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:I:"OREWORD

(Option II)

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

ent:ailing preliminary design, costing, and f.inancial evaluation of

hypothetical industry-scale complexes for mining and processing of

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

area of the Piceance Creek b~sin, Colorado. The studies were made

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

when it was learned that nahco11te, a natural form of sodium bicarbo-

nate, and dawsonite, ~odium dihydroxyaluminum carbonate (from which

alumina can be derived~, were associated in significant concentrations
.,
\

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

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

in the reports.

The studies, which consider a range of possibilities in regard

to depth and characteristics of the measures assumed to be mined and

processed, were based originally on 1966 conditions. Subsequently,

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

the current reports. No similar updating of tbe technology was

attempted because lack of definitive knowledge concerning actual

underground conditions in the area of interest and of reasonably

large quantities of representative raw materials for processing studies

precludes setting minin~ and processing parameters with assurance.

This situation is discussed in more detail later.
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The following report, covering Option II of the three-part study,

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

nahcolite bed," containing a high concentration of sodium bicarbonate

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

of oil shale-nahcolite-dawsonite material at a nominal depth of 2,400

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

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

ing 25.2 weight percent.~ahcoliteand 9.2 weight percent dawsonite (a

carbonate mineral containing both sodium and aluminum), and yielding

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

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

from the nahcolite and dawsonite contained in the underlying measure,

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

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

The first report, covering Option I, is concerned only with material

from .!.h!:..<~~e .·"white nahcolite bed" of Option II. The sales pr9duct in

Option I is limited to soda ash.

Option III, the subject of the third report, is closely similar

to Option II except that the oil shale-nahcolite-dawsonite measure occurs

at a nominal depth of 2,600.feet. The available characterization data

for this material indicate a nahcolite concentration of 14.8 weight per­

cent, a dawsonite concentration of 11.6 weight percent, and a potential

shale oil content by Fischer assay of 37.0 gallons per ton. The same

sales products are considered in Option III and in Option II; however,

the quantities differ in keeping with compositional differences of the

lower-level raw material.

Option II



The studies described above were predicated largely upon informa­

tion supplied by che U.S. Geological Survey, based on che resulcs of

examinacions and analyses of che relatively few subsurface samples

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

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

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

that a much more comprehensive investigation would be required prior to

starting actual operacions to define with adequace assurance such factors

as ex~ent, attitude. and characteristics of the deposits, mining condi­

tions. operating condicions 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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C~CA 1971
fL. ECON01·!IC ANALYSIS OF AN OIL SHALE

~AIiCOLITI::, DAlJSO;:ITE COHPLEX 17\ COLORADO.
OPTlm; II

sm·~lARY

An oil shale and sodiuo-oinerals processin~ c~~lex located as

shown in fi~urc I, cor:.sistin~ of a two-level shaft minin~ operation.

retortin~. partial refininp,. and a miner~l~ processin~ plant requires

n total canital invest~ent of $605.947.700 b~se~ on 1971 values. The

comnlex is desi~ned to process 8.000 ton~ per calend~r day of a

selected white nahcolite ore and 60,000 ton~ per calendar day of a

nahcolite-dawsonite-oil shale material to proc!uce the products listed

in table 39.

Tile sale of products loIill yield an annual incol!1c of $268.283,000

b~5e~ on 1971 prices (sec table 39). To pr~rluce this income an annual

cxnenuiturc of $143.188.700 is re'1uired. This eXl"enc!iturc includes

th~ cost of labor. materials, maintenance. taxcs. insllnmce, payroll

overhca,l. ane; de!'reciatio:l. The interest rate of retuL.1 or discounted

CtlS:1 flow rate is 17.20 percent based on the lJ£li?,:htcd average life for

de?reciation of 13.99 years.

As intlicatec. in fi~ure 10, the lJhitc nahcolite ore is procesl"ed

directly in one section of the sodi~~-~nerals plant for production

of solla asil. The nahcolitc- and dawsonite-be<lrin?; material, except

for a portion of the hi~h nahcolite material which is handled separately.

is retorted to yiclcl raw sh.'lle oil and spent shale: the latter consti-

tutes the char~e to a:lothcr section of the sodiun-,."iner;tls j)lant. The

-- /-
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oila is refi:J.ct! by cokin? and hy~lrocrackin,,: to yield .:1 "ipeline quality

proc!uct anc various bY"'roducts: the spent shale is processed to yield

additiOOlal soda as~ and alu;nina. TIle de~1.1cled spen.t shale and other

solid wastes are ultimately disrn~e~ of as mine fill.

Operations throu~ilout the com"lex al:e conriuctcll essentially on a

r.oulld-th~-cloc!~~ seven-day-per-week basis. Do\~ti~e for ~aintcnance,

inspection of equinr.e~t, and sinilar function.~ is ?rovided for in the

de5i~n ca..,aciticl" of th" various sections of the c0!':lnlex. The mine

operates 20 shifts per Heck or 95.24 percent of the ti::lc. The Oll-S tream

factors for the processin~ sections are 95.89 percer.t for the sodium­

~i;J.crals pla~t, 95 percent for the refinery, and 90 percent for the

crushin~, screcninr., and retortin~. Sufficient sur~e capacity in the

forn of stockpiles or other stora~e facilitics is provined betrleen all

princi~al sections of the COMplex to permit normal downtime of individual

sections without disruption of operations in the cOtl1l'lex.

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

of the white nahcoli~e and 60 feet in the case of the n~lcolite­

daHsonite-oil shale measure, occur at nominal depths of 1,900 feet

and 2,400 feet, respectively. The bilevel mininp, layout that is

visu~li?ed is large enou~h to support operations for 20 ears; hovever,

further investi~ation vould be required to verify sufficient reserves

and the minability of the de~osits prior to startin~ an actual develop­

ment.

TIle surface land requirements for the iute~rated complex are

estimated to be 915 acres. This estimate.includes 300 acres for the

water reservoir and 370 acres for the waste disposal pond.

OPTION II



The detailed equipment lists are given in tables 2 through 17

and tha cost summaries are shown in tables 18 through 34.

General

As indicated in figures 1 and 2, the hypothetical mining operatio~

is located in Rio Blanco County, Colorado. For purposes of the study,

a contiguous land area of some 11 sectiona of land is involved: Sections

13, 14, El/2 15, 23, 24, 25, 26. 27, 28, I 1 S, R 98 W, Wl/4 17 and 20,

18 and 19, I 1 S. R 97 W.

Production is from two different levels, a nahcolite zone approxi­

mately 1.900 feet below the surface and a nahcolite-dawsonite-oil shale

zone about 2,400 feet below the surface (fig. 3).

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

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

analytic~l and other information prOVided by the U.S. Geological Survey

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

the 2,40Q-foot level the location of the nahcolite-dawsonite-oil shale

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

Geological Survey.

Option II
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A 1968 reporc by che u.s. Geological Survey on the water condi-

Cions in the area considered in this scudy indicates that a water-

bearing leached zone probably exists immediately above che nahcolite

bed co be mined. However, sufficienc information to evaluate this

condieion as well as to define other mining conditions with assurance

is lacking. Such information normally would be obtained from an

extensive drilling program or even a pilot mining operation, neither

of which have been effected.

Since sufficient exploration has not been done to determine the
,

accual'mining conditions and limitations, the following assumptions

have been made for the 1,900- and 2,400-ft levels.

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

1. A uniform, flat lying bed of nahcolite with a minable thick-

ness of 9 feet occurs approximately between 1,879 feet and 1,890 feet

below th~ shaft collar.

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

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

bolted and supported on pillars, will carry the overlying material

across the mine openings.

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

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

overall extraction rate.

Option II
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4. ~ian~nes~, fra~nentation, and swcJ 1 facto!' of the nallcoli tc

arc si~ilar to that of tronn. Specific ~r~vity is 2.24, equivalent to

140 T"ollnds !'er cu ft or 14.3 cu ft per ton in place. Swell factor is

O.53~ equiv~lent to 75 pounus per cu ft or 26.8 cu ft per ton of broken

material.

5. Hethane ~as will be encountered: thercfore, all electrical

equiome.nt must be pet'lllissible l and ventilation must be adequate for the

conuitions.

6. Im!1ervio\lS beds lie adj:lcent to the mir:.in~ zone, so that the

mine is dry.

In further re~ard to the itnr.1ec!.intelj' prece(li:l~ assumpt ion '~o. 6,

it is reco!!nized that no significant inflou of water could be tolerated

in tlle wllite nahcoli te mine because of the solubility of the pillars to

be left for support and the difficulty of !'linin'! and handlin,:? the

nahcolite if wet. If a sianificant inflow llerc found to exist, it mi~ht

well be subject to en~ineerin~ control at some cost; ho·.~e.vcr, no such

cost i~ assi~ned in this study in view of the sparsity of information

!,rcsently available about actual water conditions.

Assu~tions conccrnin~ the 2,400-foot level, nahcolitc-dawsonite-

oil shale bed, are:

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

with a minable thickness of 60 feet occurs approxiJDately between

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

l"Permissible" means a machine. material, apparatus, or device has been
investi£ated, tested and approved by the 3ureau of ~lines and maintained
in permissible conditions. Reference: Federal Re~ister. v. 34, ~o. 11.
Jan. 16, 1969.

OPTIO;'; II
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2. The rniniag zone is over13in by a COl:lOeCenC rner.tber Wllicil. wilen

rock bolced and sUr'porced by pillars. will support Che overlying

material across che mine openin~s.

3. uaulaj!eways 30 feec wide will scand open inclefiniCely ....ll~n

roc~ bolced on lO-fooc cencers and minin~ is lir.ticed to a 45 percenc

overall extraccion.

4. Specific gravicy is 2.17. e~uivalent to 135 pounJs per cubic

foot or 14.8 cubic feet per ton in place. Swell faccor is 0.75.

equivalcnc to 101.3 pound per cubic-foot or 19.7 cubic feet per can

of bro~en mat~rial.

s. "Ie-thane gas ,.ill be encountered: cherefore. all eleccrical

and diesel equipmenc mugt be perrni~sible anrl ventilacion musC be

adequace for the concicions.

The rnininll; area desi5!nateu for chis sCudy was sized to provide

enou~ll are. includin~ a reasonable amount fpr unr.'linabl€:: areas. to

operat17 the shale oil anu minerals processing plant!; for a period of

20 years ac a 45 percent mining extraction. This extraction rate was

co::tputeJ. usin>!; tht: physical characceristic5 of the oil shale and colUMn

of overburden co determine the size of openings and si7~ of pillars

2
which shou~d be lefc as sup~ort.

TIle processing capacicy is 68,000 tons per calendar day (24.820.000

tons per year). 8,000 tons fron the 1.900-ft level and 60.000 cons from

the 2,40v-ft level, wich allowance in design Co provide for 15 non-

operating days per year. or equivalent cime aC reduced capacicy for

2Obert. L•• W. I. Duvall. and R. H. Merrill. Desi~n of Underr.round
Openings in Co~petent Rock. BuMines Bull. 587. 1900. 36 p~.

OPTION II
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maintenance and re?air. The mine and processin~ plant operate on a

seven-uaY-fler-week. three-shift-per-uay basis.

:.0 cos t or time has been sho'''" or allowed in makinl'!. this study

for co':,\!'any formatioll or oTl!aniz3 t ion. aC'luisition of proflert.y ri~hts.

ownersili? b1ockin:;:! Up. title c1ea.rance. or ot.her 1e~al nroble:ns.

The amount of predeve10pmental drilling required would vary

considerably depending o~ the uniformity and consistency of both

the bedded deposit to be mined and the adjacent beds. If early drill­

ing indicates complete uniformity. a minimum of additional drill holes

would give adequate information. Discontinuous and/or nonuniform

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

Under average conditions one core hole in each 1/4 section (44 holes

on 11 sections) could provide sufficient information to delineate the

ore body. Three drill rigs would require about one year to drill

the 44 holes which. along with the required engineering and assaying,

would cost about $1,936,200. For the purpose of this evaluation, it

is assumed that average conditions do exist in the area under consider­

ation and $1,936,20C is included in the cost estimates for predevelop­

mental drilling, engineering, and assaying.

DevelopMent

Assuminl! that.: the preliMinary ex:"lor:ttion an<.l feasibility study

indicat~ the advisability of prcccedin~ further. a ~ine deve10p~ellt

pror;ra:o, cstimateJ to re'1uire 38 rno~t!lS as detailed below, loIould ensue.
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The three shafts. located ap1lToxiClately in the center of the a.rea

subject': to develoJ")ment. "'ill be concrete lined. They can be sunk simul-

taneously. nle two 20-ft diameter production shafts will be sunk about

h5.~) ft below the producing level to allow for the sur-I". sur~e bin. and

ski~ pocket. De~endin~ on the amount of water encountered durin~ cxcavatio~.

t~is ':!ill reC']:.lirc about 24 months. ~ree 30-ft diameter by 62-ft dee')

(".,.l,rete I ined SUT~F- :dns (2 at one shaft. Ollt: ;'It. ::h(' otiler I t,"j til "['r.· ...

nro,i'leti"l': shatts will be excavateJ in the station an!.:J.s on tiH- 2,400-ft

Tl,,· JD-ft Ji <lrnctcr s~rvice silafl will be sun:' :>0 ft bolo..- the

2.4011-ft l~v~l to al 1010 for a su~n. :'!aintenancc shop and supply r00ms

1.'111 he ~x~avated near t~le servicL: s!laft station ."1rea on both the 1.9UiJ-rt

<trod th", 2.41)l)-ft lev(·l. Th~ sh;'lfts will have a 2-f:: thick r~·infl'l:"c'.C':

nmrrete i inin5! to ;lhout lOD ft h~10'" the collar. From th.,r.. to ~;,e

",h.~it ()ottOT"l the linine :..;ill b<:> al,out 1 ft thick. Groutin\~ ""i11 i;~

n''1l\ircd to seal off all~ W:ltt>r infl",. to the shaft. Tho:' s}lC!it contra,l

t;.'stirn:ltt: includ~s a wal .. r clO'l\lse th.al will covt>r the cost of l;.mdlin<·.

water .:Iuri\l~ exc;'lvation ;lnd of any ~routlng requirgd. Sh<lft sizes were

d"tcrmine,l hy production rerJuirements and ventilati":1I1 needs.

A 4-ft (insidE' di:IIlleter) ore pass from the) .900-ft It:vel to til~

2.400-ft level will b.. dl:"lllcd and lined to transfer th~ n<1hcolit.:: to

the 2,400-ft level for hoistin~ to ~le surface. Conveyor tr~nsf~r

equipment on the surface is arran~ed to stockpile the ores separately.

Reproduced from
best available copy.
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Entrv Drifts - 1,900-ft 1.evel

After the shafts and shaft stations are completed the seven main

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

pillars are lOa ft by 84 ft in the seven 16-Ft widp. by 9-ft hi~h main

entries for a distance of about 400 ft from the shafts at which point

they would change to 64 ft by S4 ft. Pillars in the bleeder and butt

entries are 64 ft by S4 ft while pillars in the panels would be 34

ft by 39 ft (fi2. 4). Barrier 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 lef: for support,

which dictates the distance between crosscuts, would be determined in

an actual develop~ent as experience was acquired. However, for the

purp~se of this estimate, they are sized as above.

One mininp' unit (men and equioment) is used in the north main entry

and one in the south T:tain entrv on each shi~t. Each unit--consisting

of a cutting machine operator. driller, powderman, loader operator,

two shuttle ca. operators. roof bolter operator. two utility men,

and a unit boss with a set of minin?, equipment--can complete ten

10-ft rounds per shift. A total of 40Q ft advance ?er day will be

co~pleted usin~ two units on each of two shifts. It is about l,20U

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

Because of lateral excavation for crosscuts perpendicular to the entry.

1.66 ft of headin~ excavation must be driven for each foot of entry

advance. About 27,R90 ft of heading excavation at 400 ft per day

equals 70 working days or 14 weeks. An estimate of 4 months is made

for this work, allowing for offtime and delays.

OPTIO~ II



11

At this time butt and bleeder entries will be started and driven

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

after the shnft5 are finishP.~. Panel development be~ins on the panels

adjacent to the sh<'lft and prOgreS5es outward.

Entrv Drifts - 2,400-ft Level

After the shafts, shaft stations, surge bins, and loading pockets

are completed, the haulage drifts, shops, and drifts necessary for

ventilation and access will be driven. The drifts will be 30 ft wide

by 33 ft high. This provides sufficient cross section for ventilation

as well as limiting the unsupported span to a safe distance. Crosscuts

between the drifts will provide access from one drift to another and

will aid in the ventilation. It allows flow of air from one drift to

another in case an obstruction would occur in portions of a drift. A

100-ft pillar will be left between the haulage drifts; 115-ft pillars

will be left between the haulage drifts and the panels (fig. 5),

The nUmber of personnel employed for preproduction development

will vary dependin~ upon the number of working faces available, In

general, the cr~~ will be increased as the development progresses,

The time required for the preproduction UDder~round development will

be approximately 6 months. During this time approximately 58,000 ft

of drifts and shop areas will be excavated; tonnage of material pro­

duce~during this development phase is approximately 3.5 million tons,

After the mine is in production it is necessary" to excavate approxi­

mately 9,630 ft of drift in 93 days to develop a panel for production.
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The develol'lnent head in!': round Vlill be 30 by 33 ft in cross

section. dentil of the round will be 20 ft. Approximately 1,300 tons

of material will be broken per round. A l'0'..Ioer factor of iI.55 pounds

of ,1\;,;-0 .:i1l be used per round.

TIle equipment used in a development heading round will be th~ same

as that used in mining in the panels.

The drill rig consists of two rotary-hydraulic-electric machines

mounted on a truck. A self contained water system, tank and pump, is

mounted on the truc~ to provide water for drillin~ purposes; also a

compressor is mounted on the unit to provide air to aid in the removal

of cuttings from the hole. The drill rig has a 33~ft feed change so

a 33-ft hole can be drilled in one pass; the rip, is desi20ed so the

holes near the back of the 33-ft hi~h face can be reached. Two miners,

a miner's helper, and ~ truck driver are required per drill ri~. The

penetration rate is assumed to be 10 ft per minute. It is estimated

that a development headin~ round can be drilled in 1.7 hours after

full production has been achieved.

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

another working area. A crew composed of two powdermen and a truck

driver will then charp,e the holes in the development head in?,. The

equipment will consist of a truck containinp. a tank for transportin~
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the ANFO (ammonium nitrate-fuel oil mixture) in bulk form. The unit

is equipped to pneumatically charge the k~FO into the holes. A hydraulic

lift powered by the truck motor allows access to the holes near the

back. Positionin~ controls on the loadin~ platform are conveniently

located for the powderman. One powderman places a primer. in the

hole while the other charoes the A.~FO. The truck driver would service

the equipment. The 3-ton A:~FO container on the truck is removable

so that a sit!lilnr container can be filled wit!, A.'!FO cn the surface,

brouq;ht underground and interchanp:(",.:i with the container on the truck.

It is estimated that a development headinp round can be char~ed

in 1.7 hours. Upon completion of the chargin~ phase which includes

wirin~ of the round, the crew moves to another headin~.

After the area h~s been cl~ared of smoke from the blast and the

back tested for soundness. the loadinr, and haula~e unit~ will commence

loadin~ and transportin~ the broken material to the surge bins at the

production shafts. After the prenrociuction develo~ment is completed

the ~teriai will be hauled to the crusher. units located in a panel;

the cru~hed material will then be conveyed to the sur~e bins. A

front end articulated loader with a 20-ton capacity bucket will be

used to load the material into 75-ton trucks. The number of trucks

required per loader durin~ preproduction development will denend upon

the haulav,e di~tance. Sufficient truc~q will be providen to keep the

loader working continuously. It is estimated that a loadin~ riv, can

load 1,755 tons per hour allowing for 90 percent availabilitv and 10

minutes moving time per hour.
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All of the backs in the mine will be rock bolted on a 10 ft by

10 f~ pattern. This pa~tern may ch~nge a~ experience is obtained in

actual mininv, operations. In a~~tion the backs and ribs will be scaled

of all loose material. For this work a special truck equip~crl with d

telesco?in~ boom ca~able of pTovidin~ access to the mine roof will be

used. A drill for roof boltin~ will be operated from the platform.

The boom is remotely controlled by the drill operator a~ the platform.

One miner and a t~lck driver are reouired per ri~. It is estimated

the scaling and placement of 6 roof bolts per develonment round will

take 0.7 hours. A bulldozer e~ui~~ed with a bucket or blade will

be used to clear the area of boulders aft~r scaling and roof boltin~.

~~oduction - 1.gOa-ft Level

The cost estin~te is based on a modified room and pillar minin~

meth"d similar to that used in some of the trona mines in sOllth\V'estern

{.]YOl!lin~. under~rollnd coal mines, and other bedded deposits (figs. 6 and

7). Ope~~ions are hi~hly mechanized and the minin~ personnel ~re

or~anized into minin~ units of men and equipment which are independent

of each other.

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

man, loader operator, two shuttle car ooerators, a roof bolter operator,

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

takes 20 to 30 minutes. Barrin~ anusual delays a unit completes 14 to

16 cycles per 8-hollr shift. Enough wor-kinS! faces are made available

(15 to 16) to insure a unit loses no time waitinl:!; for a .headin~ in
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t-:hich to work. TItus at the beginnin$! of a shift there may be three

rounds blasted ready to load out, three headi.OI~s cleaned out ready

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

unit per shift at 100 tons per round. Two units opcratin~ on three

shift~, 20 shift!'l per 7-d:w week can produce 60,000 tons per week.

Thi.s producti.on rate provide!'l !'lufficient reserve minin~ can:lcity

to in~;ure maintainin~ the required 56,000 tons per week allowin~

for all maintenance and repair. un!'lchenuled d~-ntime. etc. Two complete

set~ of Snare equi.pTTlent are kept undergrounrl as spares to avoid undue

production delays when b:-eakdowns occur.

The dimensions (If:' ft wi(l~ by 9 ft hi ...h) of a develonnent and a

production headinc> are the samp so that it makes little difference in

costs whether the ore is !'linen fron develOT")1!!ent or productiCln headin~!'l.

A de!'lcrintion of each phase of the mini.n~ cycle follnw~.

Cut

An electric-powered coal cuttinr- machine that has been ~dified

by stren~thenin~ desi~n chanRes for oneration in harder materi.al is used

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

break. The lO-1/2-ft dee,., cut is Tnl'lcle the width of the face as near

the roof as is practical. The machine is o~erated by one man; the

operation normally takes 20 to 30 minutes.

Drill

The drill JUMbo, powered with a l15-h1) electric motor drivinf': a

hydraulic systcn, h<l.s two drills, each mounted on a hydr?.ulically

controlled p.xtendable boom a~. All controls are centrally located
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S('l thi'lt the machine can be ope'TAtecl by one lTlan. Thirteen to 18 holes

(denenc1ing on the si?f" of the he::l.clinp: anc! the to.:!':hn!!ss of the materi<=ll)

arc drilled in a fixed pattern 1:0 break to the cut at the roof. The

hole<; 2re 1-3/4 inches in cliameter anrl are drill ed about 11 ft deep usin!!

tun'!,!':tC"n car-bidp. bits and <'lu~er steeL This oreT:ltin~ take~ 20 to 30

m.inutes.

THast

Although ~~FO is not desi~nated as a permissible explosive it is

assumed no problem would be encountered in acquiring written permissio~

from the proper authorities to use it in this mine. A1~FO is used in

the trona mines of Wyoming which are classified as gassy mines.

A small diesel-powered loading truck, proviced with a small

compressor and pressurized system, is used to pneumatically charge the

blasting agent, k~FO. into the holes. Millisecond-delay electric

blasting caps are provided with iron lead wires so they can be removed

from the ore by ma~ets and are placed in the bottom of the hole in

a I-inch by 6-inch primer of 65 percent permissible dynamite. The

AJ.~FO is charged to within about a foot of the collar of the hole.

A plastic bag (about I-1/2-inch diame~er by 1-ft long) is filled

with water and used for tampin~ or stemming in the collar of each

hole. In addition eo ies use as stemming, ehe water also acts to

quench the flash from the blastin~ agent. The round breaks about

10 ft deep. Abo~t 100 tons of ore are broken each round with most of

the lTlaterial fallinp- in the size rA~p'e of 12 to 18 inches. One man

charr,es and blasts the round in about 20 to 30 minutes. About 10

~inutes must be allowed hefore the subsequent loading operation begins
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so that the dust- and smoke-laden air CAn be cleared out by the small

auxiliary ventilation fans.

Load and Haul

A l60-hp gatherinr,-arm-type coal loader, modified by strengthening

desi~n chan~es for operation in nahcolite, is used to load the broken

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

conveyed over the loadpr i~to a shuttle car. The loader is capable

of loadi~g :rom 21 to 33 tons per minute and is operated by one mar..

T~o 14-tcn electric powered shuttle cars, used to haul the ore to the

conveyor, operate with one loader. The m~ximum haulage distance is

normally limited to 500 feet because of the trailing cable on the elec-

tric powered shuttle cars. One man operates each shuttle car. The

loading phase of. the operation takes 20 to 30 minutes. To control the

dust, the muck pile is wetted with water piped to the working area

through the wa~e~ distribution system. The under~round operation

requires 20,000 gallons of water per day.

Rock Bolt

An electric-hydraulic rock-bolting machine is used to drill the

rock-bolt holes. and to insert and tighten the 54-inch rock bolts

across the back of each newly blasted development and production

heading. A hydraulic-driven auger drill, similar to the drills used in

the production heading£. is mounted on a hydraulic, ex:.endible boom ar::l.

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

on 5-£t centers. The bolts, 54 inches long by 3/4 inches in diameter.

complete ..,lth expander imd plate, are pushed into position and tip.htened
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lO'ith the drill to the proner tcroue. One man can placc the bolts in

a headin~ in 20 to 30 minutes.

Convey anri Hoist

The shuttle cars unload th~ are into a crusher-conveyor feedcr

where it is reducen to minus lO-inch material. This fe~!er is started

with an on-off switc:\ which has a pull cord convenient Iv located for

the shuttle car operators. It has an automatic shutdown mechanisn that

stops the crusher-conveyor. feeder when it empties. Its operation is

monitored by thc shaft station crus!lcr attenclant through a closed circui:::

TV system so that he can dispatcll renairmen in case of tr~uble. The

material is then conveyed b)· the 36-inch transfer convc:.;or to the

secon2ary transfer conveyors or to the m?in entry conveyor. Xear the

shaft tl,p main entry conveyor dischar<!el': int('l a screen feeder which

delivers all plus 5-inch !!'.aterial to a secondarv cruc:her whe,e it is

crushed to minus 5 inches, the size material that can be ha~ciJed

efficiently thrOl;~h the are handlin'! syste~.

The are is then conveyec to an or~ pass which transfers the material

to a surge bin on the 2,4CO-ft level. Apron feeders undcr the sur~e

bin convey the ore to a skip measurinz pocket. The skin measurin~

pocket fills the skip as it is lowered into position; simultaneously,

the other bottom dump skip discharq;es at the surface.

On the surface. the ore is conveyed to a stockpile. This is sized

at 56,000 tons, one ~eek's mill requirements, to provide for con­

tinuous processing in the event of short term emergency mine shutdown,
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mine holidays, and to provide reasonable flexibility in minin~ opera-

tions. To eliminate contamination problems. this stockpile is a paved

and roofed area 300 ft x 150 ft, 40 ft hi~h at eaves.

Ventilation

Primary ventilati.on for thi.s two level mininl=: operation is

provided by two fans mQunted near the se~vice sha~t on the surf~ce.

The fans are capable of producing 1,240.000 cfm at 8-inch water

~a~e: approximatelv 240.000 cf~ used to ventilate the 1,900-ft

level and the remai:l':ler used to ventilate the 2,4UO-ft level. As needed,

regulators are used t~ control the quantity of air flowin~ to each

level. The air is circulated through the mine and exhausted through

the production shafts. Brattice cloth, c:irlocks, and overcast drifts

are used to control the direction of the air flow. Portable blowers

and flf'xoid tubin!'; i"'rovide secondarv ventilation at each "dead end"

workin~ face. Direction of ~ir flow within the 1,900-ft level of

the mine is shown in figure 4. The crusher-conveyor feedf'rs are

locateu in exhaust entries and arranged so that the shuttle car operators

are upwind from the crusher. protecting them fro~ the small amount of

dust that is generated. Exhaust air lTlOves froll: the crusher located

at the production shaft directly into the shaft to prevent a dust

prohlem in this area. If dust should prove to be a problem, dust

collectors could be installed. }~xi~um air velocity through the system

is 555 feet per minute or 6.3 miles per hour.
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Produce ion - 2,400-ft ~cvel

The minin~ system believed suieable for the 2.400-ft level is a

modified room and pillar system within a panel (fi~s. 8 and 9). The

60-fe thick bed of nahcoliee-dawsoniee-oil shale is mined usinQ a

33-ft to~ headin~ round ann a 27-fe bench round. The 33-fe tOn round

is at the same level as ehe haula~e drifts: the bench round bcz=o~

27 feee below the floor of the haulal2;e drifes. Ramps will !,rovide

access for haulin~ the broken ~aterial fro~ the bench rounn. The pillors

left on an evenlv space!1 patecrn arp 70 feet squco.re: the roomS are

50 feet ...ide.

The mininr.. operation is hifThly mechanizeci with equipment and men

assi~ne-:l to a specific ph;;se of the operation such as drill. blase,

lo<'.d anc hanl. <'inc !;c"lle <'ln~! rock bolt. As a unit comnletes its

specialized task in one headin~. it moves on to another to perform the

S<'lM~ task. Sufficiene he"lciin~s are av~ilahle so these phases can

continue without interruption. Sufficient units are provided to

produce 60.000 tpcn: there is sufficient capaciey in the spares (re­

quired for repair anci maintenance) to increase production if warranted.

Labor reQuirer.tents to operate these spares is temporarily taken as

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

duction is provided from the development headin~s. This development

is necessary to provide production workinl!; areas in advance.

Drill

The heac:!in~ round. 33 ft high 0)" 30 ft deep by SO ft wide,

is drilled with a rig identical to that u~ed in the development hea~in~.
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A V-cut pattern round is used to pull a 30-ft round. Exnerimental

work in oil shale has demonstrated that a round using a powder factor

of 0.55 pound of ~~FO per ton of broken material will pull satisfactorily

and ol"oduce sufficient fra~entation. similar loading is assumed for tlle

current study. A round requires 2.6 hours for drilling and produces about

.,. ,(iii tons of broken material.

/I. bench round, 27 ft hi~h by 30 ft deep by 50 ft wide is drilled

with two rota~,-hydraulic-electricmachines mounted on a truck. The

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

in one pass. EX1"'erimental work has shmm that no subdrillin.. is requir~d

because the shale bre~ks to a partin2 plane. Three-tenths pound of A?~FO

pcr ton of broken material provides satisfactory fra~entation producin~

about 2.70d tons of broken mat:crial. ·~lan"'oweT" re,,"ir~d for the cirill

is two miners, a miner's helner. and a truck driver. Estimaten time

to drill the round is 1.7 hours at a penetration rate of 10 ft per

minute.

Mannower require~cnts per shift are six miners, thre~ miner's

helpers. and three truck drivers. Tvo he"ldin~ drill ri!;;s and one bench

drill rig are required.

Blast

The same type equipment is used to char~e both the L.adin~ and

bench rounds. It is estimated that a development heading round can be

char~ed in 1.7 hours, a panel head in;>; round in 2.1 hours, and a bench

round in 1.4 hours. About 50 percent of a hol~ is char~ed. which
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s~tisfactorily pulls the round and ~ives acceptable fra~ent~tion.

Stc~in~ is used as necessarv.

Althou!>;h A;>!FO i!': not de!':i'!T1atecl as a pernissible explosive it

io:; assumf'd that permi!':sion has been obtained from the proner authorities

to use it in this mine. A!\FO is used in the trnn"'- mine!"! of \"yornin~

whic:h "'-re cla!':sified as !!;assy mines.

TIle ~oniu~ nitr~t~ and fuel oil are mixed on surface in a rlant

sun~licr. by a powder c:omp",-n~. No nowdcr ma~a?ine is nece!':s~ry for

stnr~~e of amMoniu~ nitrate on surf~~p or underground. On the surface

the ll!TlOnill~ nitratf! prills remain on a po\"dcr truck until needed

in th'" mine; the truck I!': stationed when not in use in a shielded area

protected bv embankments. The ~rocedure for deliveryin?, exnlosive!':

under~round has heen f\reviousl'l." described. Two of these units wit~

the reC!u;red Ttlan"ower are required to maintain "'- prorluction rate of

20.000 tons per shift.

Se~arate facilities are nrovidc~ for the storave of both ~rimers

and c~os on the surFace and under~rolmd.

Load ;mrl Hau 1

Two front end lo"'ders <ond six 75-ton rear dump trucks are used

to loao and trans~ort the ore from the workin~ area to a se~i-portable

roll crusher located in a panel bein~ mined. The avera~e haula~e

distance is 1,500 feet. Each loader is ca~able of loadin~ 1,755 tons

of broken material per hour. A loader cycle, i.e •• load. d\m~ in a

truck. ano return to the muckpile. takes 32 seconds (this estim:l.tp

wa!': obtainp.!! froT" the loaoers marmf:lcturers for a haul distance of

50 feet). Fonr loa.der buckets, 20 tons per bucket, fill a 75-tnn
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trll('"l~. It is esti::l~te'! t!'l:lt a t'["lIck cycle. i.e •• load. dUI:I:"I. an~ recurn

to the lo~uinp site. re~uires 6.1 minutes.

per da,· fC'r dust control durin'" drill;!'!'":, loadin,.. am1 hauln~e.

A motnY" natrol is l'rovided to J<eep the halll:l"':p,,,~v clp<'!r.

Sc~le and Pooek Bolt

All backs and ribs in the headin~ are scaled to remove loose material

and the back is then bolted as close to the face as rr~ctic~1:3 bolts

are placed on IO-ft centers in sta~~ered rows. It is estimated that

a round in a develo~ment headin~ is scaled and rock bolte~ in 0.7

!'lollr ~nd in a pane 1 he<ld in~ in 1.5 hours. A bench hea,l inC! can be scaled

in O.S hOllr. Two scalinl! and rock bolcin~ ri~s anrl operatin? crews are

necessary to main::'Iin a pro,'uction r~te of 60.0nO tons per calendar

day. In adc!ition. one ri'! is used to te.c;t the backs for soundness

in the pe~anent haula",:e~ays. Details concernin~ the ri~ have b~en

~reviously described in the develo~~ent se~ent of this report.

Convey and Hoist

The halll::l~e trucks unlo~d the orc into a receivin ... hopper from

which it is convei"E"rl vi::! an apron feeder to a ~ri7.zlv feeder. ~[inus

HI-1/2-inch material passes throu'!h the ~rizzly and onto the transfer

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

3~st. J. H., Jr., and E. D. Gardner. Oil-Shale Minin~. Rifle, Colo ••
1944-1956. BuMines Bull. 611, 1964, 163 pp.
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to minus lO-1/2-inch material and then is picked up on a tr:msfer

conveyor. One or more tr:l.nsfer conveyors delivPT the sized ore to

tl1e main conveyor. ~e..,r the product:ion shafts the main conveyor dischar(!es

t:he materia] into one of two 2.000-ton capacity suro:.-e bins (fi.~. 9).

Thp. crushin?: unit (hooner. feeders. and crusher) is portable

so that it can be moved from one location to another as ~inin~ progresses.

Two units are in operat:ion and a third is provided so that a unit

can be moved and set: up at: a new locati.on withc'Il1t loss of production.

Dust collectors are provided at the cru5hin~ site to alleviate dust

prohleCls.

Apron feeders under the sur~e bin fill the skin r.leasllrin<> pockets

with a skip load.

The skip fills from the T"Ieasurin~ pocket at the same ti!"le the

ot:her botto!"l du'::lo skip dischar~es at the surface. Fillin~ of the

ski" me:lsurin~ pocket anci skip is automatic: the productic>n hoist

also is aut:omated so that only one man is needed to monit:or the system.

Ventilation

PriMary ventilation is providec by the same fans used to ventilate

the 1.900-ft level. These fans are mounted near the service sh:l.ft

on the surface. Air is forced down the service shaft. circulateo throu~h

the !"line and exhausted via the two production shafts. Direction of

the air flow is controlled by use of air locks. re~ul~tors. overcasts.

and bulkheads (fig. 8). Ventilation to the develonment headin~s is

provided by fans and ventilation tubinq. "Dead-enrl" headin:,:s in che
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the mine 1s also shown in fi~ure 8. The maxinun velocity a~taincd

is ap;"ro:'imatelv 505 ft per minute or 5.7 miles per hour.

Surface 5t_orage

Provisions are made for stockpilin~ a week's supply of ore on ~he

surface in a roofed and paved area 1,200 ft long. 200 ft wide, 50 ft

hi~h at caves. Also, conveyors are provided for ~ransport to the

storage piles and for di~tribu~10n over the stora~c areas.

RETORTI~G

Of tile total material that is mincd. the 6U.Ulll) tone; per

calcii":J.r c:!av frnn the 2,1,(j()-ft level makes up thc feee:, via pre­

paratorv crllshin~ anel screenin~ faci lities ~o the retortin<! "lant.

SUbsc'lucnth·. t:1P spent (rt"tortpd) shale 15 processer'! 1n one section

of the sociiuT'l T'linerals j'llant for f1roduction of soda ash ~nd alUT!l.ina.

The bal:tnce of the mined material. ~.O()O ~on5 per c;j.lendar day of white

llahcolitt" from th(' I, ?OO-ft le\Tcl. is not retorted. althol1..h i ts or~anic

cont~nt. re~resentin~ less ~hnn fiv~ ~allon~ of potential oil per ton,

is utilize<"! as fuel in the section of the sodium minerals plant to which

i.t is fed directly fro'" its stockni.le. Details of both secticms of the

sodiu~ ~inpr~ls co~~ley. apnear later in this report.

Thc retortin"! pl:.mt. inc:ludin~ its pref'::lTatory crushtn!!' and screen­

in? facilitic~. i~ loc~ted in the p'ener~l plant are~ de~i~~ted in

figure 2. This area overlies a portion of the mine.
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13a~eci on data proviclecl hy thc I.i. S. {"..eC'lC":--ic~l Survey. the r3\,/

rnat;erial from the 2.4011-ft level (termcd the nahcolitc-rich zone on

occafiion hereafter) is characterized as follows: .­..
Sr~cific ~ravity (in-place) •••••••••
Oil yield by Fischer assay •• (~al/ton)
Nahcolite ••.••••••••••••••• (wt. pet.)
Dawsonite •••••••••••••••••• (wt. pct.)

2.17
23.0
2~. 2
9.2

In relativelv recent years. a numher of process and cost evalua-

tions of hypothetical oil-shale industries have been made by the P.ureau

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

::'ase the crtlshin~, scrpeninl? and retortinp- stetlS on a considerable

<lTllount of exnerimcntal data derived from various inv~stigations in

which typic;'!l Green Rivpr oil shale was actually processed in equipment

ran~in~ in size fro~ lahoratory scale to lar~e pilC"t or en~ineerinp'

scale. In contrast. onlv a mea~e!' amount of small-scale work is known

to have been done with m:tterials containin~ si~ific2nt amounts of

nahcolite and dawsonite such as that characterized above. ConseCjucntly.

it was necessary in desi~nin~ and specifyin~ the opeTatin~ results of

the crushin{:. screenine-:. and rE'to!'tin~ facilities that are de:::cribed

in the inunediately follm"inf!: secti.ons of thi!'> report ~o rely heavily

uoon en~ineerin~ jud~ent rather than directly-a?plicnblc experimental

results. In general. equipMent reauirements and oper~tin~ character-

istics were estimated by drawinp, upon known e~erience with more

~ypical Green River oil shales, takin~ into account the expected effects

of the nahcolitE' and dawsonite co~onents. In the lattp.!, reg~rd. it

was necessary to esttMate such factors as ch~np-es in unit heat require-

ments stemmin~ from anticinated co~osition~l chan~es durin~ retorting
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<In,; t!le op"!r:ltion."ll effects of lar~e rel~.'l!"es of c.'lrhon dinxir1e alll]

water fro~ such decomposition reactions.

Further a~eravatin~ the retort de!"i~n prohlems. a heatin~ syste~

t.1<!S adoT"lted in this study th."lt involves circulation throlt~h the retort

of hot 9:."1Sp'S rather thelI'!. use of the internal comhustion feature that

tyni fi.es !'lost recent retorti!l!": experience. This mo,lj fic?ti.on was con­

s ie; preel necE'ssary iT' order to ach ieve adc!'!uate contro 1 of temper.'lturcs,

believed to be a critical f.'lctor in the subsenuent efficiency of sodium

miner<ll!" proces!"in~ as discussed more fully latpr.

Po!"sihly more iMT'ort~nt. if one were seriou~ly contcm~1~tin2 an

actual cOrnTTlercial oppratinn involvinf! a retortin~ co~,!",lE'x such as is

descrihed. is the questi"n of whether or not che 44-ft-i.n-diameter units

visualized for the purnoses of this study could actll.<Illv be opE'ratl!r! as

effp.ctivcl~ as is optimisticallY assH~ed (an on-strp~~ efficiency of

90 percf.'nt and ;m oi 1. yield of 100 percent of Fischer ASSilY when operCltin~

at a unit throl.l~hnllt ratp of abollt 500 pounr'ls of shAle per hour peT

S(1 ft of cross section;'!l arp<l). AlthC'lI<,;h rel~tively sm:tll exnerimental

operntions indicate the nos!"ibilitv of efficienciec:: of this del!ree, no

unit even ap,!",ro~chin~ the size viSUAlized ha~ actuallY been demonstrnted

on typical oil shale, let alone on material containin'! hi-::h concentra­

tions of nahcolite anr.! dat.7sonite.

CTushin~ and Scr~enin"

The sh.'lle from thp stockpile (60,000 tons per calend.'lT day) is

fed to 'i belt convevor (lncaten in a tunnE'l under the stncknill!) hv

apron fl!eders. The minus 10-l/2-inch material is fed to a SlIT'!e bin
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;mc:! then by anI'on fecc1PI's over l'lrizzlv bar screen!" for relOlov",-l of under­

sizc befcrp- bein'" fpo to the seconrl;t'T"V cru!"hprs. The crusher. pr.oduct

at minus 4-1/2 inche!" alon~ with the undersi.ze ft'o!'! the ~ri??'i.es

f10\.s to a sut'fte bin where the stream is divide'" anr! fed by ap~on fepders

over vibr~tin~ sc~e€'ns for rer1ovn1. "f undersi.ze Drior to the tertian'

cru!"hers. The product fro"'! the crushers nlon<o: with und",,..s;?C? 1'll3t:eri",-]

at l"Iinus 3 inches is conveyed to 24-hour storage, provided by two sur~e

bins. ,i"'uTe 11 is a schl"!'mtic flov di",,:r::tm of the crushi." ... ;me! scree:1im'

pLmt.

The sh<lle fron the surp'€ stor-'lf';E' is fed by apron feeders onto a belt

convevor \V'hich tr::lnsports it to the scre('n house. The shalp is rccpivcrl

in sUr'~e hill!" ;In(~ ther: fed by 0.1'''':'("'11 feedp.Ts to ei"ht par,,1. 1.cl double­

dl"ck vihr;'lti:1~ screen.c;. The scrr>cn!" sen",r.:o.tc the 111us 3/l6-inch

minns 3-ir.ch frnctinn frol!1 the fines. The conr!"p sh:ll.e is sent to

inte'!:":1edi.ate storap;e for transport to the retorts. The fines, also.

are sent to stora2e and arc then conveyed to the minerals processin~

pl:mt.

An allowance of 60n tons per ca1endar day is made for dust loss

which is removed by a dust control system.

The coarse shale fraction amounts to 50,920 tons per. calendar

day and 8,480 ton~ per calendar day are fines.

The fines after leaching in the minerals plant are recycled

to the retort feed stream. This recycle stream arnoun~s to 3,996 tons

pcr calendar day of shnle plus 1,254 tons per calendar day of moisture

on the leached shale fines.
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The sh"l e is rctortec: in seven rctort~, each 1.4 ft in diameter

(see fi~ure 12), patterned gener~Jly alon~ lines of the Pctrosix

retort:. Thp.se retorts are equ'lp!"'ecl with the Cameron and .Tones improved

feedin~ and disch-'l.:"o::e :ncchanisr:1s. The process is discllsser! in general

terr:ts and tho:! feedin~ and dischar~e mechanisTT!s are describcel in det;lil

in "Th,~ Colorado School of Mines QU:lrterlv." v. 60, No.3, July 1965,

in a paper presented at the 5econel Oil Shale S:>YTllJ"losillr.l. The Petrosix

proc?-ss w~s chosen as it allows more precise tem?e~ature control anel

maintenance of a 1tllver pe:lk tel':1peratllre in the shale bed than does an

internal combustion ty~e such as the Gas Co~hustio~ retortjn~ process.

This factor is discussed in more detail later.

The shale frol'l the crushin~ and scTe.enin::! plant and the recycle

fines are fed to tll(" suro:e bins at the retortin~ pl:tnt. The shale from

the surge hins is fed by bucket elevators to the feed hopn':!Ts ato!, the

retorts.

The retorts process 56,170 tons per cAlen~ar day of coarse shale

and wet recirculated fines. including the moisture on these fines, and

produce 32,615 barrels of crude shale oil and 42,423 tons of retorteel

shale per calendar day. On a moisture-free basLo;;, the char~e rate is

54.916 tons per calendar day.

The shale bed is maintained at a denth of about 20 feet and the

heat required for retorting is supplied by a hot recycle ~as stream at

1,350o F which is injected into the bed about 6 feet above the bottom.

This recycle ga~ is heated by direct fired ~as heaters fueled with
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retort. product ~as and fiunplcl"':ental natural gas. A cold rcc....clc gas

stream is fed to the bottom of the shale bed to cool the retorted shale

prior to dischar~e.

The shale is fed to the ton of the retorts and is heated to

apnro:drnatcly 1, OOOa F bv contact with the countercurrent hot recycle

9,35. By the time the shale reaches this temperature, it is completely

retorted. Before the material reaches this te"lTlf!r;tture the naheoli te

<lnu da'.-!;oni te under'!o c!e~raca'::ion react ior.fi due to he;:,.t. fort:1ing

50<!iUl:1 cariJonate anc sod111'" alut:1iI1<lte witn evolution of carbon dioxide

an<' water vanor. The chemical rcnctions are as follot~5:

Z~aHC03 ----+- NaZC03 + C02 + H20

:-laAl(OH)2C03 ----.. NaAIOZ + C02 + H20

It is imnortant that the tel"lnerature not be allcwc(: to rise much above

l,I)(lO°r- to avoid further reactionfi that \loulel oeCII,. at highe,. tempera­

tures, resultin~ in impairment of the extractability of the sodium and

alll.,inu!'l mincra1 values.

'ihe 130°F gas from the top of the shale bed with entrainecl crude

shale oil is sent throu~l rotoclones and electrostatic precipitators for

oil removnl. Thp. g~s stream then flo~~ to blower~ where it is compressed

to 1.6 psi~. Subsc~uently, it is divtdeci into the recvcle gas stream

and the make ~as StreaM wh:i.eh, alonv. with supnle...ent:'l.l fuel. is burned

in the recvcle-~as hp.ater.

The recycle stren~ is then split into two strea~s: 757,620,000

fitn eu ft !"er calen:J""r day is sent throu~h the reevclc blower to thl?

rec~cle-~as heater where its temperature is raised to 1,350° F for
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in~E'ction intn the shale beo~ and 823.500,000 std cu ft per calenoar

dav at 130°F i", sent to the botto:n of the retort. The recvcle blower

co~nrcsses the 2as to 2.1 psi~.

The spent shale is sent to a stararc pile ano then to the sodium-

minerals plant. The crude shale oil, vi;<l a storl'l.!>:p SyStl'M. is cl1arged

to thl" refiner].

REFINING

The crude s!1",1e oi.l. nr....eiuced at i\ rate of 32.(,1'; barT!'!l", per

c::t1enchr dav in the "stw~y" retort:in" plant. is char:t~teri7.p.d on the

basi", of laborrttory r ... t .... rti.l1r.: ane! inspection work by the U.S. Geolof!ical

Survcv and the BUre<l1l of Nines, as f.ollows:

Gravi ty. . • . •• . • . • • • • • • • • • • •• (0 API)
Sulfur ••.•.••.•••.•.•••• (wt. pet.)
Nitro~en.•.•••••••..•••• (wt. pet.)
Pour point ••••..••••••••.•.••. (Op)
Vi"'eosity •.••••••• (S.U.S. @ 100°F)

22.~

0.65
1.52

70
56

T:1~ oil is further ch"lracterizcd by a black color and rather <!is-

ac:recahle odor tynical of Green River shale oil.

As has been ,:!:cncrallv reeognizeo in earlier studies. such oill;

re~uire up~rauin~ to yield an oil suita~le for transport by pipeline,

a necessary sten if any siv.nificant market is to be clai.!Tled. In the

current study, a two--step refininv. sequence was adopted, consistin~

of recycle delayed cokin~ of the ra\ol 0; 1 follower! by hydrocrackin?

of the coker distillate to yield 23.393 barrels per calend.:tr day of

a hio::h ql1<:llity piDcline oil as the l'la40r proonct. Th5.s oil, discussed
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anJ char<lct",rize,] later in more detail alono: with other product!';.

is comnarable to th3t for w~li.clL a value of SJ.()~ tier barrel was ~et

on the ba!';is of indu5tr;.· juci~cnt in the 1968 report of thE' Denart;nent

of the Interior, "Pro5:>ects for Oil Sh:'lle DevE'lon::lf'nt: Colorado. l:t.1.h,

The refinerv vislIa1izf'd for 5t1.lU~· pur~oscs is 10c;:ltpd adi,::lcent

to the retortinn; T"Lmt in thE' ~enera1 pro~",c;sin" arc::l. oVE'rl"'ine the

minco

Of the vari.ous se~ents of the visualizer! comnle:,:. the 't"efinine

~tc,.,s are probably the le::l.st conjp.ctural. By virt\lc of a variety of

work by industry as w<:>lJ. as the BUrC::l.ll of Mines. the applicllbilitv of

cokin? anu hvdrogenation procp-sses to sh:lle oil has beel'l 't"e.::lsnn;=th1y

well de::lol1strated on scales ranqinR from lahor<'ltorv to :'I full-scale

test in a co~ercial refinery sevp.r."l.l years 3P.O. 11m5. althout'.h many

clf'tail~ such :'IS precise opprati.np' conrlitions and hvclro~en rC'1nirements

un~loll~teuly \,Iould warrant furt!ler ccmsideration to arri.ve <'It the optimum

situation for an actnal cOT'll'lercial ventu't"e char!!in!' the particular oil

in '1nc!';tion. the gencr:.;l refinerv desiS!n and oper;ttin<>: rel=:ults specified

in the fo1lowinS! sf'ction!'; are considered adp'1uatp for the presp-nt

evalu;ttion purnoses.

De1a.yed Cokinl;!

The crude shale oil fro"l the r.ctortinl> plant constitutes the feed

to the rcfinerv. T:le oil is first processed in a cle!;l:-'ec.l cokinC' unit

\,lith a he~teT outlet teM!'erature of 940°F and a coke chaMber pressure

of 30 psi~. The p't"oclucts include ;t coker distillate. stabtlize(l to
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retain the C4's pr('lduced <lnrl havin~ .in end point of 680° to 700°F,

!JIus a !,!:ood qualitv coke sui t;;ll' Ie for sale as p'rpf'n met:tllurc:ic::ll

~rrt<!e Mo1.terio1.1. In adrHtion, the C3's ant:! li~hter fr8C't1on cont.'lin

....n ap!"rp.ciahle 'imount of hvdro<>:en sulfic!e which is recovercr! and .'llso

servp", as a source of hych:o"!en. The suIfur reCf)VeT...· ;m<1 hydro~en

nraclllcin'~ plants wi 11 be descrihcd later.

The coker distillAte is further nroeess~~ hy hvdroC'rackin p at

3J5°F an,! .l,50fl p~i~ .....aintainino: .'l li('luid-l!('\urh'-s"",("C' velndtv of 0.9.

The system is typified generally by the Union Oil Company's Unicracking-

JHC nrocess, f~i:ttl1r.in!'; a sulfur ancl nitrop.;en resistant, cobaJt-

,.,olyhcate tYl'e catalyst. Hydroren consu"1!'tion is "lb('lllt 1,30n scf opr

h;'!Trel of feec1. an,] the hydrn<>:en recycle is about SOD scf per barrel.

Thf' maior prnciuct frf'~ hvclrocrackin"! is a 56.9° API disti1l"te containing

e!"sentially no sulfur or n1trn<!e" and containin<>: about 60 volll'"le

,.,aterial in the diesel fuel. hoilin~ ro1.n"!:E' \,1h~ch also Mects nther

n-~ diesel s!"eC"ific~tion~. The ovp.rall hyorn<>:p!1-'1tE"] disti11'lte contains

<Ill [.4's and heavier T:1ater.io1.1 procluc-ecl to a fin'll boilin.'" point nf

The hydrocrad~el:" ~as is relative1,· rich in hydrn,,;pn sulf"icc

3nL~ aTll!"'\onia due to thE' hydro~enation of the sulf"ur. an'! nitro~f'n cont'lin",,j

in the distillate chnrge. The sulfur and aT1ll"'oni~ are both recoveret.i

ancl sold as byproducts.

OPTIO", II

"',

,"
:<



34

The hydro~en requirenent is produced ~y refor~in~ the coker

and hydrocracker off-~::ls after removal (\f hydrop.en sulfide as

described later.

~~o~ia and Sulfur Rec(\verv

The sulfur ann a=oni.::l product~ come frolT! the coker and hydro-

cracker g<lse~. the forner containin~ 1. 7'; to l.~~O mole percent hy(lro~en

sulfide and the latter containin~ aprroxim~telv 4 mol~ percent hydrogen

sulfide and in excp.s~ of 20 mole percent aT1l!!loniCl. The recover,," systC'm

involves scrtlbbin~ the coker and hydrocracker ga~es with aqueous

so!.ution~ recycled in a closed circuit within the sulfur and ammonia.

plants. The rich scrubber liouids are fed too,ether to a hydrc>gen

sulfide strin~cr. the overhead fraction (rich in hydrol':en sulfide)

is sent to a conventional Clal1~ pl:1.nt for sulfur recovery. The bottom

streaITl frolT! the hydrc><>en sulfide stripncr. rich in atrnTloni<1. is again

stripped to separ::lte the ammoni:l frOM the bulk of the w::Iter anrl a

5.,;111 ::lMount of residoal hydrogen sulfide, then the ammC'lnia is dricd

and li'1uefied for 5tc>ra~e and sale.

The fuel gas produced contains the excess gas from cokinr.. the

sweet tail gas fror.! the hydrot!:en plant. and the purif iec1 ~as from

hydrocrackin~. The total fuel ~as has a heatin~ value of about 13 x 109

Btu per calendar day and a unit heatin~ value of 1,220 Btu per std cu ft.

All pa~ts of the refinin~ system operate with an onstream efficiency

of 95 percent including the coking plants. Although the coking ~nits
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~re cyclic in nature. they operate continuously: as one coker is r~­

moved from the flow pattern a ueco~ed chamber is brour.ht into service

without disruption of the onstrean schedule.

The integrated fl~v pattern and material balance for the refinery

i~ shown in figure 13.

~1~ERALS PROCESS1NG. WHITE NAHCOLITE

!\ahcolitc PreT)~tio..!:

The are::! vistl1l.1izer. for the whit .. nahcolite processinl! facility

overli~s a portion of the mine area as shown in fil!ur~ 2.

Til .. process ad<'l'ted for this evalu"'tion. showr. schernatic:l.lly in

fi!!urps 14 and 15 is desi.r.necl to effect recovery of dense soda ash

(so"iu:n carbonate) h",vint: an esti::>ated puri tv of 99.9 plus percent 3S

the markct;:Jhle product. startin~ wit" the stock"ile(~ whitp. nahcolite

provided by the previously descri.be(~ minin£. operation. Fonr ;'l!"incinal

process in"! ste;')s are involved: ;~allcolite preparacion. includinl"

calcining: le",chi!1~: crvst<lllizolltion: and product dehvdr<ttion.

Characterization data for the raw white nahcolite were prOVided

by the U.S. Geological Survey. In the absence of a comprehensive

sampling program such as 'Would be needed to define mining and process­

ing parameters with a high degree of assurance it was assumed that a

composite sample. analyzed by the Geological Survey. through the white

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

adopted for the mining evaluation as discussed earlier. Inspection

of this sample indicated an in-place specific gravity of
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2.2/•• a notent;:ll nil yielt! In" Fisc'ler assav of 4.'\ gall011S pcr ton.

and enId water s01ubilitv data as follows:

Colo-yatc,::" inso] lIh les. wt ? .....•.•...•.......
CoL1-'..atcr-solllhle ions.

wt. % of ori~in~] mate~ial:

CO) •••..•••..•••••••••••••••••••••••••••
liCO) •.....•....•.....••••••••••.••••••.•
:-:.:1 ••••••••••••••••••••••••••••••••••••••
Cl ..••••••••••••••.••••...••..•.•..•••.•
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chemic ..,l and

",11 it'd "rt)cps~",s such ;J.s recoverv of so(~a as:1 fro"'; trO'1<1. I.'erc used by

the Kurcau of ~ines as bases for estim;Jtin~ proc~ss re~uiranents for

purnoses of the nrC'sent eV:llu:ltion. Tn the abscnce of actu~! industrial

exn~rience or even pilot plant results for processlnR white nahcolite.

it also was necess~rv to assume plant operatinc parameters in many

inst."l:1ces, basin\! valucs on knn.... ler.!':e of typic:~l eqlli;'lrlc':1t perform.:mce

and general enl!incerinr: .iuc'l~ment. Such values as settli'l.R rates in

thickeners. solids contents of filtp.r and centrifu~e cakes, and dU5t

losses in crushing and calcining were generally sPt in this manner.

A detailed descrintion of each process steT" in the white nahcolite

plant follows:

\o,'hit .. nahcolitp ore is rE'covcred from hene:'lth the mine stockpile

h.... flushinv. it onto one of six apron feeders with a bulldoze!". The

feeders are so spaced as to reduce the amount of bulldozin~ re~uired
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Rnd ~re sizprl so that onlv one is npcrled to sup~lv the plant at Rny

ti~e. A 3n-inch. 675-ft-lnn~ helt convevor tr~nsnorts the orp fron

the feeders to a hop,.,er above the pri!"'l:l.ry hiln1T1ernill. The ore is

crushed in th~ ha=crT'li.ll from minus five inc~es to onE' inch and is

conveyed to a hoppcr above twC" s("condary hammerT'!ills oper.Rtin~ in

D<lrallel. These h"'M!"'Iermills re(~uce the ore to 1/8 inch. The 1/8-

inch ore falls directlv ont~ vihratinc screens from which plus 1[8-

inch ore is rec:vcled to thE' hOl"oer. abovc the secnn2arv hal"l'1ptT.1i.lls,

ar:,; minus-I IS-inch or~ is conveveci to stora~e silos. Fi~lIr(' 15 is

a £10\, dia~ram of th~ \<hite nahcnlit .. proccssin'! plant.

The minlls-1/8-incil ore from the silos is convevecl to hoppers \<hic:'

feed three 12.5- h,," 249-foot gas-fire!'! rOtil'l"V calcincrs OpE'!":ltin~ <'1t

1,OUO" F. T:le sodium hicarbnnatc contained in the nahcnlite is

decnmrosed to sodill" carbonate by th.. followinn: reaction:

2NaHC03 ---+ ~a2cn3 + H20 + C02'

The greatly increased solubi.lity of sonium carbonate facilitates the

follnwing leachinc;r step. Althouc:h dccC"rmosi.tion will occur helow

1.OUO"F, this temperRture is used so th<'1t all of the or_ani.cs present

in the raw material are burned. The ol:'9;anics if left in the l'ystem

would cause foamin~ in crystallization and would discolor the product,

judginp. from experience in the trona industry. A credit for the hC:'It

of' combusti ..:m for th~ orp:anics is inclucled i~ the heat calculations

for c~lcinin~. The sOGium carbonate is cooled to 150°F in rotary

coolers and is conveyed to a ho;>p~r in the leach'in<' sectin!".
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nus. collection equipment is incluced for all conw~vor tr;;.n:;;fer

points. ham~errnills. ano screen~. Senarate sy~te~s are desi~ned

for tilE' r~w nahcnlite before calcin~tiDn and for the calcined material.

Se~~rate ha~ collectors are used for e~ch.

}!aterials balances and flow~ in the nahcolite pre!laration ,:;cction

arc shown in fi?ures 16 and 17.

Le;lchin<>

Calcined matcri.al is fE'U from ~ horner into an agitated leach

tank op",ra::inl' at 100°F where th(' sodiul'1 carbonate and other water

soluble compounds arC' dissolved durinp: a 15 minutf' perin". Steam

i~ ad,1(',! directly to the leach tank to maintain the ter.lf'crature.

It is assumeu that the water soluh I.e com"'C'nent., disc:ol VP. unner the

above conditions.

fro~ the leach tank, the s]urr~ is DU~DE'~ to a 240-Ft di~~etE'r

spttl(>r wherE' the insolubles settlp at a rate of 0.6 ft per hour and

are re"lovp.<2 in the unoerflnw whicll cont.,ins 4R.5 T'ercent solirl~.

The settler unclerflo~-1 is wa.shed countercurrently in four l70-ft diameter

thi.ckeners from which the unclprflnlol i~ ptlT'lne" to a tail in" pond.

anu the overflow is re("vclec to leachin~. The same settli!19. rate

ann soli-Is content arf' used i.n si7.in~ the countercurrent wash thickf'ners

as we'!"e used in si7.i.no: the spttler. Condenser.! W:;Iter T-:-O'" the carhonate

crvstnlliz~rs is usp~ for w~~hin~.

Ovcrflow !IT"c<>n:mt soll1tl0n frolTl the settlcr is cl~riFie~ in

l'r~ssllre le,'lf filters ."It a rate of 50'1 ':"!llnn!" of filtr;.t<:> per sq
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ft per day to re!1ove any solids that were not ret:loverl durin\! settlin'!

anc is pu~ped to surge tanks before crvstaliization" The filter cake

contains 50 percent solids. The materials balance anc p.:cner.,l flow

di"l.~roTTl for leac;lin~ are shown in fi'!ures 13 and 1<).

Crystallization

Fifty-five percent of the sodium carbonate in the pregnant solution

from the leaf filters is crystallized from solution as sodium carbonate

mcnoh}"drate in a seven-effect forced-circulation evaporator. The last

effect is maintained at 1.6 inches mercury. and 100 psi~ steam is used

in the first effect to give a temperature difference of about 29°F per

effect. A heat-tra~sfer coefficient of 450 Btu per hr-sq ft-OF is

used for sizin~ the crystallizer.

Based on solubility data~ at 68°F. the solubility of sodium

carbonate is estimated to be 29.5 grams per 100 grams of saturated

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

sodium sulfate which are also present in the solution. Water evaporated

durin~ crystallization is condensed and used as wash water in the

councercurrent 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 processed by the trona industry.S

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

SSommers. H. A. Soda Ash from Trona. Chem. En~. Pro~ •• 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 890

and 70° F respectively. The wood-filled tower has a circulatior. rate

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

408,000 gallons per day.

The crystal slurry from the crystallizer is pumped to four 54­

inch bowl centrifuges where the monohydrate crystals are separated

from the mother liquor, washed with 110° F water, and conveyed in screw

conveyors to drying. During washing, 2 percent of ~he monohydrate

crystals are assumed to dissolve and 35 percent of the mother liquor is

washed free.

To avoid excessive chloride and sulfate impurities in the product,

2.5 percent of the mother liquor is discarded as a purge solution. The

remaining mother liq~or is recy=led to leaching.

The material balance and equipment flow diagram are shown in

figures 20 and 21.

Drying and Product Storage

The centrifuged cake, containing about 4 percent solution, is fed

into four 12 by 108 ft gas-fired rotary dryers operating a: 6000 F.

During drying, moisture and water of crystallization are driven off.

Dehydration of the monohydrate crystals to fo~..soda ash may be repre­

sented by the following reaction:

40

The monohydrate crystals are assumed to decompose to the dense form of

soda ash having the following composition as determined by a material

balance.
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Na2C03· ••
:-l'aCl. ••..
Na2S04·· .

Percent
99.93

a.Q5
.02

::'00.00
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Soda ash fro~ the dryers is cooled in rotary coolers to about 1500 F

and conveyed to storage silos on a 24-icch belt conveyor.

Ten 100,000 cu ft silos provide storage for up to 7 days. The

product is loaded into covered hopper cars by belt feeders from the

silos. The product loading system operates one shift 5 days per week.

The materials balance and general flow diagram are given in figures

22 and 23.

MINERALS PROCESSING, RETORTED SHALE

Complementing the white-nahcolite processing facilities described

in the preceding section of this report, an independent and relatively

complex processing sequence is required to recover the soda ash and

alumina values stemming from the nahcolite and dawsonite contained in

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

zone. Figure 24 shows a general flow diagram 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

screening section of the retorting plant. This fines stream, sized
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to 3/U'-inch al"d smaller !,articles. is relatively rich in nahcolite

in com!,arison to the ori~inal ore by virtue of the ten~e~cy of this

mineral to decrepitate mOt:'e re;;;dily in crushin~ than does the oil

shale itself.

Rriefly, the proees~in~ affo~ded the shale fines str~an involves

c~lcininp, to convert the nahcolite to sodium carbon~te, leachin~ to

dissolve the sodiu~ carbonate. sC!'Dration of the solution from ~le

unnissolveci shale. crystallization and fin~l conversion of the sodium

cnrbonRte (TT1onohydrate forn) to soc!'3. ash, an,: return of the undissolver!

sh<ll e fr"!cticm to retorting. UltiMatel" then. the shal e portion of the:

fines makes un a part of the retcrtin~ ch~r~e and in retort~~ form is

returned to the minerp.ls processin~ plant as a part of the tot<ll s?ent

or retorted shale that constitutes the major flo\y streaT!! thro\!f!:h this

pLmt.

The spent shale i~ crushed and then is leached with weak caustic

solution to dissolve its aluTTlina ""nd soda content. The solution is

scnarated from the untlissolve(l residue; this residue constitutes the

ml'l.;or !=lortion of the 5(')lio:'l waste di!':nosed of in the mine. The solution

is treated with line to reduce its silica content and is carbonated to

!"recil"itate ClluminuTl1 trihydrate. The latter material is separ<'l.ted fron

the sod:,,-rich mother li'1uor and is calcined to yield alumin;>. as Olle of

the fin<'l.l product~.

The mother linuor mentioned above. combined with the sodium car­

bO~<'I.te solution fro~ the shale fines proce~5in~ lin~. 1s eval"nrated
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an,-l cryst.lllized to produce SOditi" carhonate T!1onohydr;Jte which suh­

se~ucntly is calcined to fo~ dense sod~ ash. the se~ond sale~ product

of the sodiu~ minerals pl~nt.

Each sten of the pr~cessin~ sche~e is detailen in the followin~

descri~tjve sections o~ this rer>ort ane! in the ,!,erti'l~nt t<'lblcs anl1

di:H":rCl"lS that are referenced l<'lt~r. Ov~r.n.ll, desi!,:n of the retorted­

shnle ser:tion of the so,liu!'1 miner"l.ls co"!nlf!x is baser! on char"'i.n~

44.~41 tons par o"crAtin~ day of retorted shAle plu~ 8,944 tons per

oper~tin~ dav of na~colitc-rich shale ~ines, yieldin~ 1,468 tons per

operating day of alph~-a~tmina and 11,342 tons per operatin~ dny of

dcnse sor!."i ash. Addi!"!'! the soda ash product from processin'! the white

n;l;lcolite. as previously discussed, the tota:;' soda ash prorlt:ct is

IS. :;·'37 tons ncr operat in~ day. The pl~!'\t is assul"Icd to oner"lte 350

dAyS per year for an onstrCrt~ efficiency of 95.39 percent. On a

c::lJenG:lr-day ~asis, t:lcn, the daily yields of alumina and soc!:.! ash

::lre 1.408 tons and 14.947 tons, res~ectively.

Except for product loadin~ anG limestone receivin~ operations.

which arc handled on an ei~ht-hou~-per-day, five-day-per-weck hasis,

normal plant o?eration is round-the-clock and seven CrtYs ?er week.

In additi~n to characterizing t~e material mined from the

nahcolite-rich zone as containing 25.2 weiSl;ht percent nahcolite and

9.2 ~Jei~ht percent da~".sonite as discussed under "ltetorti!l~," the U.S.

Geolo~ical Survey ?rovided the following data for water-soluble ions

of particular interest as potential impurities to be coped with in

the sodi~ minerals plant:
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.Cold-H'ater-Soluble Ion Characterizatiol'!..
~a~colite-Rich Zone

Chloride ••••••••••••••••••• -(t~t. pet.)
Sulfate•••••••••••••••••••• (wt. pet.)
Calcium•••••••••••.•••••••. (wt. pet.)
}~~esium•••••••••••••••••• (wt. pet.)
Potassi~m•••••••••••••••••• (wt. pet.)

o.os
0.16
0.02
Trace
Trace

At the low concentr:ttior.s indicated, "inr,:lurities" were not con-

sic.lered significant in design or other considerations, other thn.n to

account in the material balances for the sulfate. Additional

T

analytical data used for desi~n purposes included a variety of test

results obtained by the Bureau of Mines on retorted samples of the

same "nahcolite-rich" zone material. The retortin~ work was performed

by the U.S. Geological Survey usinp.; small bench scale equipment in which

lOt,;'-ternperature, ::'.ndirect-!leating conditions were achieved in simulation

of the cond~t'"ions' visu;:lllzed fOT the plant-scale retorts described earlier.

The laboratory data mentioned ahove, supplemented by published

inf.ormation ran~in~ fro~ standard chemical and physical property data

to technical articles relatir.g to pertinent operations in the trona

and alumina industries, were used in designing and jud7,ing 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 engineerin~ judgment 1n

setting such factors as performance of parcicular items of equipment.

since industrial and/or pilot-plant experience usin!!; the particular

OPTIC~ II



45

raw material in question is lacking. A rigorous design for const~uction

and operation of an actual plant of the scale visualized obviously

would require considerably more information, from pilot or preferably

prototype operations in particular.

Data sources as well as operating conditions, equipment performance

parameters and the like that were set for estimating purposes are

detailed in a s~ep-by-step manner in the following descriptive sections

of this report.

Retorted Shale Crushing

The spent shale is conveyed from the retorting operation to hoppers

above hammermills which reduce the material to 1/8 inch. Crushed

materia~ from the hammermills flows by gravity to vibrating screens.

Plus liS-inch material is recycled to the hammermills, and minus liB-inch

material is conveyed to hoppers in the leaching section.

The material balance and equipment flow diagram are shown in

figures 25 and 26.

A cyclone dust collection system is included for minimizing dust

losses from conveyor transfer points, hammermills, and screens. The

system is located so that the dust is fed into hoppers above the

retorted shale leaching step.

Retorted Shale Leaching

~inus liS-inch material and recovered dust from the retorted

shale crushing section is fed into leaching tanks operating at 100
0

F.

The alumina and soda content is dissolved by 0.8 normal sodium
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hydroxide solution6 during a 15 minute period. It is assumed that

the alumina and soda, oriRinally present in the raw shale as dawsonite

and/or nahcolite, are present as sodium aluminate, NaAl02 , and sodium

carbonate, Na2C03' During leaching 99 percent of the soda ori~lnally

present as nahcolite, and 95 percent of the soda and 78 percent of the

alumina originally present as dawsonite are dissolved.'

The dissolved material is separated from the undissolved material

in settlers havinp. a settling rate of about 0.7 foot per hour,7 and

the solution is clarified in pressure leaf filters that are desiKTIed

on ~he basis of 500 gallons of filtrate per sq ft per hour.

Underflow from the settlers, containin!!; 48.5 percent solidS,'

is washed countet"currently in wash thickeners whose underflow, also

containin~ 48.5 percent solids, is pumped to tailin~s disposal.

Overflol.7 frn!" the wash thi.ckeners is recycled to leaching. Because

the overflow contains sodium carbonate, lit:le is added dl~!:'inS!: leaching

to caustici?e the sodium carbonate accordin~ to the followin~ reaction:

Na2C03 + Cao + H20 --4 2NaOH + CaC03 •

The sodium hydroxide fo~ed is considered part of the 0.8 no~l

solution used for leachinS!:. I~ is assumed that 80 percent of the

alumina enterin~ the process with the lime fo~s sodium aluminate.

A material balance and an equipment flow diagram are shown in

figures 27 and 28 respectively.

bNielsen, Irvin. Importance of Dee? Deposits of "Oil Shale" and Sodium
~li.nerals in ~orthwest Colorado. Paper presented to Colorado Plateau
Section of the AI~ffi, May 24, 1968.

'Laboratory data, Colle~e Park Metallurgy Research Centet", College Park,
~·I(] •
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Desilicatioo

Clarified solution from the pressure leaf filters contains silica

enuivalent to 0.0025 percent of the re~orted sh~le charr,e to leaching

for the nahcolite-rich zone process. a This silica must be removed or

it will contaminate the products. Limp is added to the solution, in

lime slakers and is pumped to desilication taak~ operating at 176°F.

Durinr; a 3U minute retention period the silica precipitates as does

three percent of the alu:nlna in the s01ut1.on. 9

The desi11cated solution is sp.parate~ from the residue 1n settlers

having a settling rate of 135 pounds per sq ft per hr. Underflow from

the settlers, containin~ approximately SCI percent solids, is washed

in thickeners. The underflow frotU tile thickeners is pumped to tailings

disposal. Overflow from the settl~rs is clarified in pressure leaf

filters, designed on the basis of 500 gallons of filtrate per sq ft

per hr, combined w1th overflow from the wash thickeners, and pumped

to storage tanks.

The mater~al balance and equipment flow diagram are shown in

fi~ures 29 and 30.

8~ork cited in footnote 7.

9Copson, R. L., J. II. Walthall, and r. P. Hi~netl. Progress Report on
the Extraction of Alu"lina 'From Clays by the Lime-Sinter NodiFication
of the Pedersen Process. PJ;57498, Jan. 14, 1944.
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Alumina P~ecipitation and Calcination

The desilicateti solution f~om desilication is ca~bonated at 194°F

for 12 hOlJrs. 10 A "seed" solution containinj1; alumina as alumina tri-

hydrate, the alumina bein~ equivalent to about 25 percent of the

alumina present in the desilicated solution, is added to carbonation.

Durinj1; the 12 hour ~etention period 85 percent of the alumina in the

desilicated solution precipitates as alumina trihydrate11 using the

"seeu" alumina t~ihydrate as nuclei·

as follows:

The precipitation reaction is

In addition to the precipitation reaction the sodium hyd~ox1de in the

solution is converted to sodium carbonate following the reaction:

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

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

lOWork cited in footnote 9.

llpeters, F. A., P. t~. Johnson, J. J. Henn, and R. C. Kirby. Methods
for Producing Alumina from Clay, An Evaluation of a Lime-Soda Sinter
Process. B~~nes Rept. of lnv. 6927, 1967. 38 pp.

OPTION 11



Q

49

solids per day.12 Overflow from the primary thickener is se~tled in

a secondary ~hickener havin~ a settling area of 30 sq ft per ton of

dry solids per day.12 Underflow from the secondary thickener. con-

taining 45 percent solids,13 is recycled to carhonation as "seed"

while the overflow is pumped to the soda ash crystallization and

dehydration s~ction.

Underflow from the primary thickener, containin~ 55 percent

solids. 13 is washed in wash tanks in series and is filtered in internal

drum filters having a filtering rate of about 2 tons of dry solids per

sq ft per day. The filter cake. containing 75 percent solids. is

calcined at 2,OOOoF in gas-fired rotary kilns to produce ~-alum1na

according to the reaction:

The alumina product is cooled ~o 150°F in rotary coolers and

conveyed to silos having a total capacity for 14 days production.

Belt feeders feed the alumina into covered hopper cars for shipping.

A cyclone dust collector is includerl for minimizing dust losses

from all conveyor transfer points. TIle material balance and flow

diagram are shown in figures 31 and 32.

12Perry's Chemical En~~~eer9' Handbook, ed. by R. H. Perry. C. H.
Chilton, and S. D. Kirkpatrick. McGraw-Hill Book Co •• Inc•• ~eu

York. 4th ed., 1963, pp. 19-49.

13P~ters, F. A•• P. ~. Johnson, and R. C. Kirby. A Cost Estimate of
the Bayer Process for Producin~ Alumina. BuMines Rept. of lnv. 6730.
1906, 23 pp.
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Shale Fines Leaching

Raw oil shale f~nes, containing nahcolite, are conveyed from the

retorting operation to hoppers feedin~ ~as-fired rotary kilns operating

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

reaction:

2NaHC03 ~ Na2C03 + CO2 + H20.

The sodium carbonate 1s cooled to 150°F in rotary coolers ~,d conveyed

to a hopper above a leachin~ tank. Sodium carbonate is dissolved at

10QoF in water during a 15 minute period and 1s then separated from the

undissolved material in a settler havinr, a settling rate of approximately

0.6 ft per hr. 14 Underflow from the settler, containing 48.5 percent

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

percent solids, 1s filtered on rotary vacuum filters havin~ a filtering

rate of approximately 76 pounds of dry cake per sq ft per hr. 14 The

filter cake, containin~ 75 percent solids, is ccnveyed to the retorting

operation. Filtrate from the filters i~ used in the wash thickener,

and overflow from the wa~h thickener is recycled to leachin~.

The material balance and equipment flow diagram are shown in

figures 33 and 34.

Overflow from the settler is clarified in pressure leaf filters

designed on the basis of 500 gallons of filtrate ~er sq ft per hr and

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

14Work cited in footnote 7.
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Sod~ .\sh Cry~talliz~tion_andDehvdration

Overf] ow from the secondary thicl~ener in the alumina precipitation

and calicinatioD section and sodium carbonate solution from the shal~

fines leaching section are mixed, anrl the resultant solution is evaporated

in 7-effect crystallizers to crystalli.7.e sodium carbonate monohydrate

according to the reaction:

Na2C03 + HZO - NaZC03 • H20.

The last effect of the cryseallizers operates at IOOGF, equivalent to

about Z8 inches mercu~y vacuum •

The material balance and equipment flow diagram are shown in

figures 35 and 36.

The crystal slurry, containin~ 30 percent solids,lS is pumped to

continuous cenerifuges where the crystals are separaeed from the satu­

rated solution, which contains about 33.7 percent sodium carbonate,16

and washed. Durinll; washinp". some of the sodiuI!I carbonate monohydrate

dissolves. The cake from the centrifuge, contain1n~ 4 percent moisture,

which includes some aqueous sodium carbonate. is calcined at 600°F in

~as-ftred roeary dryers to drive off the moistllr~ and to produce dense

soda ash by the reaction:

Nal C03 • H20 --+ NaZC03 + HlO.

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

silos havin~ a total capacity for about 14 days operation. Two belt

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

shippin!?:.

15~ork cited in footnote" S.

1"l,;ork cited in footnote 4.
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The solution from the centrifu:;:c is divided with part recycling

to the crystallizers and the rest goinp, to the sodiu~ sulfate removal

step. In the sodium sulfate removal step li~e 1~ added to the solution

to react with sodium sulfate and with sodium carbonate. The reactions

involved arp as follows:

Na2S04 + CaO + 3H20 - 2NaOH + CaS04 • 2H20.

Ha2C03 + CaO + H20 ~ 2NaOll + CaC03 •

The '-.~·Istic solution, thus produced, is filtered on rotary vacuum

filters, having a filtering rate of 50 pounds of dry cake per sq ft per

hr, to remove the solids. The cake, containinv, 55 percent ~~~ids, is

washed. repulped with raw water (not shown in the materi;-.l balance)

which reduces the solids content to approximately 39 percent. and the

slurry is pumged to tailinp,s disposal. Filtrate from these filters is

dilutP-d with water and pnmped to storaj;!;e tanks in the reto::-ted shale

leaching section.

Water evaporated from the last effect of the crystallizers is

condensed in barometric condensers and is recycled with the cooling

water to a coolin~ tower in closed circuit \dth the crystallizers.

This condensed water .', con~idered as part of the makeup water re­

quired in the coolin~ tower. Water condensed in the last 6 effects

of the crystallizers is recycled for use within the process. Steam

condensed in the first effect is returned to the steam plant.

A cyclone dust collector is included for mini~i7.~~r. dust losses

from conveyor transfer points, and the dust is returned to hoppers

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

Limestone is received by rail and is stored in the open

in a storage area capable of holdin~ a l4-day supply. The limestone

is withdrawn from storage on apron feeders located at various positions

under the storage area. Anyone of the feeders is capable of with­

drawing limestone at the required rate for the process. The limestone

is conveyed from the feeders to a hopper feeding a standard-head cone

crusher which reduces minus 5-inch limestone to 1 inch. This ore is

conveyed to a hopper feeding short-head Cone crushers which further

reduce the ore to 1/4 inch. This 1/4-inch material flows by gravity

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 1/4-inch material is conveyed to hoppers above gas-fired rotary

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

into the kilns where the calcium carbonate decomposes to lime by the

reaction:

Caco3 ~ Cao + CO2 ,

and the silica reacts with lime to form insoluble dicalcium silicate

according to the reaction:

2CaO + Si02 - 2CaO' Si02 •

TIle burnt lime product is cooled to 150°F in rotary coolers and con­

veyed to silos where it is stored for further use in the process.
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A cyclone dust collector is included for minimi7.ing dust losses

from conveyor transfer points, crushers, and screens.

Flue gas fro~ the rotary kilns contains a lar~c quantity of

carbon dioxide which is used for carbonation in the alumina precipita­

tion and calcination section. The flue gas is cooled from 1,100°F to

350°F in waste-heat boilers to recover heat as 100 psi?, steam.

Part of the flue ~as, the percentage bein~ based on the quantity

of carbon dioxide required for carbonation, is passed into gas scrubbers

«here any remainin~ dust is removed, and the gas is cooled to 90°F.

This washed flue gas is compressed to 50 psig and the temperature of

the gas from the compressor is maint~ined at approximately 194°F. The

comprpssed flup ~as. su~plementen hv c~rbon dioxide from the hvdro~en

plant serving the refinery (see figures 13 and 37). is fed to the

carbonation section.

Cooling water used to cool the flue gas in the gas scrubbers along

with water condensed out of the flue gas is pumped to a cooling tower

in closed circuit with the gas scrubbers. Water used for cooling in

the compressors is cooled in a coolin~ tower in closed circuit with

the compressors.

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

atmosphere ahead of the gas scrubbers.

The material balance and equipment flow diagram are shown in

figures 37 and 38.

OPTIO~ II
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!·:ASTF. DIspnSAl.

r,cneTal.----
Th~ !';olid wastc~ 'PTo,ll.lcerJ b:.· prClcc!';sinp: of the whit:p n::lhcolit:e

and the nahcolite-rich nate rial are disposed of undergrounci in :nined-

Ollt aTe:1" , includi.nf': sn::'!ce in bOt!l tile whit:c nahcC'lite mine and the

shah: mines. This m.,tcTi.,1 is pi:lcd in the fOrnl of a slurry from the

pl.mt -'trCrt to t!1.e de~ired un~'erf!ro\lnrl location ;:In:'1 ;:Illol~cd to settle.

TEc liquid toIhiC::l "bl'2cds" from the slurrv as it settles is collected

anri returned to the sur&:"lcc fnr tr",atM('nt an(~ reuse as pracE'ss t~ater..

wl t 1.:"1.-'ttely, <'lll soli(~ t,;ras tes are accoTTr.:1o'!atcci in this mann",!, as mine

fill: !"1o"Jever., it js neccssC!.n.. durin~ the carlv life of the nroject

to store a portion of the wastes 11: tel1l?oran." surl'::!.ce ponds. as certain

of t!.<! nine t~orkinr.:s C;11"~T!ot be fillee! irronerii-"ltcly.

Othcr Haste stre,'!"'s, sud. as the rclatively sm'lll amour-t of pur~e

5<lllJtion from tllC whitC'-n:-thcolite ~roces:;in~ u.l-"lnt:. tank drainings. and

the li;~e. arc i:n"'cunc~p.(; on the surfacp. in ponds or diked arC::lS dcsl!!Tled

to safe~uard 'i~ainst pollution of t:he surround in'! t.errain and natur.al

'.r~tp.r courses.
Reproduced from
best available copy.

f!.asis and Procedure for Hine ll1aste-Disoosal _Conce~t:

It: is estimated t1lat the solids content of the waste slurries

gener~t~d in the sodiu~ minerals com~lE'x will ran~e in particle size from

about 1/4-i.nch to du!':t. with the bulk of the mat p ria1. fall in<;: in tho:! si?e

ran~e of S co 20 mesb. The combined slurry from all sections of the

cC'r"'Tlle:-:. m:lde up of 48.5 wei!:!:ht percent solids ancl the bal:lnce '-"ater.
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is :i'ldnoe::' to be rC:1dilv plI";!l"'''le. \I!hen allowed to settle undisturbed

over a ne~iod of ::i"'!c. tIlE' 5] urry is estimated to de'.... 1l.ter to an

Ul.t:iCl3tC cOTll;Josition by "1eico:ht of 80 nercent solids an,1 20 nercent:

'-1ater. in ,,]hich Stiltl? the material is .:issl1!'lcd to be reasrln::l.blv stablt',

comnositionil.llv and strl!cturnll". il.l thou~h it has little sum'0rt strcn<>;th.

Thg bulk density i~ this ultimate stil.te is ap~roxiMRtPly lon pouncls ~er

C'.l ft.

Inforn:ltion fro'" pubi.isllecl snurcps. 17 <luC';:'lcntE'(! hy tnp jlld~l:lent of

Bu:·'inC's nin in,~ rese.,rc~l Tlt' rsnnne 1.. inc! iC<"1 tes thnt the ""as tc C1atcrial

dE"c;crihed above will 1Je suitahle for disnos::Il a.s fill in the ",ine. It

is .iu,.j('Occi f"rther tl:;]t thc initi::l1 sll1rr" ·.-1il1 not exhihit unr1l1e abrasive

or corrosive effects in rc~ar~ to !lu~ns an~ pi~inC':: thus. delivery to

the desire2 min ... location viil. a pinin~ systen is adon~prl as thE' TIlOSt

fe:lsi.hlc anr>roach in thi.s ev~luation.

The waste slurrv fror.! the soc1i.'l'1l mi;lc-r:tls co"ml~x is nror.uc.ecl at

3 rrtte of 77.974 tons P~T calend~r day, rer.ro~entir.~ 37.847 tons cf

solids o"t" 47.308 tons of ~o peTc~~t solids Eill. Th~ various s~re~~s

from individual sections of the complex are piped to a surge pond

sizerl to accolllMoclil.te 10 hours' l'r~Quction ann provi.ded ,...it~ a~itation

equi.7"TTlent to achieve uni fornit,., of I'lixturc and te:- preve!'lt I're!'la.turc

set t lin~. From thi s ~oint, mine personnel assul'le res.,onsibi.1i ty for

Reproduced Irom
be5t available copy_

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

Babcock, Henry A. Test Work and Data Required for Slurry Pipeline
Design. Paper presen~ed to 1967 AlME Conference.
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n:'lnc11ino:-. pu~pin~ the ~i·:tl1rp. unC'!cr..round on a nor.mal schedule of 6

hours per sh if t or 18 hOl1't's l1er calendar day. Tr::m:;-,ort to the ~enera1

ore.:!s to be filleil is vi;> fC'\lr 12-i.nch steel lincs, with exte~r.!ible.

re~di1y nov;:,.h.t"c, section,; (If l2-in~h pins tic pi-, i n~ sus,enrlerl from

the mine roof bein~ us~d to delivc't' the slurrv to thp- sped.fic locatiC'ns

\-1it!lin nanpls or elsp~,;h('.,.~ as dE'~irpc. Linp sizi.n<> is such that under

en!"011tt:' to its point of rl"-'o"iti.0n. In adrHtion. one l2-i.'1C"h line is

is nrnvidell for h;'\~:'l in? s.ll1rrv 0'1" ',J'at~r as desirC?d shoul.: nOT.""'.'!l

The general operating plan involves dischar~e of slurry behind

timber dams positioned to restrain movement of the material \,J'hile

settlin~ is in progress. As the excess water leaves the fill

material, it filters tnrougil brattice cloth supported on the ciaT:lS

the~c 1"'icku-, su..,.,s, the ~'.<lter is tr::ms'lorte,j to la't'''''?'I" SUl'1'1S near the

rni~c shafts fo't' final clarification before bein~ returner, to the surface

for trcatl'1ent and reuse.

The mo~ile pl.'l.!':tic lines are supnorted in plank trou~hs anchored

to th~ mine back (roof) with rockholt!=;. TwC' men attend each line a.nd

Reproduced from
best available copy.
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\-T;:lt"r nicklln pU:"~ ea.c': ~hift_dl1rjn~ fi.l.li.n~ operation:" \-lith nart-
- ,..

t i71e assis tanee of one t'-'o-r.tan crew for movin~ d i~ch;tr,,:e lines \.i th i:'

the i:n",edi~t:e fill arc",,:>. Per.iodie::ll1y, assistance also is reqt:irc~

from one pant'l to an<1tiler, and in l'rovirlin'! electrie:tl !';crvicE'. pUT:l"

Mai:"lten;mce, :md the like (sec Ta:,le ~~o. 3r,). Fil.1i!':C" oper..,tlnns <:It'l''

intc-::r"ted bet:,'ccn u'i";"'er (l.9DO-ft) an:! lo,-ler (2.M)I"l-ft) rnin2 levels,

one pi:"in~ svstC'''1 on 1:.' bcin,,; used periodic:llh' on the Ul'l'"1er level. One

of th<:- operati:1$: ere,""s fr("lr:! the lo\,er level is assi."'n~(~ ahove I..:hen

neeJerl. Drain water frn~ u'"1"cr-Ievcl fil]in~ oncr8tinn~ is drol'locJ to

thc Main su,"ps on ~tiH> lo\-:er level for return to the surf:;cp..

Overall consi(!er~ti("ln of availahle mine vobl~e in rel?.tion to the

volUMe of the waste fill material at its st,!hlc conGition of 80 wei~ht

percent solids inllicate~ that all such waste can eventually be emplaced

under::rouIlJ. This conclusion includes the conditions that STlace in Lhe

white-nabcolite mine as well as in the lower-level shale ;nine wil~ he

Us~(!, an,l tnat er.m lac~,.,.,c"t is feasihle to 90 percent and 98 percent.

respectively, of tite total mine hei~ht on e:lch le\rel (leavinr.: roughly

one foot "f unfilled hei~ht in e:lcn c::lsc). Iio\~e'l."er, until th~ t.ime thi'lt

mine development anc production have pro~ressEti to the exter.t that one

panel has been mined out ancl a seconc st<:lrted. all slurry must be

retained above~round. This periou aDProxi~ates 150 days, at which time

filli:'!": operatior..s are initiated on thF' ~ewcr level. In ahollt 180 days,

the first panel in t~le \-Ihite-nahcolite level also becomes available for

fill. Tllis latter ti:!!e is not critical. as fillin~ oper:J.tions are

confinec; to the l.o\"rcr level during the inte't"l'leuiate 30-dav perioe..
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Over the en~uin~ periou of about five years, a further li~itation

exists in was~e-fill oper~tions, in that only the panels proper may be

utilized. Other part~ of the ....orkinp;s--the various dri.fts anr! entry

sv~tcms--must be kent open to proviGe access to and from the current

production minin~ areas. Thus, a rel;l.tively small portio~ of the waste

slurrv must continue to be "backln~l"ed" on the surf:ace durin(' this

S-ye:'l, period. Suhse"luentl\", mininn: operations are advanc,:,rl erl ....u .h

til:'l.t it is possihle not o~ly to dis~nse of all soli.'~ wastps unc!e:'''Tr:ounrJ

as :..i() percent soli.:!s fill r.lateri;:ll but also to wor~ cut t'1e "backln~"

at a rate to elil'1inate all surface stC'ra,,:e essential.t<- wit1,in the- aS5~':':IE:d

20-vpar mine life.

Considerin~ both fUlin!!. limitations--tite lS()-d;w-nr<:>fi.ll period

;>It:s thp 5-vear-t>artial-ratc !,pricd--."'! surface retainin,,: pond of

<l::l"roximatclv lLo. million cubic yards canacity is requir.ed. based on

tile preMic;E'!; that surf'l.ce storage Hill he in the sa!'lf> state of ~o 'Oe~ceT:t

501iJs/2G percent water that is esti~ated for the mine-fill condition.

th."Jt the matC!riCll ,...ill hf' reslurriert as it is eventually pic;';'eci up and

trans?orted underg=ound, and that apnroxi~ately 10 percent excess outa~e

shouln be nrovided t~ safep.uard a~ainst spillover durin~ storms. reslurry­

inp. operations. and the like. In tE'rns of tonnages as baserl on the 80

percent ultimate fill state. "pond" '-Taste accumulates at the full pro­

duction rate of 47.308 tons per calendar day for 150 days. then at a

reduced rate of apr>rmdmatelv 5.30 ') ton!; per calendar. day for the ensuinr:

5 VNl.rs. for a maxi1'lul'1 accnmulC'tion of slightlv more than 17 million tons.

OPTIo:.; II
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Disposal of Miscellaneous Wastes

The purge solution from the white nahcolite crystallization system

is piped to a diked-off portion of the settling pond. The volume

allowed can be increased as the solids wastes are pumped to the mine.

Tnerefore, the total volume available is suff"cient for the life of the

plant.

Provisions for disposal anj reclamation of water from the refinery

are included in plant facilities.

CAPITAL I~VESTMENT

Table 1 is a summary of the total capital ~nvestment required to

install the complex to mine and process 8.000 tons per calendar day of

oil si:nl~ :;atl~ri'll.

mated investment is $605,947.700. Detailed equipment lists are given

in tables 2 through 17. The capital requirement for ~he mine.

incl~ding development, is shown in tables 18 and 19. Cost summaries

for each of the processing systems are shown in tables 20 through 34.

Tne cost of refinery processing units, except for delayed coking.

are based on "black box" information. This consists of the COSt of

the equipment and utilities req~.~red in a processing step bu: not the

number, size, or arrangement and type of the individual items of equip-

ment.
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The sources of information for the various processes are given

below:
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Process

Hydrocracking ......•..
Hydrogen production...
Sulf~r recovery ....•..
Ammonia reco~ry .

Reference number,
investment

1
1
4
4

Reference number
for

utility requirement

3
2
4
4

1. Hydrocarbon Processing and Petroleum Refiner, September 196~.

2. Critical }~terials Requirements for Petroleum Refining, Marcr.
1966, National Petroleum Council.

3. The Oil and Gas Journal, Apr. 5, 1965.
4. Engineering Estimates of Capital Requirements and Operating

Costs for Retorting and Refinir.g Oil Shale. ~~C Subcommittee
on Synthetic Fuels, Oil Shale Engineering Group, Aug. I, 1951.

Working capital requirements are sho~~ in table 35. Interest

during construction (5%) assumes a 3-year construction period with 2%

of total expenditures made in the first year, 20% in the second year,

and 78% in the third year. An allowance of $18,294,500 is included

for startup expenses.

A utility summary is given in table 42. The cost of providing

steam, po~~r, cooling water, sanitary water, etc., is included i~ plant

utilities. The cost of administrative buildings, roads, fences, roll-

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

OPERATL.....G COST

The direct labor, maintenance labor, and the required supervisory

and administrative personnel are listed in table 36. Also included is

the annual cost of the listed personnel as well as wages and salaries.
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Table 37 is a summary of the estimated annual operating cost.

These costs include labor, labor supervision, maintenance, maintenance

supervision, and administration and general overhead as ~aken from

table 36. and in addition 25 percent of the payroll is allowed for

payrol~ overhead.

Th?""operating costS also include natural gas, limeston~, catalyst

and che~icals. ~acer charges, royalties, taxes, insurance, and deprecia­

tion. The depreciation schedule is shown in table 41.

The annual operating cost is 5143,188,700 before Federal income

tax or return on invescwent.

Fn:AllCL\L A.'\.OJ.YSIS

Table 39 lists the annual receipts available from the sale of

produces. The receipts total $268,283,000 per year leaving a balance

or gross income of $125.094,300 (see table 40). Allowing total deple­

tion of $37,862,600 the taxable incorn~ becomes $87,231,700. Then allow­

ing 50 percent for Federal income tax, the net profit becomes $43,615,800.

The interest rate of return or discounted cash flow rate is $17.20

percent. The interest rate of return or DCF methods of evaluating

profitability account for the time value of money and are a measure of

discounted positive cash flows over the weighted depreciable life of

the installation. The positive cash flow is the su~tion of net profit,

depreciation, and depletion.
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UNIT OPERATING COST

Table 37 shows the total annual operating cost for the complete

complex. Table 38 shows a modification of annual operating cost and

charges the direct components to the major operating processes. The

£lements of the operating cost are prorated and charged to the processing

steps on an appropriate basis. The table also gives the capital invest­

ment prorated and charged using the s~e procedure.

OPTIO;~ II



1.1

A..'l OIL SHALE, NAHCOLITE,-­
DAWSONITE COMPLEX, OPTION II

TABLE L - Capital investment SUllllDary.

Unit

~ne ••.•••••••••••••••••••••..•••••••••••••.••••••••••••••••
Soda ash recovery from white nahcolite

Preparation ••••••••••••••••••••••••••••••••••••••••••••••
Leaching ..
Crystallization ••••••••••••••••••••••••••••••••••••••••••
Product drying and storage •••••••••••••••••••••••••••••••

Retort plant
Crushing ana screenin~ ••••••••.•••••••.•.••••••••••••••••
Retort ing ••••••••••••••••.•••••••••••••••••••••••••••••••

Delayed coking ••••••••••••••.•.•••••••••.•••••••••••••••••••
Refining ••••••••••••••...•••••.••••••••.•••••.•••••.••••••••
:-:ailco1ite-rich :nateria1 processing

Retorted shale crushing ••••••••••••••••••••••••••••••••••
R~~orted shale leachi~g ••••••••••••••••••••••••••••••••••
Desilication •••••••••••••••••••••••••••••••••••••••••••••
Alumina precipitation and calcining ••.•••••••••.•••••••••
Shale fines leaching ••••••••••••.•••.••••••••••••••••••••
Soda ash crystallization and dehydration •••••.•••••••••••
Limestone calcination and flue gas processing ••••••••••••

Plant facilities •••••••••••••••••••••••••••••.••••••••••••••
Plant utilities •••••••••••••••••••••••••••••••••••••••••••••

Total construction cost •••••••••••••••••••••••••••••••
Initial catalyst and chemicals ••••••••••••••••••••••••••••••

Iocal pia~t cos~ •••.•••••••••••••••••••••••••••••••••••••
Interest dur~ng construction (3~) ••••••••••••••••••••••••
5tartup expense ••••••••••••••••••••••••••••••••••••••••••
Subtotal (depreciation) ••••••••••••••••••••••••••••••••••

Working capital •••••••.•••••••••••••••••••••.•••••••••••••••
TOTAL CAPITAL INVESTMENT •••••••••.••••••••••.••••••.••

64

• I. '.

Capital
Investment
Dollars

37,325,900

8,559,800
3,903,700
6,362,300
4,288,7QO

4,167,000
49,767,900

6,274,500
34,696,000

2,31Q,300
10,963,800

;.,320,500
26,490,900
7,652,600

73,669,400
13,431,100
58,566,400
98,770,300

452,521,100
2,145,400

454,666,500
22,733,300
18,294,500

495,694,300
110,253,400
605,947,700
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·L'\~I.E 2. - Detailed e'1ui;)m~nt lish..11!.ine. 1,90rl-ft and 2,lIOJ-ft level

~!T. ~';I ~;c: A." 0 HAULAr.E-----------
Cuttin\! ~achine

);u;"\ber: 4
:-lodel: Jov l5R U
Volta~e: 440 A.C.
~ln: 22)

Electric Drill
--:~u"Der: 4

~foJe1: 2 !loom Joy Cn-73
Voltal!e: 44u A.C.
HI': 115

/
_~<!.o!'(ler loIal!on

:-Iu-nher: 4
Air COMPressor m~mted

on vp!1icle
Pneunatie loader eanacitv:

30n 1D!': /!1 r
Power: Dicse 1

1.0:1'"1 e r
:luClber: 4
~odcl: Joy 14 BU 10-110
V"ltal':e: 441) A.C.
liD: 160

COXVEYDIr. A.'\::1 CRU5IlVl~

.Be1 t Convevor
Number: 3
Size: 42 in. wide x 0.000 ft long
Belt speed: SOO fpm
Hl": 200

Belt conveyor
~unber: 3
Sizp: 36 in. wide x 6.000 ft ... :".,g
Belt sDee~: 500 fpm
II?: 1'50

CrustIer Fepder
~u!"'ber: 3
TYDc: belt

Crusite-r
NUT:1her: 1
Type: Roll
Sizp reduction: ~inus 10 in. to

minus 5 in.

TV Svstem
~um',er: 1
Closed circuit

SHn"s A."m AUXTLIARY

Bulldozer
- NU!"lber: 1

Model: D-6
Power: Diesel

~!.~ttle Car
:-:ul"'!hpr: !'l
~odpl: Joy 10 SC 27A
Voltage: 440 A.C.
hp: 135

Roof Bol ~(~r
Numh~r: S
~oc1e1: Joy Rim
Voltal!e: 440 A.C.
Hp: 50

Mane.'!.r
Nw.,ber:
Power:

I
Dies~l

~_~"P-E..~
:-.lumber: S
4.1(l(J volts to 440 volts

with accessories

Personnel Car
~luTT1her: 6
Batterv powered ~olf cart

OPTIC):\, IT



T\'i!X 2. - 1.900-ft level (Continued)

:l~~~_~'::::.._Ch:'lr":er
~u,..,l'('r: 1
"0r p~Tsonnel cars

2:1.yhinp Sho'"
~'UTTl"pr: 3
Port"1ble

"Fan
~!umh('r: 30
H"'l: 15
For sec.C"nc1:,\!·v venti' ."Ition.

m~i~ f~ns un~pr 2.400-ft
level

~lach ~':-~ ShC''''l
";llnher: 1
~a-:'n 5;"":">.

~~e.",,!r.i.r':.~9 Ju:-:1,('l---------::w",.,er: 3
Dr: 'If:: El~ctrIe
1"1.'''(': ":.;c! r;11l lie-

el~ctric. 2 drill
po,: 15i)

~c':l..e;, JU:-1'!..C".
':\1"'I-1""r: 2
Drive: ::leetric
T'T"'C: HVt~!".'I.t11ic-el~ctrie.

2 dri 11
H.,: 150

':('1.':0 er J.!.!~c_k,

:,u"bcr: 4
Cap.'I.citv: 1 toros
Equii'~ed wi t;l pncu:"l:tt ie

delivery svstel'l
Hp: t:n
Drive: Diesel

Sc~lin~ and Rock nol1:in~ Rig
:··lu~her: 4
Aerial lift: Truce Model

Tal 70-75
Chassis: F\.JO :'Ioc!el 66-15-CC
Dri.ve: Diesel
Hr: 15l)

"Front-end Load ..r
"umber: 4
~odf:l: Hough 400
Olleket ca~aei:y: 20 ton~

[)rive : Dies (' 1
Hp: SOc)

!1aula'!e truck
Numher: q
Can~eity: 75 tons
Driv~: Diese'
:-11"': 700
~loncl: 75A liaulnak. \~ABC()

:'101:or Patrol
~umhe1": 2
Drive: Diesel
Hn: l5U

~u_lli'!.7~
~ur.l~er: :.,
"'lone1 : HOt:~h D-90C
Orive: Diesel
Hp: 7fJG

l.:ater Tr.uck
- )lUl:!;~- 4

To deliver ~atcr to drills
and wa~cr haula~e

OPTION II



TMiLt:: 2. - 2,40l)-ft level (Conti:lue~)

II 0 I'".£.I.
:'u..,b~r: 3
Portable
Ca~acity: 150 tons

~~r(lp' Feed er
:iumher: 3

~t:.i~l\' S~~e.E.
~ul"lher: 3

_~~~bl ..c _Rot!.._Crll~l<:.!.

,,"umber: 3
Sixp: 48 in. x hU in.
Drive: ~otor

ill': Lil) eac-!l roll

~!,.n_::~.:.C"_'C...-~:.~t:~
'1un~)('r: 1
Typc: Belt
Size: h') in. W'i(l(~

x 3. S l"liles lon~

I!o: 2.10iJ
!)ri.v~: ~1otor

Dust C"llectC'r-- - - ----~---
~;L:7Clber : 3

!'l,!i_n_Ve~t) lat~].'ln_

~u!i.hp-i": 2
Serves both the 1. C)OU-ft

anci 2.40fl ft l~vp.ls

Capo"lcity: oSO.()()(} cfl'1
to 7 in. to:. r..

tip: I.GUO
Drive: motor
:-lodel: Joy H-120-6S

~~~~iary Ventil.'lt;on r01!
:':u!':1:'er: 1
Service: !'1.'Icbine sho;>
Cap~cit,: 70,008 cfn

to 5 in. H.G.
Hn: ](l

lJri.ve: :-Iotor

Air Lock.-----
Xumher: 3
3 sets of servi~e doors np-ar

service sh~ft hvdraulicall~

o~eratecl.

Size: IS ft x 20 ft with
200 Ft between doors

Auxi 1ian' Fan
Numbe:-: 20
Servi~e: devplnpMP-nt and

prC'nuction hc~~in~s

Power Centpr
---~u';b-;~;--(,

4.1n~ vo]t~ to 440 volts
or 220 volt<::

Inc-;_,,,~£'!': sw; t,!->'-'c;Jr

!!~~Oi L Stor.'!..o-~2,!~k l)nrlprflE.~l!.~

NU;T;npr: 1
C"'i''!cit·:: 2().O'l() <:,~1

~"1"f2...-TrA.n ~:':~:~.:LI!:!!.t l.~
};u:n!)er: 3
Cap~citv: 3 tons
Lininp:: \WOO(~

Truck
---Number: 14

Type: Picken

ru~l Truck
:\u:nber: 1

~mbular:ce

Xumher: "1

~lumhcr: 2

Sun:'llv Truck
Numhe;;--4

1Jnder~rc!lnc Machine S~
~u;nber: 1
Size: 50 ft by SOO fc

(near service shaft)
Includes IS-ton crane

OPTIml II
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TM~r.F. 2. - l,91)IJ-ft. ami L,4CH1-"'t levels

~roduction Hoist.
Xunber: 2
Tv~e: Ko~~e. 6 rope
Sneed: 1,300 fpm
Hn: 7.lJOlJ
Drive: 2 - 3,500 Hp motors

~l;:1(O,'!?ine

Nunber: 1
Cnos onl"
Sj.ze: 17 ft x 20 ft

!~arehouse

~umber: 1
Sizp: 40 ft x 150 ft.

Iioi~t Ho~

:,ul'1:,er: 2
Si7. ... : 1. 2llr] !';q ft

nre Pass
- ::ll",her: 1

Size: 4-ft diam.
from l,900-ft to
2.400- f t level

1.!nder<>round Sur"e "IiOl
·--iu"lb;;;--l-,Jl. 90(J-ft. level

2 @ 2.400-ft level
C~n~citv: 2.000 ton!'; Boom Conveyor Nahcolite

- ~umber: 2
T}"~e: Belt.
Size: 60 in. x 70 ft lon~

H?: 80
Dri"\.'e: motor

ConV2'.-or
:\'ll",hcr: 1
Tyne: Belt
Size: 60 in. x 1,100 ft
Hp: 351l
Drive: Mot.nr

Electri~ Shnry
::umher: 1
Sizp: 20 ft x 100 ![

i~oom Convevor Oil_2.!!.ale
NU"T'her: 2
Tv...e: Belt
Si7.p 6rJ in. x 200 ft lon<>;
Hn: Inn
Drive: motor

F~hrication and Weldin~ Shon
Size: 20 ft x 100 ft.

f~~n(Oe HOllSP. LamD RooT"! & Office
;-!umber: 1
Siz~: 13.055 SQ ft.SE'!"vice an,! ~':tnhoi~..!:.

:,u~her: 1
Tv,e: Koe~e 1 rone
SpE'eJ: 1.Z00 fr~

H;J: 1.2Ul)
D;-ive: motor

PO\Jr.er Naro:azine
Nnnber: 1
Pril"!er~ only
Capacity: 60.000 Ib
Size: 16 ft x 26 ft

Headfra'1e-----
:-;ll:1lber: 3
Tvne: Koenc
Con~truction m~terinl:

rp.infnrced concrete
and I," heaT"'S

Concrcte re~uired: 511 Cy
estimated steel: 75.000 Ib5

OPT IO:' I I



TABLE 3. - Detailed equipment list. nahcolite preparation secci~n.

recovery of soda ash from .hite nahcolite

Apron feeder (PI)

Number: 6.
Size: 42 inches x 10 ft.
Speed: 20 fpm.
Drive: Motor.
Hp: 5.

Belt conveyor (PZ)

Number: 1.
Enclosed.
Size: 30 inches x 675 ft.
Rise: 35 ft.
Speed: 300 fpm.
Drive: Motor.
Hp: 40.
Weightometer included.

Hopper (P3)

Number: 1.
Capacity: 4,635 cu ft.*

Apron feeder (P4)

Number: 1.
Size: 42 inches x 10 ft.
Speed: 20 fpm.
Drive: Motor.
Hp: 5.

Hammermill (PS)

Number: 1.
Size: 40 inches x 40 inches.
Drive: Motor.
Hp: 300.

*Required capacity.

Belt conveyor (P6)

Number: 1.
Enclosed.
Size: 30 incbes x 150 ft.
Rise: 45 ft.
Speed: 30 fpm.
Drive: Motor.
Hp: 25.

Hopner (P7)

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

Apron feeder (P8~

Number: 2.
Size: 24 inches x 10 ft.
Speed: 20 fpm.
Drive: Motor.
Hp: 2.

HaDIIler.ai 11 ( P9 )

Number: 2.
Size: 60 inches x 40 inches.
D:;ive: Motor.
Hp: 400.

Hopper (PIO)

Number: 2.
Capacity: 2.498 cu ft.

Vibrating screen (Pl1)

Number: 4.
Size: 20e sq ft.
Drive: Motor.
Hp: 20.

OPTIQ,': II



TABLE 3. -(Continued)

Belt conveyor (P12)

Number: 1.
Enclosed.
Size: 14 inches x 85 ft.
Rise: 25 ft.
Speed: 200 fpm.
Drive: Motor.
Bp: 3.

Transfer hopper (P1lA)

Number: 1.
Capacity: 30 cu ft.

Belt conveyor (P12B)

Number: l.
Enclosed.
Size: 14 inches x 85 ft.
Rise: 25 ft.
Speed: 200 fpm.
Drive: Motor.
Hp: 3.

Belt conveyor (Pl3)

Number: 1.
Enclosed.
Size: 30 inches x 280 ft.
Rise: 85 h.
Speed: 300 fpm.
Drive: Motor.
n?: 50.

Belt conveyor (P14)

Number: 1.
Enclosed.
Size: 30 inches x 110 ft.
Speed: 300 fpm.
Drive: Motor.
Hp: 10.
Trippe= inciuded.

Storage silo (P15)

N\DDber: 6.
Concrete.
Capacity: 100,000 cu ft.

Belt feeder (P16)

Number: 6.
Capacity: 9,000 cu ft/hr.
Size: 48 inches x 10 ft.
Drive: Motor.
Hp: 3.

Belt conveyor (P17)

Number: 1.
Enclosed.
Size: 30 inches x 210 ft.
Rise: 30 ft.
Speed: 300 fpm.
Drive: Motor.
Hp: 20.

Belt conveyor. (PlS)

Num~er: 1­
Enclosed.
Size: 30 inches x 50 ft.
Speed: 300 fpm.
D:-ive: Motor.
Kp: 10.
Tripper included.

Surge bin (P19)

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

Screw feeder (P20)

Number: 3.
Capacity: 2,900 cu ft/hr.
Drive: Motor.
Hp: 3.

OPTIm; II



TABLE 3. - (Continued)

Rotary kiln (P21)

Number: 3.
Size: 12.5 ft diam x

249 ft long.
Lining: 6 inches, fireclay

brick.
Drive: Motor.
Hp: 125.

Cyclone dust collector (P22)

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

Blower (P23)

Number: 9.
Capacity: 27,984 Cu ft/min.
Drive: Moter.
np: 60.

Rotary cooler (P24)

Number: 3.
Size: 11.5 ft d1a~ x

183 ft long.
Drive: Motor.
Hp: 75.

Cyclone dust collector (P25)

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

Blower (P26)

Number: 9.
Capacity: 21,064 cu ft/min.
Drive: Motor.
Hp: 40.

Bag dust collector (P27-nahcolite ore)

Number: l.
Capaci~y: 58,414 cu ft/min.

Blower (P28-nahcolite ore)

Number: 2.
Capacity: 29,207 cu ft/min.
D-:-ive: Motor.
Hp: 50.

Bag dust collector (P29-calcined
material)

Numbe'C': l.
Capacity: 6,305 cu ft/min.

Blower (P30-calcined material~

Nu1llber: l.
Ca?aci~y: 6,305 CU ft/min.
Drive: Motor.
Hp: 10.

S~rvice crane (P31)

Number: l.
Capacity: 20 tons.
Type: Bridge.

OPTIO:\ LI



TABLE 4. - Detailed equipment list, leaching section,
recovery of soda as~ from white nahcolite

72

Belt conveyor (01)

Number: 1.
Enclosed.
Size: 30 inches x 210 ft.
Rise: SO ft.
Speed: 30 fpm.
Drive: Motor.
Hp: 20.

Surge bin (D2)

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

Apron feeder (03)

Number: 1.
Size: 36 inches x 10 ft.
Speed: 20 fpm.
Drive: Motor.
Hp: 5.

Pump (04)

Number: 1.
Capacity: 1,968 gpm.
Drive: Motor.
Hp: SO.

Pump (OS)

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

Leaching tank (D6)

Number: 1.
Capacity: 54,494 gal.
Drive: Motor.
Hp: 50.
Agitator included.

Pump (D7)

Number: 1 + 1 extra.
Capacity: 5,086 gpm.
Drive: Motor.
Hp: 75.

Thickener (DS)

Number: 1.
Size: 10ft x 240 ft.
Drive: Motor.
Hp: 10.

Pump (D9)

Number: 5 + 5 extra.
Capacity: 431 gpm.
Drive: Motor.
Hp: 10.

C.C.D. thickener (DIO)

Number: 4.
Size: 10 ft x 170 ft.
Drive: Motor.
Hp: 7.5.

Pump (Dll)

Number: 4.
Capacity: 1,857 gpm.
Drive: Mo~or.

Hp: 20.

~aste miXing tank (DI2)

Number: 1.
Capacity: 20,955 gal.
Dr:!.ve: Motor.
Hp. 20.
Agitator in~luded.



TABLE t.. - (Continued)

Pump (D13)

Number: 1 + 1 extra.
Capacity: 488 gplR.
Drive: Motor.
Hp: 15.

Pump (D14)

Number~ 2.
Capacity: 2,327 spm.
Drive: Motor.
Hp: SO.

Pressure filters (D1S)

Number: 7.
Size: 60 iech diaD.
Area: 1,645 eq ft.

Sump tank (D1SA)

Number: 7.
f' C~p.etity: 317 cu ft.

Surge tank (D16)

HalIlber: 1.
Capacity: 361 gal.

Pump (D17)

Number: 1 + 1 exera.
Capacity: 17 gpIR.
Drive: Motor.
Hp: 1.5.

Surge tank (D18l

Number: 2.
Capacity: 53,605 gal.

OPTIC,'; II
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TABLE 5. - Detailed equipment list, crystallization section,
recovery of soda ash from white nahcolite

Numbe::
Size:
Type:

Pump (CI)

Number: I + I extra.
Capacity: 4,645 gpm.
Drive: Motor.
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 Ib dry gas/hr.

Surge tank (C4)

Number: 5.
Capacity: 91,665 gal.

Pump (C5)

Number: l.
Capacity: 1,857 gpm.
Drive: Motor.
Hp: 20.

Pump (C6)

NUDlber: 1.
Capacity: 13,419 gpm.
Drive: Motor.
Hp: 150.

P!Dp (C7)

Number: 1 + 1 extra.
Capacity: 2,787 gpm.
Drive: Motor.
Hp: 60.

Centrifuge (C8)

Number: 4.
Size: 54 inch bowl diam.
Drive: Motor.
Hp: 150.

Heat exchanger (C9)

l.
7 sq ft.
Fixed-tube.

Surge o;ank (CIO)

Number: 1.
Capacity: 45,08c gal.

. opno~ II



TABLE 6. - Detailed 2guipment list, drying and product storage
section, recovery of soda ash from white nahcolite

75

Screw conveyor (51)

Number: 4.
Size: 16 inches x 30 ft.
Capacity: 1.600 cu ft/hr.
Drive: Kotor.
Hp: S.

Rotary dryer (52)

Number: 4.
Size: 12 ft x 108 ft.
Drive: Kotor.
Hp: 50.

Baa dust collector (53)

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

Blower (54)

".-ber: 12.
capa~1ty: 27,940 cu ft/min.
Drive: Kotor.
Bp: 60.

Rot!%y cooler (55)

~r: 4.
Siee: 9 ft x 56 ft,
Dr1ve: Kotor.
lip: 20.

~lt COnveyor (56)

Number: 1.
ED~:'osed.

Size: 24 inches x 330 ft.
Rise: 85 ft.
5pee~: 30 ft/~n.

Drive: Motor,
Hp: 25.

Belt conveyor (57)

Number: 1.
Enclosed.
Size: 24 inches x 200 ft.
Speed: 300 ft/min.
Drive: Motor.
Hp: LS.
Tripper included.

Storage silo (58)

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

Belt feeder (59)

Number: 10.
Capacity: 2,400 cu ft/hr.
Size: 24 in~he& x 15 ft.
Drive: Motor,
Hp: 1.5.

Belt feeder (510)

Number: 10.
Capacity: 2.400 cu ft/hr.
Size: 24 iaches x 30 ft.
Drive: Kotor.
Hp: 1.5.

Bag dust collector (512)

Number: 1.
Capacity: 12,022 cu ft/min.

Blower (513)

Number: 1.
Capacity: 12,622 cu ft/_in.
Drive: Motor.
ap: 20.

O'PTIt"N I I
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TABLE 7. - Detailed equipment lisc. shale crushing. screening. and storage

Shale surge bin Ko. 1 (1 required)
Holdup: 20 minuces.
Size: 30 ft x 30 fc x 30 ft 5.S.

height with 2 hopper bottom.
Material of C0nstruction:

Reinforced concrete.

Apron feeder (4 required)
(Two for secondary and 2 for

tertiary cr~shing).

Size: 9 ft x 20 ft.
Speed: 55 fpm.
Drive: 40 hp motor.

Grizzlv bar screen (2 required)
Bar cpening: 4.5 in.
Size: 6 ft x 24 ft (including

deckplace).
Drive: 15 hp motor.

SecondarY gyracorv crusher
(2 required)

Capacity: 662 tons per hour.
Drive: 250 hp motor.

Belt conveyor No. lA & IB
(2 required)

(Conveys from crushers to
conveyor No.2.)

Size: 54 in. x 50 ft.
Drive: 20 hp motor.

Belt conveyor No.2 (1 required)
(Main conveyor to tertiary crushing.)
Size: 60 in. x 100 ft.
Rise: 40 ft.
Drive: 125 hp motor.

Splitter (1 required)
Size: 20 ft x 20 ft x 20 ft s.s.

height with two hopper bottom.
Material of construction:

Reinforced concrete.

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

Tertiary gyratory crusher (2 required)
capacity: 440 tph.
Drive: 250 hp motor.

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

conveyor No.4.)
Size: 54 in. x 50 ft.
Drive: 20 hp motor.

Belt convevor No.4 (1 required)
(Main conveyor to 24-hr storage.)
Size: 60 in. by 200 ft.
Rise: 80 ft.
Drive: 350 hp mocor.

Surge bin No.2 (2 required)
Holdup: 24 hrs.
Size: 100 ft x 100 ft x 60 ft s.s.

heighc, 60° sloping bottom.
Material of construction:

Reinforced concrete.

Apron feeder (4 resuired)
(From 24-hr storage-2;. from coarse

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

Screen feed hopper (2 required)
Holdup: 20 minutes.
Size: 30 ft x 30 ft x 30 ft s.s.

height, 60° sloping bottom.
Material of construction:

Reinforced concrete.

Apron feeder to double deck screen
18 required)

Size: 42 in. x 10 ft.
Drive: 7.5 hp motor.

Screen (8 including 2 spares)
Opening: 3/16 inch.
Type: Double deck, scalp to 1 in.

top, remove -3/16 in. material on
bottom.

Size: 5 ft x 16 ft.
Drive: 7.5 hp motor.

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

screen house to coarse shale
storage.

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

OPTION II
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TABLE 7, continued

Surge bin No. 3 (2 required)
Coarse shale storage.
Holdup: 3 hours.
Size: 50 ft x 50 ft x 38 ft

with pyramidal bottom.
Material of construction:

Reinforced concre~e.

Surge bin No.4 (2 required)
Nahcolite rich fines.
Holdup: 24 hours.
Size: 60 ft x 60 ft x 35 ft with

pyrimidal bottom.
Material of construction:

Reinforced concrete.

Belt: conveyor (2 required)
Nahcolite rich fines to storage.
Size: 30 in. x 400 ft.
Rise: 70 ft.
Drive: 25 hp mot:or.

Exh~uster (1 reguired)
t.p: 2 psi.
Hp: 1,200.
Cfm: 50,000

Cyclone (1 reguired)
Cfm: 50,000

77
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Hetort

::-.iumber: 7.
Size: 44 ft ID x 20 ft high

retortin~ section.
Type: Petrosix and the Cameron

and Jor.es1 improved feeding
and dischar~e mechanism.

Refractory: 9 in. firebrick,
9 in. K-30 insulating brick
(retort section).

Drive for ~eedin~ and dischar~in~:

~otor-activated hydraulic.
Hp: 110 top (feed); 200 bottom

(discharge) •

~\lT11ber: 42.
Cap~city: 47,UOO cfm.
Drive: 125 hp motor.
ne~d developed: 12 in. water.

R~tnrt gas blo~er, centTifu~al

~\Imber: 7.
(Recycle and product ~~S.)

Drive: z.noo hp motor.

~ir blower, centrifu9,~l

Combustion air to gas heate~.

Number: 7.
Drive: 275 hp motor.

Electrostatic precipitator

Number: 14.
Size: 12 ft 4 in ID x 20 ft hip-h.
Capacity: 140,100 cfm.
Power: 60 kwhr. per hr.

Number: 7.
(Shale 011 to stora~e.)

Capacity: 175 ~~.

~p: 20.
Drive: 5 hp motor.

Retort feed honner

Number: 7.
Size: 20 ft ID x 20 ft hi~h,

60 G conical bottom.
Holdup: 1 hour.
Material of construction: Ste~l.

Retort feed belt convevor

Numhe:-: ':!.
Size: 54 in. x 200 ft.
Drive: 100 hp motor.

Retort dlschar~e belt conveyor

Number: 1.
Size: ~4 in. x 625 ft.
Rise: O.
nrive: 100 hp motor.

Stacker belt conveyor

Numher: 2.
Size: 2 - 54 ia~ x 5U ft.
Rise: 12 ft.

(extend to each side of
main conveyor.)

Drive: 25 hp llIOtor, each side.

t. 2Refe.~nce to specific makes or models of equi~~nt is made to facilitate
understandinl!: and does not imply endorsement by the Burean of ~ines.

opnON II



TABLE 8. - (Continued)

Gas heater

:~:~r:S2:427 £t2

Operating pressure: 15 psia.
Operating temperature:

Hot gas side: 2,350°F.
Cold gas side: 1.350°F.

U: 6.

Bucket elevator feed hopper

Number: 7.
Size: 20 ft ID x 20 ft high,

60° conical bottom.
Holdup: 1 hour.
~1aterial of construction: Steel.

Apron feeders

Number: 21.
Capacity: 150 tp~.

Size: 42 in x 10 ft.
Drive: 7.5 hp mc~~r.

Bucket elevator

Numb.cr: 21.
Capacity: 150 tph.
Length: 150 ft.
Bucket size: 16 in x 8 in x 8-1/2 in.
Drive: 40 hp motor.

Recycle gas blower, centrifugal

Retort heating gas to gas heater.
Number: i.
Drive: 275 hp motor.

79
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:\" u-,~",.,..:o r : 1 •
;I...."! [ in~ (":1''I;'1C;' ty: ,~4 :1': ~t'l/ilt'.

TII'1f~ ,;urf:lcP: ~u.51)n -;::;:~ ft.

CC'ke dru""'l-------
:>!ul"bcr: 2.
Size: 22 ft TD: 71 ft 1.C'n~.

:-lu~ber: 1.
',-liti. car 3!1C ;:md Ii .,r." c-"kc

hanl!li.n~ c,!IJ;'"'Ir.!c!'!t.

";";,, fr'lct; O~<1t:C't'-- ~ ---_. ----~-
~'.l1""';'cr: 1.
S i7. ..·: I !, '1: ... in. Ill: ,.

7'l:'lt:c~."

~; t - ~ ,,-,,:,r

:;u··,i"'e--r: 1-
S i7.C"' : :, Fe 9 il:. TD: 'j !,,1J.tcs .

• \ ~"""':1""iI r;} ('~.
._--.-- ..-

\:-l~L.;~r: l.
," ZI" : u ft q i.~1. In~ ~:J "l:-ltcs.,>1

~:u,."J-·er: 1.
t!o1(lUi' : If)
Sizt>: 7 ft x 21 ft •

Reproduced from
best available copy.

"'
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T.-\,;Ll: 10.- Detailed equipment list. retorted !;h1'l] e
crushing section. nahcolite-rich zone

Belt convevor (R01) Belt conveyor (R05A)

r-iul!lhcr:
Capacity:

~umber:

Size:
Drive:

~umber: 1.
Enclosed.
Size: 60 in. x 650 ft.
Ri!;e: 50 ft.
Speed: 450 ft per min.
Driv~: 200 hp motor.

Selt convevor (ROlA)

~umber: 1.
SizE': 60 in. x 250 ft.
Speed: 450 ft per min.
Drive: 75 hp motor.
Tripper included.
Wei~htometer included.

Hoppers (R02)

5.
7.013 cu ft.

Belt feeders (ROJ)

5.
48 in. x 10 ft.

3 hp motor.

Hammermil1s (R04)

Number: 5.
Capacity: 395 tons per hr.
Drive: 1.000 hp motor.

Vibrating screens (R05)

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

'-

Number: 1.
Size: 36 in. x 200 ft.
Speed: 400 ft per min.
Drive: 15 hp ~otor.

Belt conveyor (ROG)

Number: 1.
Enclosed.
Size: 36 in. x 70 ft.
Rise: 27 ft.
Speed: 400 ft per min.
Drive: 25 hp motor.

Transfer hopper (R06A)

Number: 1­
Capacity: 30 cu ft.

Belt conveyor (R07)

Number: 1.
Enclosed.
Size: 36 in. x 70 ft.
Rise: 27 ft.
Speed: 400 ft per min.
Drive: 25 hp motor.

Belt conveyor (R08)

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

Belt conveyor (ROSA)

Number: 1.
Enclosed.
Size: 60 in. x 130 ft.
Rise: 40 ft.
Speed: 450 ft per min.
Drive: 125 hp motor.

OPTIO:: II



TABLE 10. - (Continued)

Belt conveyor (R08B)

~umber: 1.
Size: 60 in. x 100 ft.
Speed: 450 ft per min.
Urive: SO hp motor.
Tripper included.

Service crane (R09)

~umber: 1­
Size: 40 ton.

Cyclone dust collectors (RRRR)

~umber: 4.
Capacity: 53,000 cu ft per min.

Blowers (RRRR)

~umber: 8.
Capacity: 26,402 cu ft per min.
Drive: 50 hp motor.
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TA:1Lr-: 11. - ~taile.A_equipmE'~L!.ist. retorted shal~

leachi~_s~n, nahcolite-rich ?onS

-

Hoppers (LOl)

'Number: 4.
Capacity: 6,977 cu ft.

Belt feeders (L02)

Number: 4.
Size: 48 in. x 10 ft.
Orive: 3 hp motor.

Leaching tanks (L03)

:-.lumber: 4.

Capacity: 98,629 gal.
A~itator Drive: 150 hp motor.

Hoopers (L04)

Number: 4.
Capacity: 176 cu ft.

~elt feeders (L05)

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

Pumps (L06)

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

Settlers (L07)

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

Pumps (L08)

Number: 4.
Capacity: 2,975 ~al. per min.
Drive: 60 hp motor.

Thickeners (L09A)

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

Pumps (L09B)

Number: 3.
Capacity: 3,966 ~a1 per min.
Drive: 75 hp motor.

Thickeners (L09C)

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

Pumps (L09D)

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

Pumps (Lo9E)

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

Thickeners (L09F)

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

Pumps (L09G)

Number: 3.
Capacity: 4,085 ~al per min.
Orive: 50 hp motor.

OPTION II



:';ilLE 11. - (Continued)

Pumps (LlO)

Number: :l.
Capaci~y: 4,085 gal per min.
Driv~: 125 hp mo~or.

Stora~e ~anks (Lll)

Number: 7.
Capaci~y: 88.257 ~al.

Agi~a~or drive: 40 hp mo~or.

Pum~s (LlZ)

Number: 4.
Capacity: 5,405 gal per min.
Drive: 75 hp mo~or.

Pumfls (L13)

Numher: 4.
Capaci~y: 4.257 gal per min.
Drive: 100 hp motor.

Clarifving fi1ter~ (L14)

~:"'TT1ber: 32.
Area: 1,645 sq ft.

Repulp ~anks (L1S)

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

Pumo (L16)

Number: 1.
Capacity: 168 gal per min.
Drive: 20 hp motor.

Pumps (L17)

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

R4

OPTION II
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TABLE 12. - Detailed equipment list, desilication
section, nahcolite-rich zone

D~~ilication tanks (D02)

~umber: 5 + I extra.
Capacity: 92.442 gal.
Agitator Drive: 75 hp motor.

Hopper (D03)

~umber: 1.
Capacity: 138 cu ft.

Table feeders (004)

~u~ber: 1 + 1 extra.
Diameter: 36 in.
Drive: 1 hp motor.

Lime slakers (D04A)

~umber: 1 + I extra.
Capacity: 47.040 gal.
Agitator Drive: 40 hp motor.

Pu:nn (D04B)

r';umber: l.
Capacity: 1.724 gal per min.
Drive: 20 hp motor.

~umber: 5 + 1 extra.
Capacity: 3.389 gal per min.
Drive: 40 hp motor.

Settlers (000)

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

Pumps (007)

~umber: 2.
Capacity: 70 gal per min.
Urive: 3 hp motor.

Thickeners (D08)

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

Pumps (D09)

Number: 2.
Capacity: 70 gal per min.
Drive: 7.5 hp motor.

Pumps (InO)

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

Pumps (Dll)

Number: 2.
Capacity: 8,403 gal per min.
Drive: 200 hp motor.

Clarifying filters (DI2)

Number: 28.
Area: 1,645 sq ft

Repulp tanks (DI2A)

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

Pump (Dl2B)

Number: 1.
Capacity: 1 gal per min.
Drive: 0.75 hp motor.

Storage tanks (013)

Number: 5.
Capacity: 96.441 gal.
AgItator drive: 50 hp motor.

OPTIO~ II
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TAIlJ.E 13. - Detailed equipment list, alumina precipitation

and calcination sect ion, nahcoIi te-rich zone

Pump (COl) Pumps (C09)

Number: 1.
Capacity: 16,877 gal per min.
Drive: 300 hp motor.

Carbonation tanks (C02)

NUll1b~r: 116.
Size: 98,718 gal.

Pumps (C03)

~umber: 1 + 1 extra.
Capacity: 17,495 gal per min.
Drive: 200 hp motor.

Frirnarv thickener (C04)

:-Oumber: 1.
Size: 211 ft diam.
Drive: 10 hp motor.

Pump (COS)

Number: L
Capacity: 16,811 gal per min.
Drive: 200 hp motor.

Secondarv thickener (COb)

Kumber: 1-
Size: 159 ft diam.
Drive: 7.5 hp motor.

Pump (C07)

NUl'lher: 1.
Capacity: 16,993 gal per min.
Drive: 250 hp motor.

Pumps (COS)

Number: 1 + 1 ext~a.

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

Numb~r: I + I extra.
Capacity: 683 gal per min.
Drive: 60 hp motor.

Wash tank (CIO)

Number: l.
Size: 29 f t :liam x 60 ft high.

Pump (Cll)

Number: l.
Capacity: 427 gal per min.
Drive: 7.5 hp motor.

Pumps (C12)

Number: 1 + 1 extra.
Capacity: 683 ~a1 per min.
Drive: 15 hp motor.

Wash tank (C13)

Number: 1.
Size: 29 ft diam x 60 ft high.

Pump (C14)

Number: 1.
Capacity: 427 gal per min.
Drive: 5 hr motor.

Internal drum filters (C1b)

Number: 4.
Area: 300 sq ft.
Drive: 20 hp motor.

Pump (CI7)

Number: 1.
Capacity: 427 gal per min.
Drive: 20 hp motor.

OPTION II
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87

~u!'lber:

Size:
Drive:

Screw conveyors (CIS)

4.
9 in. diam x 30 ft long.

S hp motor.

Rotarv kilns (C19)

Number: 4.
Size: 12 ft diam x 376 ft lanA.
Linin~: 9 in. alumina brick.
Drive: 200 hp motor.

evclone dust collectors (C20)

=-:umber: 20.
Capacity: 25,951 cu ft.

Blo....ers (e2l)

~umber: 20.
Capacity: 25,951 cu ft per min.
Drive: 50 hp motor.

F,'l,;arv coolers (C22)

Number: 4.
Size: 6.5 ft diarn x 31 ft long.
Drive: 20 h~ motor.

Belt conve~or (C25)

Number: 1.
Enclosed.
Size: 18 in. x 110 ft.
Speed: 250 ~t per min.
Drive: 2 hp motor.
Weightometer included.

Belt conveyor (C25A)

Number: l.
Enclosed.
Size: 18 in. x 225 ft.
Rise: llC; ft.
Speed: 2~0 ft per min.
Drive: 15 hp motor.

Belt conveyor (e25B)

Number: 1.
Enclosed.
Size: 18 1n. x 160 ft.
Speed: 250 ft per min.
Drive: 5 hp motor.
Tripper included.

S110s (C26)

Number: 4.
Concrete.
Capacity: 93.000 cu ft.

Belt feeders (C27)

Number: 8.
Size: 24 in. x 15 ft.
Drive: 1.5 hp motor.

Bag dust collector (CC~C)

Number: 1.
Capacity: 3.000 cu ft per min.

Blower (CCCC)

Number: l.
Capacity: 2.837 cu ft per min.
Drive: 7.5 hp motor.

OPTION 11
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TABLE 14. - Detailed equipment list. shale fines l~achinr:

~ion. nahcolite-rich zone

.~

Number:
Size:
Drive:

Belt conveyor (FOl)

:-Jum~er: 1.
Enclosed.
Size: 30 in. x 700 ft.
Rise: 40 ft.
Speed: 300 ft per min.
Drive: 30 hp motor.

Belt convevor (FOIA)

Number: 1.
Size: 30 in. x 135 ft.
Speed: 300 ft per min.
Drive: 10 hp motor.
Tripper included.
Wei~htometer included.

"oopers (F02)

Number: 6.
Caoacity: 658 cu ft.

Screw feeders (F03)

Number: 6.
Size: 24 in. x 5 ft.
Drive: 1.5 hp motor~

Rotarv kilns (F04)

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

Cyclone dust collectors (F05)

Number: 18.
Capacity: 28.973 cu ft per min.

Blowers (F06)

Number: 18.
Capacity: 28.973 cu ft per min.
Drive: 60 hp motor.

Rotary coolers (F07)

6.
7 ft diam x 56 ft long.

20 hp motor.

Belt conv~vor (FlO)

Number: 1.
Enclosed.
Size: 30 in. x 150 ft.
Speed: 300 ft per min.
Drive: 7.5 hn motor.

Belt convevor (FlOA)

Number: l.
Enclosed.
Size: 30 in. x 125 ft.
Rise: 40 ft.
Speed: 300 ft per min.
Drive: 25 hp motor.

Hopper (Fl!)

Number: l.
Capacity: 3.951 cu ft.

Belt feeder (F12)

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

Leaching tank (F13)

Number: 1.
Capacity: 48.452 gal.
Agitator drive: 75 hp motor.

Pmnp (Fl4)

Number: 1.
Capacity: 3.553 Ral per min.
Drive: 40 hp motor.
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T'\I~L::: 14. - (Continued)

Settle!" (Fl~)

~umber: 1.
Size: 178 ft diam.
Drive: 7.5 hp motor.

Pump (Fl6)

~umber: 1.
Capacity: 1,409 gal per min.
Drive: 30 hp motor.

Thickener (Fl7)

~umber: l.
Size: 170 ft diam.
Drive: 7.5 hp motor.

Pump (n8)

~umber: 1.
Capacity: 1;763 ~al ;ler min.
Urive: 40 hp motor.

Pump (Fl9)

Number: l.
Capacity: 1,409 gal per min.
Dri~e: 30 hp motor.

Rotary vacuum filters (F20)

~umber: 6.
Area: 790 sq ft.

Belt conveyor (F2l)

Number: 1
Enclosed.
Size: 24 in. x 500 ft.
Speed: 300 ft per min.
Drive: 25 hp motor.

89

Pump (F22)

Number: 1.
Capacity: 498 gal per min.
Orive: 7.5 hp motor.

PU'tlp (F23)

~umber: 1.
Capacity: 2,143 gal per min.
Drive: 40 Itp motor.

Clarifying filters (F24)

Number: 4.
Area; 1.645 s~ ft.

Reoulp t3nk (F24A)

Nu.'tIber: 1.
Size: 16 ft x 30 ft x 1 it high.

Pump (F24B)

Number: 1.
Capacity: 20 gal per min.
Drive: 5 hp motor.

Cyclone dust collector (FFFF)

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

Blower (FFFF)

Number: l.
Capacity: 6,305 cu ft per min.
Drive: 15 hp motor.

OPTION II
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TABLE 15. - Detailed equipment list, soda ash crystalli7.ation
and dehvdration section. nahcolite-rich zone

~lixing tanks (501)

Number: 2.
Capacity: 54,540 gal.
Agitator drive: 50 hp motor.

Pump (502)

:-Jumber: 1.
Capacity: 23,997 gal per min.
Drive: 125 hp motor.

Crystai1izers (503)

Number: 1l.
~vaporator. 7 effect.

Area per effect: 13,711 sq ft.
Type: forced circulation.

Barometric condenser.
Capacity: 10,375 gal per min.

Steam ejector.
Capacity:' 246 10 dry ~as per hr.

Condensate tanks (S03A)

Number: 11.
Capacity: 34,369 ~al.

Pumps (S03B)

Number: II.
Capacity: 1,250 r.al per min.
Drive: 50 hp motor.

Pumps 504)

Number: 1 + 1 extra.
Capacity: 7.958 ~a1 per min.
Drive: 250 hp motor.

Centrifuges (505)

Number: 10.
Size: 54 in. bowl.
Drive: 150 hp motor.

Pump (S06)

Number: 1.
Capacity: 5,971 gal per min.
Drive: 75 hp motor.

Screw conveyors (S07)

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

Rotary dryers (S08)

Number: 10.
Size: 12 it diam x 120 ft lo~g.

Drive: 50 hp motor.

I
Cyclone dust collectors' (S09)

Number: 40.
Capacity: 23,694 cu ft per min.

Blowers (SIC)

Number: 40.
Capacity: 23,694 cu ft per min.
Drive: 50 hp motor.

Rotarv coolers (SII)

Number: 10.
Size: 7.5 ft diam x 83 ft long.
Drive: 30 hp motor.

~elt conveyor (S14)

Number: 1­
Enclosed.
Size: 36 in. x 265 ft.
Speed: 400 ft per min.
Drive: 15 hp motor.
Weightomecer included.

OPTION II



TA~L£ 15. - (Concinu~d)

Belt convevor (S14A) Pump (524)

91

Number: 1.
Enclosed.
Size: 36 in. x 225 ft.
Rise: 110 fc.
Speed: 400 ft per min.
Drive: 75 hp motor.

Belt convevor (514B)

Number: 1.
Enclosed.
Size: 36 in. x 560 ft.
Speed: 400 ft per min.
Drive: 30 hp motor.
Tripper included.

Silos (51')

Number: 28.
Concrete.
Capacity: 100.000 cu ft.

Belt feeders (516)

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

Belc feeders (516A)

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

Xixing tank (523)

NUl'1ber: 1.
Capacicy: 19.835 ~al.

Agitator drive: 20 hp motor.

Number: 1.
Capacity: 4.165 gal per min.
Drive: 50 hp macor.

Desu1fating tanks (S25)

Number: 2.
Capacity: 58.867 gal.
A~icator drive: SO hp maCor.

Hoppers (526)

Number: 2.
Capacity: 315 cu ft.

Belt fe~ders (527)

Number: 2.
Size: 16 in. x 10 fc.
Drive: 1 hp motor.

Pumps (528)

Number: 1 + 1 exCra.
Capacity: 4.316 ~al per min.
Drive: 50 hp motor.

Rotary vacuum filters (529)

Number: 4.
Area: 700 sq ft.

Repulp tanks (530)

Number: 4.
Capacity: 2.186 ~a1.

Agitator drive: 1 hp motor.

OPTION II



TAn I.E 15. - (Con t. i:"lucd)

Pum~ (531)

Number: 1.
Capaci~y: 699 gal per min.
Drive: 50 hp mo~or.

Pucp (532)

Number: l.
Capaci~y: 4.158 ~al per min.
Drive: 125 hp motor.

Pumps (535)

Number: 11.
C~pacity: 10.636 gal per min.
Drive: 200 hp motor.

Bag dus~ collector (SSSS)

Number: 1.
Capaci~y: 5.700 cu ft per min.

Blowers (SSSS)

Number: 1-
Capaci~y: 5.675 cu ft per min.
Drive: 15 hp motor.

Water storage tank (SSSS)

Number: 1.
Capacity: 1.055.040 gals.
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TABLE 16. - Detailed e~uipment list, limestone calcinin~ and flue-~as

orocessin~ section, nahcolite-rich zone

93

Number:
Size:
Drive:

Itopners (Tal)

,~uT:lber: 10.
Capacity: 1,111 cu ft.

Belt convevors (TOIA)

Xumber: 10.
Size: 18 in. x 20 ft.
Speed: 250 ft per min.
Drive: 1.5 hp motor.

Hell conveyor (T02)

Number: 1.
Enclosed.
Size: 36 in. x 400 ft.
S?~ed: 4UO ft per min.
Drive: 25 hp motor.
Weil?;htometer included.

Belt conveyor (T02A)

:-<u~ber: 1.
Enclosed.
Size: 36 in. x 115 ft.
Rise: 60 ft.
Speed: 400 ft per min.
Drive: 75 hp motor.

Belt conveyor (TC2B)

Number: 1.
Enclosed.
Si7.e: 36 in. x 280 ft.
Speed: 400 ft per min.
Drive: 30 hp motor.
Tripper included.

Apron feeders (T04)

1 + 2 extra.
24 in. x 10 ft.

2 hp !'lotor.

Belt conveyor (T05)

:-lumber: 1.
J::ncloseri.
Size: 24 in. x 450 ft.
Rise: 50 ft.
Speed: 300 ft per min.
Drive: 15 h1"' motor.

Hopper (T06)

Number: 1.
Capacity: 1,810 CII fc

Cone crusher, st~ndard head (Dl8)

Number: l.
Size: 4 ft.
Drive: 75 hp motor.

Vibrating screen (T09)

Number: l.
Size: 114 sq ft.
Drive: 15 hp motor.

Belt conveyor (TlO)

Number: 1.
Enclosed.
Size: 12 in. x 55 ft.
Rise: 27 ft.
Speed: 200 ft per min.
Drive: 3 hp motor.

Transfer hopper (TIOA)

Number: l.
Capacity: 30 cu ft.

Belt conveyor (TIl)

Number: 1.
Enclosed.
Size: 12 in. x 55 ft.
Rise: 27 ft.
Speed: 20 ft per min
Drive: 3 1m motor.

OPTION II



7O\::U: 16. - (Continu~d)

Belt convevor (T12)

:"uTTlber: l.
Size: 24 in. x 95 ft.
Rise: SO ft.
Speed: 300 ft per min.
Drive: 20 hp ~otor.

Hopper (Tl3)

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

Cone crushers. short head (TIS)

Number: 2.
SizE': 5.5 ft.
nrive: 200 hp ~otor.

Belt conveyor (T16)

Number: 1.
Enclosed.
Stze: 24 in. x 100 ft.
Rise: 40 ft.
Speed: 300 ft per min.
Drive: 15 hp motor.

Belt conveyor (T16A)

94

Rotarv ki~ns (T19)

Number: 4.
Size: 12.5 ft diam x 235 ft long.
Linin~: 9 in superduty fireclay

brick.
Drive: 125 hp motor.

Cyclone dust collectors (T20)

Number: 16.
Capacity: 28.221 cu tt per min.

Blowers (T21)

Number: 16.
Capacity: 28.221 cu ft per min.
Drive: 60 hp motor.

Waste-heat boilers (T2U)

Number: 4.
Size: 10.955 sq ft.

Blowers (T22)

Number: 8.
Capacity: 29.307 cu ft per min.
Drive: 60 hp motor.

Number: 4.
Capacity: 1.649 gal per min.
Drive: 30 hp motor.

NUT:1ber: l.
Enclos~d.

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

Hoppers (Tl7)

Number: 4.
Capacity: 452 cu ft.

Gas scrubbers (T23)

Number: 4.
Capacity. inlet:

Pumps (T23A)

50.190 cu ft
per min.

Screw feeders (T18)

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

Compressors (T24)

Number: 4.
Pressure: SO Ib per sq in.
capacity: 15.426 eu ft per min.
Drive: 800 hp motor.

OPTION II



TABL~ 16. - (Concinuerl)

Pumo (T24A)

Number: 1.
Capacity: 63 gal per ~in.

Drive: 3 hp motor.

Rotarv coolers (T25)

Number: 4.
Size: 7.5 ft diam. x 33 ft long.
Drive: 20 hp mocor.

Belt conveyor (T28)

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

Belt convevor (T28A)

Number: 1.
Enclosed.
Size: 20 in. x 225 ft.
Rise: 110 ft.
Speed: 250 ft per min.
Drive: 15 hp motor.

Belc conveyor (T28B)

Numbe!': 1.
Enclosed.
Size: 2U in. x 200 ft.
Speed: 250 ft per min.
Drive: 5 hp motor.
Tripper included.

Silos (T29)

Number: 5.
Concrete.
Capacity: 100,000 cu ft.
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Belt feeders (T30)

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

Belt conveyor (T3l)

Number: 1.
Enclosed.
Size: 20 in. x 200 ft.
Speed: 250 ft per min.
Drive: 3 hp motor.

Belt conveyor (T31A)

Number: 1.
Enclosed.
Size: 20 in. x 90 fc.
Rise: 45 ft.
Speed: 250 ft per min.
Drive: 7.5 hp motor.

Belt conveyor (T3lB)

Number: l.
Encl':lsed.
Size: 20 in. x 1,600 ft.
Speed: 250 ft per min.
Drive: 20 hp motor.
Tripper included.

Service crane (T32)

Number: 1.
Capacity: 40 ton.

Cyclone dust collector (TTTT)

Number: 1.
Capacity: 25,000 cu ft per min.

Blower (TI'TT)

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

OPTION II



TAI>LJ::: 17. - Uetai1ed et'Juipmenc lis t, cankil'2e
\.

9£'.

,
No. of Size, Diam. , hE:ight,

Sen'ice tanks bb:'.s feet feet Tvpe

Retort crude rundown .................. 14 6,000 40 27 Cone roof
Crude storilge ................................ 4 lSO,OOU 100 108 Cone roof
Col~in~ charge ................................ 2 4u,OOO 70 59 Cone roof
C"ker dis::il.lace rundown .......... 4 35,000 70 52 Pontoon roof
(ok.:!r distillate stora~e anu

hydrocracking charp-e ............ 2 35,000 70 52 Pontoon roof
Hyurol::enation plant rundOIo,"n .. 2 35.000 70 52 Pontoon roof
Slop tanks ...................................... 2 8,000 40 36 Cone roof
Emergency f;.l,::l .............................. 1 5\)0 10 14 Cone roof
,\!'11Innni:'l, liC]uid ............................ 2 1,200 9 53 Horizoncal

pres. vessel
Sulfur. molten .............................. 2 2 670 18 15 Cone roof
!iydrocrac:>.ed distillate

stora'2e ...................................... 2 150,000 100 lOS Pontoon roof
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TABLE IS. - Capital investment summary, mine
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Total direct ••••••....•...•.•....•. 12,426,500

Unit

1,900-it level

Mining and haulage •..•...•.....•.
Crushing and conveying .
Shops and auxiliary ...........••.
Ventilation ...•..•...•........••.

2,400-ft level

Hini~g and haulage .......•......•
Crushing and conveying ..••.......
Shops and auxiliary •.••.••.•...•.
Ventilation. _..••.••..••.•.••.•••

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

Ventilation (surface
installations) ..••...•.....•...

Explora~ion and development •.....
Shafts and hoisting equipment •••.
Buildings aad surface •••.•••••.•.

Deferred
eY.1Jenses

$911,600
11,502,800

12,100

Depreciable

$1,764,400
1,414,400

369,200
30,000

3,404,500
5,035,100

488,400
161,100

216,600

3,346,900
1,447,800

17,678,400

Total cost

$30,104,900

Field indirect 0.5 (16,514,100 x 0.10) •••••••••••••••••••••·•

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

Overhead and administration •••.•...•.•••••.•••.•....•......•

Subto tal ..•.•.•...•...•....••••.•.••••••••••••••••••••.•••••

Contingency at 10% •••••••••••••••••••••••••.••••.•.....•...

Total .••.••.•••••••.•.•.•..••••.•.. •• ••.••••.•...••••.•.•.•.

825,700

1,501,000

1,501,000

33,932,600

3,393,300

37,325,900

OPTION !I



TABLE 19. - Equipment cost summary, mine - 1900-ft level
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1/ See ventilation section for the 2.400-ft level..

4
4
4
4
8
4

3
3
3
1

1

1
1
6
8
1
3
1

30

Mining and haulage

Description

Joy 15RU cutters
Joy CD-73 2 boom electric drills
Powder wagon
Joy l4BU 10-110 loaders
Joy lOSe 27A shuttle cars
Joy RBD 8 roof bolters

Grand total

Conveying and crushing

42-in. conveyors, motors, controls
36-in. conveyors, motors, controls
Crusher-conveyor feeders
Roll crusher ut shaft

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

Grand total

Shops and auxiliary
Mancar
Diesel tractor, blade and winch
Personnel cars
Transformers 4l00-440V
Battery charger (underground)
Portable machine shops
Main machine shop
Electric distribution wire,

17,500 ft size 0
5,000 ft 3-conductor #4

Water line

Grand total

Ventilation

Main ventilation fansl l
Heading ventilation fans

Grand total

Cost each

$109.000
73.500

7.600
73,500
67,200
43,100

210.500
:88,400

53,300

50,700
7,100

5,700
48,400

2,700
9.100

300
11,300

113,400

51,300
27,200

1.000

Depreciable
Total CORt

$436.000
294,000
30,400

294,000
537,600
172 ,400

1,764,400

631,500
565,200
159,900

50,700
7 .100

1,414,400

5,700
48,~OO

16.200
i2 .800

300
33,900

113,400

51,300
27,200

369.200

30.000

30.000

OPTI()~ II



TABLE 19. - Equipment cost summary. mine - 2400-ft level. continued
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Mining and haulage

Depreciable
Description Cost each cost

3 Heading jumbo $171,400 S 514 ,200
2 Bench jumbo 89,500 179,000
4 Powder trucks with pneumatic

loading system 22,100 88,400
4 Scaling and rock bolting rig 82,700 330,800

400 Starting drill steel inventory 61ft 2,400
18 Rotary bits, 3-1/2" and 4" 32 600

4 Hough 400 front end loader 143,300 : 573,200
9 Haulage tr1.Ocks 143,900 1,295,100
2 Motor patrol 36,800 73,600
4 Bulldozer 75,400 301,600
4 Water truck 11,400 45,600

Total 3,404,500

Crushing and conveying

3 Hopper 5,100 15,300

3 Apron feeder 17 ,900 53,700

3 Grizzly feeder, switch gear and motor 25,500 76,500

3 Double roll crusher, switch gear
and motor 124,900 374,700

1 Conveyor system 4,492,100 4,492,100

3 Dust colleccor 7,600 22,800

Total 5,035,100

OPTIO~ II



TABLE 19. - Zquipment cost summary -2400 -ft level, continued
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Shops and auxiliary

Description Cost each
Depreciable

cost

6
1
l

9,000
3

14
2
l
2
4
1

1
20

10,000
30,000

3

Power center transformers
Fuel eil pipeline
Fuel cil scorage tank, underground
ft Electric size "0" main line
ANFO transport trailer
Pickups for supervisors, etc.
Fuel and service trucks
Ambulance
Bus
Supply truck
Underground machine shop

Total

Ventilation

Auxiliary ventilation fan
Auxiliary fans for headings
ft Ventilation tubing 24" diameter
ft Electric cable
Air locks for ventilation control

Total

$ 9.100
27.200
8.400
.75/ft
1.700
4.000

14.700
5.900
9.100
5.900

253.200

2.700
1.600

2.38/ft
2.0S/ft
13,400

$54.600
27,200
8.400
6.800
5,100

56.000
29.400
5,900

18.200
23.600

253.200

488.1.00

2,700
32,000
23,800
62,400
40.200

161.100

:~

2 Main ventilation fans ~/

Total

~/ These fans provide primary ventilation to both levels.

216,600

216,600

OPTIO~ II
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TABLE 19. - Equipment cost summary. 1900- and 2400-ft levels, continued

Shaft and hoisting equipment

·~.

Quantity

2

2

1

Description

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

Headframe; reintorced concrete
st:ructures

Hoist, Koepe with motors and
. controls for service

Deferred expense Depreciable

$2,267,900

241,800

367,200

;~.

.~

120,900
61,000
29,500

117,400
141,200

1

2

1

3
6
1
2

Headframe; reinforced concrete
struc~ures

Installation of hoist and cables
Freight and truck haulage
Wire rope - 2" - 27,700 ft @ $4.25/ft
4 ore skips, 2 cages, ore chute
Production shaft excavation, lining

guides, 20 ft inside diameter
Service shaft excavation, lining

guides, 30 ft inside diameter
Underground surge bin
Shaft stations at levels
Ore pass 1900 level to 2600 level
Excavation and structures for

loading station and pockets

'rotal

$5,383,700

4,470,600
607,100
879,700
40,100

121,600

11,502,800 3,346,900

opnON 11

"!

:1
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TABLE 19. - Equipment cost summary, 1900- and 24QO-ft levels, continued

Bui1dings1/and surface

Quantity

1
1

Description

Access road (temporary)
Surface stockpile feed system

Total

Deferred expense Depreciable

$12,100
$1,447,800

$1,459,900

1/ Buildings included in plant facilities charges.

OPTION II

.'<

,r
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TABLE 20. - Eoui?~ene cosc su~ary, nahcoliee preparaeion scceion,

recoverv of soda ash from ~~ite n~~ ~1~

Fee , .•.. , .....•.••.••••••••••••••••....••...•.•..• " ..

Cont:ingency..•....................•........•.... , ............•... .',

1,737,100
5,498,300

744,000
495,000

6,737,300
336,900
336,900

7,411.1.00
7U ,100

5,152,200
407,600

8,559,800

707,000
203,600

61,100
152,700

dollai~ Toeal cost,
Lab')~r~__---:d::.;o:::;l::;l~a::.;r~s:::...._

8,000
17,200

900
400

1,400
4,300
5,000

~oo

1,500
11,200

500
6,800
2,200

100
2,200
8,200
4,200
3,400
6,500
2,200

400
3,200

441,300
6,500
4,300

150,000
4,600
3,100
2,500

900
400
100

3,100

Cose,
}Iateria1

53,300
95,400

3,400
7,600
8,900

30,900
27,300

7,500
10,lOO
79,200

9,300
57,300
11 ,800

100
11,800
45,800
23,600
23,100
36,000
12,200
8,900

20,800
1,470,900

64,4l.J0
43,000

750,100
46.200
30,900
19,900

9,100
3,200
1,100

:31.100
3,054,200

152,700
122,200
152,700

1
6
1
1
3
3
3
9
9
3
6
9
1
2
1
1
1

6
1
1
1
1
1
1
1
2
2
2
4
1
1
1

Ouaneitv

51,100 24,400
183,300 137,400
152,700 76,400

9,2GO 27,600
122,200 97.800
956,100 781,000

Toeal direct....................... 4,010,300 1,488,000
F~.eld indirect .•••.•.••••.••••••..........•.................•.•..
Storage silos ••....••••.•••..•••.•......................•.••.•..•
Toea1 const:ruct:ion ......................••...••••.•.....••..•••••
Engineering ....•.........•••••••.•••..•.•••.•......•••....•••....
Overhead and administ:ration••••••••.•••.•.....•...•..............

leem
Apron feeder .
Be1c conveyor .
I<eightometer ....•.••.....
Hopper •••.•....••..•.....
Apron feeder ...•.........
Ha=ermill ..........•....
nelt conveyor ••.•.••.....
Hopper .•.••••••.•••••.•..
Apron feeder ..........•..
Ha.:nmerrni11 ......•......•.
1I.·pper .....•.• ,. " •••• '"
Vibrating screen .••••.•..
Belc conveyor .
Transfer hopper .........•
bel c conveyor .•..••••.•••
Be1e conveyor ...•••••••••
Bel c conveyor .
Belt feeder .............•
Belt conveyor ........••.•
Bel c conveyor ....•.....••
Surge bin .
Screw feeder .
Ro cary kiln ...•..........
Cyclone dust collector ...
B1o'~er....•.•.•....•.....
Roeary cooler .•..........
Cyclone dust collector ...
Blower ..•....••....•.•...
Bag dust collector ••.•...
Blower ....•........•.....
~g duse co1leccor ....•..
Blower .........•.••••••..
Service crane ••••••••••••

Foundacions .
5eructures .....................•...
·Bui1dings ...•..•.••••......••..•.•.
Insulation•••.•..•.................
Instrurnentaeior. , " ..
Electrical ....•....................
Piping ..•..••••••••••••••••....•.••
Paineing .•.•••••••••••••••...•.....
Miscellaneous •......•.•...•........

Opt:ion II



TABLE 21. - Equipmene cose summary. leaching sec:ion.
recovery of soda ash from whice oahcoliee

104

./

I~ern

Bele conveyor .
Surge bi~.....•.•.••..•
Apro~ feeder ..•...••••.
Pump .
PUI!lp .
Leaching eank .•........
Pump .
Thickener .....•...••...
Pu!np ....•....••••.•••..
C.C.D. thickener ...•...
PUlI"~ •••••••••••••.•••••
\o;'2sLe mixing tank' .
PUl!lp .
PUI:lp .........•.........
Pressure filter ...•••..
Sump tank ...........•..
Surge cank.........•...
Pump ....•..............
Surge Lank .

Quantity
1
1
1
1
1
1
2
1

10
4
4
1
2
2
7
7
1
2
2

Cost.
~terial

31.900
10,400

6,800
1,900

400
9,800

10.ZaO
286.700

20,800
729.300

5,700
5,400
4,500
4,000

124,400
7,500

200
2,100

10,000
1,273,000

dollars
Labor
5,700

600
1,000

100
100
600
200

28,700
400

72,900
200
300
100
100

12,500
800
100
100

1,000
125,500

Toeal cos::,
dollars

1,398,500

Foundations •.•......••..•••.•••
Structures •.•.•••...•..•.•.....
Buildings .....•....•••...•...••
Insulation....•..........•....•
Instrumentation•....•••..•..•..
Electrical •••••••••.••...••••••
Piping .•••••••••••••••••••••.••
Painting •.....•.•............•.
!-liscellaneous .•...............•

Total direct .••••.••••.•.•••.••

57.300
50,900
50.900
12,700
63,600

114.600
381,900

5,100
63,600

800,600

2,073,600

76,400
25,500
50,900
19,100
25,500
85,900

191,000
15,300
50,900

540,500

666,000

1,341,100

2,739,600

Field indirec t •••••.••••.•....•.............•.......•.....•

To tal construe t ior. ...•.•.•••.•••••..•.....•.••.•••••.•.••.•

.Eng i nee,r ing ...•.•..••.••.••.•.••.••.•..••.•.•..••.••••.••••
. Overhead ant! administration.•••.•••••••..••...••.••.••••..•

Contingency...•••••.••.•.•••..•.•....•...••.•.••.••••••.•••

Fee...•.......•.•.•.•...••....•.......•..•................•

333.000

3,072,600

153,600
153,600

3,379,800

338,000

3,7l7,800

185,900

3,903.700

Option II
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TABt£ 22. Equipment cost summary. crystallization

Total direct •••••••••••••••••••••••••

Piping .•••••••.•••••.••••••••••••••••
Painting •••••••••••••••••••••••••••••

Foundations ••••••••••••••••••••••••••
Structures •••••••••••••••••••••••••••
BuildinB·~ ••.••••••••••••••••.•••••••••
Insulati~c •••••••••••••••••••••••••••
Instrumentation ••••••••••••••••••••••
Electrical •••••••••••••••••••••••••••

2,246,700

4,496,500

$2,24 9,800

Total cost
Cost

Material tabor

$5,800 $200
1,688,800 84,400

142,700 4,200
1,800 100
5,500 100

10,000 200
271,900 27,200

300 100
5,900 600

2,132,700 117,100

96,000 128,000
85,300 42,700
85,300 85,300
21,300 32,000

106,600 42,700
191,900 144,000
639,800 319,900

8,500 25,500
106,60-J 85,300

1,341,300 905,400

3,474,COO 1,022,500

QuantityItem

PlIDlp •••••••••••••••••••••••• 2
Crystallizer 7 effect ••••••• 1
Surge tank .••••••••••••••••• 5
Pump •••••••••••••••••••••••• 1
P\lIIlIF '....................... 1
r~· ;........................ 2
Centrifuge •••••••••••••••••• 4
Heat exchanger •••••••••••••• 1
Surg~ ~~nk .••••••••••••••••• 1

Field indirect ••••••••••••••••••••••••••••••••••••••••••••••

Total conatruction ••••••••••••••••••••••••••••••••••••••••••

511.200

5,007.700

Enginee~lDg ••••••••••••••••••••••••••••••••••••••••••••••••• 250,l..OO

~erbe.d and a~Dic~r.~loD ••••••••••••••••••••••••••••••• ~. 250,{,OO

5,508,500

Contingency

Fee

.......................................... ~ .

,.........................................................

550.800

6,059,300

303,000

6,362,300

OPTIml I I
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TABLE 23. - EquiDment cost summary, product drvin~ and Storage

Sere"" conveyor •..•.•.••••
Rotary dryer ............•
Bag dust collector .
Blo,"er •••••..•••••••.•..•
Rotary cooler •••••••••.••
Belt conveyor ..••.•..•.••
Belt conveyor ••...•.....•
Belt feeder •••....••.....
3elt feeder .••••••••••••.
Bag dust collector ..•••••
Blower ..............•..••

Quantity
4
4

12
12

4
1
1

10
10

1
1

Cost, dollars
~~terial Labor

$12.900 $1,900
690.300 110.500
216.900 28.200

50,700 5,100
245,200 39,200

37.000 6,600
28,000 5,100
34,100 5,200
52,000 7,700
4,600 500
1,800 200

Tot",l cost

Total construction•.••.••••••••••••••••••••••••••••••••••••

Field ind irec t ••..•....••.•••••.••••••..••.••••••••••••••••

Fee .•••••••••••••••••••••••••••••••••••••••••••••••••••••••

Contingency••••••••••••' ••••••••••••••••••••••••••••••••.•••

$1,583,700

781,000

2,364,700

280.600

730,300

3,375,600

168.800
168,800

3,713,200

371,300

4,084,500 .
"204,200

4,288,700 ~:

;.

OPTIO~~ Ii ".

'i,
"

1,373,500 210,200

68,700 91,600
54,900 27,500
68,700 68,700

27,500 11,000
82.400 61.80G
60.700 34.300
4,100 12.300

54,900 [,,3,900

429.900 351.100

1,803.400 561,300

siorage silo s •••••••••.•••••••••••••••••••.••••.•••.•••••••

Eng ineering ••••••••••••••••••••••••••••••••••••••••••••••••
Overhead and administration•••••••••••.••••••••••••••••.•••

Total direc~••••••••••••••••.•• ;

Founda t ions •.•.•..•.•••••..•••••
Structures .....•.....•...•.•.•.•
Buildings .•••.••.•..••...•••...•
Insu~ation.•••.••••.••.•.•••..••
Instrumentation.••.•.••..••••.••
Electrical .•.•.•....•...•.•...••
Pit>~;;6" ..••......•......•.....•
Painting. ~ •••••• ~ •.•••.••••.•••.
Miscellaneous .•.••••••.•••••••••



TABLE 24. - Equipment cost s~rv, crushing, screening, and storage
107

dollars
Item
Surge bin No.1 •••••.•.•
Apron feeder •••.•.••..•.
Grizzly bar screen .•...•
Secondary crusher •.•••••
Conveyor .••..••••••••.••
Conveyor ••••.•••••••••••
Splitter ••••.•••.•.•.•..
Scalping screen ..•.••...
T~rtiary crusher ...•....
Surge bin No.2 .•..•••••
Apron feeders .••.•••.••.
Conveyor ••••••••..••••••
Screen feed hopper ••••••
Apron feeder ••••••••.•••
Screen ...•....•.•.......
Surge bin No.3 ...•.•...
Surge bin No.4 ......•..
Conveyor .........•••••.•
Exhauster ..••••••..•••••
Cyclone ..•.••.•••..•••..

Ouantitv
1
4
2
2
4
3
1
4
2
2
4
1
2
8
8
2
2
2
1
1

Cost,
Mater:1.al

25.400
255,600

28.000
134.400
49,700
82,200.
10,100
39,600

134,400
243,500
255,600
39,700
33,500

131,900
79,100
53,300
63,900
76,300
30,400

6,100

Labor
2,0500

25,600
2,800

13,400
5,000
8,200
1,000
4,000

13,400
24,300
25,600
4,000
3,300

13,200
7,900
5,300
6,400
7,600
7,600

600

Total cost,
dollars

Total construction••....•....•......••..••..•.••.•••••••••••.

Field i"'direct •••..•••••••.••••••••••••.••••.•.••....•....••.

Fee .........•••....• _...•.....•.....•...••...••••••••...•.•••

Contingency...•...•••..•••...••..•..•••.•••••••••••••••.•••••

1,008,000

2,962,400

317,400

3,279,800

164,000
164,000

3,607,800

360,800

3,968,600

198,400
.-:-,

4,167,000

1,954,4001,772,700 181,700

88,600 118,200
70,900 35,500
88,600 88,600

35,500 14,200
106.400 79,800

88,600 44,300
5,300 15,900

70,900 56,700

554,800 453,200

2,327,500 634,900Total direct ..•••.•••••••••••••

Foundat ions ...••.••••••••••..••
Structures .•..•••••••.•••.•••.•
Buildings ..•••..•..•..•.•.....•
Insulation.•..••.•.•.•..•......
Instrumentation...•••.•.•.••...
Electrical ...••.••.••...•..•..•
Piping ••.••.••••••.•••.••.•.•••
Painting •••••••••••••.•••••••••
Miscellaneous •••.••••••.•....••

Eng ineer ing .••••...•.•••••.••.••.....•••.••••••.••••••..•••••
Overhead and administration••••••••••••••••••....•.•••..••••.
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TABLE 25. - Equipment cost summary. nahcolite option II,
retorting plant

P1piDg ••.•••••••••••••.•••••••••••••
Painting ••••••••••••••••••••••••••••
Miscellaneous •••••••••••••••••••••••

Buildings •••••••••••••••••••••••••••
Insulation ..............••..........
Instrumentation •••••••••••••••••••••
Electrical ••••••••••••••••••••••••••

15,715,800

Total cost,
dollars

41,000
276,700
39,400

866,400
507,500

68,600
168,700

2,900
10,600
10,300
10,600
24,300
11,300

6,400
262,100

2,306,800

1,341,900
503,200
536,800
805,200
268,400
402,600

2,683,800
322,200
858,800

Labor.
dollars

1,006,400
1,006,400

536,800
402,600
670,900
536,800

5,367,600
107,400

1,073,500

M£terial,
dollars

410,000
1,160,700

157,700
4,331,800
2,030,300

274,400
1,686,700

11,600
106,200
102,700
106,200
242,900
113,000

63,700
2,621,100

13,419,000

2
7

21
42

7
14

7
7
7
7
7
2
7

21

Quantity

Foundacions ••••••••••••••••••••••••.
Structures ...•...•.••••.••.•..•••..•

Item
Aprcn feeder ••••••••••••••
Rotoclone •••••••••••••••••
Heating gas blower ••••••••
Electrostatic precipitatc=.
Retort gas blower •••••••••
Combustion air blower •••••
Gas heater ••••••••••••••••
Shale oil pump ••••••••••••
Retort feed hopper ••••••••
Retort feed conveyor ••••••
Bucket elevator feed hopper
Bucket elevator •••••••••••
Retort discharge conveyor••
Traveling stacking conveyor
Retorts •••••••••••••••••••

10,708,400

Total direct •••••••••••••••••••••••• 24,127,400

7,722.900

10,029,700

18,431,300

3L..,157.100

Field indirect •••••••••••••••••.••..•••••••••••••••••••••••••• 5.014,800

Total construction .•••••••••••••••••.••••••••••••••••••••••••• 39.171,900

Engineering ••.••••••••••••••••••••••••••••••••••••.••••••••.•• 1,958,600

Ov~rhead and admiDistrat10D ••••••••••••••••••••••••••••••••••• 1.958,600

43,089,100

Contingency ••..•••••••••••••••••••••••••••••••••••••••••••••••

Fee •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

4.308,900

47,398.000

2,369,900

49,767.900

OPTIO!' II
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TABLE 26. - Equipment cost: summary. nahcolit.e option II.
c:!elayed coking

Item

Coke chamber ••••••••••••••
Main fractionator •••••••••
Oil heating furnace •••••••
Depropanizer ••••••••••••••
Absorber •.••••••••••••••••
Coke cutter •••••••••••••••
Accumulator •••••••••••••••

Quantity

2
1
1
1
1
1
1

Haterial.
dollars

673,100
114,700
630,700

6,700
33,700

266,700
4,200

1,729,800

Labor.
dollars

67,300
11,500

126,100
700

3,400
66,700

400

276,100

Total cost.
dollars

2,005,900

Foundations •••••••••••••••••••••••••
Struc~ures ••••••••••••••••••••••••••
Buildings .........••.......•••...•..
Insulation ••••••••••••••••••••••••••
Instrumentation •••••••••••••••••••••
Electrical ••••••••••••••••••••••••••
Piping ••••••••••••••••••••••••••••••
Paint~Dg ••••••••••••••••••••••••••••
Miscellaneous •••••••••••••••••••••••

69,200
129,700

69,200
51,900

121.100
69.200

691,900
8.600

173,000

1.383.800

92,300
64,800
69,200

103,800
48,400
51,900

346,000
25,800

138,400

940,600 2,324,400

Total direct •••••••••••••••••••••••• 3,113,600 1,216,700 4,330,300

Field Indire~t •••••••••••••••••••••••••••••••••••••.••••••••••

Total construction

Engineering •••••••••••••••••••• ~ •••••••..•••.•••••••••••••••••

Overhead and administration •••••••••••••••••••••••••••••••••••

CODt~ngency •••••••••••••••••••••••••••••••••••••••••••••••••••

Fee •••••.••••••••••••••••••••••••••••••••••••••••••••••••••.••

4,938,700

246,900

246,900

5,432,500

543,200

~,975.700

298.800

~.274,500



Item

TABLE 27. - Equipment cost summary. refining

Material ana labor.
dollars

nO

Total cost,
dollars

Hydrogen production •••••••••••••••
Hydrocracking •••••••••••••••••••••
Ammonia recovery ••••••••••••••••••
Sulfur recovery •••••••••••••••••••
Tankage ••••••••••••••••••••••.••••

8,514,200
12,711.200

809,600
852,000

4,422,000

Total construction ••••••••••••••••••••••••••••••••••••••••••

Engineering •••••••••••••••••••••••••••••••••••••••••••••••••

Overhead and administration •••••••••••••••••••••••••••••••••

Con t ingency ••.•.•..••.••.••..•.••••••••••....••.•••••.•.••••

Fee .

27,3(,9,000

1.365.400

1.355.400

30,039,800

3,004,000

33. C!+3 ,800

1.652,200

3'.. ,696 ,000

OPTION II
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TABLE 28. - Eguipmen~ cost summary, retorted shale crushing section
nahcolite-rich zone

Item

Belt conveyor •••••••••••••
Belt conveyor •••••••••••••
Weightometer ••••••••••••••
Hoppers •••••••••••••••••••
Belt feeders ••••••••••••••
Hammermills •••••••••••••••
Vibrating screens •••••••••
Belt conveyor •••••••••••••
Belt conveyor •••••••••••••
Transfer hopper •••••••••••
Belt conveyor •••••••••••••
Belt conveyor •••••••••••••
Belt conveyor •••••••••••••
Belt conveyor •••••••••••••
Service crane ••• ~ •••••••••
Cyclone dust collectors •••
Blowers •••..•..••.•••••••.

Quandty

1
1
1
5
5
5

15
1
1
1
1
1
1
1
1
4
8

Material,
dollars

176,000
41,300

3,700
53,500
13,400

244,300
154,100

22,400
15,800

100
15,800
35,800
42,100
20,200
43,900
38,700
30,100

951,200

Labor,
dollars

31,700
7,500

900
2,700
2,000

34,200
18,500

4,100
2,800

100
2,800
6,500
7,600
3,700
4,400
3,800
3,000

136,300

Total cost:,
dollars

:!.,087,500

Foundations •••••••••••••••••••••••••
Structures •.••••••••••••••••••••••••
Buildings ..•....•..•................
Insulation ••••••••••••••••••••••••••
Instrumentation •••••••••••••••••••••
Electrical ••••••••••••••••••••••••••
Piping ••••••••••••••••••••••••••••••
Painting ..••..•••••••••.••••••••••••
Miscellaneous •••••••••••••••••••••••

Total direct •••••••••••••••••••••••

47,600
38,000
47,600

19,000
57,100
47,600

2,900
38,000

297,800

1,249,000

63,500
19.000
47,600

7,600
42,800
23,800
8,700

30,400

243,400

379,700

541,200

1,628,700

Field indirect .•.•••••••.••••••••••••••••••••••••••••••••.••

Total construction ••••••••.••.••••.••..•••.•••••••••• ~ ••••••

Engineering •••••••••••••.••••••••••••••••••.•••••••• ~ •••••••

Overhead and administration •••••••••••••••••••••••••••••••••

Contingency ..•••••••••••••••••...•....•.•..•••••••••••••••••

Fee ••••••• .;: •••••••••••••••••••••••••••••••••••••••••••••••••

189,800

l,8l8,500

90,900

90,900

2,000,300

200,000

2,200,300

110,000

2,310,300

OPTION II



112
TABLE 29. - Equipmen~ cos~ summary, retorted shale leaching section

nahco1~te-rich zone

Item
Hoppers •••••••••••••••••••
Belt feaders ••••••••••••••
Leaca~ng tanks ••••••••••••
Hoppers •••••••••••••••••••
Belt feeders ••••••••••••••
PlI:IIpS •••••••••••••••••••••

Settlers ••••••••••••••••••
Pumps •••••••••••••••••••••
Thickeners ••••••••••••••••
Pumps •••.•••••.•••.•••••••
Thickeners ••••••••••••••••
Pumps •••••••••••••••••••••
Pum.ps •••••••••••••••••••••
Thickeners ••••••••••••••••
Pumps •••••••••••••.•••••••
Pumps •••••••••••••••••••••
Storage tanks •••••••••••••
Pumps ••••••••.••••••••••••
Pumps •••••••••••••••••••••
Clarifying filters ••••••••
Replalp tanks •....••.••••••
Pump ••••••••••••••••••••••
Pumps •..••••••••••••••••••

Quan~itv

4
4
4
4
4
2
4
4
3
3
3
3
3
3
3
3
7
4
4

32
2
1
3

~ateria1,

dO.lla:=s
37,700

9,500
60,800
1,900
5,100

20,000
823,000
16,800

617,300
14,300

617,300
4,500

14,300
617,300

4,500
7,700

83,600
7,600

17,500
568,800

6,700
1,800

24,800

3,582,800

LaboI,
dollars

1,900
1,500
3,300

100
800
400

82,300
300

61,700
300

61,700
200
300

61,700
200
300

5,700
300
300

56,900
700
100
400

341,400

Total cos~,

dollars

3,924 ,200

FoundatioDs ••.••••••••••••••••••••
Structures ••••••••••••••••••••••••
Buildings ..••.•..•..•••...•••..•..•
Insulation ..•....•.•••••.•........
Instrumen~atioD •••••••••••••••••••
Electrical .•.•••••••.••••.••••••••
Piping ••••••••••.•.•••••••••••••••
Painting ••••••••••••••••••••••••••
~cellaDeoU8 •••••••••••••••••••••

161,200
143,300
143,300

35,800
179,100
322,500

1,074,800
14,300

179,100

2,253,400

2l5,000
71,700

143,300
53,700
71,700

241,800
537,400
42,900

143,300

1,520,800 3,774,200

Field indirect ••••••••••••••••••••••••••..•••••• _••.•••.•....

Total direct •••••••••••••••••••••• 5,836,200 1,862,200 7,698,400

931,100

To tal construct ion..••••••••.. _•..•.•.......•••.•••••••..••..

Eng iceer icg .....•...•.•.•••••.••••••.•.•....•••• - ••.•••••••••
Overhead and administra~ion••••••••••••••.•••••••••••••••••••

8,629,500

431,500
431,500

9,492,500

Cont ingency. • . . . • . . . . . • • • . • • . • • . . . • • . . . . . . . . • • • • • • • • • • . • • . • . . 949,200

10,4U,700
Fee.......................................................... 522,100

, n _q6~. ROO O?TTON TT
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TABLE 30. - Equipment cost summary, des11ication section,
nahcolite-rich zone

113

1.832.800

1,903,500
Foundations ..•.........•.•.. , .•
Structures ...•................•
Buildings ...•••.••••••.••......
Insulat ion .•••..•••••••.•••••.•
Instrumentation•..••.•.••••.•••
Electrical ..• '" ..••.. , •• '•..•.•
Piping ......•........•.• , ... , ..
Painting•.•••........•.........
Miscellandous .••••.•...•..••...

Cost. dollars Total cost,
=1:.::t:.::em~-:-_-:-__--:- ..:JQu-=a;.;.;n:.:;t;.;.;i:.::t....y_.....:.:Ma:::..::t--=e:.::r;.;.;i:::a--=l,:::-- L;::a:..:b:..::o~r:-__...:d:..:o:..:1::1:..:a::::':..:s:......-
Desilication tank........ 6 103,100 6,100
Hopper. • • • . • • • . • • • • . • . •• . 1 500 100
Table f eecier. . . • • • • . . . . . . 2 3,900 600
Lime slaker.... .•••. ••••. 2 23,700 1,500
Pl,;I;lp..................... 1 1,000 100
Pump. • . • . . . • . . . . • • . . . . . • . 6 20,900 400
Settler.................. 2 464,800 46,500
Pump •..•.•••.•.•• , • • • . •• . 2 2,400 100
Thickener................ 2 464,800 46,500
Pump..................... 2 2,900 100
Pump.. ..•.. .....•........ 2 800 100
Pump. . . . . • . . . • . . . . . . . . . . . 2 8,900 400
Cla7ifying filter........ 28 562,200 56,200
Repu1p tank.............. 2 7,100 700
?urnp..................... 1 400 100
Storage tank............. 5 71,800 4,800

1,739,200 164,300
78,300 104,400
69,600 34,800
69,600 69,600
17,~OO 26,100
87,000 34,800

156,500 117,400
521,800 260,900

7,000 21,000
87,000 69,600

1,094,200 738,600

Total direct ..•..•.•.••••.••••. 2,833,400 902,900 3,736.300

Field indirect .•.•.••.......•......•••••..•.•.•.••••••••••• 451.400,

Total construction•••••••.•••..•••.••.....•••...••.•..•.•.• 4,187,700

Engineer ing••.•.•..•.•.••••.••••.•.••..••••.•.••••••.••.•.•
Overhead and administration••.••••..•••.•••••••••••••••••.•

Contingency .••• ~ .• " •.•••..•••.•.•.•.•..• , •....•.•....•.•.•

209,400
209.400

4.606,500

460,600

5,067,100

Fee .•••..•••••••••.•......•••...•.•....••...••...•.•.•••••• 253,400

5,320,500

OPTION II



7~BLE 31. - Equi?ment cost summarv, alumina precipitation and
calcination section, nahcolite-rich zone
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Total direct ..•.......•..•••••.••

Foundations ••.•.••••••••••.••••••
Structures ....•.•...••••••......•
Buildings ..............•.........
Insulation .•.••...•.•.•.•••••....
Instrwne:ttation .•.•...••••••.•...
E~.ectrical .
Piping ..•....... , ....•.....•.....
Painting••.••.•.•..••.•••.••...••
!1iscellaneous .•.......•.•.••....•

Itee
Pump ..........••.........•
Ca"bonation tank.........•
Carbonat ion tank .
Pump .•.•••••••••••••••••••
P"imary thickener .
Pump ....•..•••••••.•.•••••
Secondary thickener •.•...•
Pump ...........•••••......
PUI!lp .
Pump ••••.•••••••••••••••••
Wash tank ....•.•••••.•.••.
Pwnp ...........•••••......
Pump ••...•••..••••••••••••
Wash tank ..•...••.••••....
?ump ............•••••.....
Internal drum filter .
::'ump ••••••••••••••••••••••
Screw co~veyor..•••.••.•..
Rotary kiln .
Cyclone dust collector .
!S1C1wer ............•••••..•
Rotary cooler .......••....
Belt conveyor .
...-eightome ter ......•..••.•.
Belt conveyor .....•.•••••.
Be 1 t conveyor ........•....
Belt feeder .•.•.•...••••••
Bag dust collector .•••••••
Blower•....... _ . _.....•...

Quantitv
1

52
52

2
1
1
1
1
2
2
1
1
2
1
1
4
1
4
4

20
20

4
1,...
1
1
3
1
1

Cost,
:1aterial

6,100
554,600
554,600
14,600

158,800
7,200

106,300
5,100
2,700
6,300

:25,000
600

4,300
25,000

600
169,500

800
7,600

5,744,500
111,900

65,600
130,800
14,000

2,900
24,600
21,100
17 ,600
3,600

600
7,786,900

350,400
311,500
311,500

77 ,900
389,300
700,800

2,3%,100
31,100

389,300
4,897,900

12,684,800

dollars
Labor

300
55,500
55,500

300
15,900

100
10.600

200
100
100

2,500
100
100

2,50C
100

16,900
100

1,100
1,723,400

11,200
6,600

32,700
2,500

800
4,400
3,800
2,700

400
100

1,950.600
467,200
155,700
311,500
116,800
155,700
525,600

1,168,000
93,300

311,500
3,305,300

5,255,900

Total cos~,

dollars

9,737,500

8,203,200

17,940,700

Field indirec t •.......•.•••••••.....••.•....•.•......•••....•
Silos .••.•••.••.•.•..••••.••••..••••••••...•••.••••.••.•.•.•.

Total construction•.....•.•.•...............•...•......•.....

Engineering•••••..••..•.•...•••••..•.........•••••••.•...•..•
Oz.·erhead and administration....•...............•..•..........

Contingency••.••......•...•...•.•..•........•••••. - ••..•....•

Fee. . .. . .• .•••••. • ••.•••••.•••••••.•..•...•...•••••.•.••.•.•

2,628,000
282.100

20,850,800

1,042,500
1,042,500

22,935,800
2,293,600

25,229,400
1,261,500

26,490,900

OPTION II



TABLE 31. - Equipmenc cost summary. shale fines leaching section,
nahcolite-rich zone
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Total direct ..•••••.•••.•••••••.•.

Foundations ••••••••••..•••••••••••
Structures ........•......•••••••••
B1.lildings ...•....••..••......•...•
Insulat ion .•••.••••..•••••••••••..
Instrumentation•••••••••••••••••••
E1 ec tr ical ••••..•••••••••••.••••••
Piping••.•.•••..••••.•••••••••••••
Painting ...•.....•....•••..•••••••
~iscellaneous...••••....••.••...••

Item
Belt conveyor ..•.•.......
Belt conveyor ..•.•.•••••.
I-Jeightome ter .•••••..••.••
Hopper ..•••....•.....•..•
Screw feeder ...•.........
Rotary kiln ....•.•.......
Cyclone dust colleccor ...
Blo....er ..............•....
Rotary cooler .•••.••••.•.
Belt conveyor ••.•••••••.•
Belt conveyor ••••••••••••
Hopper .•.•....•.••.••.•••
Belt feeder ...•....••....
Leaching tank .•.•••••••.•
Pump ....••......•..•...••
Settler •••••••••••.••••••
Pump .•.•••..•.•.•••••.•••
Thickener ....••...••....•
Pump .........••....•.....
?ump .........•...•••.....
Rotary vacuum filter •....
Belt conveyor ••••••••••••
Pump ••..••••••.•.••••••••
Pump •..•••.••••.•••••••••
Clarifying filter ..••.•.•
Repulp tank .......•.••.••
Pump .......•......••....•
Cyclone dust collector .••
Blower •••.••••.••••••••••

Quantity
1
1
1
6
::>
6

18
18

6
1
1
1
1
1
1
1
1
1
1
1
6
1
1
1
4
1
1
1
1

Cost ,
Material

87,000
14,700

3,000
8.400

45,800
1,108,000

LL2,500
67,600

294,000
24,100
20,700
5,900
2,400

10,300
3,100

122,000
3,000

115,400
1,200
3,000

249,200
51,400

600
1,200

71,100
1,300
1,100
2,100

900
2,431,000

109,400
97,200
97,200
24,300

121,600
218,800
729,300

9,700
121,600

1,529,100
3,960,100

dollars
Labor

15,600
2,700

800
400

6,800
177 ,200
11,200

6,800
47,000

4,400
3,700

300
300
600
100

12,200
100

11,500
100
100

24,900
9,200

100
100

7,100
100
100
200
100

343,800
145,700
48,600
97,200
36,500
48,600

164,100
364,600

29,100
97,200

1,031,600
1,375,400

Total cost,
collars

2,774,800

2,560,700
5,335,500

~I

Field indirect .•••••••••••••••••••••••••••••••••••••••••••••

'Lota1 construccion..•.••..••.•••••.••••••••.••..•••••••••..•
Engineering .••..•••.•••••.••••••••...••.•...••..••••.••••...
Overhead and administration•••••••.•.••••.••••.•.•••••••••••

Cont ir..gency•..••.•••.•••.•••.•.•••.•.•••••••••••••••••••••••

Fee .•....•....••••..••...••.•.•..•••••••.••.•••.•••.•.•••.••

687,700

6,023,200
301,200
301,200

6,625,600

662,600
7,288,200

364,400

7,652,600

OFTION II
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TABLE 33. - Equipment cost summary, soda asb crystallization and

dehydration section nahcolite-rich zone

Fee ••..•••••.••.•..•.••.••.••.•...•••••..•.•.••...••••••.••••

Contingency ..••..•••...•••.••••••••••••••••••••••••••••••••••

"

t
24.916,900
50,135,900
5,803,800
2,044,900 :r

57,984,600 .~~

2,899,200 : ~I

"'2,899,200 ','
63,783,000

6,378,300
70,161,300 :.-

3,508,100
"

73,669,400 .
":
I,
;,

25,219,000

Total cost,
dollars

Cost. dollars
Material Labor

1
1

11
1
1
1

2
1

11
11
11

2
10

1
10
10
40
40
10

1
1
1
1

28
28

1
1
2
2
2
2
4
4

Quantity
18,600 1,000

3,000 100
19,440,000 972,000

43,000 4,300
13,200 700
17,700 300

496,000 49,600
1,900 100

23,000 3,500
1,907,200 305,200

204,400 20,400
123,400 12,300
742,200 118,800
43,900 7,900

3,000 800
38,200 6,800
93,100 16,700
61,600 9,200
90,600 13,600
5,300 300
1,500 100

20,100 1,100
1,600 100
2,900 400
6,800 100

157,200 15,700
5,800 300
3,100 100
2,600 100

44,000 2,200
5,400 700

900 100
30.200 3,000

23,651,400 1,567,600
1,064,300 1,419,100

946,100 473,000
946,100 946,100
236,500 354,800

1,182,600 473,000
2,128,600 1,596,500
7,095,400 3,547,700

94,600 283,800
1,182.600 946,100

14,876,800 10,040,100
Total direct...................... 38,528,200 11,607,700
Field indirect •...••.••..•.••••••.•••••••••..••••••••••••••••
Silos ..........••.••...••.•.••••.••••••••••••••••••••••••.••.
Total co:u.struct:i.on••.••••••••••••••••••••••••••••.••••.••....
Engineering •••••••••••••••••••••••••••••••••.••.•.••.•..••..•
Overhead and administration•••••••••••••••••.•••••••.•••••.••

Foundations ..•..•....••.•••••••.••
Structures .•....•••..••••.••••••••
Buildings ..•...•••••••••••••••••••
lnsulatiox:;. .••.•.•••••••••..•••••••
Instrumentation•••••.•.•....••••.•
Electrical ...•.........•..•••••••.
Piping ..........••.•..••••.•••••••
Painting ...••••.••••••••••••••••••
Miscellaneous •••••••••••••••••••••

Item
Mixing tank ..•••••.•.•••••••
Pump ••.••.•••••••.••••.•••.•
Crystallizer ••••••..••..•••.
Condensate tank.••...•..•••.
Pump•........••..... ~ •.•••..
Pump .............••••••.•..•
Centrifugp. ....•••••••••..•••
Pump •....•..•••.•..••••••••.
Screw conveyor •.•••••.••••..
Rotary dryer ..••..•..•••.••.
Cyclone dust collector .•.•..
Blower .........•.••••.•..•••
Rotary cooler ••.......••••••
Belt conveyor ......•••••••.•
Weightometer .•.•....•.....•.
Belt conveyor .......••.•..•.
Belt conveyor .......•..•..•.
Belt feeder ..........•••••..
Belt feeder ..•.•...•••••••••
Mixing tank....••••.•...••••
Pump ••....•.•••••.•••••••.•.
Desulfating tank ...•.•••••..
Hopper .....•...•.....•....••
Belt feeder •...•...•.•••••••
Pump ..............••.•..•.••
Rotary vacuum filter ••••••••
Repulp tank•••.•••••••.••.••
Pump .•.•..••.•..•...••.•••.•
Pump .......•...••••.••••...•
Pump .......••...•.••••••.•••
Bag dust collector .•••..•.••
Blower .....•••••••••••••.•••
Water storage tank.......••.



TABLE 34. - Equjpmene case summary. 1imeseone calcining and flue-gas
processing section. nahcolite-rich zone

117

It:em
Hopper ••••••••••••••••••••••
Belt conveyor ••••••••.•••.••
Belt conveyor ...•••..•••••.•
Weightometer •.•.••.•.•••••.•
Belt conveyor •••••••••••••••
Belt conveyor •••••••••••••••
Apron feeder ••••••••••••••.•
Belt conveyor .•.••••.•••••••
Hopper •.....••.•••..••••••••
Cone crusher. standard head.
Vibrat:ing screen••••••••••••
Belt conveyor •••••••••••••••
Transfer hopper •••••••••••••
Belt conveyor ••.••••••••••••
Belt conveyo= .....•.•••.••.•
Hopper •..•......•...•••.•.••
Cone crusher, short head ••••
Belt conveyor •••••••••••••••
Belt conveyor •••••••••••••••
Hopper _...••••••••.•••••••••
Screw feeder ••••••••••••••••
Rotary kiln ...•...•.••••••.•
Cyclone dust collector••••••
Blower •••••• : •••••••••••••••
Blower ••••••••••••••••••••••
Gas scrubber ••••••••••••••••
Pump .•••....•.••••.••• , •••••
Compressor ••.•••••••••••••••
Pump .••.••••••••••••••••••••
Rotary cooler •••••••••••••••
Belt conveyor •••••••••••••••
Belt conveyor •••••••••••••••
Belt conveyor •••••••••••••••
Belt: feeder •.••••••••••.••••
Belt conveyor •••••••••••••••
Belt conveyor •••••••••••••••
Belt: conveyor •••••••••••••••
Service crane.•••...••..••••
Cyclone dust collector••••••
Blower ...••.••••••••••••••••

Quantity
10
10

1
1
1
1
3
1
1
1
1
1
1
1
1
1
2
1
1
4
4
4

16
16
16

8
4
4
4
1
4
1
1
1
5
1
1
1
1
1
1

Cost.
~laterial

24,100
26,800
70,400
3,400

24,200
58.100
15.700
53,600
3,600

39.600
7.100
8,100

100
8,100

15,600
4,300

161,800
16,400
18,300
4,700

18,900
1,931,200

109,900
66,700
34,200
51,600
4,900

314,100
400

152,200
15,300
29,000
29,700

9,500
26,500
14,200

150,600
43,900

7,600
3.600

3,578,000

dollars
Labor
1.100
4,800

12,700
900

4.300
10.400

2,400
9,600

100
4,700

900
1.500

100
1.500
2,800

300
19,400

2,900
3,300

300
2,800

579,~00

11,000
6.700
3,400
5,200

200
31,400

100
38.000

2,800
5,200
5,300
1,400
4,800
2,500

27,100
4,400

800
400

816,800

Total cost.
dollars

4,394,800

Foundat ions ••.••••••••••••••••••••
Structures •..•••.•••••••••••••••••
Buildings•••••••••••••••••••••••••
Insulation••••••••••••••••••••••••
Instrumentation•••••••••••••••••••
Electrical ..•..•••••••••••••••••••
Piping •.•..••.•••.••••••••••••••••
Painting .•.••.••••••••••••••••••••
l1isce11aneous •••••••••••••••••••••

Total direct ••••••••••••••••••••••
(continued o~ page 117-a)

143,100
143,100
143,100
107,300
250,500
286,200

1,252,300
14,300

143.100
2,483,000

6.061,000

190,800
71,600

143,100
161,000
100,200
214,700
626,200
42,900

114,500
1,665,000

2,481,800

4.148.000

8,542,800

~.



TABLE 34, cont inued

Total direct cost (carried forward) ••••••••.•••••••••••••••••••

Field indirect••••••••••••••••••••••••••••••••••••••••••••••••

Silos ••••.••••••••••••••••••••••••••••••••••••••••••••••••••••

Waste heat boilers ••••••••••••••••••••••••••••••••••••••••••••

Total construction.••.••••.•••••••••••••••••••••••••••••••••••

Engineeri08 •••••••••••.•••••••••••••••••••••••••••••••.•••••••
Overhead and administration•••••••••••••••••••••••••••••••••••

Contingency•••••••••••••••••••••••••••••••••••••••••••••••••••

Fee.....•..•••.••••.••••••••••••••••••••••••••••••••••••••••••

117-a

8,542,800

1,240,900

412,500

375,200

10,571,400

528,600
528,600

11,628,600

1,162,900

12,791,500

639,600

13,431,100



TABLE 35. - Estimated working capital.

Inventory - 30 caleadar days' receipts ••••••••••••••••••••

Account Receivable - 90 calendar days' receipt••••••••••••

Cash - 30 ca1endar days' receipts, •••••••••••••••••••••••••

118

$22,050,700

66,152,000

22,050,700

110,253,400

opnON II
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TABLE 37. - Eseimaeed annual operaeing cose

Naeu=al gas •..••••• 76.074.952 M scfy x $0.30 per M scf ...
Limeseone •..••..••........... l.368.750 tpy x $1.78/ton ..•
Catalyst and chemicals .....•...............•....•.•••.••.
Ra~ y~ter.......•........ 7.597.045 M gpy x $O.lO/M gal ...
Charg~ for use of water-$0.0~6/M gal x 7.597.045 M gpy ..•
Direct labor ....•................................••..••••
Direct labor supervision••........•.•...•..••.•••.•••••••
Maintenance labor ........•......•........•.•.••.•..••••••
Maintenance labor supervision •.•.••.•...•.•.•••••••••.•••
Maintenance material (100r. of plant maintenance labor) •••
Maintenance material (mine) ....•••••••.•..•••••••••••••••
Operating supplies (20% of plant maintenance. plant only)
Operating supplies (mine) ••••..•.••••••••••••••••.•••••••
Payroll overhead ••.•.•...•...•.•.••.•.•• 25% of payroll ••.
Royalty on minerals at 5% of mineral receipts ••••••••.••.
Royalty on shale at SO.07/ton ~ 60.000 x 365 x $0.07 •....
Administration and general overhead ••••••••••••••••••••••
Taxes. mining property (based on gross proceeds) .••..••••
Taxes on improvement. mine (0.04 x 1/3 x $21.918.800) ..•.
Insura~ce. mine (0.01 x $21.918.800) ••••••••••.•••••••••.
Taxes. plant - 0.04 ($417.340.600 x 1/3) ..••••..••••.•...
Insurance. plant - 0.02 ($417.340.600) •.•.••••....•••....
Depreciation (see table 41) .....•••...•.•.••••..•.••....•

Annual cost.
dollars

22.822.500
2.436.400

902.500
759.700
197.500

11.980,900
920,600

10.426,900
1,371,600
7,850,800
2.264,100
3,348,600
2.685,800
6,175,000

11.302,600
1.533.000
2,686,600
3.662.400

292.300
219.200

5.564,500
8,346,800

35.438.400

143.188.700

OPTION II
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TABLE 38. - To~a1 capi~a1 investnen~ and annual operating cost, dollars

-.~

2,955,300 3,864,700
2,378,300 3,110,100

35,391,400 12,458,600

Ite:n
Equipment investment ...••••••.•....
Facili~ies and u~i1i~ies...•.......
Initial catalyst .
Interest during construction (5%) ..
Star~up expense •.•..•.•..•••••.....
~orking capital .

~linlng

37,325,900
21,821,700

l1inerals
Re~orting Refining processing To~a1

,
'.'

99,872,600 96,471,900 82,287,800 327,315,400 605,947,700

4,165,100 2,~l9,000 3,804,500 11 ,933,900 22,822.500
2,436,400 2,436,400

891,900 10,600 902,500
3,800 79,700 676,200 759,700
1,000 20,700 175,800 197,500

4,834,700 854,500 882,900 5,408,800 11 ,960,900 ~

193,500 79,800 119,100 528,200 920,600
2,575,100 1,640,800 1,248,300 4,961,700 10,426,9QO

330,000 :17,700 165,600 650,300 1,371,600

439,100 1.548,300 1,275,400 5,084,000 8,346,800
4.538,300 5,160,100 4,354,800 21,365,200 35,438,400

42,511,800 16,664,500 16,253,900 67,758,500 143,188,700

1.713 0.671 0.655 2.730 5.769

4.031 1.580 1.541 6.425 13.577

7.125 2.792 2.723 11.351 23.897

OPTION II

1,640,800

To~al capital requirement .•....

Operating cost items:
);atural gas .••......•..••••.....•
Limes~one .
Catalyst and chemicals ...•..•....
Ra........ater ....••••.......•.••••...
Charge for use of water .
Direct la~or .
Direct labor supervision ..••••...
::ain~enance labor •...............
~~intenance labor supervision ....
:'lain:enance material (100i. of

plant waintenance labor,
plant only ..................•..

~~intenance material (mine,
mining report) .. _ .

Operating supplies (20% of plant
maintenance, plant only) ...••••

Operating supplies (mine,
frat:! mining repolCt) .........•.•

Payroll overhead (25i. of payroll)
Royalty on minerals at 5% of

mineral lCeceipts .
Royalty on shale at $0.07 per ton
Administra~ion and general overhead
Taxes, mining property (based on

gross proceeds) ..•••..•...•...
Taxes on improvement, mine (0.04

x 1/3 x 17,991,0(0) •.......•..
Insurance, mine (0.01 x 17,991,000)
Taxes, p1an~ - 0.04 (454,666,500

x 1/3) ....•..........•.....•..
Insurance, plant -

0.02 (454,666.500) .•.•........
Depreciation.............•.....•

Total operating cost ••••..•...

Cost, dollars per ton of total
ore mined .•.••.........••••.•..•

Cost, dollars per ~arre1 of
shale oil product ....•..••.•••..

Cost, dollars per ton of
total ninera1 products ...••.....

2,264,100

2,685,800
1,983,600

11,302,600
1,533,000
1,199,300

3,662,400

292,300
219,200

292,700

699,900

698,200

168,400

1,032,200

1,248,300

532,400

604,000

176,000

850,300

4,961,700

2,116,300

2,889,200

1,142,900

3,389,300

7,850,800

2,264,1,,0 -.
:j,

3 ,3.!-8 ,600
}

2,665,800
6,175,000

'~;

11,302,600
1,533,000
2,686,600

3,662,400

292,300
219,200

5,554,500

:"
~..



TABLE 39. - Product selling price and annual receipts

133

Soda ash, 14,947 tpy x 365 day/yr x $35.50/ton

Alumina, 1,408 tpd x 365 day/yr x $63/ton

Coke, 732.2 tpd x 365 day/yr x $8/ton

Oil, 28,893 bbl/ciay x 365 day/yr x $3.72/bbl

Sulfur, 27.956 tpd x 365 day/yr x S13.39/ton

Ammonia, 56.726 tpd x 365 day/yr x $35/ton

Total annual receipts

Selling price

$193,675,800

32.377,000

2,138,000

39,230,900

136,600

724,700

268,283,000

Freight allowance

Coke, ton

Oil, barrel

Sulfur, long ton
short ton

Ammonia, ton

Alumina, ton

Soda ash, ton

$20.00

4.12

15.00
13.39

35.00

75.00

35.50

$12.00

0.40

12.00

OPTION II
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TABLE 40. - Financial analysis

./

.'

Total capital investment •••.•.••••••••••.•....

Annual sales ....•••••••••.•••••••.••••.••.•.•.

Annual operating coSt •••••••••••••••.•••..•.•.

Gross income •••.•.•••••••.••••••.•...••.......

Depletion on minerals .15(226.052,800) •••....

Depletion oil shale .15 (26,354.900)1 •••...

Ta."<:ab1e income .•••.•••••••••.•••••••.••••••...

Federal income tax at 50 percent ........••••..

Net income .••••••••.•••••••••••............••.

Discounted cash flow

An~ua1 cash flow (net income + depreciation +
depletion) •.••••.••.....•.••.•..•.••••••••••

Present value 2 at i = 17.2
Present value at i = 17.21

Interest rate (by interpolation) i

$605.947.700

268.283.000

143.188.700

125,094.300

33.907,900

3,954.700

87.231.700

43,615,900

43.615,800

$116,916.800

606,030.000
605,765.800

17.203

1 Value of oil after retorting assumed to b~ $2.50 per barrel.

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

per period. i(l+i)n
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Item

Mine (depreciable) •••••••••••••
Mine (deferred expense) ••••••••
Soda ash recovery plant

(white nahcolite) •••••••••••
Retorting plant •..•••••••••••••
Refi01i61g •••••.•••••••••.•••••••
Retorted oil shale

processing plant ••••••••••••
Plant facilities •••••••••••••.•
Plant utilities ••••••••••••••••
Interest during construction .,.
Startup expense ••••••••••••••••
Initial catalyst and chemicals •

Annual
Life, Depreciation depr~ciation,

years base, dollars dollars

10 2] ,918,800 2,191,900

20 15,407,100 770,400

11 23,113,100 2,101,200

16 53,934,900 3,370,900

16 40,970,500 2,560,700

11 139.838,600 12,712,600
20 58.566,400 2.928,300
20 98.770,300 4.938,500
11 22.733.300 2,066.700
11 18,294.500 1.663,100
16 2.145,400 134.100

35,438,400

OPTION II
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FIGURE 1. - Location of 68,000 TPCD Project, Rio Blanco County, Colo
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,.
68,000 TPCD Projec~

Production Hoisting

t
d:l
o
'"& repair ~

60,000 TPCD shale, nahcolite,
dawsonite

8,000 TPCD nahcolite
365 c3lendar days per year
08,000 TPCD total

24,820,000 tons per year
20 producing shifts per week
23,800 ~ons per shift
1 shift per wk. ~inten.

Elevation
6540.0

Avg SG
Da~a

Depth
o

1900 level 1890.0 4650.0 White nahcolite bed

2400 level

2.24 Sp. gravity
'!.!.O{FICF in place
11..29 CF/T
.535 swell fac~o~

75fF/CF broken
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11
II

I

II

~ I
Ore pass ... II

I
I,
I.

I---------t ,..---4I:
11 2438.0 4102.0

Mine'? ft.

23 GPT oil shale
9.2% (wt.) Dawsonite
25.2% (wt.) Nahcolite

2 .17 Sp. gravi ty
135.0 #/CF in place
14.8 CF!T

I
~ .75 swell factor

101.34i/CF broken

~easuring pockets -----

Mine 60 ft.

"urge bins

Re~uired: 3 shafts; 2 production,
1 service

Hoist 68,000 TPCD - 476,000 Tiwk
20 shifts/wk - 1 shi ft M & R '"

23,800 T/shift
2 hoists ~ 30 trips/hr each
54 T/trip x 60 = 3240 T/hr
23,800 T/shift + 3240 T/hr '" 7 .35 h't"S

hoisting per shift

2598.0 3952.0
Sump .... -

FIGURE 3. - Schematic diagram of shaft and mine levels
for the 68,000 TPCD project.
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FIGURE 21. - Equipment Diagram, Crystalli%ation Section.
Recovery of Soda Ash From White Nahcolite.
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