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COST STUDY ON THE PRODUCTION OF 84,000 T/D OF CRUSHED SHALE
FRO!" GYRATORV-CONE CRUSHIMG PLANTS

I. INTRODUCTION

Early economic studies indicated that the cost differentials
between processing different size shales were small, Iowever,
there were serious reservations about the gquality of the
crushing cost numbers. 2lso, calculations showed an incentive
to fractionate (by screening) a full range shale into two or
three narrow ranges, but no cost data existed to determine
what this extra screening might cost.

Reliable economics are a necessity to help determine the demon-
stration runs to be performed in Stage II. Therefore, this
study was undertaken to provide firm values for crushing costs
and screening cost differentials.



II. SCOPE OF THE STUDY

Gyratory and cone crushers were chosen as the design basis
for the cost study for the following reasons. Nordberg
Manufacturing Co. has supplied Anvil Points with capacity
and cost information on certain gyratory and cone crushers,
but they are not in a position to supply us with a cost
study. Allis-Chalmers will provide a cost study of the same
concept as this study which will utilize single and double
roll crushers. Therefore, the study presented in the memo-
randum will provide a basis for comparison between gyratory-
cone and roll crusher installations.

This cost study is a preliminary cost estimate upgraded in
certain areas to furnish reliable cost differentials between
production of different product sizes. Ouick calculations
and judgment were used to minimize the total investment and
to evaluate major design alternates. Mo detailed design work
was done. The economics in this study should be used for
research guidance only.



III. SUMMARY OF MAJOR CONCLUSIONS

Crushing costs were determined for four different size pro-
ducts at a production rate of 84,000 T/CD. The table below
gives these costs which include a 10% DCF return on invest-
ment over a 15 year life:

Product Maximum Size, Inches: 3 2 1/2 2 1 1/2
Fixed Capital Investment, MMS$ 14,2 14.9 15.4 17.3
Production Cost, ¢/Ton: 13.4 13.9 14.4 16.2

The above costs include intermediate storage facilities and
screening to produce two fractions for retorting and a 1/4

inch minus fines fraction. WNeither escalation, working capital,
or cost for land are included in the akove investments.,

The cost of screening different numbers of fractions for
retorting was estimated for the production of 2 1/2 inch minus
shale only, and assumed to be valid for the other sizes., Re-
sults of this calculation are given below:

Total Number of Fractions Produced: 2 3 4
Cost Differential From Base Case, ¢/Ton: ~0.4 (base) +0,1

Cost differentials were estimated on the basis of multiple

deck screens. Later conversations with screen manufacturers
indicate that multiple deck screens would not give the desired
high separation efficiencies on the lower decks, but use of
single deck screens would correct this. Although no calculations
have been made, single deck screens should raise the absolute
cost level and only change the cost differentials a minor amount.
The reason for this is that the screening area required will

stay constant but the cost of the screening equipment will in-
Ccrease,

The results of the study will also prove valuable as a guide

to the crushing research program. Additional information will
be required in the following areas in order to develop reliable
crushing costs. Reliable size distributions for the mine run
and crusher products are required along with crusher capacity
data to set the number of crushers required. Since the entire
plant is designed based on the number of crushers required,
capacity and size distribution data are especially important.
Investment in crushers represents 27% of the major onsite equip-
ment investment which means costs may be able to be reduced

by substituting a lower cost type of crusher for the gyratory-
cone crushers. Finally, good reliable maintenance data are
regquired to determine equipment service factor and maintenance
costs; both of these factors were found to be important in
establishing an accurate crushing cost.



IV. CRUSHING PLANT FLOWSHEETS

In order to develop a flowsheet, the mine run distribution,

the crusher product distributions, and crusher capacity data
must be available., The number of crushers is directly
determined by the amount of oversize from the preceding

stage and the capacity of the crusher. No good quality data

on distributions and capacities existed at the time of this
study. Consequently, these data were estimated from miscellane-
ous shale crushing tests, literature sources, and discussions
with Nordberg representatives.

The mine run distribution was obtained from Figure 3, "Experi-
ments in Crushing Green River 0il Shale”, RI 5563. Comparison

of the distributions shown on Figure 3 with some typical dis-
tributions published by Allis-Chalmers showed oil shale to

have considerably more material passing a given size than the
average of the typical distributions. Report PI 5563 states

that the mine run distribution presented may not be reliable
because of sampling problems, which may explain the dis-
crepancy. The distribution used in this study lies toward

the lower limit curve in RI 5563, and is shown on Figure 1 of this
report. Crushing costs would definitely increase if the mine run
size of o0il shale is larger than assumed in this study.

Crusher product distributions were developed from oil shale
crushing test data where possible and from typical distributions
from Taggart and other sources. The distributions used in this
study are given on Figures 1, 2, and 3. Data on product
distributions from crushing oil shale were obtained from
Nordberg, McLanahan, RI 5563, and the Anvil Points facilities.
These data were either used directly or for relative effects

in determining the final distributions.

Crusher capacity versus setting data was determined with
additional information provided by Yordberg. The 54" X 80"
primary gyratory designed with a small 21° nip angle for oil
shale would have a capacity of 2,450 tons per hour of mine
run at an 8 inch open side setting with a 1 3/4 inch throw.
Capacities for standard and shorthead cone crushers are based
on adjusted data from Nordberg Bulletin 322A. These data
were adjusted to correct to the proper bulk density of oil
shale and to adjust the basis to a surge bin-solid feeder
installation. The resulting capacity data is shown on
Figures 2 and 3. HNone of the capacity or size distribution
data developed represents actual tests on o0il shale with the
specific equipment used in this study.

The information described above was used to obtain the crushing
sequence which would give the minimum number of crushers and
auxiliary equipment. These flowsheets are shown on Fiqure 4,
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No detailed calculations were done to support what is con-
sidered the best sequence; rather, they were based on quick
calculations and judgment. Each flow line is labeled with
the percentage of mine run which it represents. It can be
seen from Figure 4 that the major reason why the number of
crushers increases sharply as product size decreases is the
amount of secondary stage oversize.

In all of the crushing sequences chosen, each of the reduc-
tion stages have reduction ratios (80% size of feed divided
by 80% size of product) that are lower than average. The reason
for this is that the overall reduction ratio between mine
run and final product is low because the mine run has 80%
passing at only 15 inches. Overall reduction ratios range
from 7.5 for 3 inch minus product to 11.5 for 1 1/2 inch
product. Three stages are required because an extra coarse
cavity in the secondary crusher prevents production of a
product smaller than 3 inch minus in open circuit. The
extra coarse cavity is required to accept the larger pieces
in the primary product. Low reduction ratios do not
necessarily imply that more crushers are used than required,
since capacity decreases with increasing reduction ratios.
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Description of Designs

A, Design Philosophy

A paper layout for each crushing station was developed to
insure the design chosen was workable, that all ecquipment
required was included, and to set a reasonable size for
the equipment. Cost differentials are improved since
these paper layouts also helped reflect small eguipment
differences between cases. The layouts are conceptual
only and do not necessarily represent any specific design
practices or engineering studies.

The plants are designed to run at close to maxinmum
capacity in order to minimize investment cavital. The
reported high service factors of gyratory and cone
crushers make this tvoe of a design feasible. A dual
production line concept is incorporated where vractical
to allow the retorts to operate at half to full capacity
depending on the location of a major mechanical hreak-
down. The only rajor cost for the dual production line
concept is in incremental main haulage conveyors. Spare
heads, bowls, and main shaft assemblies are provided

for the crushers and these are relined with hardfacing
when they are out of service. When a crusher hardfacing
surface is worn, the old assembly is pulled out and a
relined spare assembly is inserted. Screening plants
are provided with two extra screens to permit changing
screening surfaces or mechanical repairs when necessary.
Preventive maintenance along with repair facilities and
an adequate spare parts inventory would be a necessity.

B. Description of Facilities

The primary crushing station receives mine run shale and
reduces the size so that 90% passes an 8 inch sqguare
opening. The layout design is shown on Figure 5. Fine
run shale is brought in by truck at a rate of 1 to 3
trucks per minute (depending on the size of the trucks)
for an 18 hour haulage day. The trucks dump over either
of two 80 foot wide grizzlies; the width is required to
provide room for trucks to operate without interference
with each other and to permit periodic remnairs to portions
of the grizzly without interference with operations. The
grizzly divides the mine run into 8 inch minus which is
immediately conveyed to the secondary crushing station
and 8 inch plus which is sent to a 54" X 80" primary
gyratory crusher. Except for small surge piles for con-
trol of feed rates, no shale storage is provided in this
station.
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Crushing station layouts for final reduction are shown on
Figures 6, 7, 8, and 2. These stations are designed to
receive primary product for 18 hours per day and do

final reduction 22 hours per day. If these stations

were also designed for 18 hour per day operation, a 22%
increase in crusher capacity would be recuired, the
crushers would not be operated at maximum service factor,
and the only major savings would be in incremental surge
volume regquired. The capability of operating the crushers
for 22 hours per day is confirmed by Taggart and Nordberg.
When a crusher would be down 24 hours to replace the
liners (1 to 2 times a year), about three days of crushing
at 23 hours per day would be reguired to catch up.

Transportation and storage facilities provide a link be-
tween the final reduction station which operates 22 hours
per day and the screening plant which operates 24 hours
per day, as well as storage of crushed product for
emergency use. Figure 10 gives the layout used for these
facilities. Any segregation problems in the bins could
have a profound effect in a fractionated feed retort
system. Conseguently, specially shaped bins, internals,
and multipoint drawoff are provided to combat segregation.
In order to control shale output, a computer control loop
would be used which would monitor the amount of fines
rejection at the screening plant and shale leaving the
storage bins to control the solids feeders.

Details of the basic screening facilities are shown on
Figure 11. The unscreened crushed rock is dumped in a
surge bin that forms the roof of the building, and then
distributed to a screener on either side of the building
to form a dual production line. Each of the product
fractions produced is deposited on a collection conveyor
for transportation to the retorts or fines disposal
facilities,

C. Use of Multiple Declk Screens

Both the final reduction stations and the screening oplants
utilized double and triple deck screens to conserve space
and minimize investment., Conversations with manufacturers
indicate the lower decks would not have high efficiency
for these reasons:

When the vibration intensity (frequency X travel)
is correct to keep the top deck from blinding,
material on the lower decks travels too far with
each vibration which reduces the number of contacts
with the screening surface.
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The total screening surface on the lower decks is
not used since some material does not get through
the top deck until it has traveled considerably
along the top deck.

Single deck screens would be required in the screening
plant for high efficiency separations. FHowever, it is
believed that multiple deck screens can be used in the
final reduction stations successfully. For instance, in
the worst case where 1 1/2 inch plus is screened out of
the primary product, the deck sizes range from 5 inches
to 1 1/2 inch. Recommended travel is 0.5 and 0.3 inches
respectively and recommended fregquencies are both 900
RPM; therefore, the screen would be designed for 0.5
inch travel and 900 RPM, The efficiency loss could be
partially compensated for by using screens with high
length to width ratios. Also any undersize in primary
product screen oversize would be removed in the secondary
product screener.
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Economic Calculations

A, Development of Fixed Capital Investment

The investment required was obtained by sizing all major
equipment, and then translating this to onsite equiprent
investment by the use of the "cost curve" technique. Per-
centage factors were then used to ohtain cost of utilities,
services, engineering and construction for calculation of
total fixed capital investments. Details of the calcu-
lations are described in the following paragraphs.

Detailed cost estimate breakdowns for the major onsite
equipment are given in Tables 2 through 13. Sources for
these costs are given under References, and the costs
have been updated to first quarter 1966 where necessary.
Installation cost represents labor to bring the eguivment
from the receiving site to the foundation, secure and
align the equivment on the foundation, and connect it

to drives, piping, power, etc. Delivery charges (shipping
charges) are estimated to average $2.60 per cwt and the
average equipment value is taken to be one dollar per
pound.

Total physical costs were estimated based on Reference 8.
Major installed equipment, the electrical distribution
system, underground development, and buildings were
directly estimated, while foundations and supporting
structures, piping, and instrumentation were estimated
as a percentage of installed equipment. Total physical
cost workups are presented in Tables 14 through 19,
Utilities and Services were estimated as percentages
typical of incremental facilities, since they would be
part of a shale 0il production complex,

Labor location factor, engineering and construction cost,
and contractor's fee were obtained by consultation with
the Mechanical Engineering Group. The contract bids for
Retort No. 3 were used to establish the above factors.

A 15% contingency was used to reflect the relatively
remote location where one of these complexes may be
built. Location factors such as distance from supply
houses, inclement weather, and the effect of altitude

on productivity were considered in setting the contin-
gency factor.

B. Development of Production Costs

Table 20 breaks the estimated crushing cost down into its
components. The basis for the cost of capital and a
typical calculation are given in Table 21. Operating
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labor and supervision costs, developed in Table 22, were
estimated on the basis of an automated, central con-
trolled facility. The proposed staffing was reviewed
with a Nordberg sales representative to insure the esti-
mate is reasonable.

Maintenance costs are set so that expenditures would
average 6% per year of investment. Very little specific
data were available on maintenance costs for crushing
plants; rough (estimated) numbers available ranged from
5% to 8.6% of investment per year. Maintenance costs

are increased, in this study, according to an investment-
age correlation which reflects the increasing maintenance
cost as equipment grows older. The general basis for the
maintenance schedule is given in Reference 2, pp 329 -~ 334,
The net effect of increasing maintenance costs with time
is that maintenance costs on a DCF present value basis
are slightly under 5% of investment per year versus the
average of 6% per year in undiscounted dollars. Develop~-
ment of the maintenance schedules used in this study is
covered in Table 23,

Electric power costs are broken into two components -
power consumed by the crushers and power consumed by all
other equipment. Power required for crushing was calculated
by the method developed by F. C. Bond. A work index of
12 was used for 30 gallon per ton shale based on infor-
mation supplied by Allis-~Chalmers. The "blast factor" is
assumed to be equal to the mechanical inefficiencies of
the crusher and its drive. Power requirements for the
other equipment were calculated by summing the product

of the installed killowatts times operating hours per

day for each piece of equipment, and multiplying this sum
by 90% to relate actual demand to the installed demand
for onsite equipment. The power cost was taken as 1¢

per KWHr to be consistent with the other economic studies.

Costs for general overhead and insurance and taxes are
included in this study. Insurance and (local) taxes

are set at 1.5% of investment per year. General over-
head expense is set at 1.5% of investment per year, which
amounts to approximately 40% of operating and maintenance
labor costs including benefits., Costs for higher level
local supervision and support personnel (draftsman, payroll,
etc.), office supplies, and utility and service facilities
staff and supplies are covered by general overhead. The
general overhead costs are assumed to be incremental costs
because these costs would be shared by a shale o0il pro-
duction complex.
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VII. ANALYSIS OF RESULTS ANMND SENSITIVITY STUDIES

A, Weak Cost Areas Determined

It is possible to learn a great deal about the guality

of the individual cost items that make up the crushing

cost because of the depth of the study. This analysis,
in turn, can be used to guide future effort in crushing
research.

Table 20 gives the breakdown of the crushing cost in
percents for each component, The cost of capital and the
maintenance cost on this investment represent about 75%
of the total cost. For 2 1/2 inch minus production,
investments in crushers represent akbout 17% of onsite
investment, and 27% of major eguipment investment.
Gyratory and cone crushers are high unit cost equipment
because of their size and fine machining recuired in
fabrication. Substitution of a more moderately priced
crusher such as a roll crusher may reduce cost signifi-
cantly. However, careful evaluations must be made since
the auxiliary equipment for the crushers (feeders, screens,
etc.) may upset any savings if the use of moderately
priced crushers requires more crushers for the same

total throughput,.

Maintenance costs have not been firmly established pri-
marily because of the lack of reliable data sources at
the Research Center. Although an average of 6% of invest-
ment per year was used, other estimates ranged from 5%
to 9%. Maintenance requirements are important from
another standpoint since they provide an estimate of the
equipment service factor (or availability). As service
factor decreases, capital investment must increase to
provide the additional capacity for constant throughput.
Again careful evaluation will be necessary to ensure
meaningful differentials between different types of
crushing plants.

The remaining costs individually represent a small portion
of the total cost. Operating labor is about 8% of the
total cost, and is considered to be a firm number.
Electricity costs total about 5%, and are considered to
be firm since installed KWHr per ton check fairly well
with other studies. Reasonable variations in the
crushing work index or cost of power would not have a
large effect on total cost. The remaining costs of
insurance and taxes and general overhead can not be
firmly established until an actual complex is designed
and the auxiliary facilities required are determined.
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B. Possible Range of Crushing Cost Differentials

The crushing cost differentials between production of
different sizes of crushed shale are shown below:

Size 3" 2 1/2" 2" 11/2"

Differential Cost
Between Sizes, ¢/7T 0.5 0.5 1.8

The differentials are calculated from Table 20. A
quick study was done to determine the possible range
for these differentials. This information is necessary
to determine the amount of confidence in the optimum
shale size as determined by the economics.

The possible range was determined by using the 3 inch
minus case as a base case to estimate investment
dependent costs for the 2 1/2 inch minus, 2 inch minus,
and 1 1/2 inch minus cases. For the lower limit, only
the cost of the additional secondary and tertiary
crushers were added to the 3 inch minus case investment.
For the upper limit, the onsite cost of the secondary
crushing station was divided by the number of secondary
crushers to obtain a unit cost. This unit cost was then
multiplied by the number of additional crushers required
in each case and added to the 3 inch minus case invest-
ment to obtain total investment. Details of the calcu-
lations are shown on Table 24,

Results of these calculations are summarized below:

Size 3" 2 1/2" 2" 11/2"
Differential Cost Between Sizes, ¢/T
Maximum 1.1 1.2 3.5
Estimated 0.5 0.5 1.8
Minimum 0.3 0.4 1.3

The maximum and minimum differentials are probably out-
side limits because of the basis chosen for calculation.
It is concluded from these calculations that the cost
differentials are reasonably accurate.

C. Cost of Screening One, Two, and Three Retorting
Fractions

The cost of screening to produce one to three retorting
feed fractions was determined for the 2 1/2 inch minus
product case. Results of these calculations are shown
on Table 25, Although two fractions have a relatively
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higher production cost than one fraction, three fractions
have about the same production cost as screening two
fractions. The primary reason for this is that coarse
cuts are taken out of the crusher product to remove 1/4
inch minus with the minimum total screen area. UVFhen
producing two or three fractions, these coarse cuts must
conform to the specific fraction sizes. However, the
coarse cuts can be chosen to minimize total screen area
(and therefore minimize cost) for the wide range cut,.

The actual calculations showed three fractions to cost
about the same as two fractions. The reason for this

is that two fractions require two more screens than three
fractions, but two fractions require fewer conveyor belts.
If an actual design were to be done, there is a good
possibility that two fractions would require slightly
less investment than a more complex three fraction system.
Therefore, the cost differential for three fractions

over two fractions was set at 0.1¢ per ton.

Later discussions with screen manufacturers indicate that
multiple deck screens would not have the required high
efficiencies on the lower decks. This problem is dis-
cussed in this report under Use of Multiple Deck Screens.
It is believed that the use of single deck screens would
not change the cost differentials greatly but only raise
the absolute cost level. The reason is that the screening
area required is the same but all the multiple deck screens
would be replaced by single deck screens. This extra

cost for single deck screens would have to be balanced
against the increased retorting cost for sloppy fractions.

D. Costs for 20% Return on Investment

Table 26 gives the cost of crushing when a 20% DCF return
is required on investment. The general cost increases
considerably because crushing is a high investment
operation. A requirement for a return between 10% and
20% puts additional emphasis on work to reduce crushing
investment.

E. Elimination of Shale Storage

A suggestion was made by one of the Mining Engineers that
a worked out area of the mine be used for crushed shale
storage in place of the underground storage bins. 1If

the mine was shut down temporarily either because of
internal problems or a crushing plant breakdown, the
idled trucks could be used to haul shale to the screening
plant. It was calculated that elimination of the bins
could save as much as 0.7¢ per ton in the production cost
of 2 1/2 inch minus shale. In view of the possible
segregation problems with the bins, this seems worthwhile
considering for a commercial design.
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TABLE 1 -

GENERAL INFORMATION FOR TABLES 2 - 18

Tables 2 ~ 13

1.

Tables 14

Equipment costs obtained by cost curve technique
and do not represent actual bids. Equipment costs
do not include delivery charges.

Installation cost is charge for labor to bring
equipment from receiving site to its foundation,

‘secure and align the equipment on the foundation,

and make final connection to drives, piping, power, etc.

Delivery charges are estimated to average $2.60 per
CWT and the average equipment value is taken as $1 per 1lb.

Number of fractions screened on Tables 8 - 13 represent
total of fractions retorted plus a discarded 1/4"-
fines fraction.

- 18

l.

2.

Miscellaneous includes painting, any insulation
required, final site preparation, etc.

Underground development costs used are $1.50/cu. yd.
for easily developed areas (i.e. conveyor adits),
$3.00/cu. yd. for average areas (i.e. storage bins),
and $5.00/cu. yd. for complicated areas (i.e. specially
shaped areas). The above costs do not represent any
detailed investigation of underground developmen

" costs.

Installed electrical capacity (KVA) was estimated
from the equipment lists, and this in turn used
to estimate costs for feeder cables, substation,
and distribution equipment.

BAReitz

2/1/67
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TABLE 2

MAJOR EQUIPMENT LIST

PRTIMARY CRUSHING STATION

‘Unit Cost M$

Equipment Equipment Installation Total, MS
54" X 80' gyratory crusher with hydraulic support 305. 32.0 674.0
400 HP motor for above 15.1 - 30.2
Floating shaft drive 6. - 12.0
Set of liners 15.0 - 30.0
Spare head 60.0 6.0 66.0
Crane truck, 25T cap. (grizzly maintenance) 42.0 0.4 2.4
Grizzly, 8" spacing 20.0 20.0 a0.0
Primary Crusher Feeder (72" X 50') . 60.0 6.0 1372.0
20 HP motor for above 0.7 - i.4
Apron Feeders 60" X 30', 15 HP motor 40.6 4.0 17¢.4
Bin Internals 10.0 1.0 44,0
Convevor 60" X 260', 30 HP motorx 31.0 3.7 34.7
Convevyor 60" X 180', 20 HP motor 21.8 2.6 24,4
Dust System ‘ - - 15.0
Overhead Cranes - - 288.0
Truck dump blocks -- - 6.0
Subtotal 627.2 75.7 1,658.5
Miscellaneous Unlisted Items (2%) 33.2
2.6¢ 1 1,691.7
Delivery Charges (= X ) 39,2
$ 1.121 1.930.9

Total ’ :

® 21tz

12/0/66
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TABLE 3

MAJOR EQUIPMENT LIST

SECONDARY CRUSHING STATION
3"~ PRODUCT
Unit Cost, MS$
Equipment Installation Total, MS
7' Standard Symons Cone Crushers 92.8 9.3 408.4
Hydraulic Setting and Clamplnq Mechanism 6.1 4.9 44.0
300 HP, 720 RPM Motor 6.1 4.9 14.0
V Belt Drives 1.5 1.2 10.8
Spare Head Assambly 30.0 3.0 £6.0
Spare Bowl Assembly 20.0 2.0 41,0
72" X 20' Apron Feeders With 10 HP Motor 32.5 3.3 113.2
Bin Internals 10.0 1.0 44,0
Primary Screens, 7' X 20' Double Deck, enclosed
with 40 HP Motor 20.0 2.0 88.0
Secondary Screens, 6' X 14' S.D. enclosed, 10 HP
Motor 5.2 .5 22.8
Sets of Duct and Chute Work for Screens 6.0 .8 27.2
Dust Collection System —- - 31.0
Service Overhead Crane - -- 43.0
Recycle Conveying System, 24" X 600', 65 HP 36.0 4.3 40.3
Primary Product Conveyors, 60" X 2500', 350 HP,
traveling trippers (2 @ 10 HP) 334.7 40.2 749.8
_ Total 600.9 77.4 1806.5
Miscellaneous Unlisted Items (2 %) 36.1
2.6¢ 1 18426
0 * ’)
Delivery Charges (_E__ TTT77) Iﬁég.?
PATaitz
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TABLE 4

MAJOR EQUIPMENT LIST
SECONDARY CRUSHING STATION
2 1/2"- PRODUCT

Unit Cost, M$

Equipment Equipment Installation Total, MS
7' Standard Symons Cone Crusher 92.8 9.3 409.4
Ilydraulic Setting & Clamping Mechanism 6.1 4.9 44,0 .
300 P, 720 RPM Motors & V belt drives 7.6 6.1 54.8
Spare head & bowl assemblies 50.0 5.0 110.0
72" X 20' Apron Feeders with 10 HP motors 32.5 3.3 145.2
Bin Internals 10.0 1.0 14,0
Primary Screens, 7' X 20' D. D. enclosed, 40 HP
motor 20.0 2.0 L0
Secondary Screens, 7' X 16' S. D. enclosed, 15 HP ~
motor 9.4 0.9 41.2
Sets of duct & chute work for screens 6.0 .8 27.2
Short head 7' Symons Cone Crusher 98.5 - 9.9 108.4
Hydraulic Setting & Clamping Mechanism 8.0 5.1 13.1
300 1P, 720 RPM motor & V belt drives 7.6 6.1 13.7
Feed Hopper Chute & discharge chute 6.0 0.8 6.8
Spare Head & Bowl Assembly 50.0 5.0 55.0
Oversize reclaiming conveyor, 30" X 150', 7.5 HP
motor 106.6 1.3 11.9
Oversize elevation conveyor, 30" X 175', 25HP motor 13.0 1.6 14.6
Primary Product Convevors, 60" X 2500', 350 HP motor,
traveling trippers (2@ 10 HP) 334,7 40,2 749.8
Dust Collection System - - 32.3
Overhead Crane. -— - 43.0
Total 762.8 103.3 2002.4
Miscellaneous Unlisted gtems (2%) 40.2
. 2.6 1 44,9
Delivery Charges - X —lin
Y ges (=3 1,136 0nr 5
PrTi bz



TABLE 5

MAJOR EQUIPMENT LIST
SECONDARY CRUSHING STATION
2'"—- PRODUCT

, Unit Cost, M$
Equipment Equipment Intstallation Total, M$

N

7' Standard Symons Cone Crusher 92.8 9.3 612.6
Hydraulic Setting & Clamping Mechanisms 6.1 4.9 66.0
300 HP, 720 RPM Motors & V belt drives 7.6 6.1 82.2
Spare Head & Bowl Assemblies 50.0 5.0 110.0
Bin Internals 10.0 1.0 14,0
72" X 20' Apron Feeders with 10 HP motors 32.5 3.3 143.2
Primary Screens, 6' X 20' T. D., enclosed, 30 HP
motor 16.7 1.7 F3.6
Secondary Screens, 7' X 20' D, D., enclosed, 20 HP
notor 12.7 1.3 56,0
4 Sets of Chutes for Screens 6.0 0.8 2.2
1 Oversize Prod. Conveyor Belt, 48" X 240', 20 HP motor 22.8 2.7 25.5
1 Oversize Prod. Conveyor Belt, 48" X 240', 100 HP motor
& motorized tripper (3.5 IlP) 32.6 3.9 36.5
1 Double Compartment Bin ; - L e 8.3
2 F66 Syntron Feeders 12.1 1.2 26.6
2 7' ¥ 14' S. D. enclosed Screens, 10 HP motor 7.1 .7 15.6
2 Sets of Chutes for Screen 2.5 .3 5.6

Primary Product Conveyors, 60" X 2500', 350 HP,
trippers (2@ 10 HP) ) 334.7 40.2 749.8

Dust Collecting System .

Overhead Crane - —-— 43.0

Total 646.2 82.4 2162.7
Miscellaneous Unlisted, Items (2%) 43.3
Delivery Charges ( 3 X 1T137%) _50.9

RAofinitz
12/7/66



TABLE 7

MAJOR EQUIPMENT LIST
TRANSPORTATION AND STORAGE FACILITES

Unit Cost M$
Equipment Equipment Installation Total, MS

= Oy 00 >

60" ¥X 700' conveyor, 100 HP motor with 3 motorized

(5 HP) trippers (Sec. Station to Storage) - ) 89.1 10.8 ‘ 129.8
60" X 700' conveyor, 100 HP motor, 1 motorized

(5 HP) tripper, 250' enclosed (Storage to

Screening) :  92.8 11.1 207.8
' Belt Scales ‘ - -- 1.8
F66 Syntron Feeders 12.1 1.2 o Ins.4
F86 Syntron Feeders ‘ 13.9 1.4 “1.8 .
Dust System - - .0
Subtotal 207.9 24.5 639.6
Miscellaneous Unlisted Items (2.0%) 2 12.8
2,6¢ 1 652
Delivery Charges (%% X -) 15.2
7 LAE potal 567.6
RANoitLz
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TABLE 8

MAJOR EQUIPMENT LIST
SCREENING PLANT: 3"- , 3 FRACTIONS

Unit Cost M$

No. Equipment Equipment Installation Total, M5
13 6' X 16' Double Deck Screen -~
enclosed with bottom discharge port, 15 HP motor 9.5 .95 136.0
13 F55 Syntron Feeder 10.6 1.1 152.0
13 Sets of chutes : 3.0 . 4 ) AAL2
2 Overhead Hoist (10 HP) 7.0 0.7 15.4
2 54" X 114' belt conveyor, 10 HP motor (1" -~ 3") 12.2 1.5 7L 4
2 30" X 114' belt conveyor, 5 HP motor (1/4" - 1") 8.2 1.0 19,4
2 24" X 114' belt conveyor, 5 HP motor (1/4"-) 7.6 .9 L7.0
4 Belt scales - , -~ 1.8
2 547 X 70' belt conveyors, enclosed, 10 HP motor 9.4 1.1 1.0
2 30" X 70' belt conveyors, enclosed, 5 HP motor 6.0 .7 13.4
4 Surge bins ‘ - - 45,0
1 Dust System - - 15.0
Subtotal 73.5 8.35 518.6
Miscellaneous Unlisted Items (2%) 1e.4
526.0
. . (2.6¢ 1

Delivery Charges ( X ) 2.3
$ LITY  1otal §417.3
A oLtz

12/6/66



TABLE 9

MAJOR EQUIPMENT LIST
SCRELNING PLANT: 2 1/2"- , 2 FRACTIONS

Unit Cost MS

No. Equipment Equipment Installation Total, M9
11 6' X 16" Triple Deck Screen -
enclosed with bottom discharge port, 15 HP motor. 10.1 1.0 122.1
11 55 Syntron Feeder 10.6 1.1 128.7
11 Sets of Chutes 2.0 0.3 25.3
2 60" X 102' belt conveyors, 15 HP Motor (1/4" -
2 1/2%) 12.1 1.5 27.2
2 24" ¥ 102' belt conveyors, 5 HP Motor (1/4"-) 6.9 0.8 5.4
2 60" X 50' belt conveyors, enclosed, 10 HP Motor 8.7 0.9 7.4
2 Surge Bins - - 20,0
1 Dust System - - 16.2
2 Belt scales e - 9.4
2 Overhead Hoist (10 HP) 7.0 0.7 15.4
Subtotal 57.4 6.3 397.1
Miscellaneous Unlisted Items (@ 2%) - 8.0
: £05.T
Delivery Charges (2:6¢ x 1111) 9.5
® y Total 4,6
arReitz

12/6/66



TABLE 10

MAJOR EQUIPMENT LIST
SCREENING PLANT: 2 1/2"— , 3 FRACTIONS

Unit Cost M$

No. : Eguipment . Equipment Installation Total, MS
14 6' X 16' Double Deck Screen - ,
enclosed with bottom discharge port, 15 HP Motor 9.5 0.95 146.3
14 F55 Syntron Feeder. 10.6 1.1 152.8
14 Sets of Chutes 3.0 0.4 17 .6
2 Overhead Hoist (10 up) - 7.0 ' 0.7 L4
2 54" X 114' belt conveyor, 10 HP motor (1" - 2 1/2") 12.2 1.5 L4
2 36" X 114' belt conveyors, 5 HP motor (1/4"-1%) 9.1 1.1 !
2 24" X 114' enclosed conveyors, 5 HP motor (1/4"-) 7.6 .9 7.0
2 54" X 70' belt conveyors, enclosed, 10 HP motor 9.4 1.1 21.0
2 36" X 70' belt conveyors, enclosed, 5 HP motor 6.8 0.8 15.2
4 Surge bins ° , - - 40,0
1 Dust Systenm - - : 5.2
4 Belt scales —— - 13.8
Subtotal 75.2 8.55
Miscellaneous Unlisted Items (@ 2%)
. 2.6¢ 1
Delivery Charges ( S X L.114)

Total

RATzitz
12/6/66



TABLE 11

MAJOR EQUIPMENT LIST

SCREENING PLANT:; 2 1/2"~ , 4
No. Equipment
12 6' X 16' Triple Deck Screen -
bottom discharge port, 15 HP motor
12 F55 Syntron Feeders
12 Sets of Chutes
2 42" X 102' conveyor, 7.5 .HP motor (1 1/2" - 2 1/2")
2 36" X 102' conveyor, 7.5 HP motor (3/4" - 1 1/2")
2 30" X 102' conveyor, 5 HP motor (1/4" - 3/4")
2 24" X 102' conveyor, 5 HP motor (1/4"-)
2 42" ¥ 80' conveyor, enclosed, 5 HP motor
2 36" X 80' conveyor, enclosed, 5 HP motor
2 30" ¥ 80' conveyor, enclosed, 3.5 HP motor
6 Surge bins
1 Dust System
6 Belt scales
2 Overhead hoist (10 HP)

Subtotal
Miscellaneous Unlisted Items (2%)
2.6¢ 1
Delivery Charges ( )
$ 1.115 Total

FRACTIONS
Unit Cost M$
Equipment Installation Total, M
10.1 1.0 133.0
10.6 1.1 140.5
4.5 0.6 €1.2
9.2 1.1 .6
8.3 1.0 L6
7.4 0.9 e
6.9 0.8 Lh.4
8.6 1.0 .2
7.7 0.9 17.2
6.7 0.8 15.0
— - 6n.0
- - 16.2
- - 28,2
- - 15.4
8 0 » 0 9 - 2 i" / - l.
S04.6
1.7
6noT3
Rrveitz
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TABLE 12

MAJOR EQUIPMENT LIST

SCREENING PLANT: 2"- , 3 FRACTIONS

No. Equipment
15 6' X 16' Double Deck Screen -
enclosed, bottom discharge port, 15 HP motor
15 Fil45 Syntron Feeder
15 Sets of Chutes
2 Overhead Hoist (10 HP)
2 48" X 126' belt conveyor, 10 HP motor (1" - 2")
2 36" X 126' belt conveyor, 5 HP motor (1/4" - 1")
2 30" X 126' belt conveyor, 5 HP motor (1/4"-)
2 48" X 70' belt conveyor, enclosed, 5 HP motor
2 36" X 70' belt conveyor, enclosed, 3.5 HP motor
4 Surge Bins
1 Dust System
4 Belt Scales

Subtotal
Miscellaneous Unlisted Items (2%)

Delivery Charges (2%6¢ X7 114)

Total

Unit Cost MS$S

Eguipment

Total, MS

Installation

156.8
102.0
51.0
15.4

. s a
X b €D

-
O

nAlelitz
12/7/66



No.
15

15
15

RN

b O

TABLE 13

MAJOR EQUIPMENT LIST

SCREENING PLANT: 1 1/2"- , 3 FRACTIONS

Equipment

6' X 16' Double Deck Screen - -
enclosed, bottom discharge port, 15 HP motor

FH45 Syntron Feeder

Sets of Chutes

Overhead Hoist (10 HP)

48" X 126' conveyor belts, 10 HP (3/4" - 1 1/2")
36" X 126' conveyor belt, 5 HP (1/4" - 3/4")

30" X 126' conveyor belt, enclosed, 5 HP (1/4"-)
48" X 70' belt conveyor, enclosed, 7.5 HP motor
36" X 70' belt conveyor, enclosed, 3.5 HP motor

Surge Dins
Dust System
Belt Scales

Subtotal
Miscellaneous Unlisted Items (2%)
2.6¢ 1

Delivery Charges ( S X 1'114)

Total

Unit Cost M$S

Equipment Installation Total, M$
9.5 0.95 15¢.8
6.2 0.6 102.0
3.0 0.4 51.0
7.0 0.7 15.4

12.3 1.5 TUL8
10.0 1.2 LA
.7 1.2 L8
8.6 1.0 (.2
6.8 0.8 15.2
- - 4.0
- - 20.1
- e 1#.8
73.1 8.35 10,5
1.2

T

1.2

5379

RAP2LEZ
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TABLE 14

ONSITE INVESTMENT ESTIMATE
PRIMARY CRUSHING STATION

M$

Major Equipment and Installation | 1,628(1)
Foundations and Structures (@ 4%) 67
Underground Development _ 343
Piping (@ 3%) 50
Instrumentation (@ 5%) 84
Electrical System : | 116
Miscellaneous (@ 3%) : 50

Total 2,388
Underground Development, M cu. vyd. 110
Installed Power Capacity, KVA 1,000

(1)Original estimate. A calculation error of 53 M$ was found
on rechecking Table 2, which now shows the corrected total
of 1,731 MS.

RAReitz
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TABLE 15

ONSITE INVESTMENT ESTIMATE

SECONDARY CRUSHING STATIONS

Major Equipment and Installation
Foundatioﬁs and Structures (@ 7%)
Underground Devélopment

Piping (@ 3%)

Instrumentation (@ 5%)

Electrical System

Miscellaneous (@ 3%)

Total

Underground Development, M Cu. Yd.
Installed Power Capacity, KVA

37— 2 1/2%- = 27~ 1 1/2"-
1,885 2,096 2,257 3,024
132 147 158 212
328 376 406 459
57 63 68 91
94 105 113 151
243 266 293 349
57 63 68 91
2,796 3,116 3,363 4,377
150 160 170 180
2,100 2,300 2,600 3,500
RAReitz
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TABLE 16

ONSITE INVESTMENT ESTIMATE
TRANSPORTATION AND STORAGE FACILITIES

Maﬁor Equipment and Installation
Foundations and Structures (@ 8%)
Underground Development
Piping (@ 3%)
Instrumentation (@ 5%)_
Electrical System
Miscellaneous (@ 3%)
| Total

Underground Development, M Cu. Yd.
Installed Power Capacity, KVA

M$
668

54
349
20
33
80

20

1,224

180
600

RAReitn
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TABLE 17

ONSITE INVESTMENT ESTIMATE
SCREENING PLANTS

M$

Case 37~ 2 1/27- 2 1/2%- 2 1/27- 27~ 1 1/27-
Fractions Produced (1) 3 2 3 4 3 3
Major Equipment and Installation 541 415 573 602 531 533
Foundations and Structures (@ 8%) 43 33 46 48 - 42 43
Building and Excavation - 540 480 540 480 600 ~00
Piping (@ 7%) 38 29 40 42 37 37
Instrumentation (€ 8%) 43 52 58 55 56 56
Electrical System 56 33 46 48 43 43
Total 1,261 1,042 1,303 1,275 1,309 1,312
Installed Power Capacity, KVA 600 600 600 600 600 600

(l)Fractions for retorts plus 1/4"- fines fraction.

RAReiuz

2/1/67



Primary Station
Equipment
Develogment
other (1)

Subtotal

Secondary Station
Eguipmrent
Development
other (
Subtotal

Transportation and
Storage
Equipment
Development
Other (1)
Subtotal

Screening (2 Fractions)
Equipment
Building

Other (1) Subtotal

Totals
Eguipnent
DeveloEment, Bldg's
other (1)

Grand Total

ENTIRE CRUSHING AND SCREENING FACILITIES

TABLE 18

SUMMARY OF ONSITE INVESTMENT

NOTE: (l)other includes all other onsite costs on Tables 14 ~ 17.

3"- 2 1/2"_ 2"_ l 1/2"__

MS % MS 2 MS % MS 5
1,678

343
2,388 31 2,388 30 2,388 29 2,388 e
1,885 2,096 2,257 3,024

328 376 406 459

583 644 700 894 B
2,796 36 3,116 39 3,363 40 4,377 17

668

349

2 O 7 ——_ o - — - ] i o
1,224 16 1,224 15 1,224 15 1,224 13

541 573 531 533

540 540 600 600

180 190 178 179 B
1,261 17 1,303 16 1,309 16 1,312 14
4,772 62 5,015 62 5,134 62 5,903 3
1,560 20 1,608 20 1,698 20 1,751 19
1,337 18 1,408 18 1,452 18 1,647 18
7,669 100 - 8,031 100 8,284 1060 9,301 100

RAReit
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TABLE 19

DEVELOPMENT OF FIXED CAPITAL INVESTMENT
FOR CRUSHING AND SCREENING PLANTS

-

M$
3L ) 1/21:_ 2T 1 1/2““
Total Onsite Cost 7,669 8,031 8,284 9,301
Utilities ‘ ,
Main Electric Substation (1) 90 95 96 97
All Other (7% of Onsites) 536 561 580 651
Subtotal 8,295 8,687 8,960 10,049
Seryices (9% of Onsites +
Utilities) 747 - 782 806 904
Subtotal 9,042 9,469 9,766 10,953
Labor Location Adjustment (2) 301 315 325 365
Total Physical Cost 9,343 9,784 10,091 11,318
Engineering and Construction
(25% of Physical Cost) 2,336 2,446 2,523 2,830
Subtotal 11,679 12,230 12,614 14,148
Contractor's Fee (7%) B18 856 883 : 990
Contingency (15%) 1,752 1,835 1,892 2,122
Fixed Capital Investment (3) 14,249 14,921 15,389 17,260
Fixed Capital Investment
Rounded, MMS$ 14.2 14.9 15.4 17.3

NOTES:
(l)Main electrical substation estimated based on total installed KvA.

(Z)Adjustment for lower productivity of area labor, incentives to
attract labor, etc. Calculation based on a 20% increase on
installation labor where base installation labor averages 20%
of equipment cost. ‘

(3 ror first guarter 1966. Excludes working capital, cost of
property, and general area developrent costs (roads, water, etc.).

RAReitz
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TABLE 20

rem—

COSTS FOR 84,000 T/D GYRATORY~CONE CRUSHING PLANTS

Product Max. Size, In.

Cost of Capital(l)
Maintenance

Operating Labor

Electricity @ 1¢/KWHr.

Crushers (4
All Other Equipment

Insurance and Taxes(s)
General Overhead

Total(z)
Rounded Total (2,3)

NOTES:

3
¢/T %
8.01 59.7
2.26 16.8
1.09 8.1
.67 5.0
.21 1.6
.46 3.4
.70 5.2
.70 5.2
13.43 100.0
13.4

2 1/2 2 11/2
¢/T 2 ¢/T B ¢/T %
8.38 60.0 8.63  59.7 9.68 59.8
2.35 16.8 2.41 16.7 2.66 16.4
1.09 7.8 1.15 8.0 1.32 8.1

.69 5.0 .75 5.2 .85 5.3

.22 1.6 .26 1.8 .32 2.0

.47 3.4 .49 3.4 .53 3.

.73 5.2 .75 5.2 .84 5.2

.73 5.2 .75 5.2 .84 5.2
13.97 100.0 14.44 °100.0 16.19 100.0
13.9 14.4 16.2

(l1)cost of capital developed on Table 21.
construction, 15 yr. life, SYD Depreciation Schedule, 7% investment credit, 10%
DCF return, and 50% tax rate.

General basis for calculation are 2 yr.

(2)Total cost excludes working capital, any burden required for distribution and
selling expenses on 0il, any burden required for corporate offices, research anc
development charges, any financing charges, and escalation.

(3)Rounded totals obtained by adding rounded differential costs to 13.4¢/Ton.

(4)Ca1culated with Work Index = 12.

(5)calculated at 1.5% of investment per year.

RAReitz
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TABLE 21

DEVELOPMENT OF COST OF CAPITAL

Sample Calculation 2 1/2"- Case

Investment
Credit or DCF Discounted
Investment Depreciation Factor Cash Flow
.Year M$ __us @ 10% M$
0 1.0000
1 5,304 - 371 .9091 +4484,.3
2 9,617 - 673 .8264 +7391.2
3 -1,865 .7513 ~1401.2
4 -1,741 .6830 ~-1189.1
5 -1,616 .6209 ~1003.4
6 ~1,492 .5645 - 842.2
7 ~1,368 .5132 - 702.1
8 -1,244 L4665 - 580.3
9 -1,119 .4241 -~ 474.6
10 - 995 . 3855 ~ 383.6
11 - 870 . 3505 -~ 304.9
12 - 746 .3186 - 237.7
13 - 622 .2897 - 180.2
14 - 497 .2633 - 130.9
15 - 373 .2394 - 89.3
16 ' - 249 .2176 - 54,2
17 - 124 .1978 - 24.5
Totals 14,921 9.0214 +11875.5
» - 7598.2
Cost of Capital = t $I: {l-c)DF{
(1-t)3DF; [ t - S(bi HDF{E]
=317 t=f-» 17

Where: ¢ = Investment credit (fraction)
D{ = Yearly depreciation, §$
DF{ = Yearly discount factor
I{ = Yearly investment, $
£+ = Tax rate (fraction)

Cost of Capital, M$/yr. = .5 1
ost of Caprtal, ME/¥r. = @ iersmy [;§(11875.5) ~7598.%] = 2569.7

Cost of Capital, ¢/T ¢
$2.5697 X 10 Day Yr. 100¢ _
yr. X §4,000 T © 365 Day ~ § = 8-38 ¢/Ton

Bases For Calculation

1. Development of crushing plant starts one year after mine
developnent starts. Investment allocated over two years
by an assumed expenditure schedule.

[
{7
vy
3
]
Y

t e d L aTe L e

"~%ha»v3““q digits method
iy nzlusias wvalun tallan as zero. =y

Tol Wi EJIEVER SRR

over a fi aar 1ife
seven percent investment credit is taken, and the tax rate is
assumed to be 50%

T\-\v-‘,ﬁ.:x_.-;:
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TABLE 22

OPERATING LABOR

COSTS

General Concept:

Centralized control for two areas - one area to include
crushing and transportaticn to the storage area, the other
area to include transportation from storage, screening,
and transportation to the retort feed system.

 staffing:
Men Per Shift 3"- 2 1/2%"~ 2"- 1 1/2%-
Shift Foreman

Duties - Local Supervision 1 1 1 1
Chief Operator (one each area)

Duties - Control Overall .

Production 2 2 2 2
Operateors (one each station)

Duties - Responsible for proper

operation of individual

eguipment 3 3 3 4
Laborers (used where needed)

Duties - Assist Operators,

cleanup » 3 3 4 4

Total Per Shift 9 9 10 11
Men required for shift work - 1960

hrs/man yr. based on 40 hr. week,

average vacation of 3 weeks, and

overtime equal to lost time 39 39 43 48
Crushing and Screening Plant ,

Supervisor 1 1 1 1
Total Staff 40 40 44 49
Wages:

Salaried
Supervisor $4.80/hr.
Shift Foreman $4.10/hr.

Hourly (5% bonus added for underground duty)

Chief Operator $3.25/hr

Operator $3.00/hr

Laborer $2.70/hr
Benefits - 25% of base wages

Operating Labor Cost:

.

3"- 21/2"-
Total Men 40 40
Total Wages, MS$/yr. 267.1 267.1
Average Wage, $/hr. 3.21 3,21
Benefits, M$/yr. 66.8 66.8
Total Operating Cost, M$/yr.333.9  333.9
1 .00

Total Operating Cost, ¢/Ton 1.n0

2~
44
290.
"3,
72.

363.
1.

11/2°-
49
7 323.1
18 3.17
8  80.8
5  403.9
15 1.32

RAReitz
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TABLE 23

MAINTENANCE COSTS

Basis: Maintenance costs increase with age of equipment.
(See Reference 2, pages 329 - 334).

Development of Expenditure Schedule:

Assumptions: . ,
1. Total expenditure over 15 years averages 6% of
investment per year for 3"- case.
2. First year expenditure is $200,000.

Expenditure Schedule:
M = ,00656IT + 106500

M = Yearly maintenance cost for year T,$
I = Original investment,$
T = Age of investment, years

Sample Calculation for 3"- Case:

Maintenance DCF Pactor Discounted Cash

Year Cost - MS$/Yr. @ 10% Flow - M$§/Yr.

3 200.0 .7513 150.3

4 293.4 .6830 200.4

5 386.9 .6209 240.2

6 480.4 .5645 271.2

7 573.9 .5132 294.5

8 667.3 .4665 311.3

9 760.8 .4241 322.7

10 854.3 . 3855 329.3

11 947.7 .3505 332.2

12 1,041.2 .3186 331.7

13 1,134.7 .2897 328.7

14 1,228.1 .2633 323.4

15 1,321.6 .2394 316.4

lé 1,415.1 L2176 307.9

17 1,508.6 .1978 298.4
Totals 12,814.0 6.2859% 4,358.6

*Total for DCF factors from year 3 to year 18. There is no
maintenance during construction years 0 - 2,

Average Undiscounted Maintenance Cost:

12.814 x 10% x 102
14,249 X 100 X 15

= 6% of investment per year (assumption 1)

Discounted Maintenance Cost:

(4.3586 X 106)

6.7859 = $,69338 ¥ 106 ner veay
69.330 % 10%¢ year




TABLE 23 {(continued)

.69338 X 106 x 102 .
6914.249 < 106 = 4.86% of investment per year

Calculation for 2 1/2"-, 2"~, 1 1/2"- cases:

Maintenance costs calculated by same method as above
using expenditure schedule given by M = .00656It +106,500.

RAReitz
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TABLE

24

- = 1 it Wr——————

ESTIMATE OF MINIMUM AND MAXIMUM

CRUSHING COST DIFFERENTIALS

Minimum Cost Differentials

Assume minimum to be given when only the cost of the additional crushers

required are added.

Investments, M$

3"~ Secondary Crushing Plant (base)
Additional Crushers
Subtotal
Miscellaneous @ 2% , .
Delivery Charges 2.6¢ (1.02)
$ 1.127

Equipment

All Other (48.3%)
Total Secondary Crushing
All Other Facilities
Total Onsite
Fixed Capital Investment

Production Costs, ¢/T

Cost of Capital
Maintenance
Insurance,
Overhead
Electricity, Op. Labor
Total
Differential

Taxes, and General

-

Maximum Cost Differentials

Unit cost of 3"- secondary crushing plant =

3" 2 172" 2" 1 1/2"
1,806.5 1,806.5 1,806.5 1,806.5
- 135.2 253.6 681.5
1,806.5 1,941.7 2,060.1  2,488.0
36.1 38.8 41.2 49.8
_42.5 45.7 48.5 58.6
1,685.1  2,026.2 2,149.8  9,596.4
911.1 979.3 1,039.0 1,254.8
7,796 3,005 3,189 3,851
4,873 4,873 4,873 4,873
7,669 7,878 8,062 8,724
14,249 14,637 14,979 16,209
3" 2 1/2" 2" 1 1/2"
8.00 8.22 8.41 9.10
2.24 2.30 2.35 2.55
1.40 1.43 1.47 1.59
1.76 1.78  1.90 2.17
13.40 13,73 14.13 1541
- .33 .73 2.01
2,796 = 699 MS$/crusher

Assume maximum differential to be given when the unit cost as defined
above is used to calculate investment.

Investments in MS$

No. -of Crushers

Unit Cost Per Crusher
Total Secondary Cost
All Other Facilities
Total Onsite

FPixed Capital Investment

3 2 1/2n

4 5

699 699
2,796 3,495
4,873 4,873
7,669 8,368
14,249 15,548

B

2(!

6

699
4,194
4,873
9,067

16,846

11727

9

699
6,291
4,873

11,164
20,742



TABLE 24 (continued)

Production Costs in ¢/T

Cost of Capital
Maintenance
Insurance, Taxes, and
General Overhead
Electricity, Op. Labor
: Total
Differential

3“ 1/2" 2" l 1/2"
8.00 8.73 9.46 11.65
2.24 2.44 2.65 3.26
1.40 1.52 1.65 2.03
1.76 1.78 1.90 2.17

13.40 14.47 15.66 19.11

- 1.07 2.26 5.71

RAReitz
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TABLE 25

COST OF SCREENING VERSUS NUMBER OF FRACTIONS
FOR 2 1/2"= CRUSHED SHALE

- Total Number of Egactions(ll
Investments in MS$S 2 3 4

Screening Plant
Major Equipment (Installed) - 415 573 602
Total Onsite 1,042 1,303 1,275
Total Onsite Cost (Crushing and
Screening) 7,770 8,031 8,003
Total Physical Cost 9,471 9,784 9,751
Fixed Capital Investment (2) 14,444 14,921 14,870
Production Costs in ¢/Ton(3) 2 3 4
Cost of Capital 8.11 8.38 8.35
Maintenance 2.27 2.35 2.34
Operating Labor 1.09 1.09 1.09
Electricity @ 1¢/KWHr. .68 .69 .69
Insurance and Taxes .71 .73 .73
General Overhead .71 .73 .73
Total 13.57 13.97 19.93
Calculated Differential -.40 (base) -.04
Rounded Differentials(4) -4 (bace) +.1
NOTES:

(L)Total number of fractions eguals retorted fractions plus
"a discarded 1/4"- fines fraction.

(2)rixea Capital Investment calculated from total onsite cost
by method shown on Table 19. -

(3) same basis used for calculations as in Table 20.

(4)A review of the calculations for 3 and 4 fraction systems
indicated the -.04 differential might be a result peculiar
to the calculations and cost estimating technique. It was
judged that a slight increase cost for 4 fractions over
3 fractions (assumed at +.01) would be a more valid
generalization.

RAReitz
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TABLE 26

CRUSHING COSTS FOR A 20% DCF RETURN

Production Costs in ¢/T

Cost of Capital(l)
Maintenance
Operating Labor
Electricity @ 1¢/KWHr.
Insurance and Taxes
General Overhead (2)
Total (3)
Rounded Total(3)

NOTES:

3= 21/2"- 2"~ 11/2"-
15.53 16.26 16.76 18.81
1.86 1.93 1.98 2.18
1.09 1.09 1.15 1.32
.67 .69 .75 .85
.70 .73 .75 .84
.70 .73 .75 .84
70.55 21.43 TY3.T4 54,84
20.5 21.4 22.1 24.8

(D eost of Capital developed same as Table 21 except 20% DCF

return reguired.

General basis for calculation are 2 vyear

construction, 15 year life, SYD depreciation schedule, 7%

investment credit,

(2)calculated at 1.5% of investment per year.

20% DCF return and 50%

tax rate.

(3)Total cost excludes working capital, any burden required
for distribution and selling expenses of oil, any burden
required for corporate offices, research and development
charges, any financing charges, and escalation.

RAReitz
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RESEARCH DEPARTMENT August 1, 1967
Anvil Points 0il Shale Research Center
Rifle, Colorado File 800

R. H. Cramer
Program Manager
Anvil Points

ECONOMIC STUDIES

Several quicky economic studies have been done over the past few
months. One study updates the one fraction versus two fraction
system economics based on Retort No. 3 data. The other study
deals with the economic effect of liquid withdrawal on the process.

Table 1 gives economics for demonstrated operations on Retort

No. 3. The two fraction system at the lower mass rates is clearly
the most attractive. If the assumption is made that 1/4 inch
minus material will be processed in a commercial operation (i.e.
by TOSCO or another process), then the Gas Combustion operation
with the highest average yield will always look most attractive.

Table 2 gives a summary of economic incentives for liquid with-
drawal. The best demonstrated Retort No. 3 run is significantly
more expensive than the best case in the Fall 1966 economic
studies. This is because of lower yields and lower mass rates.

If liquid withdrawal allows 95% yield at 1,000 mass rate to be
obtained, a maximum incentive of 17.1¢/bbl (before additional
costs) exists over the best present operation. Cases 1, 2 and 3
on Table 2 show net incentives for different levels of compression.
The exponent for increasing pressure drop must be less than 3 for
liguid withdrawl to have a significant advantage.

Actually, credit for liquid withdrawal exists only if yields can
be improved. Compression and additional equipment cost about
balance the saving in retort structure at 1,000 mass rate. A 500
or slightly higher mass rate at 95% yield may well turn out to
be optimum. This is shown in Cases 4 and 5 on Table 2.

Tables 3 through 5 give details on the calculations made for the
liguid withdrawal system. These estimates are necessarily roughj;
consequently, only large differences between cases have any
meaning. If liquid withdrawal proves feasible, it may be desir-
able to do a detailed cost estimate of a system for commercial
operation in order to firm up these calculations.
7 - P
// /" ) “uy‘{/i
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Te_nE 1

ECONOMICS FOR RETORT NO. 3 OPERATIONS

Shale Size 1/4 to. 2 1/2 ‘ 1/4 to 1 1l to'2 1/2 1/4 to 1 l to 2 1/2
9290
Retort 3 Run Cl04¢9 Cl051 Cl027 Clo051 Ccl028
No. of Balances 6 3 8 3 9
Yield Obtained 82.1 88.6 87.1 88.6 83.4
Fischer Assay 27.9 27.4 25.0 - 27.4 . 25.4
vield COfi?cted to : "
30 GPT 82.7 89.3 88.6 89.3 84.8
Process Conditions ,
Wt.% of Mine Run 93 22.6 69.5 - 22.6 69.5
Mass Rate 500 300 400 300 500
Air, MSCF/T 4.7 5.2 4.6 5.2 4.7
Recycle, MSCF/T 11.7 13.0 14.5 13.0 12.9
Dilution, MSCF/T - 1.6 - - 1.6 -
Retort AP, in Hy0 12.2 4.1 7.0 o 4.1 10
Bed Height, feet 15.5 11.5 10.5 11.5 ~11.5
Cost of 0il, ¢/bbl +1.7(2) base +0.3
Relative to fall , :
1966 studies(3) +6.0 +4.3 +4.6

(L corrected by regression analysis term of 0.309 A Fischer Assay.

(2)The 500 mass rate is optimum for 1/4 to 2 1/2 inch shale; 300 mass rate operation at 86% yield
would cost about an additional 3¢/bbl. If 96% of mine run isprocessed, than cost of oil is
-1.1¢/bbl relative to base case.

(B)No fines processed, 1/4 to 1 inch at 500 mass rate with 91.3% yield and 1 to 2 1/2 at 500 mass
rate with 88.5% yield.
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. . TABLE 2 -

'SUMMLLRY OF COSTS FOR LIQUID WIl..oRAWAL
(FOR RESEARCH QUIDANCE ONLY)

¢/bbl

-Best Case in falli of 1566 economic studies

(L/4 to 1 and 1 to 2 1/2 at 500 mass rate,

no fines) base
Best Retort No. 3 Operation to Date ‘

(See Table 1) - +4.3
Maximuﬁ incentive for 1,000 mass rate

and 95% yield

(No fines processed) -12.8
Maximum Credit For Liquid Withdrawal ' 17.1

RAaReitz
7/31/67

Case -1 2 3 4 5
, -

Mass Rate 1,000 1,000 1,000 1,000 500
% RSFA Yield 95 95 95 No 95
Exponent for pressure drop 2 3 4.2 Improvement —
Costs, ¢/bbl 2
Maximum Credit 17.1 17.1 17.1 6.3 10.8
Equipment -2.8 -2.8 -2.8 -2.8 -3.3
Compression ‘ -4.1 -8.8 -20.3 -4.1 -
Incentive , 10.2 5.5 -6.0 -0.6 7.5
Additional Credits:

1. Easier seperation of oil from H5O0.

2. Advantages of heavy and light product oil streams.
Additional Debits:

1. Equipment to seperate dust from oil.

2. Higher gas rates requlred for 95% yield which will raise

compression cost.

3. Increased bed height for heat transfer at 1,000 mass rate.

4. Cost of hot o0il cooling and oil recirculation system.

5. Loss in heating value of retort vent gas.



TABLE 3

CREDIT FOR 1,000 MASS RATE AND 95% YIELD OPERATION
(FOR RESEARCH GUIDANCE ONLY)

Cases Considered

Previous Beat Case New Case

Fraction . Wt.% Yield Mass_ Rate Wt.% Yield |Mass_Rate
l to 2 1/2 69.5 88.5 500 69.5 95 1,000
1/4 to 1 22.6 91.3 500 22.6 95 1,000
fines discarded 7.9 - == 7.9 — —
100. 82.1 500 100.0  87.5 1,000
No change in bed heights or gas rates assumed.
Retorting Cost at 1,000 Mass Rate Plus 95% Yield
L Base Case New Case
Yield 95 95
Mass Rate 500 1,000
Air, MSCF/T 4 4
Recycle, MSCF/T 12 12
Costs in ¢/bbl : Proration exponent
Retort for mass rate effect
Onsite Invest. 9.8 6.5 .6
Utilities, Offsites 8.5 6.9 .3
Operating 10.5 9.1 .2
Compression
Onsite Invest. 2.7 2.7
- Operating 8.7 8.7
Total 40.2 33.9
References

August 1964 Monthly Progress Memorandum
August 1965 Monthly Progress Memorandum

Credit For 1,000 Mass Rate and 395% Yield
¢/bbl relative to base case

Mining -4.0
Crushing -0.7
Retorting
Base -7.9
Compression Adj. 0
Bed Height adj. 0
Disposal -0.2
Total -12.8
Analysis of Incentive
¢/bbl % Source
6.5 51 Yield Improvement
6.3 49 ‘ Mass Rate Improvement
12.8 100 Gross Credit
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TABLE 4

COST ESTIMATE FOR WITHDRAWAL EQUIPMENT
(FOR RESEARCH GUIDANCE ONLY)

Investment’
Bases: (1) Sketch by R. L. McGalliard dated 6/6/67 and
handed out at 6/7/67 Biweekly Meeting.
(2) For a 18' X 20' retort

Mass Rate

: Component M/ (1) 500 1,000
2/8 inch carbon steel plate 45/55 $ 1,300 $ 1,300
6,000 lbs structural steel 80/20 1,100 1,100
40 cyclones 16,800 29,600
30 shale down comers 75/25 ; 5,000 7,000
Cyclone liquid collector pipes 70/30 4,400 4,400
Deck liquid drains . 45/55 4,500 4,500
Sub Total 33,100 47,900
Miscellaneous materials (10%) 3,300 4,800
Installed equipment 37,400 52,700
Engr., Construction, Fee, etc. (20%) 7,500 10,500
Total erected cost per retort ‘ 44,900 63,200
Nunmber of retorts 40 22
Incremental Investment for 50 MB/CD $l 800,000 $1,400,000

Notes: (1)Material and labor split. All equipment on a fabricated and
installed bases. V
(2) aAbove estimate very rough because of lack of a specific design
" and lack of good cost data on components.

Mass Rate

Incremental Cost Per Barrel 500 1,000
Capital cost @ 1¢/bbl per MM$ 1.8 1.4
42" additional bed height 1.3 1.3
Incremental maintenance (2% of Invest/yr) .2 .1

' 3.3 2.8

RAReitz
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TABLE 5

COST OF PRESSURE DROP AT 1,000 MASS RATE
(FOR RESEARCH GUIDANCE ONLY)

. Conditions: 4,200 SCF/Ton of air
21,000 SCF/Ton of total gas

Case 1 Case 2 Case 3
AP/AL Equation 1 2 3
-Exponent for AP increase 2 3 ‘ 4,2
Additional ZlP/iSL over
base case A P/AL, inches
H,0/ft. . 2.3 4.9 11.7

Cost of Additional Compression in ¢/bbl
(21,500 SCF Total Gas/Ton)
Power at 1.0¢/KWhr 4.1 8.
Power at 0.7¢/KWhr 2.9 6.

Equation Used

Eq. 1. Pressure drop equations developed by J. W. Hasz and
given on p.l1l Technical Memorandum 67-3

3
Eq. 2. Ap (Ap G
AH “(An)b (Gb) (Assumed for study)
Pressure drop

AP/A

H =
G = Gas mass velocity

Eg. 3. Pressure drop eguation developed by J. E. Burchfield and
given on p. 22 of the August 1965 Monthly Progress
Memorandum, A

RAReitz
7/31/67
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