From the leach tank, the slurry is bummned to a 240-ft dianmeter
settler where the insclubles settle at a rate of 0.6 ft per hour and
are removed in the underflow which contains 48.5 percent solids. The
sattler underflow is washed cowntarcurremtly in four 170-fr diameter
thickeners froﬁ,which the underflow is numped to a taiiine pond. and
the overflow is recvcled to leachin~. The same settlin~ rate and solids
content are used in sizine the countercurrent wash thickencrs as were
used in sizine the settler. Condensed water from the carbonate crystal-
lizers is used for washing.

Overflow nrernant solution from the settler is clarified in pres-
sure leaf filters at a rate of 500 gallems of filtrate per sq ft rer

day to Temove anv solids that were not removed durine settlin~ and is
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numned tn suree tauks before crvstallization. The filter cake contains
50 percent solids. The materials balance and general flow diaeram for

leaching are shown in fieures 19 and 20,

Crvstallization

Fifty—-five percent of the sodium carbonate in the pregnant solution
from the leaf filters is crystzlllized from solution as sodium carbonate
monochvdrate in a seven-cffect forced-circulation evaporator. The last
effect is maintained at 1.6 inches mercury, and 100 psig steam is 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 ft~°TF is
used for sizing the crvstallizer.

Based on solubility data at 68°F, thc solubility of sodium
carbonate is estimated to be 29.5 grams per 100 prams of saturated
solurion at 100°F when considering the effect of sodium chloride and
sodium sulfate which are also 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 con-

tent as the slurry preocessed by the troma industcry.?

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

SSommers, H. A. Soda Ash from Trona. Chem. Eng. Prog., V. 56, No. 2,
February 1960, pp. 76-79,
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Cooling water requirements for the crystallizer's condenser‘and
ejector are supplied by a cooling tower. The tower operates at a wet
bulb temperature of 65°F with hot and cold water temperatures of 89°
and 70°F respectively. 1lhe wood-filled tower has a circulation rate
of 13,409 gallons per minute and process wmakeup water requirement of
408,000 gallons per day.

The crvstal slurry from the crvstallizer is pumped to four S4—inch
vbowl centrifuges where :he monohydrate crystals are separated from the
motiier liquor, washed with 110°F water, and conveyed in screw conveyors
to dryinz. During washing 2 percent of the monoliydrate crystals is
assumed to dissolve and S5 percent of the mother liquor is washed free.

To avoid excessive chloride and sulfate impurities in the product,
2.5 percent of the mother liguor is discarded as a purpe solution. The

rcmaining mother liquer is recyeled to leaching.

41

The material balance and equipment flow diagram are shown in figures

21 and 22.

Drvine and Product Storace

The centrifuped cake, containing about 4 percent solution, is fed
inta four 12 by 108 ft gas-fired rotary dryers operating at 600°F.
During drying. moisture and water of crystaliization are driven off.
Denvdration of the monohydrate crystals to form soda ash may be repre-
sented by the following reaction:

Na,CO3-H,0 —3 NapCO4 + HyO.
The monohydrate crystals are assumed ro decompose to the dense form of
sod3 ash having the following composition as determined by a material

balance.
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Percent

Na,Cn4 99.93

NaCl 0.05

NapS0, .02

100.00
Soda ash from the dryers is cooled in rotary ceolers to about 150°F

and conveyed to storage silos on a 24-inch belt convevor.

Ten 100,000 cu ft silos provide storage for up to 7 days. The
product 1is loaded into covered hopner cars by belt feeders from the

silos. The preduct loading systen operates one shift 5 days per weck.

The materials balance and general flow diasram are given in firures 23

and 24.

MINERALS PROCESSING, RETORTED SHALE

Comnlementine the white-nahcolite processine facilities deseribed
in the precedin~ section of this report, am indenendent and relatively
cormmlex pracessing sequence 1s required to recover the soda ash and
alumina values stemming from the mnahcolite and dawsonite contained in
the 60,000 tons per calendar day of ore miped from the dawsonite-
rich zonme. Figure 25 shows a general flow diapram of the sodium
minerals plant.

Two raw feed streams are involved: The retorted shale, which
comprises the bulk of the charge to minerals processing and which

contains extractable sodium carbonate and sodium aluminate derived

from the nahcolite and dawsonite present in the original raw material;

and a stream of unretorted fines diverted from the crushing and
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screening section of the retorring plant. This fines stream, sized
to 3/16-inch and smaller particles, is relatively rich in nahcolite
in comparison to the original ore by virture of the tendency of this
mineral to decrepitate more readily in crushing than does the oil
shale itself.

Briefly, the processiur afforded the shaie fines stream imvolves
calcinine to convert the naheolite to sodium carbonate, leaching to
dissolve the sodium carbonate, separation of the solution from the
undissolved shale, crystallizarcion and final conversion of the scdium
carbonate (monohvdrate form) to soda ash, and return of the undissolved
shale fraction to retortineg. Ultimately then, the shale portion of the
fines makes up a part of the retorting charée and in retorted form is
returned to the minerals processing plant as a part of the totai spent
or retorted shale that constitutes the major flew stream through this
plant.

The spent shale is crushed and then is leached with waak caustic
solution to dissolve its alumina and soda content. The solution is
separated from the undissolved residue; this residue constitutes the
major portion of the solid waste disposed of in the mine. The solution
is treated with lime to reduce its silica content and is carbonated to
precipitate aluminum trihydrate. The latter material is separated from
the soda-rich mother liquor and is calcined to yileld alumina as cone of
the final products.

The mother liquor mentioned above, combined with the sodium car-

bonate solution from the shale fines processing line, is evaporated
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and crystallized to produce sodium carbonate monohvdrate which sub-
sequently is _calcined to form dense soda ash, the second sales product
of the sodium minerals plant.

Each step of the processine scheme is detailed in the following
descriptive sections of this report and in the pertinent tables ‘and
diagrams that are referenced later. Overzll, design of the retorted-
shale section of the sodium minerals complex is bascd on chareing
43,464 tons per operatine dfly of retorted shale plus 5,186 tons per
operating day of dawsonite-rici; shale fines, yielding 1,834 tons per
operating dayv of alvha-alumina and 7,802 tons per operating day of
dense soda ash. Adding the soda ash product from processing the white
nahcolite, as previously discussed, the total soda ash product is
12,047 tons per operatins day. The plant is assumed to operate 350
days per vear for an onstream efficiency of 95.39 percent. Omn a
calendar-day basis, then, the daily yields of alumina and soda ash
are 1,759 tons and 11,552 tens, respectively.

Except for product leading and limestone receiving operatiomns,
vhich are handied on an eight-hour-per-day. five-day-per-week basis,
normal plant operation is round-the-clock and seven days per week.

In addition to characterizing the material mined from the
dawsonite-rich zone as containing 14.8 weight percent nahcolite and
11.6 weight percent dawsonite as discussed under "Rerortime," the U.S.
Geolopical Survey provided the following data for water-ssluble ions
of particular interest as potential impurities to be coped wirth in

the sodium minerals plant:
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Cold-tarer-Soluble Ton Characterization,
Dawsonite-Rich Zone

Chloride...c.icueiniarenca-aas {wr. pec.) 0.05

Sulfate....cccueees e (wr. pet.) 0.23
CalciUmicsseeencrasescasasa (WC. pPCL.) 0.05
.. Magnesium....cvescressarses (WE. peL.) Trace
POLASSiUMisvsassssssssannna (WE. pet.) Trace

At‘the low concentrations indicated, "impurities' were not con-
sidered significant in design or other considerations, other than to
z.count in the material balances for the sulfate. Additional analytical
dara used for desien purposes included a varietv of test results obtained
by the Bureau of Mines on retorted samples of the same "dawsonite-rich'
material. The retorting work was performed by the U.S. Geolosical Survey
usine small bench scale equipment in which low-temperature, indirect-
heatine conditions were achieved in simulation of the condirions visuvalized
for the plsnt-scale retorts described earlier.

The laboratorv data mentioned above, supplemented by published
information ranging from standard chemical and physical property dats
to technical articles relating to pertinent operations im the trona
and alumina industries, were used in desiening and judpine 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 engineerine judement in
setting such factors as performance of particular items of equipment,
since industrial and/or pillot-plant experience using the particuléf

raw material in question is lacking. A rigorous desien for construction
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and operation of an actual plant of the scale visualized obviously
would require considerably more information, from pilot or preferably
prototvpe operations in particular.
Data sources as well zs operating conditions, equipment performance
parameters and the like that werec set for estimatine purnoses are de-
tailed in a sten-bv-step manner in the following descriptive sections

of this report.

Retorted Shale Crushing

The spent shale is conveved from the retortine operation to hopners
above hammermills which reduce the material to 1/8 inch. Crushed
material from the harmermills flows by gravitv to vibratinz screens.
Plus 1/8-inch material is recvcled toe the hammermills, and minus 1/8~
inch material is conveyed to hommers in the leachine section, The material
balance and equipment flow diagram are shown in figuyres 26 and 27.

A cyclone dust cellection system is included for minimizing dust
losses from conveyor transfer points, hammermills, and screens. The
svstem is located so tnat the dust is fed into hopners sbove the retorted

shale leaching step.

Retorted Shale Leaching

Minus l/8-inch material and recovered dust from the retoxted
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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hvdrexide solution® during a 13 minute period. it ‘s assumed that

the alumina and soda, originally present in the raw shale as dawsonite
and/or nahcolite, are present as sodium aluminate, HaAlOz, and sodium
carbonate, Na3C0z. During leaching 99 percent of the soda originally
present as nahcolite, and 95 perceat o0f the soda and 78 percent of the
alumina originally present as dawsonite are dissolved.”

The dissolved material is separated from the undissolved material

7 and

in settlers havine a settline rate of about 0.7 foot per hour,
the solution is clarified in pressure leaf filters that are designed
on the basis of 500 gallons of filtrate per sq ft per hour.
Underflow from tihe settlers, containing 45.5 percent solids.?
is wasued countercurrently in wash thickeners whose underflow, also
containing 4B.5 percent solids, is pumred to tailines disrmosal.
Overflow f-om the wash thickeners is recvcled to leaching. Because
the overflow contains sodium carbonate, lime is added during leaching
to causticize the sodium carbonate accordine to the folleowines reacticn:
‘.\'-3.2(:()3 + CaQ + HZO —3 2NaOH + CaC03.
-he sodium hydroxide forrmed is considered part of the 0.5 normal
solution used for ieaching. It is assumed that 80 percent of the
alumina entering the process with the lime forms sodium aluminare.

A materizl balance and an equipment flow diagram arc shown in

figures 28 and 29 respectively.

°Nielsen, Irvin. Importance of Deen Depbsits of "0il Shale" and Sodium
}inerals in Northwest Coloradn. Paper presented to Colorade Plateau
Section of the AIMC, May 24, 1968.

7Laboratory data, Collere Park Metallurny Research Center, College Park, -
Md.
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Desilication
Clarified solution from the pressure leaf filters contains silica
equivalent to 0.0025 percent of the retorted shale charge to leaching

for the nahcolite-rich zene process.®

This silica must be removed or it
will contaminare the products. Lime is added to the solution in lime slakers
and is pumped to desilication tanks operating at 176° F. During a 30-minute
retention peried the silica precipitates as does three percent of the
alumina in the solution.?

The desilicared solution is separared from the residue in setclers
having a settling rate of 135 pounds per sq ft per hr. Underflow from the
settlers, containing approximately 50 percent solids, is washed in thick-
eners. The underflow from the thickeners is pumped to tailings disposal-
Overflow from the sertlers is clarified in pressure leaf filters, designed
on the basis of 500 gallors of fiitrate per sg ftr per hr, combimed with
overflow from the wash thickeners, and pumped to storage tanks.

The materizl balance and equipment f£low diagram are shown in figures

30 and 31.

Alumina Precipitation and Calc¢ination

The desilicated solution from desilication is carbonated at 194° F
for 12 hours.!0 A "seed" solution containing alumina as alumina tri-

hydrate, the alumina being equivalent to about 25 percent of the

8Work cited in footnote 7.

SCopson, R. L., J. H. Walthall, and T. P. Hignett. Progress Report on
the Extraction of Alumina From Clays by the Lime-Sinter Modification of
the Pedersen Process. PB57498, Jan. 14, 1944.

10Work cited in footnote 9.



alumina present in the desilicated solution, is added to carbonation.
During the 1l2-hour retention period 85 percent of the alumina in the

desilicated solution precipitates as alumina trihydrate11

using the
"seed" alumina trihydrate as nuclei- The precipiration reaction is
as follows:
2NaAloy + COp + 3Hp0 —> Alp05 - 3120 + KayCOj.
In addition to the precipitation reaction the sodium hydroxide in the
solution is converted to sodium carbonate following the reaction:
2NaOH + COy —>» NazCO3 + Hy0.

Coarse alumina trihydrate is separated from the "seed" in a
primary thickener having a settling area of 12 sq ft per ton of drv
solids per day.12 Cverflew from the primary thickener is settled in
a secondarv thickener having a settling area of 30 sq ft per ten of
dry solids per da:—-.lz Underflow from the secondary thickener, con~

¥ is recycled to carbonation as "seed"

taining 45 percent solids,!
while the overflow is pumped te the soda ash crystallization and

dehvdration section.

Underflow from the primary thickener, containine 55 percent

solids,!3 is washed in wash tanks in series and is filtered in internal

llPeters, F. A., P. W. Johnson, J. J. Henn, and R. C. Kirby. Methods
for Producing Alumina from Clay, An Evaluation of a Lime-S5oda Sinter
Process. BuMines Rept. of Inv. 6927, 1367, 38 pp.

12porry's Chemical Eneineers' Handbook, ed. by R. H. Perry, C. H.
Chilton, and S. D. Kirkpatrick. McGraw-Hill Book Co., Inc., New
York, 4th ed., 1963, pp. 19-49.

l3paters, F. A., P. W. 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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drum filters having a filtering rate of about 2 tons of dry solids per
sq ft per day. The filter cake, containiag 75 percent solids, is
calcined at 2,N00°F in gas—fired rotary kilns to produce o—alumina
according to the reaction:
Al,03 - 3H0 —> Al;03 + 3Hp0.

The alumina product is cooled to 150°F in rotary ceolers and
conveyed to silos having a total canacity for 14 days'produgtion.
Belt feeders feed the alumina into covered hopper cars for shipping.

A cyclone dust collector is included for minimlizing dust losses

from all conveyor transfer points. The material balance and flow

diapram are shown in figures 32 and 33.

Shale Fines Leaching

Raw 0il shale fines, containing nahcolite, is conveyed from the

reterting operation to hoppers feeding gas-fired rotary kilmns operating

at 460°F. The nahcolite is calcined to produce sodium carbonate by the

reactien:
ZNaHCOB —> XayCog + COZ + HZO'
The sodium carbonate is cooled to 150°F in rotary coolers and conveyed

to a hopper above a leaching tank. Sodiur carbonate 1s dissolved at

100°F in water during a 15 minute period and is then separated from the

50

undissolved material in a settler having a settline rate of approximately

0.6 ft per hr.* Underflow from the settler, containing 48.5 percent

solids, is washed In a thickener whose underflow, also containing 48.5

Y4york cited in footnote 7.
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percent solids, is filtered on rotary vacuum filters having a filtering
rate of approximately 76 pounds of dry cake per sq ft per hr.l!" The
filter cake, containing 75 percent solids, - is conveyed to the retorting
operation. Filtrate from the filters is used ir the wash thickener,
and overflow from the wash thickener is recycled to leaching. The material
balapnce and equipment flow diagram are shown in figures 34 and 35.

Cverflow from the settler is clarified in pressure leaf filters
designed on the basis of 500 gallons of filtrare per sq ft per hr and

is then pumped to the soda ash crystallization and dehydration section.

Soda Ash Crystallization and Dehydration -

Overflow from the secondary thickener in the alumina precipitation
and calcination sectinn and sodium carbonate solurion 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:

Na,C03 + Hp0 -+  NaysCOz+ H,0.

The last effect of the crystallizers operates at 100° F, equivalent to
about 28 inches mercury vacuum.

The wmaterial balance and equipment flow diagram are shown in

figures 36 and 37.
15
The crystal slurry, coataining 30 percent solids, is pumped to
continucus centrifuges where the crystals are separated from the saru-

15
rated solution, which contains abour 33.7 percent sodium carbonate,

l%nark cited in foctnote 7.
15iark cited in footnote 5.
16york cired in footmote 4. OPTION XIT



and washed. During washing, some of the sodiun carbonate monohvdrate
dissolves. The cake from the centrifuez, containing 4 percent moisture,
wvhich includes some aquecus sodiur carbonate, is calcined at 600°F in
eas-fired rotary drvers to drive off{ the meisture and to produce dense
soda ash by the reaction:

Na2C03- H20 — N32C03 + HZO'
The product is csoled to 150°F in rotarv coolers and is conveyed to
silos having a rotal capacitv for about 14 days operation. Twe belt

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

sitipnine,

The solution from the ¢entrifu~ce is divided witrh part recyecling
To the crvstallizers and the rest goins to the scdium sulfate rcmoval
step. In the sodium sulfate removal step lime is added to the solution
to recact with sodium sulfate and with sodium carbnnate. The reactions
involved are as follows:

NaZSOa + Ca0 + 3“20 —3 2NabH + Cas0, -2H20,

and, N32C03 + Ca0 + 11,0 —> 2#alll + CaC03.

The caustic solution, thus produced, is filtered on rotary vacuum
filtars, having a filtering rate of 50 pounds of dry cake per sq ft per
hr, to remove the solids. The cake, containing 55 percent solids, is
washed, repulned with raw water (nor shown in the material balance)
which reduces the solids content to aprroximately 39 percent, and the
slurry is pumned to tailings disnosal. Filtrate from these filters is
diluted with water and pumpad to storage tanks in the retorted shale

leachinse section.
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Water evaporated from the last effect of the e¢rysrallizers is
condensed in barometric condensers and is recycled with the coolinng
water to a cooline tower in closed circuit with the crvstallizers.
This condensed water is considered as part of the makeup water re-—
quirmi in the coonline tower. Water condensed in the last 6 effects
of tie crvstallizers is recycled fer use within the process. Steam
concoensed in the first effect is returned teo the steam plant.

A cvclone dust collector is inclwled for mini-izine dust losses

from convevor transfer poiats, and the dust is returned te hoppers

feedine the rotarv dryers. Reproduced from
best available copy.

Limestone Calecination an: Flue-—ezs Processins

Limestone is received by rail and is stored in the open
in a storn-e area canable of holdine a lé-dav supprly. The limestoare
is withirmwm frem storaze om apron feelers lecates at various positieas
under the storase aren. Anyv onc of the feeders is capable c¢f wi:ﬂ—
drawine limestone at the required rate for the process. The limcstone
is conveyed from the feeders to a hepper feedinz a standiard-head cone
crusher which reduces minus 5 inch limestone to 1 inch. This ore is
conveyed to a hopper feeding short-liead cone crushers which further
reduce the ore to 1/4 inch. This 1/4—inch material flows by gravicy
onto a vibrating screen where the plus 1/4-inch material is removed
and recycled to the hopper feeding the short-head cone crushers. The
minus l/4-inch material is conveyed to hoppers above gas-fired rotary

kilns that operate at 2,200°F. The minus 1/4-inch limestone 1is fed

.
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into the kilns where the calcium carbonate decomposes to lime by the
teaction:
CaC0y — Ca0 + CO,,

and the silica reacts with lime to form insoluble dicalcium silicatc

according to the reaction: Resroduced from

best available capy.

2Can + §i0, -—= 2Ca0 -5i02.
The burnt lime product is cooled to 130°F in rotarv coolers aand con-

veved to silos where it is stored for further use in the process.

A cyclone dust ceollecter is included for mirninizine dust lossces
from conveyor rransfer points, crushers, and screens.

Flue gas fro-m the rotary kilans contains a larecc quantity of
carnni: dioxide whiceh is uscd for carbeaation in the alunina precipita-
tinn and calcination section. The flur gas is cooled from 1,100°F ta
350°F in waste-heat bpilers to reccver heat as 1) psie steam.

Part of che flue gas, the percentane beinr based on the quantity

of carnon diexide required for carbonation, is passed into gas scrubbers

where any remaining dust is removed, and the gas is cooled to 90°F,
This washed flue gas is comnressed to 50 psi~s and the temperature of
the sas from the compressor is maintained at apoproximately 194°F.  The
compressed flue gas supplemented by carbon dioxide from the hydrogen

plant serving the refinery (see figuraes 14 and 38) is fed to the carhbon-

ation section,

Coolina water used to cpol the flue gas in the gas scrubbers along

with water condensed out of the flue gas is pumped to a cooling tower
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in closed circuit with the gas scrubbers. Water used for cooling in
the compressors is cooled in a cooling tower in closed circuwit with
the compressors.

Flue gas not required for use in carbonation is vented to the
atmosphere ahead of the gas scrubbers. The material balance and

equipment flow diagram are shown in figures 33 and 39.

WASTE DISPOSAL
General

The solid wastes produced by processinst of the white nahcolite
and the dawsonite-rich materizl are disvosed of uvnderercund in mined—
out areas, including space in both the white nahcolite mine and the
shale mines. This material is pined in the form of a slurry frem the
plant area to the desired underground location and allowed to settle.
The liquid which "bleeds" from the slurry as it settles is coliected
and returned to the surface for treatment and reusc as process water.
Ultimatelv, all solid wastes are accommodated in this marmer as mine
£i1l: however, it is necessary durins the early life of the project
to store a portion of the wastes in temporary surface ponds, as certain
of the mine workines cannot be filled immediately.

Other waste streams, such as the relatively small amount of purse
solution from the whire-naheolire processine plant, rank drainines, and
the like, are impounded on the surface in ponds or diked areas designed
to saferuard against pollution of the surroundine terrain and natural

water courses.
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Basis and Procedure for Mine Waste-Disnosal Concent

It is estimated that the solids content of the waste slurries
cenerated {n the sodium minerals comnlex will ranse in particle size from
about 1l/4-inch to dust, with the bulk of the material fallin~ in the size
rance of 8 to 20 mesh. The combined slurry from all sectinns of the
comnlex, made up of 47.6 weight percent solids and the balance water,
is judpeld to be readily pumpable. When allowed to settle undisturbed
over a period of time, the slurryvy is estimared to dewater to an
ultimate composition by weight of 80 percent solids and 20 percent
water, in which state the marerial is assumed to be reasonablv stable,
comnositionally and structurally, althouzh it has little sunport strength.
The bulk densitv in this ultimate state is approximately 100 pounds per
cu ft.

Information from published sources,!? ausmented by the judemenr of
BuMines mining research personnel, indicates thar the wasre material
described ahove will be suitable for disposal as fill in the mine. It
is judgea further that the initial slurry will not exhibit undue abrasive
or corrosive effects In repard to pumps and pipine: thus, delivery to
the desired mine location via a piping system is adopted as the most

feasible approach in this evaluation.

i7Colorado School of Mines Research Foundation, Imc. Transportation
of S0lids in Steel Pipelines, 1965.

Babcock, tienry A. Test Work and Data Required for Slurry Pipeline
Design. Paper presented to 1967 AIME Conference.

Wayment, W. R. Correspondencc dated Aug. 19, 1968. Spokane Mining
Research Laboratory.
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The waste slurry from the sodium minerals complex is produced at
a rare of 83,187 tons per calendar day, representing 39,597 tons of
solids or 49,496 tons of 80 percent solids fill. The various streams
from individual sections of the complex are piped to a surge pond
sized to accommodate 10 hours' production and provided with agitation
equipment to achieve uniformity of mixture and to prevent premature
secttling. Fron this point, mine personnel assume responsihbiliry for
handling, pumping the mixture underground on a normal schedule of 6
hcurs per shift or 18 hours per calendar day. Transport to the general
areas to be filled is via four 1l2-inch steel lines, with extendible,
readily movahle, sections of 12-inch plastic pipinc suspended from
the mine roof being used to deliver the slurry to the specific locations
within panels or elsewhere a2s desired. Line sizing is such that under
normal pumping rates the suspended slurry will not tend to senarate
enroute to its point of deposition. In addition, ome 12-inch line is
required for return of 'bleed” water to the surface, and one spare line
is provided for handling slurry or water as desired should normal
schedules be disrupted or other emergency situations cccur.

The general operating plan involves discharze of slurry behind
timber dams positioned to restrain movement of the material while
settling is in progress. As the excess water leaves the £ill material,
it filters through brattice cloth supported on the dams to trap re-
maining solids, then is picked wup by pumps from sumps provided

near the panel entries or elsewhere as appropriate dependine upon
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the particular part of the workings being filled with waste. From
these pickup sumps, the water is transported to larger sumps near the
mine shafts for final clarification before being returned to the surface
for treatment and reuse.

The mobile plastic lines are support;ed in plank troughs anchored
to the mine back (roof) with rockbolts. Two men attend each line and
water pickup pump each shift durine filling operations with p;rt-
time assistance of one two-man crew for moving discharce lines within
the immediate fill areas. Periodicallv, assistance also is required
in removing and installing the discharge lines and pumps, for example
from one panel to another, and in providine electrical service, pump
maintenance, and the like (see Table No. 38). Filline operations are
integrated between upper (1,900-Ft) and lower (2,600-ft) mine levels,
one piping system only being used periodicallv on the upper level. One
of the operatins crews from the lower l.evel is assieaned above when
needed. Drain water from unnper-level filline operations is dropped to
the main sumps on the lower level 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 80 weight
percent solids indicates that all such waste can eventually be emplaced
underground. This conclusion includes the conditions that space in the
white-nahcolite mine as well as In the lower-level shale mine will be
used, and that emplacement is feasible to 90 percent and 98 percent,
respectivaly, of the total mine heipht on each level (leaving roughly

one foot of uafilled height in each case). However, until the time that
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mine development and production have proeressed to the extent that one
panel has been mined out and a second started, all slurry must be
rerained abovesround. This period approximates 150 days, at which time
filling operations are initiated on the lower level. In about 180 davs,
the first panel in the white-nahcolite level also becomes available for
fi1l. This latter time is not cricical, as fillip~ oneratinns are
confined to the lower level durins the intermediate 30-dav period.

Over the ensuiég period of about five years. a further limitacion
axists in waste-fill operations, in that only the panels proper may be
utilized. Other parts of the workines--the various drifts anc entry
systems—-must be kept open to provide access to and from the current
production mining areas. Thus, a relativelv small portion of the waste
slurry must continue to be 'backloesed'' on the surface durine this
S-year period. Subsequentlv, mining operations are advanced enough
that it is possible not only to disvose of all solid wastes underxrground
as 80 percent solids fill material but also to work out the "backlog'
at a rate to eliminate all surface storage essentially withir the assumed
20-vyear mine life.

Considering both filline limitations—-the 150-dav-prefill period
plus the S-vear-partial-rate period--z surface retainine pond of
approximately 12 million cubic yards capacity is required, based on
the premises that surface storage will be in the same state of 80 percent
sollids /20 percent water that is estimated for the mine-fill condition.

that the wmaterial will be reslurried as it 1s eventually picked up and
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transported undersround, and that approximately 10 percent excess ocutape
should be provided to safeguard against spillover during storms, reslurry-
ine operations, and the like. In terms of tonnages as based on the 80
percent ulcimate fill state, "“pond” waste accumulates at tie full pro-
duction rate of 49,496 tons per calendar dav for 150 davs, rhen at a
reduced rate of aprroximately 3,200 tons per calendar dav for the ensuing

5 vears, for a maximum accumulation of approximately 11 million toms.

Disposal of Miscellaneous Wastes

The purge solution from the white nahcolite crvstallization systen
is piped to a diked-off portion of the settline pond. The volume
allewed can be increased as the solids wastes are pumped to the mine.
Therefore, the total velume available is sufficient for the life aof the
plant.

Provisions for disnnsal and reclamation of water from the refinery

are included in plant facilities.

CAPITAL INVESTMENT
Table 1 is a summary of the total capital investment required to In-
stall the complex to mine and process 8,000 tons per calendar day of white
nahgolite ore and 60,000 tons per calendar day of mnahcolite-dawsonite-
0il shale material. Included are initial catalyst and chemicals, interest
during construction, startup expense, and working capital. The total

estimared investment is $636,973,000. Detailed equipment lists are given
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in tables 2 through 18. The capital reqiirement for the mine,
including Jevelopment, is shown in tables 19 and 20. Cost summaries for
each of the prozessin~ Svstems are shown in tables 21 through 36.

The cost of refinery processing units, excent for delaved corine,
are based on "black box" infermation. This consists of the cost of
the equipment and utilities reouired in a processiuc step but not the
number, size, or arranaement and tvpe of the individual items of equip-
nent.

The sources of inlormation for the various processes are given

below: Reproduced from
best available copy.

Process Reference number, Reference number for
_ __ invest—ment utiliev reauiremeat
Hydrecracrirg coocenenn... 1 3
Hvdroeen production ...... 1 2
Sulfur T2COVEerY ...uee.eae i 4 4
Ammonin recovery ......... 4 4

1. Hydrocarbon Processine ané PetT¥oleum Refiner, Sentember 1964,

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

3. The 01l and Gas Journal, April 5, 1965.

L. Enzineering Estimates of Carital Requirements and COperating Costs

for Retorrina and Refinings 0il Shale. NPC Subcommittee on Svathetic

Fuecls, 011 Shale En~ineering Group, Aucust 1, 1931.

S
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Working capital requirements are shown in table 37. Interest
during construction (5%} assumes a 3-year construction period with 2%
of total expenditures made in the first year, 20% in the second, and
78% in the third year. An allowance of $19,520,400 is included for
SLarcup expenses.

A urility summary is given in table 44. The cost of providing
steam, power, cooling water, sanitary water, etc., is included in plant
utilities. The cost of administrative buildings, roads, fences, rolling

stock, etc., is included in plant facilities.

OPERATING COST

The direct labor, maintenance labor, and the required superviscry
and administrative persomnel are listed in table 38. Also included is
the annual cost of the listed personnel as well as wages and salaries.

Table 39 is a summary of the estimated annual operating cost.
These costs include labor, labor supervision, maintenance, maintenance
supervision, and administration and general overhead as taken from
table 38, and in addition, 25 percent of the payroll is allowed for
payroll overhead.

The operating costs also include natural gas, limestone, catalyst
and chemicals, water charges, rovaltics, taxes, insurance, and depre-
ciation. The depreciation schedule is shown in table 43.

The annual operating cost is $151,373,400 before Federal income

£ax or return on investment.
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FINANCIAL ANALYSIS

Table 41 lists the annual receipts available from the sale of
products. The receipts total $257,599,600 per year leaving a balance
or gross income of $106,226,200 (see table 42). Allowing total depletion
of $34,831,700, the taxable income becomes $71,394,500. Then allowing
50 percernt for Federal income tax the net profit becomes $35,6%7,250.

The interest rate of return or discounted cash flow (DCF) rate of
return is 14.45 percent. The interest rate of return or DCF method of
evaluating profitability account for the time value of money and are a
measure of the discounted positive cash flows over the weighted depre-
ciable life of the installation. The positive cash flow is the sum

of net profit, depreciation, and depletion.

UNIT OPERATING COST
Table 39 shows the total amnual operating cost for the complete
complex. Table 40 shows a modification of annual operating cost and
charges the direct components to the major operating processes. The
elements of the operating cost are prorated and charged to the processing
steps cn an appropriate basis. The table also gives the capital invest-

ment prorated and charged using the same procedure.
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AN OIL SHALE, NAHCOLITE,
DAWSONITE COMPLEX, OPTION III

TABLE 1. — Capital investwment summary

Unit Capital investment
MinE.ceeoerneeenanacecrarnnnnannes Geeeasmannannnannn §37,917,200
Soda ash recovery from white mahcolite:

Preparatiobeeciesceccecesecruarocnnancancannnane 8,559,800
Leachingetieernrarssnraversnncnsunsasnasassonsne 3,903,700
Crystallizationsveseosceecnss rresescranan cen e 6,362,300
Product drying and storage-.....e...... ceeraana 4,288,700
Retort plant:
Crushing and screening...eceeveiceeniencennans - 4,222,400
Briquetting.c.cevecencesnacas tesreastar e 1,212,900
B2 e o o < - creaacteaenen 54,801,400
Delayed coking..cuunnncnnriiceaincaneannanes ceseeen 9,548,800
3= -+ B < cenvran 48,329,100
Dawsonite-rich material processing:
Retorted shale crushing.....cveveevnnnacancannes 2,309,2C0
Retorted shale leaching....cccceurecernnncannna 10,808,600
DesilicationN.....cveemeee Ceetsessrasrasaascsenas 5,192,100
Alumina precipitation and calciming....cvc.o-..- 31,101,000
Shale fines leaching....uvceeciinsecrsnncncnnes 7,298,500
Soda ash crystallization and dehydrationm....... 64,361,600
Limestone calecination and flue gas processing.. 16,391,800
Plant facilitdfes....oieeieieiinininnennnan cerenean 61,405,300
Plant utilicies...c.ucineeennonacecannnccaacannans . 106,175,500
Total comsStruction COSC.ciineecnnranncaceacnsnonsnns 484,139,900
Initial catalyst and chemicalsS...veeernrennnarecann 3,324,100
Total plant cost {tax and insurance base).....caeoc.- 487,514,000
Iaterest during construction (5%)......... ceeseasens 24,075,700
Startup eXPenS@....i.sessnnsesnsreccnss S ressaeiasaeas 19,520,400
Subrotal (depreciation)..cccecceaesccacccnnancassans 531,110,100
Working capital...ccincnenenianna... cecrmsesraneans 105,862,900
Total capital invesStment...-cuc.crieernanaaenss seneen 636,973,000
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TABLE 2. - Detailed egquipment

list, mine, 1.900-ft level

MINING AND HAULAGE

Cutting machine (& required)
Model; Joy 15RU,
Voltage: 440 A.C,
Hp: 225.

N

Electric drill {4 required)
Model: 2 boom Joy CD-73.
Voltage: 440 A.C.

Hp: 115.

Powder wagon (4 required)
Air compressor mounted on
vehicle.
Pneumatic loader capacity:
1bs/hr.
Power: Diesel.

300

Loader {4 required)

Model: Joy 14 BU 10-11D.
Volrage: 440 A.C.
Hp: 160.

Shuttle car (8 required)

Model: Joy 10 SC 27A
Voltage: &40 A.C.
Hp: 135.

Roof bolter (8 regquired)

Model: Joy RBD,
Volrage: &40 A.C,
Hp: 50.

Power center (8 reguired)
4,100 volts to 440 volts
with accessories.

CONVEYING AND CRUSHING

Belt convevor (3 required)

Size: 42"wide by 6,000' long.
Belt speed: 500 fpm.
Hp: 200.

Belt convevor (3 required)

Size: 36" wide by 6,000' long.
Belt speed: 500 fpm.
Hp: 150.

Crusher feeder (3 required)
Type: Belt.

Crusher (1 required)
Type: Roll,
Size reduction:

. minus=-5",

Minus-10" to

IV system {1 required)
Closed ¢circuit.

Shops and auxiliary

Mancar {1 required)
Power: Diesel.

Bulldozer {1 required)
Model: D=6,
Power: Diesel.

Persopnel car (6 reguired)
Battery powered golf cart.

Battervy charger (1 required)
For personnel cars.

Machine sho
Portable.

3 required)

Machine shop (1 required
Main shop, not portable.

Ventilation

Fan (30 required)
Hp: 15.
For secondary ventilation, miin
fans under 2,600-ft level.

OPTION
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TABLE 2, continued - mine, 2,600 level

MINING AND HAULAGE

Heading jumbo (3 required)
Prive: Electric.
Type: Hydraulic-electric; 2 drill.
Hp: 150.

Bench jumbo (2 required)
Drive: Electric.
Type: Hydraulic-electric, 2 drill.
Hp: 150.

Powder truck (4 required)
Capacity: 3 tons.
Equipped with pueumatic delivery
system.
Hp: 100.
Drive: Diesel.

Scaling and rock bolting rig
(4 required)

Aerial life: Truco Meodel Tal 70-75.

Chassis: FWD Model 66-15-CC.
Drive: Diesel.
Hp: 150.

Front end loader (4 required)
Model: Hough 300.
Bucket capacity: 20 tomns,
Drive: Diesel.
Hp: 500,

Haulage truck (9 required)
Capacity: 75 toms.
Drive: Diesel.
Hp: 700.
Model: 75A Haulpak, WABCO.

Motor patrol (2 reguired
Drive: Diesel.
Hp: 150.

Bulldozer (4 required)
Model: Hough D-90C.
Dr7 : Diesel.

Hp: .90,

Water truck (4 required)
To deliver water to drills and
water haulage.

CRUSHING AND CONVEYING

Hopper (3 required)
Portable.
Capacity: 150 tonms.

Apron feeder {3 required)

Grizzly screen (3 required)

Double roll crusher (3 required)

Size: 48" x 607,
Drive: Motor.
Hp: 150 each roll.

Convevor system (1 reguired)

Type: Belrc.

Size: 60" wide by 3.5 miles long.
Hp: 2,100,

Drive: Motor.

Dust collector (3 reguired)

Ventilation equipment

Main ventilation fan (2 required)
Serves both the 1,900' and 2,600
levels.
Capacity: 650,000 cfm to 7" W.G.
Hp: 1,000.
Drive: Motor.
Model: Joy H-120-65.

Auxiliery ventilation fan (1 reauired)
Service: Machine shop.
Capacity: 70,000 cim to 3" W.G.
Hp: 36.
Drive: Motor.

Air lock (3 required)
3 sets of service doors near service
shaft hydraulically operated.
Size: 15" by 20" with 200' between
doors.

Auxiliary fan (20 reguired)

Service: Development and producrion
headings.
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TABLE 2, continued

Miscellaneous mining equipment

Power center (6 required)

4,100 voles to 440 volts or 220 volts.
{Includes switchgear.)

Fuel oil storage tank underground

(1 _reguired)

Capacirty:

2C,000 gallons.

ANFC transport trailer (3 required)
Capacity: 3 tons.
Lining: Woeod.

Truck (14 required)
Type: Pickup.

67

Fuel truck (1 regquired)

Ambulance (1 required)
Bus (2 regquired)

Supply truck (4 required)

Underpround machine shop (1 requiresl)
Size: 50' by 500' (near service
shaft).
Includes 1l5-ton crane.

1,900-ft and 2,600-ft levels

Production hoist (2 reguired)
Type: Koepe, 6 rope.
Speed: 1,800 fpm.
Hp: 7,000,
Drive: Two 3,500 Hp motors.

Headframe (3 required)
Type: Koepe.
Construction material:

concrete and WF beams.
Concrete required: 511 ecu yds.
Estimated steel: 75,000 1lbs.

Service and hoist (I regquired)

Type: Koepe.
Speed: 1,200 fpm.
Hp: 1,200.

Drive: Motor.

Reinforced

Hoist house (2 reguired
Size: 1,200 sq ft.

Buildings and surface

Underground surge bin

Capacity: 2,000 tons (1 @ 1.800°
level, 2 @ 2,600' level),

Ore pass (1 required)
Size: 4' diameter from 1,900' te
2,600" level.

Powder magazine (1 recuired)

Primers only.
Capacity: 60,000 1b.
Size: 16' by 26'.

Magazine (1 reguired)
Caps only.
Size: 17' by 20°.

Warehouse (1 required)

Size: 40" by 150°'.
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TABLE 2, continued

Fabrication and welding shop

Size: 20' by 100°',

Electric shop (1 required)
Size: 20' by 100°'.

Change house. lamp room, and
office (1 required)
Size: 13,555 sq fr.2

Convevor (1 reguired)
Type: Belrt.
Size: 60" wide by 1,100' long.
Hp: 350.
Drive: Motor.

Boom conveyor, 0il shale
(2 required)
Type: Belt.
Size: 60" wide by 200' long.
Hp: 100.
Drive: DMotor.

Boom convevor, nahcolite (2 required)

Type: Belt.

Size: 60" wide by 70' long.
Hp: 80.

Drive: Motor.

OPTION I1IT
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TABLE 3. - Detailed eguipment list, nahcolite preparation secticn,
recovery of soda ash from white nahc¢clite

Apron feeder (P1) Belt convevor (P6)
Number: 6. Number: 1.
Size: 42 inches x 10 fr. Enclosged,
Speed: 20 fpm. Size: 30 inches x 150 ft.
Drive: Motor. Rise: 45 fr.
Bp: 5. Speed: 30 fpm.
Drive: Motor.
Belt convevor (P2) Hp: 25.
Number: 1. Hopper (P?7
Enclosed.
Size: 30 inches x 675 ft. Number: 1.
Rise: 35 fr. Capacity: 4,514 cu ft.
Speed: 300 fpm.
Drive: Motor, Apron feeder (P8)
Hp: 40,
weightometer included. Number: 2.
Size: 24 iaches x 10 ft.
Hopper (P3 Speed: 20 fpm.
Drive: Motor.
Number: 1. Hp: 2.
Capacity: 4,635 cu fr.
Hammersmill (P9)
Apron feeder (P4)
Number: 2.
Number: 1. Size: 60 inches x %0 inches.
Size: 42 inches x 10 fr. Drive: Motor.
Speed: 20 fpm. Hp: 400,
Drive: Motor.
Hp: 5. Hopper (P10
Hammermill (PS5 Number: 2.

Capacity: 2,498 cu ft.
Number: 1.

Size: 40 inches x 40 inches. Vibraring screen (P11)
Drive: Motor.

Hp: 300. Number: 4&.
: Size: 200 sq fr.
Drive: Metor.
Hp: 20.
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TABLE 3, -(Continued)

Belt conveyor (P12)

Number: 1.

Encleosed.

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

Speed: 200 fpm.

Drive: .Motor.

He: 3.

Transfer hopper (P12A)

Number: 1.
Capacity: 30 cu ft.

Belt comnveyor (P12B)

Number: 1.

Enclosed.

Size: 14 inches x 85 fr.
Rige: 25 fr.

Speed: 200 fpm.

Drive: Motor.

Hp: 3.

Belt convevor (Pi3)

Number: 1.

Enclosged.

Size: 30 inches x 280 fr.
Rige: 85 fr.

Speed: 300 fpm.

Drive: Motor.

Hp: 50.

Belt convevyor (Plé4}

Number: 1.

Enclosed.

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

Drive: Motor.

Hp: 10.

Tripper included.

70

Storage silo (P15

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

Belt feeder (P16)

Number: 6.

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

Hp: 3.

Belt conveyor (Pl7)

Number: 1.

Enciosed.

Size: 30 inches x 210 ft.
Rise: 30 fr.

Speed: 300 fpm.

Drive: Motor.

Hp: 20.

Belt conveyor {Pl8)

Number: 1.

Enclosged.

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

Drive: Motor.

Hp: 1l0.

Tripper included.

Surge bin (P19)

Number: 3.
Capacity: 1,441 cu fr.

Screw feeder (P20)

Number: 3.

Capacity: 2,900 cu ft/hr.
Drive: Motor.

Hp: 3.
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TABLE 3. - (Continued)

Rorary kiln (P21)

Number: 3.

Size: 12.5 ft diam x
249 ft long.

Lining: & inches, fireclay
brick.

Drive: Motor.

Hp: 125.

Cyclone dust collector (P22)

Number: 9.
Capacity: 27,984 cu ft/min.

Blower (P23)

Number: 9.

Capacity: 27,984 cu fr/min.
Drive: Motor,

Hp: &0,

Rotary cooler {(P24)

Number: 3.

Size: 11.5 £t diam x
183 ft long.

Drive: Motor.

Hp: 75.

Cyclone cust collector {P25)

Number: 6.
Capacity: 31,596 cu ft/min.

Blower (P26

Number: 9.

Capacity: 21,064 cu ft/min.
Drive: Motor,

Hp: 4O,

Bag dust collector (P27-nahcolite

71

ore)

Number: 1.
Capacity: 58,414 cu fr/min.

Blower (P28-nahcolite ore
Number: 2.
Capacity: 29,207 eu ft/min.
Drive: Motor.

Hp: 50.

Bag dust collector (P29-calcined
material)

Number: 1.
Capacity: 6,305 cu ft/min,

Blower (P30-calcined material)

Number: 1.

Capacity: 6,305 cu ft/min.
Drive: Motor.

Hp: 10.

Service crane (P31l)

Number: 1.
Capacity: 20 toms.
Type: Bridge.
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TABLE 4. - Detalled equipment list, leaching section,
recovery of soda ash from white nahcolite

Belt convevor (D1

Number: 1.

Enclosed.

Size: 30 inches x 210 ft.
Rise: 50 ft.

Speed: 30 fpm.

Drive: Motor.

Hp: 20.

Surge bin (D2)

Number: 1.
Capacity: 7,891 cu fr.

Apron feeder (D3)

Number: 1.

Size: 36 fnches x 10 fr.
Speed: 20 fpm.

Drive: Mortor.

Hp: 5.

Pump (D&

Number: 1.

Capacity: 1,968 gpm,
Drive: Motor.

Hp: 50.

Pump {D5

Number: 1.
Capacity;: 12 gpm.
Drive: Motor.

Hp: 1l.5.

Leaching tank {D6)

Number: 1.
Capacity: 54,494 gal.
Drive: Motor.

Hp: 50.

Agitator included.

P D7

Number: 1 + 1 extra.
Capacity: 5,086 gpm.
Drive: Motor.

Hp: 75.

Thickener (D8)

Number: 1.
Size: 10 fr x 240 fr.
Drive: Motor.

Hp: 10C.
Pump (D9)

Number: 5 + 5 extra.
Capacity: 431 gpm.
Drive: Motor.

Ep: 10.

C.C.D. thickener (D1O)

Number: 4.

Size: 10 ft x 170 f=.
Drove: Motor.

Hp: 7.5.

D1l
YMumber: 4.
Capacity: 1,857 gpr.
Drive: Motor.

Hp: 20.

Waste mixing tank (D12)

Number: 1.

Capacity: 20,955 gal.
Drive: Motor.

Hp. 20.

Agitator included.
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TABLE 4. - (Continued)

D13

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

Hp: 15.

D1&
Number: 2.
Capacity: 2,327 gpm.
Drive: Motor.
Hp: 50.

Presaure filters (DL5)

Number: 7.
Size: 60 inch diam.
Avez: 1,645 8sq ft,

Sump tank (D15A)

Number: 7.
Capacity: 317 cu ft.

Surge tank (D16)

Number: 1,
Capacity: 361 gal,

D17
Number: i + 1 extra.
Capaciry: 17 gpm.
Drive: Motor.
Hp. 1.5.

Surge tank (DL8)

Number: 2.
Capacity: 53,605 gal.

-
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TABLE 5. - Detailed ecuipme:

lisc, crystallizatien section,

recovery of . a ash

from white nahcolite

Pump (C1)

Number: 1 + 1 extra.
Capacity: 4,645 gpm.
Drive: Mortor.

Hp: 100.

Crystallizer (7-effect)(C2)

Number: 1.

Area per effect: 12,750 sq ft.
Type: Forced circulation.
Barometric condenser.

Capacity: 13,220 gpm.

Steam ejector.

Capacity: 297 1b dry gas/hr.

Surge tank (C4)

Number: 5.
Capacity: 91,665 zal.

Pumy; C5

Number: 1.

Capacity: 1,857 gpm.
Drive: Motor.

Bp: 20,

Pump (C6)

Number: 1.

Capacity: 13,419 gpm.
Drive: Mcror.

Hp: 150.

Pump (C7)

Number: 1 + 1 extra.
Capacicy: 2,787 gpm.
Drive: Motor.

Hp: 60.

Centrifuge (C8)

Rumber: 4.

Size: 54 inch bowl diam.
Drive: Motor.

Hp: 150.

Heat exchanger (C9}

Number: 1.
Size: 7 s8sq ft.
Iype: Fixed-tube.

Surge tank {C310)

Number: ' ".1'
Capacity: " 45,086 gal.

CPTTION IXI
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TABLE 6. - Detailed equipament list, drying and product storage
séction, recovery of soda ash from white nahcolite

Screw conveyor (S1)

Number: 4.

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

Hp: 5.

Rotary drver (82)

Number: 4.

Size: 12 ft x 108 ft.
Drive: Motor.

Hp: 54,

Bag dust collecror (53)

Number: 12.
Capacity: 27,940 cu f*/min.

Blowe S4
Number: 12,
Capacity: 27,940 cu ft/mia,
Drive: Motor,
Hp: &0,

Rotary cooler (S85)

Number: 4.

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

Hp: 20.

Belt conveyor (S6)

Number: 1.

Enclosed.

Size: 24 inches x 330 fr,
Rige: 8Z fr.

Speed: 30 ft/min.

Drive: Mector.,

Hp: 25.

Belt conveyor (57)

Number: 1.

Enclosed.

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

Drive: Motor.

Hp: 7.5.

Tripper included,

Storage silo (58)

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

Belt feeder (S9)

Number: 10.

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

Hp: 1l.5.

Belt feeder (S10)

Number: 10.

Capacity: 2,400 cu f£t/hr.
Sire: 24 inches x 30 ft.
Drive: Motor.

Hp: 1.5.

Bag dust collector (S12

Number: 1.
Capacity: 12,622 cu fr/min.

Blower (S13
Number: 1.
Capacity: 12,622 cu fr/min.

Drive: Motor.
Hp: 20.
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TABLE 7. - Detailed equipment list, shale crushing, screening, and s:orage‘F'

Shale surge bin No. 1 (1 required)
Holdup: 20 minutes.
Size: 30 ft x 30 ft x 31 ft s.s.
height with 2 hopper bottom.
Material of construction:
Reinforced concrete.

Apron feeder (4 required)
(Two for secondary and 2 for
tertiary crushing).

Size: 9 fr x 20 fc.
Speed: 55 fpm.
Drive: 40 hp moror.

Grizzly bar screen (2 required)
Bar opening: 4.5 im.
Size: 6 ft x 24 frc (including
deckplate) .
Drive: 15 hp motor.

Secondary gyratorv crusher

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

Belt conveyor No. 1A & 1B
{2 required)
(Conveys from crushers to
conveyor No, 2.)
Size: 54 in. x 50 fre.
Drive: 20 hp motor.

Belt conveyor Neo. 2 (1 regquired)

k-

Belt convevor No. 3A & 3B _(2 required)
(Conveys from tertiary crushers to

conveyor No. &.)
Size: 54 in. x 50 ft.
Drive: 20 hp motor.

Belt convevor No. & {3 required)
(Main conveyor to 24-hr storage.)

Size: &0 in. by 200 fr.
Rise: 80 fr.
Drive: 350 hp motor.

Surge bin No. 2 (2 required)
Holdup: 24 hrs.
Size: 100 ftr x 100 fr x 68 ft s.s.
height, 60° sloping bottom.
Material of construction:
Reinforced concrete.

Apron feecder (4 required)
{From 24-hr storage-2;
0il shale storage-2.)

from coarse

Size: 10-1/2 ft x 20 ft
Speed: 55 ft per min.
Drive: 35 hp motor.

Screen feed hopper (2 reauired)
Holdup: 20 minutes.
Size: 30 ft x 30 ft x 30 ftr s.s.
height, 60° sloping boctom.
Material of construcrion:
Reinforced concrete.

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

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

Splitter (1 regquired)
Size: 20 ft x 20 ft x 20 ft s.s.
height with two hopper bottom.
Material of conscruction:
Reinforced concrete.

Scalping screen (4 required)
Size: 6 ft x 16 ft.
Drive: 7.5 hp motor

Tertia rato
Capacity: 440 tph.
Drive: 250 hp motor.

crusher (2 required)

{8 required)
Size: 42 in. x 10 ft.
Drive: 7.5 hp motor.

Screen (8 including 2 spares)

Opening: 3/16 inch.

Iype: Double deck, scalp to 1 in.
top, remove -3/16 in. material omn
bocrtom.

Size: 5 ft x 16 ft.

Drive: 7.5 hp motor.

Belt conveyor No. 5 & 6 (2 required)
24 hour storage to screen house;
screen house to coarse shale

Storage.
Size: 60 in. x 100 fr.
Rise: 40 ft.
Drive: 125 hp motor.
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TABLE 7, continued

Surge bin No. 3 (2 required)
Coarse shale storage.
Foldup: 3 hours.

Siza: 50 ft x 50 ft x 42 ft
with pyramidal bottom,

Material of construction:
Reinforced concrete.

Surge bin No. 4 (2 required)
Nahcolirte rich fines.
Holdup: 24 hours.
Size: 60 fr x 60 ft x 36 fc wich
pyrimidal botcem.
Material of construction:
Reinforced concrete.

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

Rise: 70 frt.
Drive: 25 hp motor,

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

Cyclone (1 reguired)
fm: 50.000

77
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TABLE 8. - Detailed equipment list, briquetting

Surge bin No., 1

Number: 2.
Capacity: 80 tons.
Size: 12 fr ID x 12 ft s.s. height;
60° conical bottom.
Material of comstruction: Steel.
. S

Vibratorv feeder No. 1

Number 1.

Size: 18 in. x 42 in. with
6 in. deep pan.

Drive: 0.75 kwhr magnetic.

Hammer mill
Number: 1.

Capacity:
Drive:

33 tpk.
30 hp motor.

Mixer and briquetting machine

Number: 1.

Mixer:
Type: 2-shaft horizontal paddle.
Capacity: 33 tph.

Briquetting machine:
Drive: 35 hp motor.

Surge bin No. 2

Number: 1.

Capacity: 80 roms.

Size: 12 ft ID x 12 ft s.s. height,
60° conical bottom.

Material of constructien: Sceel.

Sures bin No. 3

Number: 1.

Capacity: 8C tous.

Size: 12 ft ID x 12 ft s.s. heighr,
60° conlical bottom.

Material of comstruction: Steel.

Belt convevor No. 1

Number: 1.
{To bin from briquetting machine.}

Size: 14 in. wide x 100 ft long.
Rise: 20 fr.
Drive: 5 hp motor.

Belt conveyor No. 2

Number: 1.
(To bin from hammer mill.)

Size: 14 in. wide x 100 ft long.
Rise: 20 fr.
Drive: 5 hp motor.

Vibratory feeder No. 2

Number: 1.

Size: 18 in. x 42 in. with 6 in.
deep pan.
Drive: 0.75 kwhr magnetic.

Belt conveyor No. 3

Number: 1.
(Fines from soda ash recovery plant,)

Size: 14 in. wide x 50 fr long.
Rise: O.
Drive: 2 hp motor.

Belt conveyor No. &

Number: 1. -
(Briquets to retort feed conveyor.)

Size: 14 in. wide x 500 ft long.
Rise: 120 ft.
Drive: 15 hp motoer.

. o
ﬁp'.a‘ﬂelt conveyor No. 5

Number: 1.
(Fines from dryer.)

Size: 14 in. wide x 500 £t long.
Rise: 120 ft.
Drive: 15 hp motor.
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TABLE 9. - Detailed equipment list, retorting piant

Retort

Number: 7.

Size: 46 fr ID x 20 ft high
retorting secrion.

Type: Petrosix and the Cameron
and Jonesl improved feeding
and discharge mechanism.

Refractory: 9 in. firebrick,

9 in. K-30 insulating brick
(retort section).

brive for feeding and discharging:
Motor~activated hydraulic.

Hp: 110 top {(feed); 200 botfom
(discharge).

Rotoclonez

Number: 49.

Capacitv: 45,000 cfm.

Drive: 125 hp motor.

Head developed: 12 in. water.

Retort gas blower, centrifural

Number: 7.
{Recvele and produgt gas.)
Drive: 2,250 hp motor.

Air blower, centrifugal

Number: 7.
Drive: 300 hp motoar.

Llectrostatic precipitator

Number: L&,

Size: 13 fr ID x 20 ftr high.
Capacity: 156,500 cfm.
Power: 60 kwnhr per hr.

Pump

Number: 7.
(Shale cil to storage.)

Capacity: 250 gpm.
ap: 20,
Drive: 35 hp motor.

Retort feed hopner

Yumber: 7.

Size: 20 fr 3 in. ID x 20 fr 3 in.
high, 60° conical bottom.

lioldun: 1 hour.

Material of construction: Steel.

Retort feed belt convevor

Number: 1.
Size: 54 in. x 200 fr.
Drive: 100 hp motor.

Retort discharee belt convevor

Number: 1.

Size: 54 in. x 625 ft.
Rise: 0.
Drive: 100 hp motor.

Stacker belt convevor

Number: 1.
Size: 2 - 54 in. x 50 fr.
Rise: 12 f:z.
{extend to each side of
main conveyar.)
Drive: 25 hp motor, each side.

Heat exchanger

Number: 7.
Area: 62,192 £rl
Oparating pressure: 15 psia.
Operating temperature:
ilot gas side: 2,330°F,
Cold gas side: 1,350°F.
Us 6.

Bucket elevater feed hopner

Number: 7.

Size: 20 ft 3 in. ID x 20 fr 3 in.
high, 60° conical bottom.

Holdup: 1 hour.

Material of conmstruction: Steel.

Bucket elevator

Number: 21.

Capacity: 150 tph

Length: 200 fr.

Bucket size: 16 in. x 8 ir. x
Drive: 40 hp motor.

Recycle gas blower, centrifuesl

Number: 7.
Drive: 325 hp motor.

L+ ZRefercnce to specific makes or models of equinment is made to facilitate
understanding and does not imply endorsement by the Bureau of Mines.
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TALLL10. - Princinal itens

0il heating furnace

Number:

Hearingo caracity:

2

Tube surface: 37,320 sq frt.

Main fractionator

Number:
Size:

Strinper

Numher:
Size:

Ahsorherx

Number:
Size:

-

ran

13 ft ID: 8 places.

5

6

2.
ft

fr

ID: 20 plates.

276 MM Btu/hr.

Coke drum

Number: &.

enuisment list, dalaved colkine

Size: 20 ft ID; 65 fr long.
Coke cutter

Number: 2.

With car and auxiliary coke

handling equioment.

Accumulator

Number: 2.

Holdup: 10 minutes.

Size: 6 fr B in. x 20 ft.

OPTION IXI
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wATnLE 1L - Derailed equirment list, veotorted shai:: crushine socrion,

Belt conveyor {ROL)

Number: 1.

Enclosed.

Size: 60 in. x 650 fr.
Rise: 350 fr.

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

Belt convevor (ROLA)

Number: 1.

Size: 60 in. x 25C ft.
Speed: 450 ft per min.
Drive: 60 hp motor.
Tripper included.
Weightometer included.

Hoppers (RO2)

Number: 5.
Capacity: 7,057 cu ft.

Belt feeders (RO3)

Number: 5.
Size: 48 in, x 10 ft.
Drive: 3 hp motor.

Hammermills (RO4)

Number: 5.
Capacity: 398 tons per hr.
prive: 1,000 hp motor.

Vibrating screens (RO3)

Number: 15.
Size: 180 sq. fr.
Drive: 20 hp moteor.

dawsonite—rich Zone

Belt conveyor (ROSA)

Number: 1.

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

Belt convevor (R06)

Number: 1.

Enclosed.

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

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

Transtfer hopper (RQ6A)

Number: L.
Capacity: 30 cu ft.

Belt c¢onveyor (RO7)

Number: 1.

Enclosed,

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

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

Belt conveyor (ROB)

! Number: 1.
Size: 60 in. x 240 fr.
Speed: 450 ft per min.
Drive: 40 hp motor.

Belt convevor (ROEBA)

Number: 1.

Enclosed.

Size: 6C in. x 130 ft.
Rise: 40 ft.

Speed: 450 ft per min.
Prive: 125 hp mctor.

OPTIQON 1
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TASLE 11. - {Continued)

Belt convevor (RD8B)

Number: 1.

Size: 60 in. x 100 ft.
Speed: 450 fr per min.
Drive: 30 hp motor.
Tripper included.

Service crane (RO9)

Number: 1.
Size: 40 ton.

Cvclone dust collectors (RRRR)

Number: 4.
Capacity: 53,000 cu ft per min.

Blowers fRRRR)

Number: 8.
Capacity: 26,402 cu ft per min,
Drive: 50 hp motor.

82
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TABTR 12, - Detoailed cguivmept list, retorted sijnle leachine seqtion,
dawsagnjite-rich zong

Hoppers (LO1)

Number: 4.
Capacity: 7,022 cu fr.

Belr feeders (1L02)

Number: 4.
Size: 48 in. x 10 fc.
Drive: 3 hp motor.

Leaching tanks (L0O3)

Number: 4.
Capacicy: 98,318 gal.

Agitator Drive: 50 hp motor.

‘Hoppets (LO4)

Number: 4.
Capacity: 103 cu ft.

Belt feeders (L0O5)

Number: 4.
Size: 12 in. x 10 ft.
Drive: 0.5 hp motor.

Pumps (LO6)
Number: 1 + 1 extra.
Capacity: 28,839 gal.
Drive: 300 hp motor.
Serttlers (L0O7)
Number: 4.
Size: 250 ft diam.
Drive: 10 hp motor.

Pumps (LO3)

Number: &.

Capacity: 3,110 gal. per min.

Drive: 60 hp motor.

Thickeners (L09A)

Number: 3.

Size: 250 ft. diam.

Drive: 10 hp motor.
Pumps  (LO9B)

Number: 3.

Capacity: 4,147 gal per min.

Drive: ~ 75 hp motor.

Thickeners (LOSC)

Number: 3.

Size: 250 ft diam.

Drive: 10 hp motor.
Pumps (10OSD)

Number: 3.

Capacity: 4,272 gal per min.

Drive: 50 hp motor.
Pumps (LOSE)

Number: 3.

Capacity: 4,147 gal per min.

Drive: 75 hp motor.

Thickeners (LO9F)

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

Pumps (LOSG)

Number: 3.

Capacity: 4,272 gal per min.

Drive: 50 hp motor.

OPTION III
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TABLE 12. - (Continued)

P s {1.10)
Number: 3.
Capacity: 4,272 gal per min.
Drive: 125 hp motor.

Storage tanks (L11)

Number: 4,
Capacicy: 28,914 gal.
Agitator drive: 30 hp motor.

Pumps (L12)
Number: 4.
Capacity: 3,461 gal per min.
Drive: 50 hp motor.
Pumps (L13)
Number: 4.
Capacity: 4,099 gal per min.

Drive: 100 hp motor.

Clariiying filrers (L14)

Number: 3i.
Area: 1,645 sq ft.

Repulp tanks (L15)

Numbezr: 2.
Size: 16 ft x 126 ft x 1 ft high.

Pum L16)
Nember: 1,
Capacity: 176¢ gal per min.
Drive: 20 hp motor.

Pumps (L.17)

Number: 3.
Capacity: 4,147 gal per min.
Drive: 250 hp motor.

OPTION 1
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TABLE 13. = Detniled equionment list. desilication scction,

Desilication tanks (D02)

Number: 5 + 1 extra.

Capacity: 89,002 gal.

Agitator Drive: 75 hp motor.
Hopper (DO3)

Number: 1.
Capacity: 175 cu fr.

Table feeders (DO4)

Number: 1 + 1 extra.
Diameter: 48 in.
Drive: 2 hp motor.

Lime slakers (D04A)

Number: I + 1 extra.
Capacity: 45,536 gal.
Agitator Drive: 40 hp motor.

Pump (DO4B)

Number: 1.
Capacity: 1,669 gal per min.
Drive: 20 np motor.

Pumps_(DOS5)

Number: 5 + 1 extra.
Capacity: 3,263 gal per min.
brive: &40 hp motor.

Settlers (DO6)

Numbexr: 2.
Size: 250 fr, diam.
Drive: 10 hp motor.

Pumps (DO7)
Number: 2,

Capacity: 91 gal per min.
Drive: 3 hp motor.

dawsonite-ric: zone

Thickeners (D08)

Number: 2.
Size: 250 ftr diam.
Drive: 10 hp motor,

Pumos {(D09)

Number: 2.
Capaeity: 91 gal per min.
Drive: 10 hp motor.

Pumps (D10}
Number: 2.

Capacity: 47 gzl per min.
Drive: 3 hp motor.

Pumps (Dll}
Number: 2.
Capacity: 8,066 gal per min.
Drive: 200 hp moror.

Clarifying filters (D12)

Number: 26.
Area: 1,645 sq ft

Repulp tanks (D12A)

Number: 2.
Size: 16 ft x 102 fr x 1 ft kigh

Pump (D12B
Number: 1.
Capacity: 1 gal per min,.
Drive: 0.5 hp motor.

Storage tanks (D13)

Number: 5.
Capacity: 92,732 gal,
Agitator drive: 50 hp motor.

OPTION 11T
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TABLE 14.- Detailed equipment list, alumina precinitatien and calecination
scetion, dawsnnite=rich zone

Pump {CO1)
Number: 1.
Capacity: 15,228 gal per min.
Drive: 300 hp motor.

Carbonation tanks (C02)

Number: 112.
Size: 98,874 gal.

Pumps (C03}
Number: 1 + 1 extra.

Capacity: 16, 918 pal per min.
Drive: 200 hp motor.

Primary thickener (CO04)

Number: 1. :
Size: 232 fr diam.
Drive: 10 hp motor.

Pump (C05)
Number: 1.
Capacity: 16,064 ¢al per min.

Drive: 200 hp motor.

Seconcary thickener (C06)

Number: 1.
Size: 164 ft diam.
Drive: 7-1/2 hp motor.

Purp (CO7)
Number: 1.

Capacity: 16,3338 gal per mimn.
Drive: 250 hp moter.

Pumps (CO8)

Number: 1 + 1 extra.
Capacity: 260 gal per min.
Drive: 15 hp motor.

Pumps (C09)
Number: 1 + 1 extra.
Capacity: 853 gal per min.
Drive: 75 hp motor.

Wash tank (Cl0)

Number: 1.

Size: 33 ft diam x 60 ft high.

Pump (Cl1)
Number: 1.
Capacity: 534 gal per min.
Drive: 7.5 hp motor.

Pumps (C12)

Number: 1 + 1 extra.
Capacity: 853 gal per min.
Drive: 20 hp motor.

Wash tank (C13)

Number: 1.

Size: 33 ft diam x 60 ft high.

Pump gCll;)

Number: 1.
Capacity: 534 gal per min.
Drive: 5 hp motor.

Internal drum filters (Cl6)

Number: 5.
Area: 300 sq frt.
Drive: 20 hp motor.

Pu cl7)
Number: 1.

Capacity: 534 gal per min.
Drive: 20 hp motor.

OPTION
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TALLL 14, - (Continued)

Screw convevors (CIB)

Number: 5.
Size: 10 in. diam x 30 £t long.
Drive: 5 hp motor.

Rotarv kilns {Cl9)

Number: 5.

Size: 13 ft diam x 330 ft long.
Lining: 9 in., alumina brick.
Drive: 150 hp motor.

Cvclone dust collectors (C20)

Numbexr: 30.
Capacity: 25,629 cu ft.

Blowers (C21)

Number: 30.
Capacity: 25,629 cu ft per min.
Drive: 50 hp motor.

Rotarv coclers {C22)

Number: 5.
Size: 7 fr diam x 50 ft long.
Drive: 20 hp motar.

Belt conveyor (C25)

Number: 1.

Enclosed.

Size: 18 in. x 130 fz.
Speed: 250 £t per min.
Drive: 3 hp motor.
Weightometer included.

Belt convevor (C254)

Number: 1.
Enclosed.
Size: 18 in. x 225 fc.

Rise: 110 fc.
Speed: 250 ft per min.
Drive: 15 hp motor.

Belt convevor (C25B)

Number: 1.
Enclosed.

Size: 18 in. x 200 fr.
Speed: 250 ft per min.
Drive: 5 hp motor.

Tripper included.

Silos (C26)
Number: 5.
Concrete.

Capacity:

Belt feeders (C27)

Number: 10.
Size: 24 in. x 15 ft.
Drive: 1.5 hp motor.

Bag dust collector (CCCC)

Number: 1.
Capacity: 3,000 cu ft
Blower (CCCC)

Number: 1.
Capacity:
Drive:

2,837 cu fr
7.5 hp motor.

87

92,000 cu ft.

per min.

per min.

OPTION IiX



TABLE 15. = Detniled equinment

88

shale fines leact:ins section,

daweanige=rich zonc

Belt convevor (FO01)

Number: L.

Enclosed.

Size: 30 in. x 700 ft.
Rise: 40 ft. T
Speed: 300 ft per min.
Drive: 40 hp motor.

Belt convevor (F0OlA)

Number: 1. :

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

Hoppers (F02) i

Numbezr: 6,
Capacity: 757 -u ft.

Screw feeders (FD3)

Number: 6.
Size: 24 in. x 5 fr.
Drive: 1.5 hp moter.

Rorary kilns (F04)

Number: 6.
Size: 12 ft diam x 109 ft long.
Drive: 50 hp motor.

Cyclone dust collectors (FO5)

Number: 12,
Capaciry: 29,190 cu ft per min.

Blowers (F06)
Number: 12,

Canacity: 29,190 cu fr per min.
Drive: 60 hp motor.

Rotary coolers (FD7)

Number: 6.
Size: 7 ft diam x 63 ft long.
Drive: 20 hLp motor.

Belt conveycr (F10)

Number: 1.

Enclosed.

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

Belt ccnveyor (Fl0A)

Number: 1.

Enclosed.

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

Speed: 300 ft per min.
Drive: 20 hp mote..

Hoonper (Fll)

Number: 1.
Capacity: 3,983 cu ft.

Belt feeder (F12)

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

Leaching tank {(F13)

Nuwber: 1.
Capacity: 38,917 gal.
Agitator drive: 60 hp motor.

Pum Fl4)
Number: 1.

Capacity: 2,853 gal per min.
Drive: 40 hp motor.

OPTION II3



Tanls 15 . ~ (Continued)

Settler (Fl3)

Number: 1.

Size: 122 £t diam.
Drive: 5 hp motor.
Pum Fl16)

Number: 1.
Capacicty:
Drive:

1,843 gal per min.
40 hp motor.

Thickener (F17)

Number: 1.

Size: 156 fr diam.
Prive: 7.5 hp morter.
Pum F13)

Number: 1.
Capacity:
Drive:

1,659 gal per min.
40 hp motor.

Pum F19)
Number: 1.

Capacity:
Drive:

1,843 gal per min.
40 hp motor.

Rotary vacuum filters (F20)

10.
610 sq fr.

Number:
Area:

Belt conveyar (F21)

Number: 1

Enclosed.

Size: 24 1In. x 500 fr.
Speed: 300 ft per min.
Drive: 25 hp motor.

89

Pump (F22)

Number: 1.
Capacity:
Drive:

651 gai per min.
10 hp moror.

Pu r23)
Number: 1.

Capacity:
Drive:

1,738 gal per min.
30 kp motor.

Clarifving filters (F24)

Number: 2.
Area: 1,645 sg ft.

Repulp tank (F24A)

Number: 1.
Size: 16 ft x 15 ft x 1 ft high.

Pum F24B)
Number: 1.

Capacity:
Drive:

17 gal per min.
3 hp motor.

Cvelone dust ccllector (FFFF)

Number: 1.
Capacity:

Blower (FFFF)

Number: 1.
Capacicty:
Drive:

6,305 cu fr per min.

6,305 cu ft per min.
15 hp motor.

QPTION IIT
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TARLE 16, - Detailed enuipment list, sada ash crysrallizocion and

dehvdration section, davsenite-rich zone

Mixine tanks (S01)

Number: 1.

Capacity: 89,502 gal.

Agitator drive: 75 hp motor.
Pump (S02)

Number: 1.

Capacity: 19,690 gal per min.

Drive: 125 hp motor.
Crystallizers (S03)

Number: 10.

Evaporator, 7 effect.
Arca per effect: 13,747 sq ft.
Type: farced circulation.
Barometric condensgr.

Capacity: 10,381 gal per min.
Steam ejector.
Capacity: 246 1b dry gac per hr.

Condensate tanks (S03a)

Number: 10.
Capacity: 34,102 gal.
Pumns S038)

Number: 10C.

Capacity: 1,250 gal per min.
Drive: 40 hp mortor.

Pumps S04)
Number: 1 + 1 extra.
Capacity: 5,102 gal per min.
Drive: 15C hp motor.

Centrifuzes S05

Number: 7.
Size: 54 in. bowl.
Drive: 150 hp motor.

Pump (506}

Number: 1.
Capacity:
Drive: 40 hp motor.

Serew convevors (507)

Number: 7.
Size: 12 in. diam x 30
Drive: 5 hp motor.

Rotary drvers (S08)

Number: 7.
Size: 12 fr diam x 120
Drive: 50 hp motor.

Cyclone dust collectors

3,571 gal per min.

ft.

ft lomng.

(sue)

Number: 28.
Capacityv: 24,832 cu fc

Blowers (S10)

Number: 28.

Capacity: 24,832 cu it
Drive: 50 hp motor.

Rotary coolers (S11)

Number: 7.
Size: 7.5 ft diam x 81
Drive: 20 hp motor.

Belt conveyvor (514}

Number: 1.
Enclosed.
Size: 36 in. x 180 ft.
Speed: 400 ftr per min.
Drive: 10 hp moror.
Weightometer included.

per min.

per min.

£t long.
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TABLE 16. - (Continued)

Belt convevor (81l4a)

Number: 1.

Enclosed.

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

Speed: 400 ft per min.
Drive: 60 hp motor.

Belt conveyvor (S14B)

Number: 1.

Enclosed.

Size: 36 in. x 400 fr.
Speed: 400 fr per min.
Drive: 20 hp motor.
Tripper included.

Siles (S15
Number: 20.
Concrete.,

Capacityv: 96,000 cu ft.

Belt feeders (§16)

Number: 20.
Size: 24 in. x 15 ft.
Drive: 1.5 hp motor.

Belt feeders (S164)

Number: 20.
Size: 24 in. x 25 fr.
2rive: 1.5 hp moter.

Desulfating tanks (S25)
Number: 1.
Capacity: 31,953 gal.

Agitator drive: 30 hp motor.

Hoppers (526)

Number: 1.
Canacity: 1,092 cu ft.

Beir feedwrs (S527)

Number: 1.
Size: 24 izm. x 10 fr.
Drive: 1.5 hp motor.

Pumps 528)
Number: 1 + 1 extra.
Capacicy: 1,491 gal per min.
Drive: 25 hp motor.

Rotary vacuum filters (§29)

Number: 6.
Area: 790 sq frt,

Repulp tanks (530)

Number: 6.
Capacity: 3,705 gal.
Agitator drive: 2 hp motor.

Pump (S31)

Number: 1.
Capacity: 1,185 gal per min.
Drive: 75 hp motor.

Pum; S32
Number: 1.
Capacity: 1,031 gal per min.
Drive: 40 hp motor.

Pumps $35)

Number: 10.
Capacity: 10,605 gal per min.
Drive: 200 hp motor.

Bag dust collector (SS8S)

Number: 1.

Capacity: 5,700 cu ft per min.

Blowers (5S5S)

Number: 1.

Capacity: 5,675 cu fr per min.

Drive: 15 hp motor.

Water storage tank (5555)

Number: 1.
Capacity: 1,055,040 pgals.
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TALLE 17. = Detatiled equivment list.

limestane caleinine and

flue=vas

processine section, davsonite—-rich zonc

Hoppers (TQl)

Number: 11.
Capacity: 1,111 cu ft.

Belt convevors (TOlA)

Number: 11.

Size: 18 in. x 20 fr.
Speed: 250 ft per mirn.
Drive: 1.5 hp motor.

Belt convevor (T02)

Number: 1.

Enclosed.

Size: 42 in. x 440 ft.
Speed: 400 ft per min.
Drive: 30 hp motor.
Weightometer included.

Belt conveyor (T02A)

Number:= 1.

Enclosed.

Size: 42 in. x 115 ft,
Rise: 60 ft.

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

Belt conveyor (T02B)

Number: 1.

Enclosed.

Size: 42 in. x 300 fr.
Speed: 400 ft per min.
Drive: 40 hp motor.
Tripper in¢luded.

Apron feeders (T04)

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

Belt conveyor (T05)

Number: 1.

Enclosed.

Size: 24 in. x 150 fr.
Rise: 50 fc.

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

Hopper T06)

Number: 1.
Capacity: 1,968 cu ft.

Cone crusher, standard head (T08)

Number: 1.
Size: 5 frt,
Drive: 100 hp motor.

Vibrating screen (T09)

Number: 1.
Size: 140 sq fr.
Drive: 15 hp motor.

Belt conveyvor (T10)

Number: 1.

Enclosed.

Size: 14 in. x 55 fr.
Rise: 27 fr.

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

Transfer hooper (T10A)

Number: 1I.
Capacity: 30 cu ft.

Belt conveyor (Tll)

Number: 1.

Enclosed.

Size: 14 im. x 55 ft.
Rise: 27 ft.

Speed: 20 ft per min
Drive: -3 hp motor.

OPTION III
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TADLE 17. - (Continued)

Belt convevor (T12)

Number: 1.

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

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

Hopper T13

Number: 1.
Capacity: 2,599 cu fr.

Cone crushers, short head (T15)

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

Belt conveyor (T16)

Number: 1.

Enclosed.

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

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

Belt conveyor (T16A)

Number: 1.

Enclosed.

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

Hoppers (T17)

Number: 4.
Capacity: 492 cu fc.

Screw feeders (T18)

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

93

Rotarvy kilns (T19)

Number: 4.

Size: 13.5 ft diam x 279 ftr long.

Lining: 9 in superduty fireclay
brick.

Drive: 150 hp motor.

Cyclone dust collectors (T20)

Number: 24.
Capacity: 27,074 cu ft per min.

Blowers (T21)

Number: 24.
Capacity: 27,074 cu ftr per min.
Drive: 60 hp motor.

Waste=heat boilers (T21A) .

Number: 4
Size: 12,493 sq ft.

Blowers {(T22)

Number: 12.
Capacity: 28,115 cu ft per min.
Drive: 60 hp motor.

Gas scrubbers (T23)

Number: 4. :
Capacity, inlet: 62,226 cu ft
per min.

Pumps _ (T234)
Number: 4.
Capacity: 1,803 gal per min.
Drive: 30 hp motor.

Compressors {T24)

Number: 4,

Pressure: 50 1b per sq in.
Capacity: 16,979 cu ft per ain.
Drive: 850 hp motor.

OPTION IIl



TALLL 17. ~ (Continued)

Pum T24A)
Number: 1.
Capacity: 81 gal per min.
Drive: 3 hp moter.

Rotary coolers (T25)

Number: 4.
Size: 8 ft diam. x 38 ft long.
Drive: 20 hp motor.

Belt convevor (T28)

Number: 1.

Enclosed.

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

delt convevor (T28A)

Number: 1.

Enclosed.

Size: 20 in. x 225 ft.
Rise: 110 ft.

Speed: 250 ft per min.
Drive: 20 hp motor.

Belt conveyor (T28B)

Number: 1.

Enclosed.

Size: 20 in. x 240 fc.
Speed: 250 ft per mim.
Drive: 5 hp motor.
TIripper included.

Silos (T29)

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

g4

Belt feeders (T30)

Number: 6.
Size: 30 in. x 10 ft.
Drive: 2 hp motor.

Belt convevor (T3l)

Number: 1.

Enclosed.

Size: 20 in, x 240 ft.
Speed: 259 ft per min.
Drive: 5 hp motor.

Belt conveyor (T31A)

Number: 1.

Enclosed.

Size: 20 in. x 90 fr.
Rise: 45 fr.

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

Belr convevor (T31B)

Number: 1.

Enclosed.

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

Service crane (T32)

Number: 1.
Capacity: &40 ton.

Cyclone dust collector (TTTIT)

Number: 1.
Capacity: 25,000 =zu £t per min.

Blower (TTTT)

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

OPTION TIT
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TALLL 18. - Detailed eduinpment list, tankage

No. of Size, Diam., Height,

Service tanks bbls feet feet Type
Retort crude rundownl .siseees. 14 10,000 45 36 Cone roof
Crude SLOrage .c..ocea. vacrana 4 250,000 134 100 Cone roof
Coking charge ............. cee b 30,000 70 45 Cone roof
Coker distillate rundown ..... 4 25,000 70 37 Pontoon roof
Coker distillate storage and

hydrocracking charge ...... 4 25,000 70 37 Pontcon roof
Hydrogenation plant rundown .. 4 30,000 70 45 Pontoon roof
Slop tanks ..... ceseneanan vess 2 6,000 35 36 Cone roof
Emergency fuel .............. . 1 300 20 15 Cone roof
Ammonia, liquid ........ veosea 2 1,200 9 53 Horizontal

pres. vessel

Sulfur, molten .....ccecevecssre 2 1,070 20 20 Cone roof
Hydrocracked distillare

SLOYALE .cecevsensacsnsascona 2 250,000 120 125 Pontoon roof

OPTION III



TABLE 19, — Capital investment gummary, mine

9%

) Deferred

Unit expences Depreciable Total cost
1,900-ft level

Mining and haulage ............. $1,764,400

Crushing and conveying ...... “es 1,414,400

Shops and auxiliary ......... cee 389,200

VentilatioD .ecececeecececcanne . 30,000
2,600-fc level

Mining and haulage ...csovevesecs 3,404,900

Crushing and conveying .csseeees 5,035,100

Shops and auxil{ary ..ececcocors 488,400 -

Venti1ation -ecesccscsacaccncans 160,700 .°
Common to 1,900 and 2,600 levels

Ventilation (surface

installations) ...... cemennane 216,600

Exploration and develppment .... $911,600

Shafts and hoisting equipment .. 12,069,000 3,375,200

Bulldinga and surface ........ .e 12,100 1,318,800
Total direct ...... ceemcemsessnsona 12,992,700 17,577,700 $30,570,400
Field indirect 0.5 (16,979,600 x 0.10)..-c-.ciiiiennnren seeee + 849,000
Engineering 0.05 (12,081,100 + 17,577,700 + 849,000)......... 1,525,400
Overhead and administration.c.eeceecececananns ersecsmse e 1,525,400

Subtotal.cveecieaeninnnnnn Maeseccontanctttsannana seressann 34,470,200
Contingency at 10 percent..c.cacicictiacnecanencnnencancnnnns .o 3,447,000

Total..vrevearonans Ceraraverrrerentas veiraresnans cerraaans 37,917,200



TABLE 2C. - Equipment cost summary, mine - 1900-ft level
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Mining and haulage

Description

Joy L5RU cutters $109,000
Joy CD-73 2 boom electric drills 73,500
Powder wagon 7,600
Joy 14BU 10-11D loaders 73,500
Joy 10SC 27A shuttle cars 67,200
Joy RBD 8 roof bolters 43,100
Grand total
Conveving and crushing

42-in. conveyors, motors, controls 210,500
36-in. conveyors, motors, controls 188,400
Crusher-conveyor feeders 53,300
Roll ecrusher at shafc

-10 in. to -5 in. 50,700
Closed circuit TV 7,100

Grand total

Shops and auxiliarty
Mancar 5,700
Diesel tractor, blade and winch 48,400
Personnel cars 2,700
Transformers 4100-440V 9,103
Barrery charger {(undergrouad) 30

Portable machine shops 1;;’238
Main machine shop ’
Electric distribution wire,

17.500 ft size O

5,000 fr 3-conductor #4 g%’ggg
Water line *

Grand total
Yentilation

Main ventilation fansi/
Heading ventilation fans 1,000

Grand total

1/ See ventilation section for the 2600-ft level.

N

Cost_ezach

Depreciable
Total cost

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

172,400

1,764,400

631,500
565,200
159,900

50,700
7,100

1,414,400

5,790
48,400
16,200
72,800

300
33,900
113,400

51,300
27,200

—_

369,200

30,000

30,000

OPTION III
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TABLE 20. - Equipment cost summary, mine ~ 2600-ft level, continued

~NW

400

[
PO PS®E

Wwww

W

Mining and haulage

Description

Heading jumbo

Bench jumbo

Powder trucks with pneumaric
loading system

Scaling and rock bolting rig

Starting drill steel inventory

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

Hovgh 400 front end loader

Haulage trucks

Motor patrol

Bulldozer

Water truck

Total

Crushing and conveying

Lost each

$171,400
89,500

22,100
82,700
6/ft

32
143,300
143,940
36,800
75,400
11,400

Hopper
Apron feeder

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

and mortor
Cenveyor system
Dust collector

Total

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

6G0
573,200
1,295,500
73,600
301,600

45,600

3,404,300

15,300
53,700
76,500

374,700
4,492,100
22,800

—_—

5,035,100

OPTION ITT



TABLE 20, - Eguipment cost summary

- 2600-ft level, continued

9,00

—
HERNFN WO R,

20
10,000
30,C00

3

Shops and auxil

iary

Description

Power center transformers

Fuel oil pipeline

Fuel oil storage tamnk, underground
ft Electric size "0" main line
ANFO tramsport trailer

Pickups for supervisors, etc.
Fuel and service trucks
Ambulance

Bus

Supply truck

‘Underground machine shop

Total

Ventilation

Auxiliary ventilation fan
Auxiliary fans for headings

ftr Ventilation tubing 24" diameter
ft Electric cable

Air locks for ventilation control

Total

1/

Main ventilation fans =

Total

Cost each

$9,100
27,200
8,400
75/ft

1,700
4,000
14,700
5,900
9,100
5,900
253,200

2,700
1,580
2.38/ft
2.08/ft
13,400

1/ These fans provide primary wventilation to both levels.

Depreciable
cost

$54,600
27,200
8,400
6,800
5,100
56.000
29,400
5,900
18,200
23,600
253,200

488,400

2,700
31,600
23,800
62,400
40,200

160,700

216,600

216,600

OPTION TII
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TABLE 20. - Equipment cost summarv, 1900- and 2600-ft levels. continuned

Quanticy

2

N o

Shafr and hoisting eguipment

Description

Shaft and equipment hoists, Koepe
with motors and contrels for
production $1,016,000 each

Headframe; reinforced concrete
structures $107.000 each

Hoist, Koepe with motors and
controls for service

Headframe; reinforced concrete
structurees

Installation of hoist and cables

Freight and truck haulage

Wire rope - 2" - 27,700 ft @ $3.75/ft

4 ore skips, 2 cages, ore chute

Production shaft excavation, lining
guides, 20 fr inside diameter

Service shaft excavation, lining
guides, 30 £t inside diameter

Underground surge bin

Shaft stations at levels

Ore pass 1900 level to 2600 level

Excavation and structures for
loading station and pockets

Total

Deferred expense Depreciable
$2,296,2C0
241,800
367,209
120,900
61,000
29,500
117,400
141,200
$5,693,000 i
4,727,500
607,100
879,700
40,100
121,600 '
12,069,000 3,375,200

OPTION I1I
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TABLE 20, - Equipment cost summary. 1900- and 2600-ft levels. continued

1 .
Buildi ngs—/and surface

Quantity Description . Deferred expense Depreciable
1 Access road (temporary) $12,100
1 Surface stockpile feed system $1,318,800
Total $1,330,900

1/ Buildings included in plant facilities charges.

OPTION III



TABLZ 21. - Egquipment ¢ost summary, nahcolite preparation section,

recovery of soda ash from white nahcolite

Cost, dollars

Iten Quantity Material Labor Total cost
Apron feeder....censancans 6 53,300 8,000
Bell CONVEYOr...aaecwaaaas 1 95,400 17,200
Weightometer.............. 1 3,400 900
Hopper...criivenuenncsns .- 1 7,600 400
Apron feeder.............. 1 8,900 1,400
Hammermill....ceoeesocemans 1 30,900 4,300
Belt COnMVeYOT. . oo vaans 1 27,300 5,000
b37:3-1 - 1 7,500 400
Apron feeder.....s.c.uiua-, 2 10,100 1,500
Hammermill...._ ...c.cuennn 2 79,200 11,200
HOopper. it ciieinistnninnns 2 9,300 500
Vibrating SCreen.......... 4 57,300 6,800
Belt CcOnMVeYOT..esenecnena- 1 11,800 2,200
Transfer hOpper...---:.... 1 100 100
Belt CONVEYOTr...--v.reu... 1 11,800 2,200
Belt CONVAYOT. ..t unnavennn 1 45,800 §,200
Belt CONVeYOr....-veavsun- 1 23,600 4,200
Belr feeder.......vievennn 6 23,100 3,400
Bell CONMVeyor. .......uc.n.. 1 36,000 6,500
Belt conveyor..coacvearnn. 1 12,200 2,200
Surge bin........ PPN 3 6,900 400
Screw feeder.............. 3 20,800 3,200
Rotary kilhseowsseauoaneen 3 1,470,900 441,300
Cvclone dust collector.... 9 64,400 6,500
BloWeT . v cvreernencnnannnn 9 43,000 4,300
ROLATY COOleric.savasannsn 3 750,100 150,000
Cyclone dust collector.... ) 46,200 4,600
BloWer..ssesiscaensncsnana 9 30,900 3,100
Bag dust collector--een.-. 1 19,%00 2,300
Bl OWET . o it et i e 2 9,100 300
Bag dust collector........ 1 3,200 400
Blower..ccvcriennann e 1 1,100 100
Service crane.....ec.uennn 1 31,100 3,100
3,054,200 707,000 $3,761,200
Foundations....... taeerreaan N 152,700 203,600
CLTUCTUL@S - - v s s s cvnacrarsncannnns 122,200 61,100
BulldingS..v.uiererananarennnnmannnns 152,700 152,700
Insulation. ... cerreeoensonnenennes - -
InSTrUMentaCioN. . v earonnaacvunsane 61,100 24,400
Electrical.ec.iiierseas annncsasnase © 183,300 137,400
PipinNg.ecerereconranncstcnnnasnsnns ) 152,700 76,400
Painting.cecrvvrecnenncanans cerennn 9,200 27,600
MiscellaneCusS..cvscecerrvnannanonnn 122,2007 97,800
836,100 781,000 1,737,100
Total direct..cccscececcranassacans 4,010,300 1,488,000 5,498,300
Field indirect.vacce.... Seieasiaasmamassessamiasnssessascsnnnnana 744,000
Storage silos....ccviicnaanaaaa.. s certaeeecenniaseeannaanaaann 495,000
Total construction. . i i sivannns ettt e s ens s anen 6,737,300
Engineering. c.eerasenssn eeestesarascasiaaaaaana et e aa e 336,900
Overhead and administration......-.-....... et eertaaesr s 336,900
7,411,100
Contingency-..uuvvennervoanencsas eabtrrereetetrreasacacaraccarens 741,100
8.152,200
T .o tciseenssaaonsaceseseassnonnnsancsascenernasstannnnsnnsannas 497,600
8,559.800

Option III
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TABLE 22. — Equipment cost summary, leaching sectioen,
recovery of soda ash from white nahcolite

Cost, doliars

Total cost,

Irem Quanticy Marerial Labor dollaxrs

Belt conveyor.-.cceccesca-- 1 31,900 5,700
SUTEE Bileveeecunnnccnnnnas 1 10,400 600
Apron feeder....eeucuaenn.. 1 6,800 1,000
PUBD. cvvveveancnenansnnnn 1 1,900 100
PUDP.eeseerraancnencascans 1 400 100
Leaching tank.....c.....n 1 9,800 600
PUMP:+cveevcerransenvnens .e 2 10,200 200
Thickener.......... ceeeen 1 286,700 28,700
Pump....oe.ns veeeens eene 10 20,800 400
C.C.D. thickener.......-. 4 728,300 72,900
PUMP.e.veacenasne ceeeaeans 4 6,700 200
Waste mixing tank........ 1 5,400 300
PUMD. . cvrecencanacennonnn 2 4,500 100
Pump....ccnercnnacncnnran. 2 4,000 100
Pressure filter.......... 7 124,400 12,500
Sump tank.....-. et 7 7,500 800
Surge tank.......covn.. .. 1 200 100
PUPerreenrennens 2 2,100 "109
Surge tank....cvcvvnnnass 2 10,000 1,000

1,273,000 125,500 1,398,500
FoundationS....eccuaeaa.an.. 57,300 76,400
SErUCTUTES s eanscancsnaceanns 50,900 25,500
BuildingS.eiceeeescacaannans 50,900 50,900
InsulatioNe.ececacnnannannaa 12,700 19,100
Instrumentation....cecescenes 63,600 25,500
Electrical..ecovecacacornans- 114,600 85,900
Piping..cccseeccnncnancncans 381,900 191,000
Painting.cecesecanneananannn 5,100 15,300
MiscellaneouS...eecesroncans 63,600 50,900

800,600 540,500 1,341,100

Total direCtecccceccecesennn 2,073,600 666,000 2,739,600

Field indirectesecscssssasancennonnns essactiaarant et 333,000

Total construction....ccceeeceecncnnaens temiecsssccesonan cen 3,072,600

Engineering........cc.ceu-ns ceeestecaacaiscacanans serersacns 153,600

Overhead and administration...c.ccccnecaeao.... ceetseanaanns 153,600

3,379,800

CONLINEeNC Y. e usaeanasceeceacacennnessmnssnscascsnaonacnnonns 338,000

3,717,800

FeBuuerennncannncrnnsnss S eetaeetnanerireneennna Cesreaanaans 185,900

3,903,700

Option III
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TABLE 23.-Eguipment cos? gummary, crystallization section

Cost
Iter Quantity Material ~_ Labor $2zal cost
PUMIP vevveavrotrscovooressans 2 35,800 $200
Crystallizer 7 effect ....... 1 1,688,800 84,400
Surge tmk sraEPIER I e O TR v s 5 142’700 4’200
Pump Tesecssenersenacessnsrtane 1 1‘800 100
Pmp terrerrtsserercse et 1 5’500 100
FUDP 4uevesesascsarscsersnssas 2 10,000 200
CENTIifufe veeevusorencacsans 4 271,900 27,200
Heat exchanger =reccocscosecs 1 . 300 100
SUrge LANK covnveerronsnvsaas 1 3,900 600
2,132,700 117,100 $2,249,800
Foundations ...... Ceetsettaneonn terane 96,000 128,000
SETUCTUTES +eocreasnevoncsacannmnnnann 85,300 42,700
BUilding® ...seceecacaccncne cesecansan 85,300 * 85,300
INSULACION cvevveuenscacasnceannannnann 21,300 32,000
InBIIUmENtation ceivecsvescccanacanaan 106,600 42,700
ElectricAl ..eicececvcancennanacancans 151,900 144,000
Piping ..... essvemcacsencessnnena cases 639 ’800 319 ,900
PELIOLINE conecaceccenncccccaceanmennmnne 8,500 25,500
Miszellansove ,,...... teessesesnenvenae 106,600 85,200
1,341,300 805,400 2,246,700
Total direct ...... ceeeectananctnaas .. 3,474,000 1,022,500 4,496,500
Field indirect ......... emeecmncacamannnne enemcemeveceene cenn 511,200
Total construction ....eeceveas tessmcsas cteccsenmecsenaactaan 5,007,700
Engineering ........ cesncemarccsnaans ebasmcema cemeememceennan 250,400
Overhesd and administration ......... tteteccccccmnncanaa csen- 250,400
5,508,500
Contingency ..c.cececes cescasccesaccaa csecsanean emeesemunoanna 550,800
6,059,300
Foe .. iievnrrconssncsdascsncsssnssnsnaraarasonssncsassnssssass

303,000

6,362,300

OPTION 1IT
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TABLE 24. - Equipment cost summary, product drying and storage section

Cost, dollars

Quantity Material Labor Total cost
SCIrew CONnVeYOTas-vesvorona 4 §12,900 $1,900
Rotary dryer........ veenn 4 690,300 110,500
Bag dust collector....... 12 216,900 28,200
BLOWrS: scecescsaesennasas 12 50,700 5,100
Rotary cooler.ecceccane.. 4 245,200 39,200
Bell CONVEYOT-rsevsoensan 1 37,000 6,600
Belt conVeyOoT.-cuecevesees 1 28,000 5,100
Balt f3cder.ccecceecaanas 10 34,100 5,200
bzlt feeder....... cessaes 10 52,000 7,700
Bag dust ceollector....... 1 4,600 500
BlOWer.ceeaaascnancenancnn 1 1,800 200

1,373,500 210,200

Foundariont...ceosvcacrannaa le.. 68,700 91,600

SUTUCTUTES:.cciacnonsnconseacanass 54,90C 27,500
Buildings....... treessenasesrens 68,700 68,700
Insulation....... feaesnccnnscnns - -
Instrumentation...cceieeaceecaean- 27,500 11,00C
Electrical.ceeeeeeecancrncancens - 82,400 61,800
Piping.eceececrsnescaccnaccacaacean 83,700 54,560
Painting...cevecuaennn. creean .e- 4,100 12,300
MiscellaneousS.ssceseresenssssnnas 54,900 43,900

429,900 351,100

Total direct..cciecccncearenannn 1,803,400 561,300
Field indirect....:vccecctcceccnanscnanan veeenceecscdarunan
Storage silos..... cseaceasses cevecascmceersonsn cectossmesnsnn
Total conSETUCELOR.ceccecnnannns Cesseretserstatmassserarone
Engineering......ccccavcacan tesececcannans teececanen tescrbs
Overhead and administratioD....cececccncecccenans cessesaces
Contingency.sesves.oesdonanenanns tesanan tescscnecmsasrnas .-
FeRuteersvaasessesieascsensccssssssnnsansansncascansmcscnnancs

$1,583,700

__781,000

2,364,700

280,600

730,300

3,375,600

148,800
168,800

—
3,713,200
371,300
4,084,500

204,200

—_——

4,288,700

OPTIGH III



TABLE 25. - Equipment cost summary. crushing, screening. and srcrape

106

Overhead and administration...eeceecvccrecnsanca-nas tesasercan

CONtIngenCY vscesreansascnsscsocsrosroanseansnsosvsosssnnnsonnne

Fee.r.veienneerannes eeesiesectsasaactt it tattsherennnunn sreabaes

166,200

3,655,700
365,600
4,021,300

201,100

4,222,400

Material, Labor, Total cosct.
Item Quanticy dollars dollars doliars
Surge bin No. leiveercuucnnens.nns 1 25,900 2,600
- Apron feeder.icsearinriiariiinanann 4 255,600 25,600
Grizzly bar screen........... ses 2 27,900 2,800
Secondary crusher....... cererees 2 134,400 13,400
CoONVeyor.conaescosaans cesesrases 4 49,700 5,000
CoOnvVeyOr..cuaeaeeanees ceseceenean 3 82,200 8,200
Splitter......cviieecscncccnnnnas 1 10,100 1,000
Scalping Screefl..eeccccccaceaan-s 4 39,600 4,000
Tertiary crusher..c.eceececncres 2 134,400 13,400
Surge bin NOo. 2.ccccenvcacecanne 2 260,800 26,100
Apron feeder.....ccvvenccnncanes 4 255,600 25,600
COnVeYOr e . cereesaronncnamansasnes 1 39,700 4,000
Screen feed hopper..... sesiesans 2 34,500 3,500
Apron feeder...... tetcetemacenns 8 131,800 13,200
ScreeN...eeses teescacamseaasnans 8 79,100 7,900
Surge bin No. 3........ temeerans 2 57,200 5,700
Surge bin No. 4..vevniinnnnnnnss 2 65,200 6,500
COnNVEeYOT s encrenancrancarccnancse 2 76,400 7,600
EXNauster....crveeecsecaccncanes 1 30,400 7,600
Cyclone..ceeeeeraccascannnacas 1 6,100 600
1,796,700 184,300 1,981,000
FoundationS.sicvvricreencencnn creeras 89,800 119,400
S LIUCTUTeS. s ivnsrteneencansnccsanencnn 71,900 36,000
BuildingS...-cee.ax Fescesassaavascaran 89,800 89,800
TosulatioD.vevnereonssaaans feesreraan - -
InstrumentatioRe s ssssenransvrressrss 35,900 14,400
Electrical..c.-..... e treeeneerrenanen . 107,800 80,900
PipiDg. cientesrtnrsacecnnaana cesasans 89,800 44,400
Painting....ecen.. thtsseseamenevrsaeas 5,400 16,200
MiscellaneoUS . ceevervasanssosovsansas 71,900 57,500
562,300 458,600 1,020,900
Total directesc..... esssssessiireaenns 2,359,000 642,900 3,001,900
Field indirect....c.iinirvecesans csetecssaaacanans i sanen 321,400
Total cONSLIUCTION. s snsscvssanscnsascacrennans sererteaterreren 3,323,300
Engineeringecessscasercieceiossesssconvoranacansssaanescisssons 166,200



TABLE 26. — Equipment cost sumeary, briquerring

107

Cost, dollars

Total cost,

Ltem __ Quantity Material Labor dollars
Surge bln No. l..vuieeancnann 1 5,800 600
Vibratory feeder Ne. 1..... 1 1,600 200
Hommermill..oeoeonamecanaan 1 3,600 800
Mixer-briquetting machine.. 1 79,200 7,900
Surge bin No. 2....ecvnnnn. 1 5,800 600
Surge bin No. 3............ 1 5,800 600
Conveyor No. l..cicererannes 1 7,400 700
Conveyor No. 2........ e 1 7,400 700
Vibratory feeder No. 2..... 1 1,600 200
Conveyor No. Jeciviiennnnans 3 5,000 500
Comveyor No. Secesecacnnnsn 1 27,600 2,800
Conveyor No. 5............. 1 27,600 2,800
178,400 18,400 196,800
FoundationS..ceeeeeeeneeeaacesrennes 8,900 11,800
SETUCLUTES, s coeerecsanenscanannnnnnas 7,100 3,600
BulldingSeeevesveunecasccncnnannenans 8,900 8,900
Insulation..cceeeecanacecansacacnnns
Instrumentation.......ocicenennn .ees 3,600 1,400
Electrical.v.cecennccccnnnnnaars ceens 10,700 8,000
Pipifigececcecsccnaans ceeccecsscesoronn 8,900 4,500
Painting...eeeereanicrcreenncaernans 500 1,500
MiscellaneoUuS.ecessesosancnannscnnne 7,100 5,700
55,700 45,400 101,100
Total direCt.vevnsscronarecscas cesen 234,100 63,800 297,900
Field indirect..... et eas et esrebbea ettt a ettt e ettt 31,900
Total conStruCtioN..vccesrsvaaercses eriesstaaneneannn cecceanans 329,800
Engineering........... et recir s e ceecrrectrrentercoanree i6,500
Overhead and administration.....cvrecvreccscerrsanssssnncncssassns 16,500
362,800

CONLingenCY ccsnsssscansseansacaacaancsoccsunssnsasassnsanssscancs

DYYEYS (2)eueiacuaaesananssoncecnssnsssncnconnnonnnnnss - cenea

__36,3¢0

399,100

20,000

419,100
793,800

1,212,500

OPTION III



TABLE 27. - Equipment cost_ summary, retorting plant

Cost, dollars

Toeral cost,

Overhead and adminisStration.ce-ceccccesreevsvccrssacannacnsnanss

ContIngenNC Y. nseenarsaseeeecceecncessnrsaasscsansnassanonasnanes

Item Quantity Material Labor dollars

t0ClONe. e cnenarcennnnann 49 1,295,300 323,800
Heatiwg gas blower.........- 7 182,900 45,700
Electrostatic precipitator.. 14 4,842,700 968,500
Retort gas blower......... .- 7 2,207,900 552,000
Combustion air blower.....-- 7 282,300 73,100
Recycle gas heater....c--... 7 2,001,000 200,100
Shale oil pump........-- veew 7 11,600 2,900
-Retort feed hoppér....«..... 7 109,300 10,900
Rztort feed conveyor...... .- 2 102,700 10,300
Bucket elevator feed hopper. 7 109,300 10,900
Apron feeder...coveicannnn .- 21 410,000 41,000
Bucket elevator......ecesess 21 242,900 24,300
Retort discharge conveyor... 1 113,000 11,300
Traveling stacking conveyor. 2 63,700 6,400
REeCOTTSecaces cecesssessesnns 7 2,781,000 278,100

14,765,600 2,559,300 17,324,900
FoundationS. v eresscnncocsocas 1,107,400 1,476,600
SLIUCEULES. seuucacccscsssansaanans 1,107,400 553,700
BuildingS.eescenccnscernecenaanns 590,600 590,600
InSUlATiOReeeeescessnssecnsnnsnass 443,000 886,000
InStrumentation.ceesccecaceacecan 738,300 295,300
Electrical.cnenseeaanncenennnanan 590,600 443,000
PApINg e e eenncrannranascnannceenns 5,906,200 2,953,100
Painting..cccaeenansnrcncenvenenas 118,100 354,300
MiscellaneouUS.cccrecccerosacnnnan 1,181,200 945,000

11,782,800 8,497,600 20,280,400

Total direct..cceeeccccenn ceasena 26,548,400 11,056,500 37,605,300

Fleld indirect.cieeceecscecnareeerensresccescnssonnnsnsnnnannes 5,528,400

Total consStruction.c..cerescaeanns G eesetesseseasncncssaesoanns 43,133,700

Engilneering...sseeesesssccccncccans seseveassresrensensnons cesee 2,156,700

2,156,700

47,447,100

4,744,700

52,191,800

2,609,600

54,801,400

OPTION III
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TABLE 28. — Equipment cost gummary, delayed coking

109

Material, Labor,

Total cost,
dollars

Iten Quantity dollars dollars

Coke chamber .ececavessss.s 4 - 956,400 95,600
Main fracTiONATOT weeesenes 2 196,400 19,600
011 heating furnace ....... 2 1,009,000 201,800
DepropanizZer ..Theecee-ases 2 10,800 1,100
ADSOYDEr ceveccrccnccareane 2 57,800 5,800
Coke CULL@Y wcvnceccacracss 2 392,800 98,200
AcCUMUlALOT wcccceacccennas 2 7,800 800

2,631,000 422,900
Foundations eecvessescvscssssranasans 105,200 135,900
STTUCCUTES cecvrumrcvennnrrrncrannncn 197,300 98,700
Buildings .ccvcescencrasconcsanransnnns 105,200 105,200
INSUlAtiON -cccereccccenancnancaancans 78,900 157,800
Instmencation ceénescacsceasctiasende 184;200 73!700
ElectTical cicescecracantenccasssssens 105,200 78,900
PIPDING st cnvvevcccoasnsssnsaassnansss 1,052,400 526,200
Painting s.ccesceccesnncronccssaccses 13,200 39,600
Miscellaneous .c.cscsrvesssscsonacosce 263,100 210,500

2,104,700 1,430,500
Total direct .eeceecvnvesacscscseseses %,735,700 1,853,400

Field Indirect .cuececceccecnescnccanccanncnccncesosancttssassssse
Total CONSEIUCTION cveevcncnccccccansonecnarensescasasoscsscsssses
Engineering ...ccceeveccvecncscrcoanrenee

emsencsvsssbbttdbntdens

Overhead and administration .s..cecescccnccsaccacacacsasasssasanss

"CODLINZENEY covrancnncrncrassnccnssannscncenonasnsosboscnntores

FE@ .ccevnucracccnnacnccannattncscatsonbatttacatbinstosttsorssssssss

3,053,900

3,535,200

6,589,100

926,700
7,515,800

375,800
375,800
2,267,400
826,700

9,094,100

454,700

9,548,800

OPTION IIL



TABLE 29. -~ Equipment cost summary, refining

110

Item Material, dollars Total cost, dollars
Bydrogen production......c... 13,682,400

Bydrocracking....... feeeranan 19,065,000

Ammoundia recovery.........- R 1,190,300

SUlfUr IeCOVEEYeocecoonanenss 1,144,400

Tankage€...... seeeeseanenanane 2,957,300

Total consStructioneesscsececnsesocnccscnasnes .ee 38,039,400

Engineering.ceccicssscesescssssosoasceccscsocasse

Overhead and administration...ccccccancananaasnn

Contingency.eceereceeescoscennsncaacccanarannnns

1,902,000

1,902,000

41,843,400

4,184,300

46,027,700

2,301,400

48,325,100

OPTION III



TABLE 30. - Equipment cost summary, retorted shale crushing sectica,

dawsonite-rich zone

Cost, dollars

Total cost,

Item Quanticy Material Labor dollars
Belt conveyor........... 1 176,000 31,700
Belt conveyor...cec-aa.. 1 34,700 6,200
Weightometer............ 1 3,700 900
Hopper.-cccicicceeranacns 5 53,800 2,700
Belt feeder............. 5 13,400 2,000
HammeTrmill..eeseeceeens 5 244,300 34,200
Vibrating screen........ 15 160,300 19,300
Belt cODVEYOT.vsvseeren . 1 22,400 4,100
Belt cODVEYOT.csansesscns 1 15,800 2,800
Transfer hopper...csecs.. 1 100 100
Belt CONVEYOT.vvveeenens 1l 15,800 2,800
Belt conveyor..... ceeene 1 35,800 6,500
Belt cODVEYOT..eteccocns 1 42,000 7,500
Belt CORVEYOT.+-vevevese 1 20,200 3,800
SeIvice CralC.escecercess i 43,900 4,400
Cyclone dust collector.. 4 38,700 3,800
BlOWEL . iicinansnncansnsne 8 30,100 3,000
951,000 135,800 1,086,800
FoundationS. eeseeoecnsecense 47,600 63,400
SCIUCLUTES..ccvercccacnns cenn 38,000 19,000
BuildingS..eccrsscnncrscnsann 47,600 47,600
Instrumentatiofe.cecessnanreas 19,000 7,600
Electrical...cieeeoccacaassss 57,100 42,800
Pipiag........ hrerere e 47,600 23,800
Painting....... reerettnaa e 2,900 8,700
Miscellaneous....esecervee- ‘e 38,000 30,400
297,800 243,300 541,100
Total direct.ceececceanacnannn 1,248,800 379,100 1,627,900
Field indirect...ceceuesersccenn ferassrenseeans rrecansssssrcane 189,600
Total constructioNeseceececense cvecsesnccraancen eessecessncann 1,817,500
Engineering..csvecenccas emesetctsecsesaianaseasatnntteaacnaannn 90,900
Overhead and administration......c.c.cciicinnnnen. ecereccaresenn 80,900
1,989,300
ContingenCyYeeeearssenensesansncnsscssscnssnnansns csmesescananana 199,900
2,199,200
3 110,000

2,309,200
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TABLE 31. - Equipment ¢ost summary, retorted shale leaching sectiom,
dawsonite-rich 2one

Cost, dollars Total costz,
Item Quanrity Marerial Labor dollars

HOPPeT .ttt rerccnnnsmen 4 37,900 1,900
Belr feeder............ 4 9,500 1,500
Leaching tank.....cnec.. 4 61,600 3,300
f20ch ) v 7=5 4 1,200 100
Belt feeder.....coceens 4 5,100 800
¥ . | - 2 20,000 500
Settler.....cicavennnas 4 §23,000 82,300
Pump.....ovnnn... Cereeas 4 17,100 300
Thickener....ocoeaseees 3 617,300 61,700
22 L .- - T 3 14,500 300
Thickener.....eeeeece-- 3 617,300 61,700
PUmMD. . ce ittt i e, 3 4,500 200
Pump......... teeenraenn 3 14,500 300
Thickener....oeeeueeness 3 617,300 61,700
PUP . vt cvcremnarnaresnns 3 4,500 200
PUP. e tes v nennnrsens 3 7,700 300
Storage tank........... 4 51,200 3,500
PUMP . cvavscanacnrannenn 4 5,900 300
PUMD . s e vt ireenvannnans & 17,300 300
Clarifying filter...... 31 551,000 55,100
Repulp rtank..c.cerenn.. 2 6,700 700
PUMD . s vt nmcncnenes 1 1,900 100
Pump..... Ceeeaa vereres 3 25,000 500

3,532,000 337,600 3,869,600
FoundationS...ouveeesonasnss . 158,900 211,900
SErUCTEUYES.eceyinoscsssncense . 141,300 70,600
Buildings..... eemmreneereuren 141,300 141,300
Insulation.cececeveeens ie e 35,300 53,000
Instrumentatiom.scsssernssesen 176,600 70,600
Electrical.ccrccenrcecarvncaan 317,900 238,400
PiPADE . e veeerancnnnanens Ceeee. 1,059,600 528,800
Painting..ccceeersenacaossa .. 14,100 42,300
MiscellaneouS.c.ccreeervconnana 176,600 141,300

2,221,600 1,498,200 3,719,800

Total direCtiseerscsassnreccas 5,753,600 1,835,800 7,589,400

Field IindireCl.escececaereececcanoancecesnnnnnannes terereemceanae 817,900

Total constructioNiecccecsccesccnnnn. ‘e teessetacecansaacnaans 8,507,300

Engineering..c acccacecerennanascoanassascrocessasssroocnnnsnnnars 425,400

Overhead ard administration....ceeeeeeeeccanraasnn sesaraa ceeeeen 423,400

9,358,100

CODE D ZONICY - e v ceecancactonsisossatssocnatososeasesscassassnsasass .. __ 935,800

10,293,900

FRBrrtanereeaeisacnanaanneenans Ceeeacverranns teserscacsurtannan __ 514,700

OPTION III 10,808,600



TABLE 32. - Equipment cost summary, desilication section

dawscnite-rich zone
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Marerial, Labor, Total cost,
Item Quantity dollars dollars dollars
Desilication tanks scecesss 6 101,400 4,000
HOPPeT scevccccncccecscncnan 1. 500 10G
Table feeders s.scsvsntmser 2 5,500 800
Lime slakers .evevenecccras 2 23,500 1,500
PUDD cevceonncnncnn ceemren 1 1,000 100
PUDDPS coacvcscrenctosonasas 6 20,700 400
Settlers c.ceveventtcrcssa~ 2 464,800 46,500
Pumps eseecesaves ceammrssmsan 2 2,500 100
Thickeners -....cceave-n.- . 2 464,800 46,500
Pumps ...... ceevsasvrsensar 2 3,300 100
PUDDS «vvveorvonsnvananasss 2 800 100
Pumps ce.vecccconnnvanancss 2 8,900 400
Clarifying filters ........ 26 522,000 52,200
Repulp tanks ...ccveencesas 2 6,600 600
PUDD vceuenrvrevennsncrsosnsee 1 400 100
Storsge tanks .c.eeve.- PR 5 70,900 4,790
1,697,600 160,200 1,857,800
FoundatlonS eeeesssecssosascsacssenes 76,400 101,900
StrucCtures «-c.... ceccsssrensssnanaann 67,900 33,900
BuildiDES cececrantcssssnossacnancsss 67,900 67,900
INSULlation :eccssvsescsscsssancacanns 17,000 25,500
INnStrumentation eveesacsesaccacccsanes 84,900 34,000
Electrical .sececsvascncncnsancannnaa 152,800 114,600
PADEOQ evrcveccnnctsatoccrsoacssnnsen 509,300 254,600
Painting secsessseresessssssraccsnanca 6,800 20,400
MiscellanCous s.evessscescrcansasconse 84,900 67,900
1,067,300 720,700 1,788,600
Total direct .....ccacuanan eresccensans 2,765,500 880,900 3,646,400

Fleld indlireCt ..vsevevessressnsotossnansssacsssnsccsannnnnsse
Total CONSETUCTICN ..uviveacenoncnncaarcaancacacacaitosncnssan

E“gineering R R L T T N N N N I A I I I )

Overhead and AdMATISETALION «cueueotasennatscecacosssocennons
Contingenty ecesececncccacncenanaan ceccccacccctosanarencncnrtng
Fee ....ceviccccncncncnances

440,400

4,086,800
204,300

_ 204,300
4,495,400

449,500
4,944,900

247,200

5,192,100
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TABLE 33. - Equipment cost summary, alumina precipitation

and calcination secrtion, dawsonite-rich zone

Cost, dollars

Total cost,

114

Item Quantity Material Labor dollars
PUDP-ttciitennancesenns . 1 6,100 300
Carbonation tank........ 56 535,900 53,600
Carbonation tank...e.... 56 535,900 53,600
Pump..... Chetesececiiens 2 14,500 300
Primary thickener....... 1 178,300 17,800
PUMDececccnsanaenansanans 1 7,200 100
Secondary cthickener..... 1 110,500 11,000
PUMpP.ctteennncaansansanns 1 5,160 200
PUMpP.vcacriasansnansaanas 1 2,700 100
PUmMp..ceeerenccanercanan 2 7,100 100
Wash tank..c.oooonnnannn. 2 27,200 2,700
PUMP.rasncacsonsennnnnsn 1 600 100
o - 2 4,700 100
Wash tank....vsvsmonnn-- 1 27,200 2,700
PUIP.cveeeanssornancnnas 1 600 100
Internal drum filter.... 5 211,800 21,200
PUDPsenrenentesannnsnnns 1 800 100
Screw COnvVeYOT-uwesassasn 5 10,300 1,600
Roftary kKilneeeeeeeesnss. 5 6,809,500 2,042.800
Cvclone dust cellector.. 30 165,800 16,600
BloWer...cccaccacnaancns 30 97,500 9,700
Rotary coo0leliseneeuanss 5 260,600 65,200
Belt CONVEYOY:vaveooasoes 1 16,100 2,900
Weightometer......c.ca.. 1 2,900 8060
Belt CONVEYOT.veversvnee 1 24,600 4,400
Belt CONVEYOr..,vcvewen. 1 25,100 4,500
Belt feeder....... RN 10 22,000 3,300
Bag dust collector....... 1 3,600 500
BlOWeT.eeusseeoooonennnne 1 600 100
9,115,000 2,316,500 11,431,500
FoundarionS..eeeeeencnocanancns 410,200 546,900
SErUCTUT RS . - ccvecuccoarnnennane 364,600 182,300
BuildingsS....eovesenn Cerererenn 364,600 364,600
Insulation.cceecsaacannsnnaanns 91,100 136,600
Instrumentation......ceeceen.an 455,700 182,300
Electrical..cciiiincennnannnnns 820,300 615,200
PADING. - cvcoaasanasnoracasnnnnn 2,736,500 1,367,200
PAINLINg . ncceacncncnacanennnen 36,500 109,500
MiscellaneouS....cevee Ceesreenn 455,700 364,600
5,733,200 3,869,200 9,602,400
Total direcl.ececacaccsnnncneanns 14,848,200 6,185,700 21.033,900
Field indirect.....ccsv.e Cheestosercnsareastertrannsrorsaonnn 3,092,800
S1l0S.verinnnnarnenn ettt sesearieteeireeccatcasseanatacnnaans 352,600
Total construction....... s eciesceseenaeaseansnennaonnanana 24,479,300
Engineering..cceeeecaiacaanecnssansaasasacnsnscasscssnannnscns 1,224,000
Overhead and administrarion...c.ccceiceenmcemcanrencranacnnens 1,224,000
26,927,300
Contingency..suveinccecaaas tesermsesertcsannanctioatansaeanan 2,692,700
29,620,000
FeCeeceeacaseauncnue noosnnnasaananenanssasananasnasanascncas 1,481,000
31,101,000
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TABLE 34. - Equipment cost summary, shale fines leaching section,

dawsonite-rich zone

Cost, dollars

Total cost,

Item Quantity Material Labor dollars
Belt conveyor....evvcenes 1 87,000 15,600
Bell CONVEYOT.cevnsoees 1 14,700 2,700
Weightometer......... ree 1 3,00C 800
Hopper.....ceeeceeennnan 6 9,400 400
Screw feedel.veeeerennen 6 44,700 6,700
Rotary kilo......... cenn 6 1,044,600 167,100
Cyclone dust collector.. 12 68,000 6,800
BloWer..uciecnaenansuaea 12 45,200 4,500
Rorary cooler......-ss+++ 6 325,500 52,100
Belt CONVEYOr..ieeeaises 1 26,100 4,400
Belt CONVAYOT.cevavasans 1 20,700 3,700
HOpPPerec eaaccansansnsnnn 1 5,900 300
Belt feeder...eseveneres 1 2,400 300
Leaching tank....... reae 1 9,200 400
PUBPevoeorcsasaannnnnnna 1 2,900 100
Settler...ccaacnecnnennn 1 71,600 7,200
PUBPscsvversanarcncacanans 1 3,500 100
Thickener.....cvoeueeeuns 1 103,900 10,400
PUMP v vrancnrannnaaraaas 1 1,200 100
PUMP.eevaverancenononanas 1 3,500 100
Rotsry vacuum filter.... 10 364,800 36,500
Belt cONVeyoOr....ccoenw- 1 51,400 9,200
PUMP .+ e cenaacannacnnaans 1 700 100
Pump..ceivcncns aeeessnene 1 1,100 100
Clarifying filter....... 2 35,600 3,600
Repulp tank......ccuenne -1~ 900 100
PUMPeeccancnanannnnmnens 1 1,000 100
Cyclone dust collector.. 1 2,100 200
Blower....... Waersanacas 1 900 100
2,349,500 333,800 2,683,300
FoundationSeeeeseacansncacens theeeatan 105,700 140,900
SLTUCLUTLES sneacsrrronrassssconsaanss 94,000 47,600
BuildingsS.ceeaecececncaenaaaannacana 94,000 24,000
Insulationeceeccecencacsccceaannnans 23,500 35,200
InSCIUmentation. e naacasaen iheaseens 117,500 47,000
Electrical.....-... G esmcaenasssesen 211,500 105,700
PAPifg.aesccaancccanaannccaassnannan 704,800 352,400
P2inting.cccacacaaasascanasaconnacan 9,400 28,200
MiscellaneousS...cuceecceennnn- e 117,500 94,000
1,477,900 944,400 2,422,300
Total direct....svuvuen fereeaeaiaanas 3,827,400 1,278,200 5,105,600
Field imdirTect.cccueioecaeannncasacanasnsassacasasasnansessornna 639,190
Total consStruction..cee i nnneiernacacareansnn tremeeannn 5,744,700
Engineering..ccvescencacreescoeasaccavonscacssasenanns e 287,200
Overhead and administratiom....-....... e esssenassaaecenacaaans 287,200
6,319,100
CONLINgeNC Y. a s aneeaaasacaasscsccecnansnsensneneresseennssonena 631,900
6,951,000
Fee..... eamera e Sescesanesesacrtssrttacaestecsnnatssnnenann 347,500

—_—t
7,298,500
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TABLE 35. - Equipment_ cost summary, soda ash crystallization and

dehydration section, dawsonite-rich zone

116

Cost, dellars Total cost,
Tcem Quantity Material Labor dollars

Mixing tankKe.eeesssaasena 1 11,900 700
PUMDasacaccancnnncecanens 1 2,900 100
Drystallizers............ 10 17,704,300 885,200
Condensate tank.ss-avsons 10 51,600 5,200
PUDD.vecccsosanancnacnnas 10 12,000 600
PURD . ccevvrernnnnancesses 2 13,000 200
Centrifuge.:ceecveecensns 7 347,200 34,700
PUMD. cccecencnnannanonsss 1 1,300 100
SCTew CONVeYOTaweaerseoss 7 16,100 2,400
Rotary dryer...ceceecuee. 7 1,335,100 213,600
Cyclone dust collector... 28 149,900 14,900
BlOWELeerssosnnsnasnaanens 28 89,100 8,900
Rotary cooler.....csueeran 7 504,600 80,700
Belt CORVEYOT.:cenennesss 1 31,500 5,700
Weightomerer. vvecnivonss 1 3,000 800
Belt CONVEeYOT...ceccannns 1 38,200 6,800
Belt CONVEYOr...veuereees 1 69,800 12,600
Belt feeder........ seaene 20 44,000 £,600
Belt feeder....veeuusensn 20 64,800 9,800
Desulfating tank......... 1 7,400 400
HOPPeT.creecererocnnnnnns 1 2,100 100
Belt feed@r.iiivevnacannas 1 1,702 200
PUMD- - «vsansosnconsnannns 2 6,200 100
Rotary vacuum filcer..... 6 249,200 24,900
Repulp tank..... ereaara 6 11,100 800
PUMP. ccorvencseosncnasans 1 4,000 100
PUMP. s s nnnencnnanonnnnnns 1 1,100 100
PUMP .- v cvrvcenrenccaaanens 10 40,000 2,000
Bag dust collector....... 1 5,400 700
BlOWET - :eooannonnonsnnnss 1 900 100
Water storage TaNK....... 1 30,200 3,000

20,849,600 1,322,100 22,171,700
FoundationS.....-... teserasens eeene 938,200 1,250,200
SETUCLULES.cancsenaconmnnenansanmen 834,000 417,000
BuildingS...cecvecenonnne ceeane e 834,000 834,000
Insulation..eeveascesmnens Gereesnen 208,500 312,700
Instrumentalion....,ceveeanss reeees 1,042,500 417,000
Electrical.isvecencncaancanssananana 1,876,500 1,407,400
PiPANG. s nnerennaeeancranncrnnnarans 6,254,900 3,127,400
Painting..ceceeccecncroncaanancanncs 83,400 250,200
MiscellaneousS...ccaiecracecsnanannn 1,042,500 834,000

13,114,500 8,850,600 21,965,100

Total direct.ceseccecanncannnnnnena 33,964,100 10,172,700 44,136,800

Field IndireCr.e.ceeeeesscaaasanecnscsarassesseanansncnnensmnnes e 5,086,300

81lOS.ttuestrteratscncrssancnanans teesstastsaaann tesetemamnanasan 1,435,500

Total CONSEIUCTION. cunereceerrasssnmnsnsenss esesacesareeasaenn 50,658,600

Engineering......... M e ammasssessisscesssesesessssnresnansannons 2,532,900

Overhead and administration....cecececcrsrosnssaaneravsarsnsss .. 2,532,900

55,724,400

CONCINgentY teciatersnsosnnaasasasascncasssasanasaanansnaananna 5,572,400

61,296,800

FE@.uvaeraseroananaranannnn teetteas ittt crecaens 3,064,800

64,361,600
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TABLE 36. - Equipment cost summarv, limestone calcining and flue-gas

processing section, dawsonite-rich zone

Cost, dollars

Totel cosc,

Icen Quanticy Matrerial Labor dollars
Hopper...ueioccanciacnnnnas 11 26,500 1,300
Bell CORVeYOTr-neenncacacesn 11 29,500 5,300
Bell COOVEYOT.ieosarannsaaans 1 86,000 15,500
Welghtomezer...vveveesrrane 1 3,600 900
Bell COnVEYOr..evasensssran 1 26,800 4,800
Bell COUVEYOT-cvvencasssnns 1 6%,100 12,400
Apron feeder..... teerrasnea 3 15,700 2,400
Belt conVeyOT.uv.suenvsenenns 1 53,600 9,600
HOPPeT+ v tavevennnnn cerrann . 1 3,800 100
Cone crusher, standard head 1 73,800 7,400
Vibrating screen.......--.. 1 8,500 1,000
Bell CONVEYOTaacac-cassssna 1 8,400 1,500
Transfer hopper............ 1 100 100
Bell CONVEYOTr.eusrrenssansn= 1 8,400 1,500
Bell COMVEYOT...ov-uuvnnnnan 1 15,800 2,800
Hopper.ceaesncnanes aaaanan 1 4,800 300
Cone crusher, short head... 2 161,800 19,400
Belf CONVEYOTeuwessvson- cenn 1 16,400 2,900
Belr conveyor.........s.u.e 1 18,300 3,300
HOPPET s cccerenannsnancnnnan 4 4,900 300
Screw feadereieeacacaannnann & 19,500 3,000
Rotary kiln.erveeceeconnnans A 2,509,100 752,700
Cyclone dust collector..... 24 150,400 15,100
BlOWET ., i i iiiii e 24 97,300 9,800
BlOWET seuannsancsassannnanan 8 49,800 4,900
Gas scrubber...ceciiaencnan 4 64,400 6,500
PUmPecrennennns trstreenrenn 4 4,900 300
[od=t.1-3 F-X-T-7.3 1 323,600 32,300
PUMP. e v ceanscanncannnnanns 1 400 100
Rotary co0ler..ceasceasancaa 4 180,700 45,100
Bell CONVEeYOLerarereenonnsn 1 15,300 2,800
Belt conveyor..«c... vaeseas 1 29,000 5,200
Belt conveyor.............. 1 34,100 6.100
Belt feeder.......... teaean 6 12,600 1,900
Bell CODVEYOT.n:uwareannannn 1 30,600 5,500
Belt CONVEYOT.iaaanassnancs 1 14,200 2,500
Balt CORVEYOL.«:rvenouvmnnsn 1 150,600 27,100
Service Crame...ceeecacsss . 1 43,900 4,400
Cyclone dust collector..... 1 7,600 800
BlOWEer.ossavocnsncencnncnns 1 3,600 400
4,377,600 1,019,300 5,396,500
Foundations.vveurevraannavnonsnns 175,400 233,500
Structures..... creses teecasvecannn 175,400 87,500
Buildimgs....coooieiia o 175,400 175,100
InSulatioNeceeenesecosssecansoannns 131,300 196,900
Instrumentatione..vceseasaescoanns 306,400 122,600
Llectrical.....ccnv... reeseoanaene 350,200 262,700
Pipdng. - i 1,532,200 766,100
Painting-.cesececncss ereesanen caens 17,300 52,500
MiscellaneousS..ccaceaacacaanananes 175,400 140,330
3,039,200 2,037,20C 5,076,400
Total direct........ eeeeaveneanas 7,416,800 3,056,500 10,473,300
Fileld Indirect. ..o cviiiiiii ittt itcrcesnceraseruvroveansnnonana 1,528,200
SLlO8ueecennaanancccannananans feemraneaan triireerreeneretanaea 495,000
Waste heat bollersS....cvererennnencaceanassunnrcersoanssaanane 410,800
Toral consStruCtIOom. e ce it ittt iitastitotocacancnrannmenrenn 12,907,300
Engineering..... cassenesana fecamarisassssseseseatatacaenaaay s 645,400
Overhead and administration...ceeseeesoricenennnncanacacacanns 645,400
14,198,100
COnt N enC Y s et ot ie s sttt ctcatar s et sasnacsaseaanans 1,419,800
15,617,900
2= e 780,900
16,398,800
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TABLE 37. - Estimated working capital.

Inventory — 30 calendar days' producfion c.escesesssseensnsesse $21,172,600

Account Receivable - 90 calendar days' produztion ....... eevsss 03,517,700
Cash ~ 30 calendar days' production .c..ceeveccencccens eeeeean. 21,172,600
105,862,900

OPTION III
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TABLE 39. - Estimated annual operating cost

Natural gas — 85,005,700 M scfy x $0.30 per M scfeveecn.-
Limestone - 1,562,565 rons per year x $1.78 per ton......
Catalyst and chemicals...ceeiniienernerinrinmeceanaaaacns
Raw water - 8,164,100 M gal/yr x $0.10/M gal...cocovnun...
Charge for use of water - 8,164,100 M gal/yr x

$0.026/M £al. ... crrienaccncnnearccanarncnsnnnsnnaenanas
Direct 1abOT. .. vevuinossesscnancrssoronacnassnsnnoaamanness
Direct labor sSupervisioNeeccciesececcinnececacencanas [
Maincenance 1abOr...ceciieecantcreecrcnenanensnonsannanas
Maintenance labor superviSiONae.sccrecierececinconssanannne
Maintenance material (100% of plant maintenance labor)...
Mainrenance material (mim@).cceccuccceiincciccacnncaccanan
Operating supplies (20% of plant maintenrance, plant only)
Operating supplies (Mine)...iveeinrerrecorincrncransosanas
Payroll cverhead (25% of payroll).cecuicennccannncaananas
Rovalty on minerals at 5% of mineral receiptS-..c-.eeccs-e
Royalty on shale at $0.21/ton = 60,000 x 365 x $6.21.....
Administration and general overhead........cccveecenenases
Taxes, mining property -(based on gross proceeds)........
Taxes on improvement, mine - (0.04 x 1/3 x $21,802,000)..
Insurance, mine (0.0l x $21,802,000) . ... . cui.inccncancnnn
Taxes, plant — 0.04 ($449,596,800 2t 1/3) e icinennacens
Insurance, plant — 0.02 ($449,396,800)...cc.ncnnncnnnns .
Depreciation = (see table 43) .. iiiiiiivenaanceceraraoanaes
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Annual cost,
dollars

25,501,700
2,781,400
1,454,000

816,400

212,300
12,179,700
972,600
10,426,900
1,371,600
7,850,800
2,257,700
3,348,600
2,685,900
6,237,700
9,506,700
4,599,000
2,686,500
3,472,400
290,700
218,000
5,994,600
8,991,900

37,516,300

151,373,400

OPTION I1II
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TABLE 40. - Total capital investment and annual operating cost, dollars
Minerals

Item Mining Retorting Refining Processing Toral
CAPITAL INVESTMENT
Equipment investment...... ++« 37,917,200 60,236,700 57,877,900 160,577,300 316,609,100
Facilities & utilities...... 21,005,200 28,872,000 31,405,700 86,297,900 167,580,800
Initrial cactalyst............ - - 3,324,100 - 3,324,100
Int. during coastruction (5%) 2,930,000 4,429,900 4,439,600 12,276,200 24,075,700
StaIFUP expense...... rerenes 2,375,600 3,591,800 3,599,600 9,953,400 19,520,400
Working capital............. 33,600,900 12,703,500 12,767,100 46,791,400 105,862,900

Total capital requirement.. 97,828,900 109,833,900 113,414,000 315,896,200 636,973,000
ANNUAL OPERATING COST
Natural BaS.siceeccosssssaass 4,054,900 4,242,500 4,807,600 12.396,700 25,501,700
LimesStone, cccrcreonansnanannn - - - 2,781,400 2,781,400
Catalyst & chemicals......... - - 1,433,600 20,400 1,454,000
Raw water......... crrisemeans - 6,500 128,100 681,800 816,400
Charge for use of water...... - 1,700 33,300 177,300 212,300
Direct labor......c.ciucaaee. 4,821,600 990,300 987,200 5,380,600 12,179,700
Direct labor supervision..... 192,100 82,500 175,700 522,300 972,600
Maintenance labor....,....... 2,576,100 1,696,600 1,630,600 4,523,600 10,426,900
Maintenance labor supervision 330,000 225,100 216,300 600,200 1,371,600
Maintenance material (plant). - 1,696,600 1,630,600 4,523,600 7,850,800
Maintenance material (mine).. 2,257,700 - - - 2,257,700
Payroll overhead (25% of

Payroll) .. ccceiiricicnane 1,980,000 748,500 752,400 2,756,700 6,237,700
Operating supplies (plant)... - 723,600 695,506 1,929,500 3,348,600
Operating supplies (mine).... 2,685,900 - - - 2,685,900
Royalty on minerals.......... 9,506,700 - - - 9,506,700
Royalty on shale............. 4,599,000 - - - 4,599,000
Administration & general

overhead........cccecunannn 1,058,400 286,200 287,700 1,054,200 2,686,500
Taxes, mining property....... 3,472,400 - - - 3,472,400
Taxes on improvement, mine... 290,700 - - - 290,700
Insurance, mine.............. 218,000 - - - 218,000
Taxes, plant................. 282,300 1,197,100 1,199,500 3,315,700 5,994,600
Insurance, plant............. 423,500 1,795,700 1,799,300 4,973,400 8,991,900
Depreciation............nnne 4,518,600 5,937,700 _ 6,126,300 20,933,700 37,516,300

Total annual operating cest 43,267,900 19,630,700 21,903,700 66,571,100 151,373,400
Cost per ton of total ore

mined......coiveecenennnnan 1.743 0.791 0.883 2.682 6.099
Cost per barrel of shale

01l Product...eeeeeoncnnnn-s 2.571 1.166 1.301 3.955 8.993
Cost per ton of total

mineral products........... g ggg 4.040 4.508  13.702 31.156

OPTION III



TABLE 41. - Product selling price and annual receipts

Coke 1,077.1 ton/cd x $8/ton x 365 day/yr.....c.nnnnn $3,145,100
0il 46,113 bbl/cd x $3.72/bbl x 365 day/¥re.ecven... 62,612,200
Sulfur : 45.698 short ton/ecd x 813.3§/shor= ton x
365 day/yreeeceerrtatssecnsaarsastscsatanennanaa 223,300
Ammonia : 116.302 ton/ed x $35/ton x 365 day/¥reeececeen-- 1,485,800
Alumina : 1,759 ton/cd x $63/ton x 365 day/¥reeeeereceanan 40,448,200
Soda ash: 11,552 ton/ed x $35.50/ton x 365 days/yr........ 149,685,000
TOTAL ANNUAL RECEIPTS.......... reesrersrssesrras 257,599,600
Selling price Freight allowance
Coke, tOM.uveuencensnnn- $20.00 $12.00
0il, barrel............. .12 0.40
Sulfur, long toN........ 15.00
short ton....... 13.29
Ammonia, LOMeeeaeceaecas 35.00
Alumina, tOml.c.aaccecaan 75.00 12.00
Soda ash, tomeevvrern..s 35.50

OPTION IIiI

133



TABLE 42. — Financial analvsis

Total capital investment...... cerecceraranann $636,973,000
Annual SaleS..ccciicerccanenacotoscinaannanan 257,599,600
Annual OPerating COSC.escasreresesansncacnans 151,373,400
GrosSs INCOMe.u-vcvinssnusancesscrsscnnnscssnnns 106,226,200
Depletion cn minerals (0.15 x $190,133,200).. 28,520,000
Depletion oil shale (base on value of oil)

0.15 x $42,078,200 ... ...cna.nn e 6,311,700
Taxable income.....cvmvrcernnccerenacnsasnnna 71,394,500
Federal income tax at 50Z.....crvienciennenns 35,697,250
Net InCOme...cacerosisescssensenasccanannann ves 35,697,250
Discounted cash flow
Annual cash £low (net income + depreciation +

deplerion).cceiricecanaccacanceranncrarnnnn 108,045,250

Present value? at i = 14.5 635,541,800
i= 14.4 638,577,900
Interest rate (by interpolation) i= 14.45

Value after retorting assumed to be $2.50 per barrel.

Present value of o payments of $1 = (Etilﬁ:&,
i(l+i)nt

inrerest rate per peried. n= 14,155 yr

where 1 =

OPTION III



TABLE 43. - Operating cost depreciation schedule

135

Annual
Life, Depreciation depreciation,
Item years  base, dollars dollars
Mine (depreciable) .......... 1o 21,802,000 2,180,200
Mine (deferred expense) ........ 20 16,115,200 805,800
Soda ash recovery plant
(white nahcolite) ........v.. 11 23,114,500 2,101,300
Retorting plant .....cccniannnas 16 60,236,700 3,764,800
Refining .ccecvecccntaccncecrnnn 16 57,877,900 3,617,400
Retorted oil shale
processing planf .eeva.... 11 137,462,800 12,496,600
Plant facilities ....cceccevecns 20 61,405,300 3,070,300
Plant utilities ...ccieesareraan 20 106,175,500 5,308,800
Interest during construction ... 11 24,075,700 2,188,700
STATTUP EXPeNSe ..ceueucecccnnen 11 19,520,400 1,774,600
Initial catalyst and chemicals . 16 3,324,100 207,800
37,516,300

OPTION IIL
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FIGURE 1. - Location of 68,000 TPCD Project, Rio Blanco County, Colo
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—T 68,000 TPCD Project
Production Heisting
60,000 TPCD shale, nahcolirte,
dawsonite
8,000 TPCD nahcolite
365 calendar days per year
Depth Elevarion 68.000 TPCD total
0] |6540.0
24,820,000 rons/year
Ave 56 bﬂ 20 producing shifts/wk. é
Data ﬁw 23,800 tons/shifzg &
1 shift/wk maint. & repair pad
1900 level 1890.0| [é650.0 White nahcolite bed
T -
2.24 Sp. gravicy I Mine 9 fr.
140 #/CF in place Il
14.29 CF/T I
.535 swell factor (I .
75 #/CF broken | s
)
Ore pass—alll - &
II § -
I
1] "VJ
: I Y
(- .
: i 37 GPT oil shale
I 11.6% {(wt) Dawsonite
(100 level 1;2590.¢ | 3950.0 14.8% (vt} Nahcolite

7 Sp. gravity
9 #/CF in place
7 CF/T

Ty

0.2

+5 swell factor
52.17 #/CF broken

Measuring pockets——

e

Sump

Mine 60 ft
Surge bins

Required: 3 shafts; 2 production,
1 service
Hoist 68,000 TPCD - 476,000 T/wk
20 shifts/wk - 1 shift M & R =
23,800 T/shift
2 hoists = 30 crips/hr each
54 T/trip x 60 = 3240 T/hr
23,800 T/shift = 3240 T/hr = 7.35 brs
hoisting per shifc

2740.0 14 3800.0

FIGURE 3. - Schematic diagram of shaft and mine levels

for che 68,000 TPCD project.
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FIGURE 15. - Recovery of soda ash from white nahcolite

OPTION III



(] ,
1.7 —
n B
| 2
N Qo
$502044 0}1(00yeN 3jIyy ‘wesbeiq mo|4 d13RWEYIS - g7 IYADIS m :
_ o
§ 2
PS/Y GhZ'h 05¢ 3veld .
0691015 O) o 047 Buill :
ps/1 262 1anpoud yse epog 1k [shkep weauys
jesodsip eoujins . o e
o} volynjos alind 4 [(CIREED Kep weou3s Jad suoyaps/y !
ps/1 08S' 11 abe1oys
pue .
JOnbT| Jayyol ﬂw\ﬂ 688
futkag [P ga550; wog
] p3/1 OE1'S-5BISKN)
PS/1 hho'2
» Laanys sBuy|iey
v sJojelodead woJdy
Psf1 951'1I
PERTL
pasuapuo) Ps{1 OnOt
) Jesods(p a)1SeM wosj
:o_uoum _uw\a n:m.m JIYEM P3JIJA0IIY
uo(}29s ps /1 ps/y \
uo|iezy uoryoes | o uo|jesedasd
-{1918K19 268'L2 | puyyyoeay ¢89°5 | ay1 0ayey autw
ay!ooyey
ps/1 089'/1 21 14M
PS/} Oh /1
/ PS/Y 112 UBSIS T pyfy EE1'T P/} 199'C sessoy
19184 PERTIN }snp pue yoel$

L98-11V

Voo e , . . . S



-~

g A

T89'§ (301
£82°1 ‘{osu]
zl hosZey
ui 198N
YR Eoolen

*(Aeq 12d suoy)
3}1100YBN 9114M Wo44 YSY BPOS 30 KJ9A0D3Y
‘u01}59S uoljesedald @}1|0dyeR ‘adue(eq |elidjey -

*L1 A2Td

7 L)
9 ._Owc_
¢ ol
g €oolen
14 €0oHeN

$s0| }sng

paaj} buiysed

4 00001

Buiuae.ds
oue
Buiysna)

Guluio|e)
619'2 (eyol
9 *|osu|
AT 0CH
oth'l 209
h gooleN
1 E0oHeN

$S0| 3ou}§

the's |ejol
s62'1 ‘josu|
045 ol
¢l hosZen
8l 198N
he6 Egalen

ns's £99HeN

pe9} 931 (08N

OPTION IIIX




wWhite nahcolite
Apron feeders (PI)
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Weightometer [P2A)
Hopper (P3)
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|

Blowers (P2E)

.-
La-s

Cyclone dust coilectors (P25) 44— Rotary coolers (P24)

Cyclone dust collectors (P22) 4¢4———Rotary kilns (P21}
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&
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A

Vibrating screens (PI1)~——¥ geit conveyor (Pi2)

Screw feeders (P20)
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Belt conveyor (P17}

Belt feeders (PI§)
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FIGURE 18. - Equipment Diagram, Nahcolite Preparaticn Section.

Recovery of Soda Ash From White Nahcolite.
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Pumps (CI)
trystallizer (C2) &~ Cooling tower [C3)
Pump [C6)
~P>Surge tanks (C§)
Pump! (¢7) Pump (C5)
. A
Centrifuges (C8)d—————Heat exchanger {C9)—————————Wash water
—3P-Surge tank (C10)
FIGURE 22. - Equipment Diagram, Crystallization Section,
Recovery of Soda Ash From White Nahcolite.
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M W el
A

Screw conveyors (S1) Blowers {54)

Rotary dryers (52)

—P-Bag dust collectors (S3)

Rotary coclers ($5)
Belt conveyor [$6)
Belt ccaveyor (S7)
Storage silos (S8)
Belt feeders (S9)

Belt feeders ($10)

Scda ash

FIGURE 24. - Equipmant Diagram, Drying and Product Storage Section,
Recovery of Soda Ash From White Mahcolite.
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Retorted shale

Shale fines

CRUSHIRG

CALCINING |————mmSzack gas

| LEACHING ‘—T
Overflow LEARHING
| =
Tailings THICKENING 4

HZO‘—‘-“J \ SETTILING 1
Overflow
Tailings | FILTERING i
THICKENING |  °©
| 1,0
Line DESTLICATING Filcrate
Hy0——3 L— FILTERING
Tailings <e— THICKENING T
to Retorting
Co2——§_
: CARBONATING
Seed
(| THICKENING | | g Overflaw CRYSTALLIZING——# ;0
Filtrate l
L’—— WASHING | DESULFATING p— H20
H o-_.-.atld FILTERING S b—L CENTRIFUGING 2
2 Fil Lime
‘ trate H.O
2
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gas 1 CALCINING FL DEHYDRATING [ 4,5
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FIGURE 25, - Production of alumina and soda ash from dawsonite-rich oil shales
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Retorted shale

L

BELT CONVEYOR (ROL)

'

BELT CONVEYOR (ROlA)}

e -,

SN

BELT CONVEYOR (RO7)

HOPPERS (ROZ) g

BELT
FEEDERS (RO3)

'

HAMMERMILLS (RO4)

VIBRATING

T

TRANSFER HOPPER (RO6A)

!

BELT CONVEYOR (RO6)

SCREENS (RO5)

}

BELT CONVEYOR (ROB)

'

BELT CONVEYOR (RDSA)

'

BELT CONVEYOR (RCSB)

= BELT CONVEYOR (ROSA)

FIGURE 27. - Equipment diagram, retorced shale crushing

section, Davsonite-rich zome.
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Figure 39. - Equipment diagram, limestone calcination and flue-gas

processing section, dawsonite-rich zone.
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