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FOREWORD

This report was prepared by The Cleveland-Cliffs Tron Company,
Western Division, P.0. Box 1211, Rifle, Colorado 81650 under U. S. Bureau
of Mines Contract No. J0265052. The contract was initiated under the
Bureau of Mines Program for Advancing Mining Technology--0il Shale. It
was administered under the technical direction of the U. S. Bureau of
Mines, Spokane Mining Research Center, with Mr. John R. M. Hill acting
as the Technical Project Officer. Mr. David J. Askin was the contract
administrator for the Bureau of Mines.

This report is a sumary of the work recently completed as part
of this contract during the period July 1976 to April 1978. This report
was submitted in May 1978.

No patents or inventions have resulted from this study.
Reference to specific brands, equipment, or trade names in this

report is made to facilitate understanding and does not imply endorsement
by the U. S. Bureau of Mines. ' ‘






EXECUTIVE SUMMARY

The objective of this Contract was to determine the most desirable
systems for the underground disposal of retorted ¢0il shale from the Paraho
retorting process based on the mining methods most likely to be employed in
the deeper oil shale deposits. Two mining methods, chamber and pillar mining
and sublevel stoping, were specified for backfilling. A deep underground
mine in the central part of the Plceance Creek Basin of northwestern Colorado
was assumed for this study.

The contract work was divided intc two separate phases. Phase I
involved the investigation of several backfilling methods and the selection
of the most feasible methods for more detailed study. Phase I activities
and results are described in Section 7.0 of this report. Three basic methods
for transporting and stowing retorted shale were studied individually and
in combinations of two or three to determine the most desirable system for
the prescribed mining methods. Hydraulic, pneumatic, and mechanical (belt
conveyors and trucks) methods were studied. Limited laboratory work was
done to determine the physical and chemical characteristics of hydraulically
transported retorted shale and the effects of cementing additives on dry
(limited moisture) retorted shale. On the basis of a subjective and ob-
jective technical and economic analysis, conveyor transporting and stowing
was selected as the most feasible underground disposal method. The principal
advantages of the conveyor transport and stowing method, when compared to
the other systems studied, are as follows:

°> Highest fill density

° Most retorted shale stowed underground

° Greatest increase in potential resource recovery
° Highest potential strength for pillar support

° Least surface disruption

° Lowest ground water contamination potential

° Least envirommental degradation

° Lowest manpower requitrements

° Lowest energy requirements

° Lowest capital and operating costs

¢ Safest system

The main disadvantages of the conveyor transporting and stowmg

method are dependence upon a single conveyor and system routing is in-
flexible.

Hydraulic transport and stowing causes severe degradation of re-
torted shale. Resulting slimes must be removed if any degree of dewatering
is to be achieved, and their disposal on the surface may be more adverse
envirormmentally than total surface disposal of retorted shale. In addition,
water requirements are high.



Pneumatic transport is inefficient and requires excessive amounts
of energy to move the material. Equipment requirements and operating con-
ditions are extreme. Dust is a major problem in the pneumatic stowing
activity.

The work covered in Phase II included detailed engineering analysis
and design of the selected disposal system. The system includes the
following facilities:

° Cooling facilities to reduce retorted shale
temperature from 400°F to 100°F prior to
placing it in the mine.

° Surface conveyors for transporting the
retorted shale to the cooling facility
and ultimately to the borehole.

° A large diameter borehole for moving
the retorted shale vertically from the
surface to the underground backfilling
levels.

° Underground conveyor network for dis-
tributing the retorted shale from the
borehole to the backfilling areas.

° Backfilling facilities and equipment for
the actual placement: of retorted shale
in the mined-out chambers and stopes.

° Dust control and envirommental monitoring
systems for the entire backfilling operation.

° Surface disposal facilities for that portion
of the retorted shale that camnot be placed
back in the mine because the volume to be
disposed of exceeds the original in-place
volume of the oil shale prior to mining.

Limited laboratory work was done to determine the mass flow and
cooling characteristics of the retorted shale. An engineering economic
analysis was done for the selected system with all operating and capital
costs being discounted to present worth. A discounted cash flow analysis
was not performed since the determination of mining and retorting costs and
shale o0il pricing were outside the Scope of Work for the contract.



SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

Results of the study indicate that 70 to 85 percent of the retorted
shale can be placed back in the mine with the remainder being-disposed of on
the surface. Total underground and surface retorted shale disposal costs
will be about $0.80 per ton of retorted shale or $1.10 per barrel of shale
oil produced. This was based on fourth quarter 1977 dollars and a deep
underground mine and surface retorting facility producing shale oil at a
rate of 50,000 barrels per day. Total surface disposal costs would be $0.40
per ton of retorted shale or $0.55 per barrel of shale oil produced.

Underground backfilling can reduce the surface environmental impact
of retorted shale disposal by reducing the land area required for surface
disposal to 15-30 percent of that required for total surface disposal. Sur-
face subsidence can also be reduced by backfilling. Backfilling can increase
resource recovery by about 15 percent by allowing thimner pillars to be left
in the backfilling areas.

The study has shown the need for additional work. The hydraulic
characteristics of retorted shale should be determined under conditions more
closely approximating expected field conditions. The effects of retorting
temperature on the self-cementing properties of retorted shale warrant
additional work. The Bureau of Mines has awarded Contract No. J0285001,
"Natural Cementation of Retorted 0il Shale,' for investigation of this

property.

Modified in situ retorting facilities will, in most cases, employ
surface retorts for processing the o0il shale mined to provide expansion
space for rubblization. The retorted shale from these surface retorts
could be disposed of in the depleted in situ retorts. However, the concept
ie new and untested. Both the technical feasibility and the economic ram-
ifications of such a disposal system must be considered but will not be
known until more investigative work has been completed.

Utilization of waste heat from the cooling system for preheating
the retort feed and for power generation should be studied further.
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1.0 INTRODUCTION

This report presents the results of a two-phase contract study of under-
ground disposal of retorted oil shale from the Paraho retorting process. Two
mining methods, chamber and pillar mining and sublevel stoping, which are
amenable to mining the deeper oil shale deposits of the Piceance Creek Basin
in northwestern Colorado were stipulated in the Contract. Phase I of the
study covered the evaluation of hydraulic, mechanical, and pneumatic trans-
port and stowing systems individually and in various combinations and the
selection of the most feasible methods for detailed analysis. Phase II in-
cluded detailed engineering analysis and design of the selected system, an
engineering economic analysis, and a comparison with total surface disposal.

1.1 Scope of Work - Phase I

Work under Phase I of the contract began in July 1976 and was com-
pleted in February 1977 with an Interim Report of results being submitted to
the Bureau of Mines. The results of Phase I work indicated that conveyor
transport and stowing was the most feasible system for underground disposal
of retorted oil shale for either of the prescribed mining methods. An alter-
native method using conveyor transport and stowing with pneumatic topfilling
was also selected for more detailed study.

Seventeen combinations of hydraulic, mechanical, and pneumatic
transport and stowing systems were investigated and ranked prior to selecting
the most feasible system for underground retorted shale disposal. Laboratory
work included a determination of physical and chemical characteristics of hy-
draulically transported shale and the effects of cementing additives on dry
retorted shale.

1.2 Scope of Work - Phase II

Phase II work started in February 1977 and was completed in April
1978 with the publication of this Final Report. The underground backfilling
methods selected in Phase I were studied further for detailed engineering
analysm and system desz.gn Equipment and operating costs were refined and
an engineering economic analys:.s was completed. Since mining and retorting
costs and shale oil pricing were not within the Scope of Work, the final
economic evaluation did not include a discounted cash flow analysis. Instead,
it was limited to a present worth evaluation of all costs for backfilling
over the assumed project life. '

Limited laboratory work was done to detexm:.ne the mass flow and
thermal characteristics of the retorted shale.

- 14 -



2.0 CONDITIONS AND ASSUMPTIONS
2.1 Physical Properties and Conditions:
2.1.1 Physical Properties:
Most of the retorted oil shale used in physical properties
determinations was produced by the Paraho direct-heating mode semi-works

retort. It should be noted that the characteristics of retorted shale from
other retorting methods may vary significantly from those used in this study.

Retorted shale leaves the retort at gbout 400°F (14)*. The

size of the material varies from approxunately 2-1/2- mch—dlameter"fragmmts
to extremely fine silt, as shown in Table 2.1.1-1.

TABLE 2.1.1-1

SCREEN ANALYSTS

RETORTED SHALE FROM RETORT

Screen Size Range Percerit Passing
- ey @)
3" 100 - 100 100 - 100
1-1/2" 9% - 96 88 - 97
3/4" 76 - 77 64 - 76
3/8" 48 - 57 36 - 54
M 34 - 45 27 - 44
8M 32 - 44 27 - 44
1eM 29 - 43 26 - 44
30M 24 - 37 25 - 43
50M 18 - 33 23 - 41
100M 15 - 27 20 - 39
200M 13 - 22 18 - 36
325M 12 - 21 13 - 23

M = U, S. Standard Sieve

Variations in physical properties reported by different
sources are attributable to sample handling prior to analysis and differences
in conditions within the retort during the retorting phase. Loose density
of freshly retorted shale varies from 60 pounds to 75 pounds per cubic foot
(13). Seventy pounds per cubic foot is a representatlve value for the
material used in this report a4 .

*(14) Designates reference listed in Section 10.1.

-15 -



2.1.2 Physical Conditions:

The site selected for this study is the same as for the
proposed Bureau of Mines deep underground oil shale research facility in
Piceance Creek Basin in northwestern Colorado. The surface facilities will
be located at an elevation of approximately 6,200 feet above sea level.
Mining activity will be 2,000 feet below the surface in the saline zone of
the Green River Formation. Two aquifers are anticipated above the back-
filling levels. The ambient temperature at a depth of 2,000 feet, as taken
from the log of the shaft pilot hole, will range from 90%F to 1000F 12).
Surface temg;ratures range from -40°F to 90°F with an average annual temper-
ature of 40°F (1)

2.2 Economic Parameters:
2.2.1 Capital and Operating Costs:

All capital and operating costs are based on current 1977
dollars. Discounting for present worth is considered in the economic anal-
ysis of the transport and stowing methods. Labor costs used are representa-
tive of mining activities in Western Colorado. No allowances are made for
inflated wage rates common to most energy-related impact areas.

All equipment and manpower are assumed to be used solely
for disposal operations. No attempt has been made to place a dollar value
on the envirommental effects of surface disruption resulting from surface
disposal of retorted oil shale.

2.3 Basic Assumptions:
2.3.1 Production Parameters:

A mine-retort facility which produces shale oil at a rate
of 50,000 barrels per day was selected for use in comparing the prescribed
transport and stowing methods. Paraho direct-heating-mode retorts have
been assumed because the retorted shale that was available for testing was
produced in the semi-works version of this retort. An adequate number of
retorts will be available to permit 50,000 barrels per day to be produced
365 days per year. A retort efficiency factor (percent available oil re-
covered) of 0.95 has been assumed. Eighty-two percent, by weight, of the
dry retort feed will report as retorted shale.

The average grade of the retort feed will be 28 gallons of
oil per ton of ore. In determining the amount of material to be tramsported,
it has been assumed that the retorted shale will contain five percent re-
sidual moisture resulting from cooling and dust suppression processes. The |
amount of moist, retorted shale for disposal is calculated as follows:

Tons/Day = 50,000 bbl x 42 gal x ton x 1 x0.82 x1.05 = 67,974
day bbl 28 gal 0.95

Use: 68,000 tons per day material to disposal system.

- 16 -



Surplus retorted shale that camnot be placed underground
must be disposed of on the surface. This surplus material is the result
of the time lag between development and mining to provide sufficient stopes
for backfilling, plus the inherent greater volume of retorted shale as
compared to in-place raw shale.

An additional source of waste material from the Paraho
process, which was outside the Scope of Work for this contract, is the re-
jection of fine raw shale prior to retorting. The fines rej ected represent
approxmately five percent of the oil shale mined.

2.4 Mining Methods:

Chamber and pillar mining and sublevel stoping are the two mining
methods for which underground disposal of retorted oil shale are being
developed. The methods were specified in the contract for this study and
both are amenable to mining the deeper deposits in the Piceance Creek Basin
and to backfilling.

The word ''stope'’ is used in the report to signify either a chamber
or a sublevel stope where the description applies to both. However, in
cases where one method is being discussed explicitly, the appropriate term
is used.

2.4.1 Chamber and Pillar Mining With Backfill:

Chamber and pillar mining is a modification of room and
pillar mining in which drifts, driven normal to the main entries, are en-
larged into chambers by fan drilling and blasting. The major advantage of
this system is that it facilitates backfilling which has a stabilizing
effect on the existing pillars and thus increases the overall extraction
ratio. Chamber preparation consists of developing IHD entries, chamber
drilling drifts, and an initial slot. Chamber preparation will be followed
sequentially by chamber mining and backfilling (Figures 2.4.1-1 through
2.4.1-3).

2.4.1.1 LHD Entry Development:

As part of each chamber development, a drift will
be driven perpendicular to the main entries, along the projected centerline
of each chamber, through a barrier pillar, and into the mining zone at the
nearest end of the chamber area. Driven at the chamber floor elevation,
the opening will serve as an IHD travelway until excavation of the chamber
has been completed. The opening will also provide access to the mining area
for scaling and roof-bolting equipment.

2.4.1.2 Drilling Drift Development:

A gassy envirorment requires that multiple headings
must be driven in pairs with comnecting crosscuts no more than 100 feet
apart (23). For this reason, two ring-drilling drifts will be required
for each chamber, with crosscuts at 100-foot intervals. The drifts will
be driven at the chamber roof elevation and will extend from entries ruming
behind the chambers. These drifts will provide access and ventilation for
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the backfilling operation. A final ventilation crosscut will comnect the
ends of the two drilling drifts.

As the roof in both ring-drilling drifts and
ventilation crosscuts will ultimately become part of the chamber roof,
they will be bolted as they are exposed. ’

2.4.1.3 Slot Development:

A raise will be blind bored vertically upward from
the IHD entry to intersect the crosscut that joins the ends of the ring-
drilling drifts at the front of each chamber. The raise will provide blast-
hole relief as the opening is expanded to a slot by subsequent blasting of
vertical holes drilled from the crosscut above. When completed, the slot
will extend to the outer limits of the chamber profile. The opening will
provide a free face for larger-scale production blasting as the remainder
of the chamber is mined.

2.4.1.4 Chamber Mining:

Initially, a single row of holes, drilled downward
in an asymmetrical fan pattern from each drilling drift, will be blasted
to start production in each chamber. Thereafter, two successive fans of
holes will be detonated for each blasting cycle. The blasted material will
be loaded with IHD's and hauled to the main haulage entry where it will be
discharged into a feeder-breaker. The broken ore is then conveyed to the
shaft for hoisting to the surface.

The relatively thin rib pillars that separate the
chambers are designed for maximum resource extraction and will require that
chambers be mined in an alternating sequence. Intermediate chambers will
not be excavated until the mined-out chambers on either side have been
backfilled, thus stabilizing the intervening rib pillars.

2.4.1.5 Advantages and Disadvantages:

Chamber and pillar mining is a variation of room
and pillar mining, modified specifically to facilitate backfilling. The
advantages and disadvantages of this method are as follows:

ADVANTAGES :

1. It is a relatively flexible system, since it can be
modified in a number of ways to suit varying geologic
or economic conditions.

2. It permits a high degree of mechanization and some
degree of selectivity in mining.

3. It facilitates backfilling which, in turn, will allow
an increased overall extraction ratio.

4. The amount of preproduction development is relatively
small and most of the development work can be confined
to the ore zone itself.
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DISADVANTAGES :

1. Production will come from a number of working areas.
As a result, supervision will be difficult and pro-
ductive time will be lost in repeated movement of
equipment and supplies.

2. Compared to sublevel stoping, the extraction ratio may
be relatively small, especially in thick ore bodies.

3. Costs for ventilation and roof control are higher
compared to other mining methods. However, with a
high degree of mechanization using large-size equip-
ment, the overall cost per ton may prove to be com-
petitive with other methods.

4. This method requires a competent layer of rock above
the mining zone.

2.4.2 Sublevel Stoping With Backfill:

Sublevel stoping is a large-production, low-cost open
stoping method which is well suited to fairly regular ore bodies having
both competent ore and host rock. Open stope production utilizes long-
hole drilling from levels and sublevels, and blasting in successive slices.
Backfilling improves ground control in a sublevel stoping system. However,
when compared to sublevel stoping with full subsidence, it results in a
reduced total resource recovery due to umined pillars (Figures 2.4.2-1
through 2.4.2-4). Mining the lowest stopes first in a multilevel operation
eliminates the need for sill pillars and precludes the hazards of working
beneath filled stopes which may become saturated before the lower areas are
mined out.

2.4.2.1 Haulage Level Development:

Preproduction development will begin with the
driving of IHD drifts and an exhaust entry at the floor level of the stopes.
From each IHD drift, loading crosscuts will be driven to comnect with the
drawpoints. A ring-drilling drift in the center of each stope will be
driven at the stope floor level and will become the stope floor. These
drifts will connect the various drawpoints in each stope. The roofs of
the IHD drifts, loading crosscuts, and exhaust entry will be roof bolted.

2.4.2.2 Sublev'el' Development: :

One or more sublevels, driven at approximately
100-foot intervals above the stope floor, will be developed by driving
ring-drilling drifts. Two drifts will be driven for each sublevel, one
along each longitudinal boundary of each stope. The drifts will extend
the full length of the stope and will require ventilation crosscuts on
approximately 100-foot centers to commect the two drilling drifts within
each stope (23).
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2.4.2.3 Upper Level Development:

The upper level will be developed by driving
ring-drilling drifts at the stope roof level, one in the center of each
stope. Upper level development will duplicate the design of the under-
lying haulage level and will then serve as the next production area
when the lower level is mined out.

2.4.2.4 Slot Development:

A raise will be blind bored along the rear wall
of each stope from the stope floor to the upper level. It will provide
blasthole relief during initial slot development.

Following completion of the slot raise, the slot
will be opened to the full height and width of the stope in two or more
steps. The first step will be enlargement of the bottom 100 feet or more
of the raise. This will be accomplished by drilling holes upward from the
stope floor and drilling holes both upward and downward from the sublevel.
The second step will be to open the slot to the full height and width of
the stope. The lower part of the slot will be blasted initially to provide
expansion for the remaining blasts. Subsequently, the slot will be exca-
vated by drilling and blasting from the sublevels. Excavation of the upper
part of the slot, including enlargement of the bored raise, will be accomp-
lished from the upper level. The slot will provide expansion room for the
large-scale production blasting of the remainder of the stope.

2.4.2.5 Stope Mining:

The relatively thin rib pillars that separate the
stopes are designed for maximum resource extraction and will require that
the stopes be mined in an alternating sequence. The stopes will be mined
by ring drilling from the stope floor, sublevels, and upper level drilling
drifts. Mining will start at the slot at the rear of each stope and retreat
toward the main entries. Ring drilling will be a continuing activity and
the rings will be blasted as needed. Excavation from the stope floor will
precede excavation from the overlying sublewvel to prevent muck from filling
the stope floor drift. Following backfilling of two alterhate mined-out
stopes, the intermediate stope will be mined and subsequently backfilled.
The muck is loaded from the loading crosscuts and the 1oaders never work on
the fill material in the lower stopes.

2.4.2.6 Advantages and Disadvantages:

Sublevel stoping with backfill method is designed
to prevent fracturing of the strata above the stope and thus reduce sig-
nificantly the potential for surface subsidence. The advantages and dis-
advantages of the method are as follows:

ADVANTAGES:

1. Increased resource recovery by el:mlnatmg the sill
pillars.
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2. After stope development is completed, large tomnages
are produced at a low cost per ton.

3. Miners work in small openings and are not exposed
to wide roof spans; hence, the method is safe.

4. Effective ground control is possible.
5. A high degree of mechanization can be employed.

6. Fragmentation is adequate, especially with the
use of delay detonators.

7. Backfilling improves both extraction ratio and
ground control and provides a means of underground
disposal of retorted shale.

DISADVANTAGES :

1. A large amount of stope development and consequent
high capital outlay is required. '

2. Resource recovery is lower than in sublevel stoping
with full subsidence due to unmined pillars that
are left for support.

3. The surrounding rock must be structurally stable to
prevent premature ground movement as stoping progresses.
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3.0 DESCRIPTION OF SELECTED METHODS

The three general methods stipulated in the Contract for transporting to
and stowing retorted oil shale in underground disposal areas are hydraulic,
mechanical, and pneumatic. These methods were investigated in sufficient
depth to rank the technical and operating feasibilities, relative costs, and
envirommental effects, and select the most suitable method. Phase I work
discussed in Section 7.0 describes the alternative methods and the rationale
for selecting conveyor transporting and stowing as the most efficient system
for placing retorted oil shale underground that is compatible with the stip-
ulated mining methods.

Since retorted shale will leave the retort at about 400°F and the am-
bient mine temperature will be approximately 95°F, the retorted shale must
be cooled prior to placement. A surface cooling facility will be an integral
part of each underground transport method.

A large diameter vertical borehole was chosen for transporting the re-
torted shale from the surface to the underground disposal levels. The depth
to the backfilling level, the possible existence of one or more aquifers
between the surface and the backfilling level, and the volume of material to
be moved influenced this selection.

3.1 Cooling:

Elevated temperatures present several problems for an underground
retorted oil shale disposal operation. Initially, it was felt that placement
of hot, retorted shale in the mined out areas of the mine would result in re-
duced pillar stability due to accelerated creep and thermal stresses. These
concerns are valid and are being investigated under other USBM contracts.
However, temperatures high enough to affect physical rock characteristics
will create far more severe envirommental problems within the mine.

The ambient rock temperature at the plammed mining depth is about
95°F. This fact in itself creates a potential health and productivity problem
for the work force. To avoid drastic aggravation of an existing problem, the
retorted shale will be cooled prior to transport into the mine. This cooling
will also negate the possiblity of creep and thermal stress in the pillars.

Additional benefits of cooling the retorted shale may be found in
the area of waste heat utilization. Preheating retort feed or power generation
may be possible. These possibilities were not studied for this report.

3.1.1 Cooling Methods and Design Parameters:

Major factors adversely affecting cooling efforts are as
follows:

1. Water is not readily available in the project
area.

2. To avoid flow problems of the retorted oil shale
in the eight-foot-diameter borehole, the material
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must be dry and degradation must be kept
to a minimum.

3. Dust must be effectively suppressed or
controlled.

Laboratory tests were conducted to determine the cooling
characteristics of the retorted oil shale between 400°F and 100°F. The
results of the tests provided the following parameters which were used in
the design of the cooling units.

Specific heat capacity: 0.28 BTU/LB/CF
Cooler retention time: 8 Minutes
Air velocity at cooler exits: 500 fpm

Due to the possible lack of sufficient quantities of water
in the project area available for cooling, the methods investigated utilized
air only, or a combination of air and water, as the cooling medium.

3.1.1.1 Air Swept-Rotary Tube Cooler (Alternate #1):

This alternate cooling method utilizes only direct
air contact as the cooling medium. The process involves a rotating drum
equipped with lifters which causes the material to cascade and mix as it
passes through the cooler. The cascading effect provides for direct contact
of the material with the air. The air is drawn through the cooler in a
counter current direction which is opposite to the direction of material flow
in the cooler. As the material passes through the cooler, approximately six
percent will be drawn off as dust by the airflow. The dust passes out of the
cooler and into a cyclone which captures approximately 90 percent of the dust,
and then into a baghouse which captures 99.5 to 99.9 percent of the remaining
dust before the air is released into the atmosphere.

This system requires 32 air swept-rotary tube
cooling units, each unit being 17 feet in diameter and 90 feet long. FEach
unit requires a 250-horsepower drive unit, a cyclone system, which consists
of four 84-inch-diameter cyclones in a cluster, a baghouse, and a 500-horse-
power induced draft fan.

ADVANTAGES::
1. Minor water requirement.
DISADVANTAGES:

1. Comparatively high capital, operating, and
maintenance costs.

2. Large land area required for the total operation.

- 30 -



3.1.1.2 Air Swept-Water Tube Cooling (Alternate #2):

Assuming that water is available to assist in
cooling, either from a mine or other source, this system, which uses a com-
bination of water and air as the cooling medium, is applicable to this
project.

The process involves a rotating drum which has four
concentric rings of water pipes on the inside. These pipes carry the counter
current flow of cooling water which provides indirect water cooling. The
water pipes also provide for the mixing and cascading of the material as it
passes through the cooler. The flow of cooling air is drawn through the
cooler in a counter current direction and into a cluster of cyclones and bag-
house before being released to the atmosphere.

A total of 500 gallons per minute of in-tube cooling
water per cooling unit is required. The water cooling portion of this system
provides an indirect cooling method in which the water flows through tubes and,
therefore, does not come into direct contact with the retorted oil shale.

After the cooling water passes through the cooler it flows through a cooling
tower so that it can be reused. Approximately 50 gallons per minute of the
cooling water evaporates to the atmosphere in the cooling tower for each cooling
wit and must be made up with fresh water. To assist the cooling process, 50
gallons per minute of water is sprayed directly on hot retorted oil shale as it
enters each cooler. Direct application of water provides some high efficiency
initial cooling at the entrance to the cooler. This water totally evaporates
into the cooling airflow and is not recoverable. Total water loss per cooling
unit is 100 gallons per minute. Therefore, the total volume of required makeup
water for the entire cooling system, which is made up of eight individual cooling
units, is 800 gallons per minute. Each unit is 17 feet in diameter by 145 feet
long and includes two 400-horsepower-rated main-drive units, a 700-horsepower-
rated induced-draft fan, a cluster of four 84-inch-diameter cyclones, and a
baghouse.

ADVANTAGES :

1. Low comparative capital, operating, and
maintenance costs.

2. Small land area requirements.
DISADVANTAGES:
1. Water dependency.

2. System complexity (pumps and sumps, etc. to
handle the water).

3.1.1.3 Air Swept-Water Tube Cooling (Alternate #3):
The cooling equipment and the cooling method for

this system is identical to that in Alternate #2. The difference between the
two is in the dust collection system.
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Instead of baghouses as in Alternates #1 and #2,
scrubbers are used for final dust removal. Scrubber slurry solids concen-
tration is kept in the five to ten percent range by continually drawing off
a quantity of sludge. This alternate increases the total makeup water re-
quired from 800 to 1,650 gallons per minute.

ADVANTAGES :

1. Lowest capital, operating, and maintenance
cost.

2. Small land area required.
DISADVANTAGES:

1. Large water requirements.

2. System complexity (pumps and sumps, etc. to
handle the water).

3. Scrubber slurry disposal requirements.
3.1.2 Cooling System Selection:

The three cooling systems were analyzed and ranked using
Least Total Divisor Ranking Analysis. This ranking method is described in
Section 7.6. Based on the subjective and objective technical analyses and
economic considerations, Alternate #2 '"'Air Swept-Rotary Water Tube Cooling
System'' was selected for this study. Tables 3.1.2-1 through 3.1.2-4 show
the results of the ranking analysis. The general cooling facility layout
and cooler configuration are shown in Figures 3.1.2-1 through 3.1.2-3.

3.1.3 Surface Conveying System:

The retorted oil shale will be transported from the retort
facility to a transfer point near the cooling facility. At this point, the
material to be sent to the surface disposal area is separated from the cooler
facility feed. Output from the coolers will be sent to the borehole for
transport to the underground backfilling level. In an emergency situation,
the cooled shale can be routed to the surface disposal area. The general
surface conveyor layout is shown in Figure 3.1.2-1.

All conveyor transfer points will have dust collectors to
control the dust generated. The captured dust will be ducted to the nearest
cooler cyclone-baghouse unit for removal from the air.

3.1.3.1 Surface Disposal Conveyor:

The surface disposal conveyor will pick up the
retorted shale at a transfer point near the cooling facility and deliver
it to the surface disposal load-out bin. Normally the retorted shale will
not be cooled prior to surface disposal. This conveyor will be capable of
carrying the total retort output in the event that the cooling facility is
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TABLE 3.1.2-3

COOLING SYSTEM

ECONOMIC ANALYSES

Capital Costs

Operating Costs

$ x 106 Rank $/Ton Rank
#1 Air Swept Rotary 43.0 2.81 0.3857 1.87
#2 Air Swept Rotary-Water Tube 16.0 1.05 0.2061 1.00
#3 Air Swept Rotary-Water Tube
and Scrubber 15.3 1.00 0.2221 1.08
TABIE 3.1.2-4
'COOLING SYSTEM
FINAL SELECTION
Subjective Objective
Technical  Technical Capital Operating Final
Alternative  Analysis Analysis Costs Costs " Total Rank
RI=6 RI=3 RI=3 RI=
F#1 7.62 3.18 8.43 1.87 21.10 1.60
#2 6.00 3.00 3.15 1.00 13.15 1.00
#3 6.12 4.83 3.00 1.08 15.03 1.14
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inoperative. This 72-inch conveyor will be of rigid-frame construction
with a dust hood along its entire length of 230 feet.

The lagged drive pulley will be 24 inches in
diameter and will also serve as the head pulley. The face of all pulleys on
this conveyor will be 76 inches wide. The takeup will be a vertical gravity
type and both the tail and takeup pulleys will be 16 inches in diameter.

A 150-horsepower wound rotor electric motor will
drive the conveyor. The drive pulley will turn at 55 rpm and belt speed
will be 350 feet per minute. A motor starter controller will be used to
minimize belt stress during start up. This conveyor is rated at 3,000 tons
per hour.

Since the retorted shale will leave the retort at
about 400°F, a high temperature service belting similar to Goodyear Plylon
Super Thermo-Flo Belting will be used. This belting is designed to withstand
temperatures up to 400°F.

3.1.3.2 Main Cooling Supply Conveyor:

The main cooling supply conveyor will deliver the
hot retorted shale to the individual cooler feed conveyors. This 230-foot-
long conveyor will have rigid-frame construction with a continuous dust hood.
A stationary tripper and splitter chute will be installed at each of the
first three pairs of coolers. The fourth pair of coolers will be fed through
a splitter chute at the discharge end of the conveyor. The belting will be
72-inches wide and will be similar to the high temperature service belting
described in Section 3.1.3.1.

The single drive-head pulley will be 30 inches in
diameter and will be lagged to improve the coefficient of friction between
the belt and pulley. All pulleys on this conveyor will have a face width
of 76 inches. The tail, tripper, and takeup pulleys will be 20 inches in
diameter and a vertical gravity takeup will be used.

A 200-horsepower wound-rotor electric motor will
drive the conveyor. The drive pulley will turn at 45 rpm and belt speed
will be 350 feet per minute. A motor starter-controller will be used to
minimize starting stresses and to control the steady-state operation of the
conveyor. This conveyor is rated at 3,000 tons per hour.

3.1.3.3 1Individual Cooler Supply Conveyor:

Each of the eight coolers will be fed by a 24-inch-
wide supply-belt conveyor. These conveyors will transport the retorted shale
from the splitter chutes to the rotary coolers and will be hooded to minimize
dusting. All pulleys will be 12 inches in diasmeter with a face width of 26
inches and all drive pulleys will be lagged. High-temperature belting, as
described in Section 3.1.3.1, will be used. Each conveyor will be 50 feet
long and will be equipped with an automatic hydraulic takeup.
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A 10-horsepower squirrel-cage electric motor will
drive the conveyor. The drive pulley will turn at 145 rpm and belt speed
will be 450 feet per minute. Each conveyor is rated at 375 tons per hour.

3.1.3.4 Cooled Shale Collector Conveyors:

Two 48-inch-wide cooled-shale collector-belt con-
veyors, each 220 feet long, carry the cooled material away from the coolers.
These conveyors will be installed in underground conduits to allow vehicular
access to the cooler area. The installation will feature rigid-frame con-
struction without dust hoods. The lagged drive-head pulley diameter will be
16 inches, the tail and takeup pulley diameters will be 12 inches, and all
pulleys will have a face width of 51 inches. An automatic hydraulic takeup
will be installed on each conveyor. The belting for carrying the cooled
shale will be similar to Goodyear's Plylon Style B Hot Material Belting which
is rated for temperatures up to 200°F.

A 50-horsepower squirrel-cage electric motor will
drive each conveyor. The drive pulley rotational speed will be 95 rpm and
the belt speed will be 400 feet per minute. FEach of these conveyors is rated
at 1,500 tons per hour.

3.1.3.5 Cooled Shale Transfer Conveyor :

The cooled shale transfer-belt conveyor will carry
the retorted shale from one of the collector conveyors to a transfer point
that is common to the other collector conveyor. This conveyor, 48-inches
wide and 380-feet long, will be installed in an underground conduit. It will
be a rigid-frame conveyor with no dust hood. The lagged drive-head pulley
will be 16 inches in diameter. All other pulleys will be 12 inches in dia-
meter and all pulleys will have a face width of 51 inches. An automatic-hy-
draulic takeup will be installed. The belting will be the same as that
described in Section 3.1.3.4.

A 60-horsepower squirrel-cage electric motor will
drive each conveyor. Drive pulley speed will be 95 rpm and the belt will
travel at 400 feet per minute. This conveyor is rated at 1,500 tons per hour.

3.1.3.6 Cooled Shale Fmergency Diversion Conveyor:

A conveyor to transport cooled shale to the surface
disposal load-out bin, in case of a short-term emergency in the borehole area,
is included in the surface conveying system. This conveyor will be 48 inches
wide and 275 feet long. The conveyor will be rigid frame with a dust hood
along the section which is above ground level. The lagged drive-head pulley
will have a 16-inch diameter and all other pulleys will be 12 inches in dia-
meter. All pulley face widths will be 51 inches. An automatic-hydraulic
takeup will be installed. The conveyor belting will be the same as the des-
cription in Section 3.1.3.4.

A 60-horsepower squirrel-cage electric motor will

drive the conveyor at 500 feet per minute. Drive pulley speed will be 120
rpm. The conveyor is rated at 2,000 tons per hour.
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3.1.3.7 Borehole Feé'd’ Conveyor:

The borehole feed conveyor is the same as the sur-
face disposal conveyor described in Section 3.1.3.1 with the exception that
the lower temperature Goodyear Plylon Style B Hot Material Belting will be
used. The conveyor discharge and borehole opening will be enclosed and
commected to a baghouse for dust control.

3.2 Transport of Retorted Oil Shale to the Backfill Level:

Based on the scale of mining and retorting which was assumed, re-
torted oil shale has to be transported from the surface to the backfill level
at the rate of 3,000 tons per hour. In order to design a system which will
not interfere with productive operations, borehole transport of the material
from surface to the backfilling level was considered. Compared to alternate
methods, the use of a borehole transport system will result in significant
capital and operating cost savings.

A vertical eight-foot-diameter borehole was designed to transport
the retorted oil shale from the surface to the backfilling levels. The
bottom hopper was designed for mass flow onto the conveyor system. Borehole
and hopper design were based on Jenike & Johanson's (16) work on solids flow.

3.2.1 Material Properties:

The physical properties of retorted oil shale that affect
gravity flow in a borehole and hopper were investigated. Since fine sized
particles (minus eight mesh) significantly affect gravity flow of granular
material, the flow characteristics of this size fraction of retorted oil
shale were determined. Gradation analysis of the sample used for flow
characteristics testing is as shown in Table 3.2.1-1. This prepared sample |
was scaled to the laboratory test equipment and does not infer that all
material passing through the borehole will be this fine. Detailed descrip-
tions of the laboratory procedures and results are found in Appendix E.

TABLE 3.2.1-1

SIZE ANALYSIS OF RETORTED OIL SHALE SAMPLE FOR FLOW TESTS
(Prepared Sample)

‘Sieve Size % Passing
8 M 100.0
16 M 79.7
30M 62.1
50 M 48.7
100 M 39.1
200 M 30.5
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1) Flow of solids neglecting the gaseous phase:’

The flow function along with the wall frictional
and adhesive properties allow the determination
of mass flow hopper configurations and minimm
outlet sizes for flow without arching.

Test results indicate a minimm outlet diameter
for mass flow of 1.3 feet and maximum hopper

wall slope angles from the vertical of 19° and
30° for a circular cone and a wedge, respectively,
for a hopper made of carbon steel. Details of
the results obtained are summarized in Tables
3.2.1-2 and 3.2.1-3.

2) Flow of solids considering the gaseous phase:

The gaseous phase (in this case, air) affects
the flow of the solid. As air is entrained
with the retorted shale moving down the bore-
hole, and as the solid compacts under increasing
solids pressure in the borehole, pore size is
reduced and air pressure increases. At the
outlets onto the belt feeder, the shale expands
and air pressure drops. The amount of air en~
trained and the air pressure at the exit depend
on the surface density, the compressibility, and
the permeability of the solid.

(a) Compressibility is measured by placing
a sample of solid in a shallow cylinder
and compressing it with a loaded piston.
The bulk density is determined as a
function of the effective head of solid.
The function

Yy = £(h)
is plotted in Figure 3.2.1-1.

(b) Permeability is measured by placing a
sample of solid in a cylinder and deter-
mining the airflow rate for a given air
pressure drop as a function of the bulk
density of the solid. A combination of
the results of these tests with the tests
of compressibility yields the following

constants:
og = o0, = 0.114 psf
og = solids pressure below which theory

does not apply
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TABLE 3.2.1-3

FRICTION TEST RESULTS FOR VARIOUS WALL MATERTALS AND MAXTMUM RECOMMENDED
HOPPER S (measured from the vertical) FOR MASS FLOW
RETORTED OTIL. SHATE

Effective consolidating head, feet 0.25 0.5 1.0 2.0 4,0 5.0
Width (BP) of oval outlet, feet 0.25 0.5 1.0 2.0 4.0 5.0

Diameter (BC) of circular outlet, feet 0.5 1.0 2.0 4.0 8.0 10.0

Wall Material Angle
Degree

o' 31 26 24 23 23 22
Carbon Steel ¢ 8 15 18 19 19 20
(Continuous Flow)

5p 18 25 28 29 30 30

o' 31 26 24 23 23 22
Carbon Steel ¢ 8 15 18 19 19 20
(4 day time test)

%p 18 25 28 29 30 30

o' 18 18 18 18 18 18
304 - 2B finish fc 25 25 25 25 25 25
Stainless Steel
(Continuous Flow) p 36 36 36 36 36 36

¢’ 18 18 18 18 18 18
304 - 2B finish Oc 25 25 25 25 25 25
Stainless Steel
(4 day time test) 5p 36 36 36 36 36 36
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(e

(d)

g = 0.0289

u, = 0.00437 feet per second
v, = 60.0 pef

n=-7.88

(6,+ B» Uysv, » 0 - experimentally determined
constants)

Surface density is defined as the lowest
density at which the solid forms a distinct
surface. This density was measured at

P 60 pcf.

Particle density was measured at r = 165 pcf.

3.2.2 Design and Operation of Borehole and Hopper System:

The design and operation of the borehole and hopper system
is based on the need to transport retorted oil shale from the surface to the
underground disposal levels at a rate of 3,000 tons per hour, and on the
material flow characteristics determined in the laboratory.

3.2.2.1 Design Parameters:

Dry retorted oil shale is to flow down a 2,000

foot~deep borehole and onto a belt feeder at a rate of up to 3,000 tons per
hour. In order for the flow onto the belt to be uniform and controlled, it

is necessary that:

a)

b)

c)

The flow of retorted shale in the
regions of the hopper above the
outlets must be steady. This means
that movement of material in the
hopper must be mass flow, i.e., all

the material must be in motion whenever
any of it is withdrawn.

The pressure of air in the pores of the
retorted shale discharging onto the

belt feeder must be close to the ambient
air pressure. If pore pressure is too
high, shale will flush uncontrollably and
flood the belt; if pore pressure is too
low, flow will be intermittent with arching
followed by flushing and flooding of the
belt.

The area of the outlets must be sufficiently

large to assure unobstructed flow at the
specified rate.
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d) The chute and skirt design at the outlet
must ensure fully live outlets.

In addition to assuring controlled flow under
continuous flow conditions, it is also necessary to provide for start up
during the filling of the borehole and for restarting after a stoppage of
flow.

Particulate solids tend to flow in a pulsating
motion. Coarse (permeable) solids pulsate more, fine (impermeable) solids
pulsate less. Pulsation is particularly pronounced in tall, vertical chan-
nels of constant cross section, like the borehole under consideration. Due
to lack of an appropriate theory, the magnitude of likely pulsation in the
borehole cannot be predicted. It is, therefore, necessary to provide a dis-
engaging region between the borehole and the hopper outlets so that borehole
pulsations do not affect the feed on the belt. Disengagement is obtained by
providing a space in the hopper where the solid can form a free fluctuating
surface. Through that surface air can also be introduced or evacuated, as
needed, to maintain pore air pressure close to ambient air pressure at the
outlets.

The 1ayout of the borehole and hopper is shown
in Figure 3.2.2.1-1; the hopper is shown in greater detail in Figures
3.2.2.1-2 and 3.2.2.1-3. The top 100 to 200 feet of the borehole is 10 feet
in diameter and the remainder, which discharges into a hopper, is eight feet
in diameter. Retorted shale flows down the mass-flow hopper into two three-
foot-diameter outlets which feed onto a 72-inch conveyor belt. Since the
belt needs to be reversible, the chutes have pivoted skirts to permit each
outlet to discharge approximately the same layer of material on the belt,
one on top of the other, in either direction of belt movement.

Calculations indicate that an excess of air is
likely to be entrained within the retorted shale in the borehole. The excess
will be evacuated at the free surface of the hopper by maintaining lower air
pressure at the top of the hopper than the pressure in the pores of the re-
torted shale issuing from the borehole. As the flow pattern of solids ex-
panding from the borehole into the hopper camnot lead to uniform deaeration,
the proposed hopper des:.gn aims at the prevention of gross nonuniformities.
In addition, hopper rlng-expansmns are utilized. These rings provide a
passage through which air pressure equalization can take place across a
hopper prior to discharge. This will help prevent flushing of solids through
the side of the outlet with an excess of air, while the other side flows
sluggishly because of air deficiency.

A plot of pressure versus depth is presented in
Figure 3.2.2.1-4. The pressure distribution is almost independent of the
solids flow rate for rates between 500 and 4,000 tons per hour. The airflow
rate in the borehole is 180 psia x cubic feet per second. The ambient air
pressure at a depth of 2,000 feet is 11.6 psia, and the airflow rate at the
hopper outlet has to be 146.9 psia x cubic feet per second for ensuring this
pressure and obtaining controlled flow. Thus, excess air in the amount of
33.1 psia x cubic feet per second must be evacuated through the surface at
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the top of the hopper. A surface area of 477 square feet is necessary to
evacuate air at the required rate. However, due to uncertainties involved
in the flow at the surface, a surface area of 1,728 square feet has been
provided. The large surface area will ensure that air is evacuated at
very low velocities, thus minimizing dust escape into the mine. A duct
has been provided for air evacuation (Figure 3.2.2.1-1).

Since the gravity flow rate of solids at the
hopper outlet is 15,551 tons per hour (five times the required rate) a
uniform flow rate is assured. The belt speed required to move 3,000 tons
per hour is 425 feet per minute, assuming a surcharge angle of five degrees.

A flow sensor will be installed at the bottom of
the borehole and a bin level detector will be installed at the top of the
borehole. If the borehole should become plugged, flow of retorted shale to
and from the borehole would be stopped. Incoming material would be diverted
to the surface disposal system. No material will be drawn from the borehole
until the plug is cleared. It is imperative that an extended length of the
borehole not be evacuated below the plug point. The potential air blast
that would accompany the clearing of the plug could be extremely hazardous
to the men and equipment underground. The plug will be cleared with a
modified rotary drill using high pressure air and a bit that directs the
air radially to dislodge the hung-up material.

3.2.2.2 Operation:

Single-Level Operation: Initial filling of the
borehole will proceed at a low charging rate in order to minimize impact
loads on the hopper. After the initial 500 tons have been dropped, the belt
will be started and the gates opened. The withdrawal will proceed through
both outlets at approximately one-fourth of the rate of charge into the
borehole. The top of the hopper will be vented at the ambient pressure in
the mine. When the operating level of solids in the borehole has been
reached, all the rates will be increased to normal operating values.

In order to assure smooth start up, restart after
a stoppage and steady-state operation, it will be necessary to monitor and
control the following:

a) Level of solids in the borehole:
While the borehole will provide a
substantial surge capacity, the
level of solids will be monitored
and the in- and outflow rates con~
trolled to maintain the retorted
shale level within specified high-
low limits.

b) Air presssure at the top of the hopper:
The amount of air entrained into the
borehole depends on the bulk density
of the retorted shale at the surface
of the borehole. That density camnot

- 5 -



be accurately predicted from a one-
dimensional analysis and experiment
because, in fact, the problem is two-
dimensional with, to date, no available
solutions. Similarly, the amount of
air expelled through the top surface
in the hopper is uncertain because of
the lack of a two-dimensional solution
of the flow from the borehole to the
hopper. However, since the rate of
air evacuation is directly proportional
to the air pressure at the top of the
hopper, that pressure can be used
effectively to control the uniformity
of flow on the belt. Provision will
be made to hold air pressure py at

any required level between 10 and 12
psis. S ~

c¢) Feed rate from hoppers:
The gross feed rate may be controlled
by varying the height of the chutes
above the belt. Fine adjustment will
be best achieved with a variable speed
drive. The slide gates at the hopper
outlets will not be used for a rate
control because, in a partly open
position, they would prevent mass flow
from developing and would lead to non-
uniform flow with likely flushing.

In order to provide for emptying the borehole
in the event of a breakdown in the main feeder belt, a side chute has been
provided (Figure 3.2.2.1-2). Retorted shale will be discharged from this
chute onto a secondary belt, and conveyed to an emergency surge area. If
retorted shale is not withdrawn continuously from the borehole during an
emergency, air pressure in the borehole will be monitored. If the air pres-
sure drops below 13 psi, air at that pressure will be supplied to the bore-
hole. This will permit rapid return to the normal rate of borehole flow when
the emergency ends.

Multilevel Operations: Backfilling will start
at the lowest level of the mine and, as that lewvel is filled, a new hopper
will be constructed at a higher level. In order to maintain continuity of
the backfilling when operations are shifted from one level to the next, the
construction of the new hopper should be completed prior to completion of
backfilling at the lower level.

The completed hopper is built at the next level
to be backfilled, offset from the borehole as shown in Figure 3.2.2.2-1.
Prior to commencing backfilling operations at the higher level, the top of
the hopper would be comnected to the borehole by means of a steel-lined eight-
foot-diameter shaft inclined at an angle of less than 150 to the vertical.
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3.3 Conveyor Transport:

All underground conveyor belts, except the main feeder belt, will
be supported on wire rope suspended from the mine roof. Pairs of chain han-
gers will be bolted to the roof with roof bolts installed on 10-foot centers.
Rope tensioning anchors will be bolted to the roof every 300 feet along all
belt lines to maintain tension in the wire rope and minimize sag in the line
conveyor. Each mainline and panel conveyor will be equipped with a fire
detecting and alarm system along its entire length. Every conveyor will
also have an automatic water deluge spray system at the belt drive and head
pulley area. ‘ ‘

All transporting belts will be 72 inches wide and will be carried
on heavy duty, 35° offset-roll troughing idlers mounted on five-foot centers.
Return idlers will be heavy duty, six-inch-diameter rollers suspended from
the wire rope by drop brackets on 10-foot centers.

Belting will carry a minimm tension rating of 420 pounds per
inch width. Special compounds capable of handling material at temperatures
up to 200°F will be used in the belt covers. All main-line and main-panel
supply belts will have vulcanized splices, while piggyback and chamber or
stope belts will be joined with mechanical splices. The typical conveyor
layout is shown in Figure 3.3-1. All conveying drive motors will be rated
at 4,160 volts for extended life and smaller physical size.

3.3.1 Main Feeder Belt:

‘ Material will be discharged from the borehole onto a rever-
sible feeder belt. This conveyor will be constructed on a rigid frame as
opposed to wire rope suspension used elsewhere in the system. Under normal
operating conditions, the main feeder belt will discharge onto the first of
the main transport belts. In the event of a failure of the main transporting
system, mass flow in the borehole will be maintained by reversing the dir-
ection of the feeder belt to discharge material into an emergency surge area.

. The main feeder belt will be 72 inches wide and will be
carried on 35° equal-roll troughing idlers. Carrying idlers will be mounted
on five-foot centers while return idlers will be spaced on 10-foot centers.

The head pulley will be 30 inches in diameter with a 78-
inch-wide face and will be covered by a one-half-inch-thick rubber lagging
grooved in a herringbone pattern. The tail pulley will be a 20-inch diameter
pulley with a 78-inch-wide face.

The head pulley will also serve as the drive pulley and
will be coupled to the motor through a speed reducer with a final output of
65 rpm. The power unit will be a 100-horsepower squirrel-cage motor moni-
tored by a solid-state motor starter-controller.

If the main feeder belt should become nonoperational for any
length of .time, the borehole will be evacuated through the emergency outlets
and the material will be discharged onto a back-up conveyor. This conveyor
will transport material to the emergency surge area at a rate just great
enough to maintain flow in the borehole.. :
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The back-up conveyor will be 36 inches wide and will have a
capacity of 1,000 tons per hour. The conveyor will be SI.tgported‘ by wire
rope suspended from the roof. Carrying idlers will be 35% troughing idlers
spaced on five-foot centers and return idlers will be mounted on 10-foot
centers.

The drive-head pulley will be 10 inches in diameter with a
40~inch-wide face and will be lagged with one-half-inch~thick grooved rubber.
The tail pulley will be an eight-inch-diameter wing-type pulley with a 40-
inch-wide face.

The power unit will consist of a 15-horsepower squirrel-cage
motor coupled to the head pulley through a speed reducer producing a final
drive speed of 153 rpm. The takeup will be of the manual, screw-type, mounted
on the tail pulley shaft.

3.3.2 Main Transport Belts:

Mining and backfilling will proceed from the borehole in two
directions simultaneocusly. Material will be conveyed from the crossbelt at
the borehole to the nearest panel on either side on a single roof-hung con-
veyor. (Conveyor A, Figure 3.3-1). The head pulley will be 42 inches in
diameter with a 78-inch-wide face and will be supported by a steel A-frame
attached to the roof. The tail pulley will be a 24~inch~diameter by 78-inch-
wide face wing pulley mounted as part of the loading hopper.

The drive unit will be a single-motor tandem drive installed
behind the head discharge pulley. The drive pulleys will be 42 inches in
diameter with 78-inch-wide faces and will be covered by a vulcanized, one-
half-inch-thick rubber lagging with herringbone grooving. The power unit
will be a 250-horsepower wound rotor electric motor and a reducer producing
a final drive rate of 45 rpm. A motor starter-controller will be used to
minimize belt stress during start up as well as monitoring motor performance
during steady-state operation.

Belt tension will be maintained by a hydraulic take up unit
located behind the drive unit. A 24-inch-diameter pulley mounted on a
rolling take up carriage will be positioned automatically for proper tension
by a six-inch-diameter hydraulic cylinder. The take up carriage will have a
travel capacity of 20 feet.

The longer of the two initial main belts (Conveyor B, Figure
3.3-1) will be made up of the same components specified for Conveyor A. The
only exception will be the use of a 300-horsepower wound rotor electric motor
that is required due to the greater length of the conveyor.

As the mine expands, new panels will be mined and ultimately
backfilled. As each panel is filled, the main supply conveyor system will be
extended to intersect the new panel belts. FEach extension will be accom-
plished through the addition of 2,050 feet of main line conveyor for the
chamber and pillar system and 1,850 feet of belting for the sublevel stoping
system (Conveyor C, Figure 3.3-1). This 72-inch belt line will be mounted on
wire rope suspended from the mine back on chain hangers. The hangers will be
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secured by roof bolts installed on 10-foot centers. Rope tensioning anchors
will be mounted to the roof every 300 feet.

These main line panel-to-panel belts will have the same
general configuration in both mining systems. Head pulleys will be roof-
mounted on steel A-frames and tail pulleys will be the self-cleaning wing-

type mounted in tail frame loading hoppers. All pulleys will have a 78-
inch-wide face.

Drive units for both mining systems will be powered by two
electric motors. The tandem drive pulleys will be lagged with one-half-
inch-thick wvulcanized rubber having a herringbone groove pattern. Motor
starter-controllers will be used to minimize belt stress during start up and
to monitor steady-state operation.

Belt tension will be maintained by take up units consisting
of a pulley mounted on a rolling carriage positioned automatically by a six-
inch-diameter hydraulic cylinder.

Individual pulley and power unit specifications for each of
the belt lines are listed in Table 3.3.2-1. A typical drive unit, take up,
and transfer point are shown in Figure 3.3.2-1.

3.3.3 Panel Transport:

Material will be carried into the working panels by a com~
bination of conveyor systems. A roof-hung conveyor will deliver the spent
shale to the current backfilling area in the panel. A series of roof-hung,
piggyback conveyors will then carry the material to the individual chambers.

The main panel supply belt will be a permanent installation
for the life of the panel (Figure 3.3-1). It will receive material from the
main line belt, carry it into the panel, and deliver it to the vicinity of
the chambers belng currently backfilled.

The main panel supply belt will discharge onto the first of
a string of piggyback conveyors near the backfilling site (Figure 3.3.3-1).
The length of each piggyback conveyor will be equal to the center-to-center
distance between chamber entries. A transfer chute at the discharge end will
direct all or part of the material either into the chambers or onto the next
piggyback conveyor for transport further down the line.

Installation crews working in advance of the backfilling
operations will install additional piggyback conveyors ahead of the working
belts. This will allow operations to shift immediately to the next chamber
down the line as the chambers become filled. As the backfilling process con-
tinues and the number of piggyback conveyors in use grows, the main panel
supply belt will be extended to replace the piggyback conveyors beyond those
chambers already backfilled. The roof attachment angles and chain hangers
used for the indivdual piggybacks will be utilized for supporting the main
panel belt to keep extension downtime to a minimum. During this time,
material will be diverted to the other working panels until the new extension
is completed.
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TABLE 3.3.2-1

MATIN LINE PANEL-TO-PANEL BELT SPECIFICATTONS

Convey’or Ign'gth

Head Pulley Diameter
Tail Pulley Diameter
Drive Pulley Diameter
Power Unit

Final Drive Rate

Take-up Pulley Dlameter

Chamber & Pillar
System

2,050 ft.
48 in.
30 in.
48 in.
2 motors @ 250 hp each
39 rpm

30 in.
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Sublevel Stoping

 'System

1,850 ft.

42 in.

24 in,

42 in.

2 motors @ 200 hp each

45 rpm

24 in.
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3.3.3.1 Main Panel Supply Belt:

In the chamber and pillar mining system, each panel
has a maximm length of 7,800 feet. The maximum length in the sublevel
stoping system is 4,050 feet. Rather than cover these distances with a single
belt requiring massive drives and pulleys, main panel belts will be installed
in approximately 2,050 feet long units in the chamber and pillar system and
1,850 feet long units in the stoping system. Since these lengths are the
same as the distances between panel entries on the main belt line, they will
be the maximm single conveyor lengths in each system. Such standardization
of conveyor sizes will allow the use of interchangeable equipment between
belt lines. All drives, pulleys, and other conveyor components for the main
panel belts will be identical to those specified in Section 3.2.4 in the
description of the main line panel-to-panel conveyors.

3.3.3.2 Piggyback Panel Belts:

Each piggyback conveyor will have a center-to-
center pulley spacing equal to the center-to-center distance between chamber
or stope entries. The head pulley, which will be mounted on a roof-hung
steel A-frame, will be 30 inches in diameter and will have a 78-inch-wide
face. The tail pulley will be a 20-inch-diameter by 78-inch-wide face wing
pulley mounted in a tail frame loading hopper.

The tandem drive unit will employ two 30-inch-
diameter by 78-inch-wide face pulleys covered by one-half-inch-thick vul-
canized lagging with a herringbone groove pattern. The power unit will be
a single 100-horsepower squirrel-cage motor coupled with a speed reducer
yielding a final output of 65 rpm. The entire drive unit will be skid
mounted for ease of relocation.

The intermediate section of the piggyback belt will
be suspended from roof bolts and chain hangers spaced in such a way that the
same bolts and hangers can be used when the main panel supply belt is exten-
ded.

For ease of relocation, each piggyback conveyor
will discharge into a splitter chute mounted on a carrier (Figure 3.3.3.2-1).
Hydraulic cylinders will actuate a series of flop gates controlling the
material's movement through the chute. All of the material, or any fraction
of it, can be diverted to any of the three loading hoppers positioned below
the splitter by varying the positions of the flop gates. Two of the hoppers
will feed conveyor belts ruming at right angles to the piggyback belt and
entering the backfilling chambers. The third hopper will feed another piggy-
back conveyor carrying the material farther down the line (Figure 3.3.3-1).
A series of piggyback belts and splitter chutes, along with their associated
chamber backfilling belts, provides extended flexibility to the backfilling
process in that chambers can be brought "'on line'' or shut down immediately
through control of the splitter chutes.

3.4 Backfilling:

Chambers or stopes will be backfilled using extensible conveyor
belts to carry the retorted shale from the main panel supply belt to the
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point of deposition. Mechanical compaction will be a part of the chamber
and pillar mining system, but not the sublevel stoping system because of
the high unsupported ribs in the open stopes. The fill may settle beneath
the conveyor during sublevel stope backfilling. If this occurs, the ex-
tensible conveyor will be moved back and the sunken areas will be filled to
the desired level.

An alternative system, using a combination of conveyor stowing
with pneumatic final topfilling, is also presented. In all cases, back-
filling will be done from an access level at the top of the chambers or
stopes.

3.4.1 Conveyor Backfilling:

Extensible belt conveyors will be used to carry the re-
torted oil shale into the chamber or stope to be backfilled. As backfilling
progresses, the conveyor will be advanced into the stope. Final topfilling
will be done as the conveyor retreats from the partially filled stope. Final
placement to the roof is done with a modified track-type loader.

Each conveyor will be extended from a minimum of 100 feet
to a full length of 850 feet. The conveyor will be extended as backfilling
progresses, with additional belts being added after each 135 feet of advance.
The conveyors have been designed to handle 1,500 tons per hour at peak capa-
city with 1,000 tons per hour as the expected normal load. Two backfilling
systems, conveyors alone and conveyors combined with pneumatic topfill, have
been studied.

3.4.1.1 Chamber Backfilling:

Access for backfilling is provided by a series of
drifts at the rear of the chambers. These drifts are located at the top of
the chamber so that backfill material can be discharged and placed by gravity.

3.4.1.2 Backfilling Conveyors:

A 36-inch-wide belt will be used for the extensible
conveyors. The belt will have a maximum tension rating of 315 pounds per
inch width and will be constructed from a heat and oil resistant cover.

Material from the piggyback panel belts will be
placed on the extensible belt by the splitter chutes. A tail frame placed
to receive spent shale from the chutes will include a 10-inch-diameter
wing-type tail pulley, impact idlers, a belt plow for cleaning the return
belt, and an integral hopper and skirt boards to provide for even loading of
the belt. The tail frame will be skid mounted for ease of relocation.

After loading, the material will be carried into
the stope or chamber and discharged over the head pulley. The head pulley
and drive unit will be crawler mounted so as to be self-advancing. As the
stope fills, the crawler unit will move forward onto the fill, thereby ex-
tending the belt line until the entire length of the stope is filled (Figure
3.4.1.2-1). The head pulley will be 16 inches in diameter with a 40-inch-
wide face. The drive pulley will be a single motor tandem drive with two
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16-inch-diameter neoprene-lagged driving pulleys. The 75-horsepower,
squirrel-cage motor will be coupled with a speed reducer to produce a final
drive rate of 120 rpm. A remotely located starter unit will be used to
control belt sequencing and slippage.

An automatic-hydraulic belt storage unit will be
used to hold excess belting in the system and to feed it out as the crawler
unit advances. A unit designed to hold at least 270 feet of belting, pro-
viding 135 feet of advance, will be used. When the belt in the storage unit
has been exhausted, the system will be shut down, another length of belt will
be spliced intoc the line and extended to the storage umit, and operations
will resume. Mechanical hinge-pin fasteners will be used on this belt line
so as to reduce downtime due to adding or removing belt. The belt storage
unit also will act as a take up unit, eliminating the need for any other ten-
sioning devices. In addition, it can be broken down into component pieces
for ease of relocation.

The belt itself will be supported by wire rope.
Support stands will be floor mounted on 10-foot centers and tensioning
anchors will be installed every 300 feet. The rope will carry 35° equal-roll
troughing idlers spaced on five-foot centers. Return idlers will be mounted
on the rope support stands.

Self-propelled segmented-tamping foot compactors
will be used in the chambers to compact the retorted shale to a density of
90 pcf. The compactors will be equipped with a dozer type blade for leveling
the retorted shale into uniform 1lifts prior to compacting. An enclosed
pressurized and air conditioned cab with rollover and falling object protec-
tion will provide the compactor operator with a safe and comfortable operating
environment. It is not known whether backfilling and compacting will be done
concurrently in a given chamber. Dust conditions may require that compacting
not be done during actual backfilling.

3.4.2 Pneumatic Topfilling:

An alternative to final topfilling by mechanically packing
the retorted shale to the roof is to place the final topfill pneumatically.
Upon completion of backfilling with a conveyor to the backfill supply level,
the conveyor system would be removed from the chamber or stope (in a multi-
level sublevel stoping operation only the uppermost stope will be topfilled).
A pneumatic stowing system would then be installed to complete the topfilling.
The discharge line would extend to the inby end of the chamber or stope and
topfilling would be accomplished by retreating toward the access entry as
filling progresses. The in-place density for pneumatic topfilling will be
about 80 pecf.

The pneumatic system will require a feeder-blower instal-
lation at the conveyor transition point. This system will include a surge
bin, feeder, 17,000 cfm blower rated at 15 psig and powered by a 1, 400-horse-
power motor, and a 16-inch-diameter placement pipe and nozzle. A total of
three units, each rated at 400 tons per hour, are required for each panel

being Worked'. Water sprays and an exhausting dust collector will be used
at the transfer point.
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Pneumatic stowing will create a large amount of dust which
will be partially alleviated by water injection near the discharge end of
the pipeline. Although fugitive dust will be vented to the return air course,
men will not be permitted in the stope or in the immediate return air course
during stowing operations.

The major advantages and disadvantages of pneumatic top-
filling are listed below:

ADVANTAGES :
1. Complete stope filling
DISADVANTAGES:
Severe dust conditions
Potential for ground-water saturation of fill
High energy consumption for stowing activity

1
2
3
4. Large mmber of units needed
5. High operating costs

6

Greater surface disposal area required compared

to mechanical backfilling due to lower in-place
fill density

3.5 Operational Considerations:

An underground backfilling operation can be affected by ventilation
requirements, hydrologic conditions, envirommental monitoring, and the need
or the potential for modification of the retorted shale physical properties.

3.5.1 Modification of Physical Properties:

Several methods of modifying the physical properties of
retorted oil shale were investigated and the effects of compaction and
chemical stabilization additives were studied. The results varied from sub-
stantial improvement to no change, and to deterioration of retorted oil shale
with respect to its strength and load-carrying capacity.

3.5.1.1 Compaction:

Most of the work relating to the effects of com-
paction of retorted oil shale from the Paraho process was done by others
under contract for the U. S. Bureau of Mines. Table 3.5.1.1-1 shows the
results of compaction tests performed on retorted oil shale from the Paraho
semi-works retort (14). ' '

As can be seen from Table 3.5.1.1.-1, added mois-

ture has little effect on the density of retorted oil shale after compaction.
This is significant in that acceptable densities can be obtained with only
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enough water added for dust control and cooling. A maximm five to six per-
cent moisture content for stowed shale has been assumed except for retorted
shale that is transported or stowed hydraulically.

TABLE 3.5.1.1-1

COMPACTION TESTS - RETORTED OIL SHALE

PARAHO SEMI-WORKS RETORT

Dry Density Density Compacted
Compacted At "~ At Air Dry
Compaction Effort - Optimum Moisture = Optimum Moisture =~ Moisture
%Ft—ﬁ?Cu Ft) [{A) (Ib/Cu Ft) (ILb/Ca Ft)

-0- - 70.0 70.0
6,200 23.7 88.0 85.8
12,375 22.0 92.5 89.9
56,250 22.0 98.7 96.4

Compaction will be accomplished by a compactor
with a blade for spreading the material. No rollers or additional compaction
devices are envisioned.

The permeability of retorted oil shale decreases
as the amount of compaction increases. At a density of 90 pcf, the perme-
ability will be less than 10 feet per year (14). As the fill material assumes
the lateral load from the pillars, the permeability around the periphery of
the stope should decrease.

Minor effects of self-cementation of retorted shale
have been reported in commection with compaction testing (14). More investi-
gation of these phenomena is needed.

3.5.1.2 Additives:

The effects of additives on dry retorted shale were
investigated by performing a series of laboratory tests. The primary purpose
of the tests was to identify beneficial trends and not to obtain statistically
significant results. Two different ratios of cementing agents to retorted
shale were investigated as to their effect on unconfined compressive strength.
Details regarding test material, test equipment, experimental procedure, and
results obtained are given in Appendix D.

3.5.1.2.1 Dry Retorted Shale:

A mixture of 50 percent plus 4-mesh ma-
terial and 50 percent minus 4-mesh material, with a maximm particle size of
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0.5 inch, was used to simulate mechanical backfilling conditions.
obtained from laboratory tests on these materials are as follows:

)

2)

(3)

1)

2)

Increasing moisture content from

15 percent to 25 percent produced
significant increases in compressive
strength when portland cement is used.

With an eight-day cure, a 5 to 1
retorted shale-cement mixture pro-
duced a large inc¢rease in compressive
strength, whereas a 30 to 1 mixture
did not have any effect. A mixture
containing equal amounts of cement,
lime, and flyash produced noticeable
improvements in compressive strength
at the same shale-cement ratios.

Distribution of moisture, cementing
agent, and fines affect compressive
strength. Curing period and curing
environment are two other factors
that exert a significant effect on
compressive strength and deserve
further study.

3.5.1.2.2 Other Tests:

Results

The tests mentioned above were conducted
to supplement the results obtained under USBM Contract No. J0255004. Under
that contract, only dry retorted shale was tested and the major results ob-
tained are as follows (14): '

Treatment with five percent hydrated
lime promotes cementing, thus, in-
creasing compressive strength and
decreasing permeability rate.

Accelerated curing times promote
reactions of calcium and magnesium
oxides present in Paraho retorted
shale, inc¢reasing compressive strength
from 17 psi to 125 psi with a 28-day
curing period at 125°F.

3.5.1.3 Sumary:

amount that can be stored underground.
moisture is added prior to compaction.

Compaction of stowed, retorted shale improves its
strength and resistance to saturation by ground water, and increases the

Some self-cementing is possible when
However, more work is needed to deter-

mine the ultimate degree of self-cementation and the retorting conditions that
will produce this and other favorable characteristics. Adequate compaction is
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possible using a compactor with attached blade to spread the material into
one-foot lifts as it is compacted.

In contrast, the amounts of moisture and cementing
agent that are added to dry retorted shale have a distinct effect on the
strength characteristics of the fill material.

3.5.2 Ventilation and Dust Control:

Underground disposal of retorted oil shale will increase mine
ventilation requirements by 110,000 cfm for chamber and pillar mining and
50,000 cfm for sublevel stoping. The ventilation system must be able to cope
with increased amounts of dust and noxious gases as well as higher humidity and
higher ambient temperatures which are associated with a retorted oil shale dis-
posal operation. The severity of these conditions is dependent on the transport
and stowing methods used.

The ventilation system will consist of exhaust fans located
on the surface, auxiliary fans in the working areas, overcasts, stoppings, reg-
ulators, and curtains. Each backfilling site will receive its own split of air.
A bleeder system is plammed for the backfilled areas to prevent the accumilation
of explosive or noxious gases. Figures 3.5.2-1 through 3.5.2-3 show typical
mine ventilation systems for the chamber and pillar, and sublevel stoping mining
methods used for this study.

Ventilating air within a chamber will be coursed using brattice
lines and vent tubing along with blowing or exhausting auxiliary fans. Pneumatic
stowing methods will require as much as 65,000 cfm additional air which must be
exhausted through the normal ventilation system. Figure 3.5.2-4 shows a typical
chamber ventilation layout. A vent tube for exhausting air from the chamber
during backfilling will be lung from the roof during chamber development. The
ventilation system for a sublevel stope is simplified because equipment will
not be used within the stope for compaction and the return air course will be
located at the inby end of the stope. Figures 3.5.2-5 and 3.5.2-6 present a
typical sublevel stope ventilation layout.

A high ambient mine 'tem'perature,' coupled’ with the intro-
duction of warm retorted shale into the mine, may requlre some type of air
cooling system to provide an acceptable working enVJ.romnent

3.5.2.1 Noxious Gases:

In addition to the potential presence of methane
and hydrogen sulfide, other undesirable gases may be associated with an under-
ground backfilling operation using retorted oil shale. Diesel equipment used
will contribute varying amounts of CO, NOy, normmethane hydrocarbons, and par-
ticulate matter to the mine atmosphere. Retorted shale itself may contribute
to the problem, especially if the ambient temperature of the stowed material
is high.

Spontaneous ignition, with the accompanying com-
bustion products, has been reported where hot (4000F) shale has not been
adequately compacted (15). Due to adverse envirommental, safety, and pro-
ductivity effects associated with high temperatures, all retorted shale will
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be cooled sufficiently, prior to stowage, to prevent spontaneous ignition.

A monitoring program, which is discussed in Section
3.5.4, has been developed to determine the presence and amount of noxious
gases in a stope during and after backfilling. Specific gases to be monitored
will depend on the stowing method used, but carbon monoxide, hydrogen sulfide,
and methane will be monitored in all cases. The NO, group may be monitored
where mobile equipment is used. The polycyclic arciatic hydrocarbon group is
another type of material that may be monitored. Many divergent opmlons and
findings have been presented on the occurrence of these materials in retorted
0il shale and their carc¢inogenic hazard potentlal (6, 7, 20, 21). Information
specifically relating to Paraho retorted shale's carcinogenic potential is not
available. In all likelihood, some type of monitoring program will be required,
at least until the extent of the hazard (if any) is determined. Personal hy-
giene will be stressed to eliminate potential hazards resulting from extended
contact time with the material (6, 7).

3.5.2.2 Dust:

Retorted oil shale from the Paraho direct-heat-mode
retort degrades easily when handled, so, unless dust abatement precautions
are taken, dust will occur throughout the transporting and stowing operations.
A combination of dust suppression and dust collection will be used to control
the dust at its source.

3.5.2.2.1 Transfer Points:

To effectively eliminate the dust under-
ground, the retorted oil shale must be treated with a chemical wetting solu-
tion as soon as it arrives at the backfill level. To accomplish this, the
material will be sprayed with a wetting solution as it is fed out of the
surge bin onto the feeder belt conveyor. Each feed point will be equipped
with three distribution headers equipped with sufficient spray nozzles to en-
sure a uniform application rate across the entire stream of material (Figure
3.5.2.2.1-1). As the material flows along the feeder belt it will be wet
down again, agitated, and mixed to provide for more complete wetting. A final
application will be made as the shale is discharged onto the main conveyor
belt. This will render the material dust free for a period of time.

Due to the expanding length of the trans-
port conveyors as the project progresses, and the subsequent increased amount
of time that the material will be on a conveyor, the material will begin to
dry out and generate more dust. Thus, another dust suppressant application
point at the first transfer station will be necessary to apply a carry-over
amount which will compensate for the additional moisture loss, and will ensure
a relatively dust-free material through the remamder of the transport system
to the backfilling area.

The Johnson-March ''Chem-Jet'' system was
used as the basis for describing the suppressant equipment. This is not in-
tended as an endorsement by the U. S. Bureau of Mines for this system, but
rather as an example of a feasible system. It is comprised of a proportioner,
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flow controllers at the application points, and spray system. It also in-
cludes a filter and flush assembly to filter the mine water before it enters
the proportioner and is mixed with the wetting agent ''Compound M-4 10/40."
This wetting agent is mixed with water in a 1:3500 ratio and is applied to the
retorted oil shale at a rate that will provide a moisture content of three
percent which will render the material dust free. An additional one percent
will be added as the carry-over amount to ensure dust free material through-
out the transport system. The system will be completely automatic so that
dust control treatment will occur only when the conveyors are transporting
material.

A secondary dust collection system has
been devised in the event some dust is generated at the transfer stations or
a breakdown occurs in the dust suppressant system. Each conveyor transfer
station will include a hood arrangement with a Vortex ''Sepairator/Impactair"
unit for the exhaust system which will capture 99 percent of all respirable
dust which is generated, making the exhaust air sufficiently clean to be dir-
ected back into the haulageways. To provide adequate exhaust air volumes for
the three transfer chutes at each transfer station, each station will require
one 10,000 cfm rated Vortex unit (Figure 3.5.2.2.1-2). The Vortex unit consists
of a turbine which pulls captured air through a flooded bed scrubber into the
turbine blades which creates a vortex action which separates the dust-laden
water from the cleaned air. The cleaned air is discharged into the mine
atmosphere, and the slurry is discharged directly onto the downstream conveyor
belt, thereby increasing the moisture content of the material somewhat and
further acting as a dust suppressant. Each Vortex unit uses 13 gpm of wn-
flltered water.

3.5.2.2.2 Haulageways:

Dust in the vehicular travelways will be
controlled by spraying the roadways with a water-wetting agent solution as
required. Ventilation air velocities will be kept low by the proper sizing
of all entries. To further minimize dust potential, conveyor speeds will be
no more than 500 feet per minute.

3.5.2.2.3 Stopes:

Dust control in the stopes during back-
filling will vary with the stowing method and type of stope. Each stope will
be on a separate split of air during the backfilling operation. With the ex~
ception of pneumatic stowing, the dust suppresSant system described in Sec-
tion 3.5.2.2.1 will make backfilling operations essentially dust free for
either type of stope. - This may enable the stowing and compaction to take
placé concurrently in the same stope.’

Pneumatic stowing will generate more dust
than any other method or other mine activity. Water will be injected into
the pneumatic system near the discharge nozzle. This method of suppression
will not be totally effective due to the extremely high particle velocity
anticipated and the degradation on impact after discharge. Workers will not
be allowed in the stope during stowing, and all air leaving the stope will be
directed into the return air course.
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Mechanical stowing presents the greatest
challenge for dust control because men will be in the stope during placement.
In all cases the moisture content of the retorted shale will be in the range
of five to six percent prior to discharge into the stope. Since mechanical
compaction is not possible in the sublevel stopes, intake air will be brought
in through the stowing access entries and will be exhausted into the return
air course at the inby end of the stope.

In chamber backfilling, retorted shale
will be compacted mechanically. It may not be possible that stowing and compac-
tion can be done concurrently in a single stope because of the amount of dust
that will be created. Since compaction will be done at a lower elevation than
stowing discharge, a positive ventilation technique will be needed during com~
paction. Figure 3.5.2-4 shows a proposed ventilation scheme for this phase of
the operation. The compacting equipment will include pressurized, air-condi-
tioned cabs for operator safety and comfort.

3.5.2.2.4 Return Air:

Eventually most of the airborne dust from
all phases of backfilling will appear in the return air courses. Relatively
low air velocities will cause some of the dust to settle, but a portion will
reach the return air shafts. However, water or water-surfactant spray cur-
tains will scrub the air prior to its entry into the upcast shafts. The re-
sulting sludge from the spray curtains will be pumped to a stope for disposal.

3.5.2.2.5 Monitoring:

Dust will be continuously sampled and
monitored at strategic locations in the transport and stowing areas and in
the ventilation entries. The work force will be instructed in the importance
of dust control and personal hygiene. Section 3.5.4 describes the dust moni-
toring system. ‘ ‘

3.5.2.3 Temperature:

High underground temperatures will adversely affect
an underground retorted oil shale disposal operation. Initially, it was felt
that placement of hot retorted shale in the mine would result in reduced
pillar stability due to accelerated creep and thermal stresses. These con-
cerns are valid and are being investigated under other USBM contracts.

However, temperatures high enough to affect physical rock characteristics will
create far more severe envirormental problems within the mlne ’

The ambient rock temperature at the depth plammed
for this mine is nearly 95°F. This fact in itself creates a potential health
and productivity problem for the work force. To avoid drastic aggravation of
an existing problem, the retorted shale will be cooled prior to transport into
the mine. Cooling before placement will also negate the possibility of creep
and thermal stress in the pillars.

3.5.2.4 Sumary:

Mine ventilation requirements will increase when an
underground disposal system for retorted shale is introduced. The amount of
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additional air required will be a function of the transport and stowing
methods used. Pneumatic methods will require large amounts of air which must
be exhausted through the mine ventilation system.

Toxic and explosive gases may be present in minor
amounts, and a monitoring system is plammed for their detection and control
(as described in Section 3.5.4). A sufficient volume of air will always be
provided for dilution and removal of these gases.

Dust will be suppressed with water or water-
surfactant sprays wherever possible and with dust collectors elsewhere. An
ongoing program of dust sampling will be required, and all ambient dust stan-
dards will be met.

The adverse effects of high temperatures on men in
the working areas, and on pillar stability, will be controlled by cooling the
retorted shale to an acceptable level prior to stowing.

3.5.3 Hydrology:

Two major aquifers are present in Piceance Creek Basin and
the effects of these aquifers must be considered in the design of backfilling
systems. Tectonic activity in the basin has led to folding and fracturing
of formations and to the development of fault structures (26). These faults
and fractures produce variations in local hydrological conditions and have to
be accounted for in the mine design. Since the mining methods incorporating
backfilling are specifically designed for the deeper part of the Basin, the
discussion below is based on hydrological conditions at the Horse Draw site
of the U. S. Bureau of Mines.

The geohydrologic section at the Horse Draw site, from top to
bottom, consists of an upper aquifer, a confining layer, a lower aquifer, and
the unleached saline zone (8). The upper aquifer is about 750 feet thick and
consists principally of sandstone (Uinta) and marlstone (Upper Parachute Creek
Member of the Green River Formation). The confining layer is about 200 feet
thick and consists of an oil shale section called the Mahogany Zone of the
Parachute Creek Member. The lower aquifer is about 300 feet thick and con-
sists of marlstone and oil shale that have been leached of soluble minerals
(leached zone). The unleached saline zone, about 900 feet thick, consists of
0il shale and saline minerals and is virtually impermeable. Results obtained
during drilling of two core holes, and from two pump tests, have been aug-
mented with experience in oil shale hydrology to prepare the gechydrological
model shown in Figure 3.5.3.1-1 (10). The significant effects of backfilling
on the aquifer systems are related to the physical and chemical character-
istics of the backfill, permeability of overlying and underlying zones, and
local geologic structures.

The two major hydrological aspects discussed here are the
effects of backfilling on the ground-water system and the effects of ground
water on the backfill. The placement method is affected by the quantity of
ground water encountered in the mine, and the rate of mine water inflow is
affected by the permeability of the formations in and around the mine, the
mining method, and the rate of mine expansion. Saturation of the fill from
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unexpected large ground-water inflows could lead to potential liquefaction.
Ground-water quality could be affected by saline leachate originating from
permeable fill material.

3.5.3.1 Effects of Ground Water on Backfilling:
3.5.3.1.1 Placement Method:

Ground-water inflow can create wet con-
ditions which will adversely affect the mechanical backfilling operation.
Mechanical placement of the fill near the roof would be difficult under wet
conditions. The rate of placement of the fill has an effect on its moisture
content. If fill is placed at a slow rate (one foot per day), it could be
progressively saturated by ground-water inflow. Areas of heavy water inflow
will result in fill saturation and facilities for draining and collecting the
water should be provided. Delays in fill placement will also require control
of moisture content. The fill will attain its natural angle of repose, but
additional moisture will lead to slope instability. However, severe water in-
flow problems are not anticipated (Section 3.5.3.1.2).

A major factor to be considered in se-
lecting the placement method is the liquefaction potential of the fill.
Liquefaction may be defined as the sudden decrease of shearing resistance of
a soil from its normal value to almost zero, usually caused by a collapse of
the soil structure. It is associated with soils having a low density and high
moisture content, and is triggered by a sudden disturbance. The intensity of
disturbance required to liquefy a soil differs for different soils. Blasts
in the mine, especially in sublevel stopes, may be of sufficient magnitude to
trigger liquefaction failures. Mechanically-placed fill has a relatively high
density and low permeablllty Thus, saturation and the resulting llquefactlon
of the fill material is not likely.

The effects of fill liquefaction can be
twofold: disruption of activities to the extent that the entire operation
could be endangered, and pillar failure resulting in unstable conditions
underground. However, these effects could be significantly minimized by
designing adequate bulkheads to completely retain the fill. In addition,
regular monitoring of pore pressure and other hydrologic conditions behind
the bulkheads could serve to indicate the development of potentially danger-
ous conditions.

3.5.3.1.2 Mine Inflows:

Hydrologic conditions at the Horse Draw
site of the U. S. Bureau of Mines, Piceance Creek Basin, Colorado, are shown
in Figure 3.5.3.1-1 (10) The discussion on mine inflows will be based on
the assumption that mining will be conducted in the unleached saline zone
Permeability of mechanically-placed fill varies from 0.08 to 0.006 feet per
day for a low compaction effort (14).

The permeability of the unleached saline

zone is very low; hence, the volume of flow has little impact on the hydrology
of the relatively prolific rock mass above the mine roof. The vertical flow
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to the mine can be computed assuming a constant head gradient to the mine roof.
Inflow analyses performed for a mining rate of 75,000 tons per day indicate
that the inflow into the mine will vary from 440 gpm in year five to about
1,280 gpm in year 20 for the chamber and pillar method, and from 180 gpm in
year five to 480 gpm in year 20 for the sublevel stoping method (10). The
vertical permeability of the fill varies from 20 to about 270 times the per-
meability of the overlying and underlying formations. Hence, mine water will
flow vertlcally through the fill. A schematic of the flow 11nes through the
mining zone is presented in Figure 3.5.3.1-1.

As mentioned above, the presence of fill
will cause vertical flow through the fill. Since the horizontal permeability
of the formation below the mining zone is about 10 times greater than its
vertical permeability, most of the water passmg through the fill will flow
beneath the floor back into the mine openings and can be handled there. Thus,
fill placement may not reduce mine inflow, but will alter the pattern of flow.

3.5.3.2 Effects of Backfilling on the Ground Water System:

One of the main concerns associated with backfilling
in the Piceance Creek Basin has been the potential effects on the ground water
resources of the area. The two aquifers differ in their water quality. Water
in the upper aquifer and the upper part of the lower aquifer has a concentra-
tion of dissolved solids of 960 mg/l, and the lower part of the lower aquifer
has a concentration of dissolved sollds of 9,400 mg/1 (10). Subsequent work
by others indicates that the dissolved sollds concentration for the upper part
of the lower aquifer is 1,500 mg/1 and 4,000 mg/1 for the lower part of the
lower aquifer (8). The principal dissolved' constituents are chlorides, sulfates,
and bicarbonates of sodium, magnesium, and calcium. The increase in dissolved
solids concentration in the lower part of the lower aquifer is primarily due to
increases in sodium chloride and sodium bicarbonate.

The quality of the leachate obtained from the fill
is mainly dependent on the duration of contact between ground water and fill,
the chemical nature of the fill constituents and the ground water, and the
temperature of the fill at which chemical reactions take place. Test results
indicate that the total dissolved solids in leachate from dry Paraho retorted
shale can be as high as 11,500 mg/1 when the permeability rate approaches
0.001 feet per day (14). Other test results indicate that the total dissolwved
solids in the leachate is about 2,200 mg/1 (4). The reason for these widely
varylng results is not clear; it may be related to factors such as the particle
size distribution, chemical nature of the retorted shale, contact time, and
reaction rate.

During the mining phase most of the leachate will
flow into mine openings and can be handled without causing any adverse impact
on water quality in the project area. After cessation of mining and dewater-
ing operations, the area will tend to attain a state of equilibrium and steady-
state ground water flow will be established through the mining zone. The time
period required for commencement of this flow may be several years (10).

Since the permeability of the fill is greater than the surrounding host rock,
ground water will flow through the fill and leach the salts until saturation
of the ground water is achieved or the salts are exhausted. However, since
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the surrounding rock permeability is very low, the leachate may remain in the
formation for a very long period without causing adverse impacts on the water
quality in the aquifers. If any local geologic structures comnect the un~
leached saline zone with the overlying aquifers, the leachate will lower the
water quality in the aquifers. In addition, upward pressure gradients have
been observed in the vicinity of the Horse Draw site (19). These pressure
gradients may permit the leachate to flow into the overlying aquifers through
fractures and other chamnels. Since the lower part of the Mahogany Zone has
sparse fracturing and low vertical leakage, it is unlikely that the relatively
good quality water of the upper aquifer will be adversely affected by the
leachate.

Contaminants tend to move along with the ground
water at ground water velocity, but are subjected to sorption, ion exchange,
dispersions, and chemical reactions (9). The time scale for these effects is
large, probably as much as several hundred years. The effect of these
processes is to reduce the concentration of the contaminants and to retard
their movement relative to that of ground water. However, the potential of
the leachate spreading out over a wider area exists. These processes are
complicated and an attempt to quantify them would require extensive laboratory
and field tests. However, before the transport of contaminants in the ground-
water system can be studied, an accurate assessment has to be made of the
leaching characteristics of the fill and the effect of in situ ground-water
quality on these characteristics.

Modification of fill characteristics could signifi-
cantly alter leaching characteristics. Cemented backfill could have negli-
gible permeability in addition to altered chemical characteristics. Leachate
studies with cemented backfill are necessary to evaluate its effects. Assess-
ment of the effects of varying types of backfill on the ground-water system
can be made only if chemical and physical characteristics of the fill are well
defined and the site specific geological conditions are adequately understood.

In summary, the above evaluation indicates that the
post-mining impacts of backfilling mined-out voids will be minimal for mining
in the unleached saline zone The magnitude of the impact is largely de-
pendent on the presence of commmication between the mining zone and the over-
lying aquifers. Areas for specific further investigation are the local geo-
hydrological conditions at the project site and the leaching characteristics
of the fill. Reduction of the permeability of the fill to prevent significant
salt release should be studied. Preabandorment leaching of the backfill does
not seem economlcally viable. It should be noted that the above evaluation
is valid only for mines in the unleached saline zone which has very low per-
meability. If backfilling is practiced in more permeable zones, adverse im-
pacts on regional ground-water quality could be considerable.

3.5.4 Monitoring:
Due to the potential presence of methane, carbon monoxide,
hydrogen sulfide, and other nondesirable or toxic gases and dust in the mine

during backfilling operations, monitoring systems have been devised to measure
these substances in the working areas of the mine. '
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These gases which will be monitored are methane (CH ), carbon
monoxide (CO), hydrogen sulfide (H,S), nitric oxide (NO), and nltrogen dioxide
(NOy) (Table 3.5.4-1). Dust concentratlons will also be determined. Contin-
uous mom_tor:mg will be utilized at sanlpermanent installations in the return
air courses in conjunction with hand-held measuring instruments and equipment-
mounted monitoring instruments where necessary in the working areas. All
monitoring equipment will be instrinsically safe in accordance with MESA stan-
dards. Reference to specific manufacturers is for clarity and does not con-
stitute an endorsement by the authors or the U. S. Bureau of Mines.

3.5.4.1 Methane:

Methane will be monitored at each split of return
air and in the working chambers by use of a Mine Safety Appliance Company's
(MSA) Series 510 Combustible Gas Detection System. In the monitoring system,
a mmber of methane sensors will be installed in the return air splits or the
working areas. The sensors utilize a catalytic combustion detector in con-
junction with an air deflector to determine methane content in the 0-2 per-
cent range. A set of four sensors is comnected to a sensor power supply located
in a fresh-air intake. The power supply provides intrinsically safe power for
the sensors and also keeps the standby battery in the sensor assembly at full
charge. The analog output assembly, located above ground, receives signals
from each sensor, displays the reading on a meter, and provides output for
the recorders. This assembly also has an auxiliary battery-powered standby
power source. Specially modified mine telephone units provide a commmica-
tion and calibration link for the sensors and readout/recorder units. The
recorders furnish a continuous record of methane concentration at each sensor,
and the analog output assembly is equipped with an ammunciator panel which
gives audio and visual warnings in the event of an :anrease of methane con-
centration above a predetermlned 1eve1

The MSA Methane Monitor Model VI, which is an
equipment-mounted detector, will be utilized on all equipment operating in
the working areas of the mine. When the methane level reaches a preset amount
the unit automatically energizes a visual alarm and can shut down the equip-
ment.

3.5.4.2 Other Gases:

Carbon monoxide (CO), hydrogen sulfide (H S) , nitric
oxide (NO) , and nitrogen dioxide (NO9) will be monitored at each split of
return air and at each working chamber with the Series 3000 Ecolyser Analyser
made by Energetics Science, Incorporated (ESI). A continuous monitoring
system would be utilized providing monitoring of the air quality at any number
of sampling points. Each sampling point will require a Series 3000 monitor
which will transmit the data to a central anmmciator panel on the surface.
Both visual and audio alarms will be displayed on the anmmnciator panel.

3.5.4.3 Dust:
The dust level will be monitored with a Recording

Respirable Dust Monitor, Model RDM-301, made by GCA/Technology Division. This
unit provides for continuous and unattended monitoring of both the short-term
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and time-averaged respirable dust concentrations over a predetermined period
of time which depends on the dust concentrations level and subsequently, the
length of each monitoring period. It provides a direct digital printout of
three variables for each measurement: the mass concentration of dust in mil-
ligrams per cubic meter for the preceding sample period, the accumulated mass
of dust in milligrams from the initiation of the entire measurement cycle
(i.e., the start of the shift), and the total elapsed effective sampling time.
The unit is not equipped with a remote readout and, generally speaking, must
be attended once per shift. The unit is equipped with an alarm circuit which
will be mounted in the control building on the surface and will be activated
when dust concentration rises above a set, predetermined level.

Portable, hand-held instruments to measure methane,
CO, HpS, NO, NO9, and dust are readily available and will be used to supple-
ment the monitoring data collected from the stationary, automated systems.
MSA has shelf items available for measuring methane, carbon monoxide, and dust
which will be used. Also, ESI manufactures portable monitoring instruments
which will be used for measuring CO, HyS, NO, and NO, .

3.5.5 Energy and Water Requirements:
The water and energy requirements for each underground dis-
posal method have been determined and are tabulated in Table 3.5.5-1. Re-

torted shale cooling accounts for a major portion of the water and electric
power required.

TABLE 3.5.5-1

UNDERGROUND RETORTED SHALE DISPOSAL

ENERGY AND WATER REQUIREMENTS

Power
Water (KWH/Yr) Diesel Fuel
(Gal/Yr) Electric Diesel (Gal/Yr)
x 106 x 106 x 106 x 103
Chamber and Pillar
Conveyor Only 838.58 175.16 20.63 633.80
Conveyor + Pneumatic 889.03 185.69 20.48 619.38
Sublevel Stoping
Conveyor Only 757.11 157.47 21.44 642 .47
Conveyor + Pneumatic 761.17 162.73 21.89 656.93



4.0 SURFACE DISPOSAL

Regardless of the underground backfilling method used, some retorted
oil shale must be left on the surface. The swelling of the retorted shale,
relative to undisturbed raw shale, results in an excess volume of waste
material that must be stored on the surface. To achieve complete stowage
underground would require a compacted-in-place density of 107.5 pcf. Using
the data from Table 3.5.1.1-1 and the assumption that the density was 70 pcf
before compaction, the theoretical compactive effort required to attain 107.5
pef is approximately 2 x 106 foot pounds per cubic foot. The data was fitted
to a power curve of the form Y = axP by a least-squares curve fit. The
values of the parameters are a = 69.62 and b = 0.03. The correlation ¢o-
efficient for this curve fit is 0.9816. Thus, a degree of compaction that
will allow complete underground disposal of retorted shale is neither tech-
nically feasible nor operationally possible. -

The usual surface disposal method for retorted oil shale consists of
piling the material in some convenient place, making allowances for the po-
tential leaching and runoff water problems and providing some sort of a re-
vegetative effort. This general approach will be followed for this study.

A surge facility will be provided near the surface disposal system
truck loading area. This facility is needed to handle the surplus material
during temporary slowdowns or stoppages in the underground disposal operation.

4.1 Stockpiling Method:

Since the Piceance Creek Basin is made up of a system of canyons
and plateau-type highlands, a series of canyons are assumed to be available
for dumping retorted oil shale. Each canyon has been assumed to drain an
area of 600 acres lying above and including the dump site.

A containment basin will be constructed downstream from each dump
and each will be designed to contain all of the runoff from a 100-year storm.
The volume required is calculated using the equation Q = C i A where Q is
peak flow in cubic feet per second, C is the runoff coefficient, i is the
average rainfall intensity in inches per hour and A is the area drained in
acres (Appendix B). ’ '

Q=0.35x 4.1 x 600 = 861 cfs

Assuming a storm duration of 45 minutes, the capacity of the catchment basin
is calculated as V = 861 x 45 x 60/43,560 = 53.4 acre-feet. An underdrain
will be installed to bypass water from the upstream side of the dump area.

Dumps will be built up by hauling retorted shale in 100-ton bottom-
dump haulers from surge bins near the retort facility. Face areas will be
compacted using mechanical compactors while the main body of the dumps will
be compacted only by haulers and dump maintenance equipment. Compaction
will increase dump stability and restrict entry of surface water into the
fill. The slope of the face may be as flat as 4:1 (5) to 2:1 (15). The
4:1 slope is less prone to erosion and it facilitates the establishment of
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vegetation on the dump surface. Lifts will be limited to approximately one
foot to permit adequate compaction and a system of berms and roadways will
be maintained for access and erosion control. See Figures 4.1-1 and 4.1-2
for typical surface disposal dumps.

The surface of the dump may be covered with a dressing of topsoil,
if it is available. However, topsoil is not abundant in the Horse Draw area.
Some riprapping may also be used to stabilize the face areas. Revegetation
will feature a mixture of native shrubs and grasses with some enhancement
from the development of salt-resistant plant strains. Fertilization and
irrigation will be required for two years to establish plant growth, after
which the revegetated areas will rely on natural precipitation. Much work
is being conducted to revegetate retorted shale piles and development of
improved methods or concepts is anticipated.

4.2 Partial Surface Disposal:

Regardless of the underground backfilling method used, some of the
retorted shale must remain on the surface. Table 4.2-1 shows the percent of
the total retorted shale left on the surface for the selected backfilling and
mining methods, and the approxnnate acres requlred for the dumps and catchment
basins.

Costs and operating information for these partial surface disposal
alternatives are found in Table 4.2-2.

4.3 Total Surface Disposal:

If the entire output of retorted shale were placed on the surface,
the method described in Section 4.1 would be followed. Approximately 2,840
acres will be required for the dump and catchment basin. Capital and oper-
ating costs and data associated with total surface disposal for a 20-year
project are shown in Table 4.3-1.

4.4 Sunmary:

Surface disposal is the lowest-cost method for disposing of retorted
shale, but underground placement reduces envirornmental impact and allows
greater resource recovery. However, all underground disposal systems require
that some of the retorted material be stored on the surface. For the disposal
methods selected, the amount left on the surface ranges from 15 to 27 percent
of the total amount of retorted shale.
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TABIE 4.2-1
PARTTAL SURFACE DISPOSAI. OF RETORTED SHALE

Percent Acres
To Required

Surface For

Mining Method Backfilling Method Disposal Dumps
Chamber & Pillar Conveyor 15 480
Conveyor & Pneumatic Topfill 17 535
Sublevel Stoping Conveyor 24 740
820

Conveyor & Pneumatic Topfill 27
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TABLE 4.3-1
COST AND OPERATING SUMMARY

TOTAL RETORTED SHALE DISPOSAL ON SURFACE

Capital $37,562,000

Operating and Maintenance Costs - $/Ton Retorted Shale

Operating Labor $ 0.0871
Operating Supplies 0.0699
Maintenance Labor 0.0795
Maintenance Supplies 0.1082
TOTAL $ 0.3447
Manpower - Total Backfilling Payroll 195
Water - Gal/Day x 10° 203
Fnergy - KiWH/Day x 102 113
Diesel Fuel - Gal/Day 4,420
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5.0 SURFACE ENVIRONMENTAI, EFFECTS
5.1 Land Disturbance:

The most obvious surface envirommental effects of retorted shale
disposal are those associated with structures or activities which alter the
appearance of the land area. Disposal dumps, roads, conveyors, and other
material handling structures are the most common surface features that may
be related to a retorted oil shale disposal operation.

5.1.1 Surface Dumps:

Since it is not possible to replace all of the retorted
shale underground, some must be stored on the surface. Section 4.0 des-
cribes the surface disposal requirements and techniques. In most areas of
the Piceance Creek Basin the canyon-plateau topography lends itself to canyon
filling with retorted oil shale. Surface water diversion and containment
structures and roads are 'part of the dump infrastructure. While the over-
all appearance of an area is altered by surface storage, contouring and
revegetation will lessen the impact and provide a scene that is acceptable
to most viewers.

5.1.2 Structures:

- Underground retorted shale disposal operations will require
surface facilities for cooling and transporting retorted shale from the re-
tort to the mine. The largest facilities will be required for cooling the
retorted shale prior to disposal in the mine. These structures will be in
the mine-retort area and will be designed to blend into the local scene as
much as possible. Upon completion of the project, all structures will be
removed and the area will be regraded and revegetated; thus, the long-term
effect of waste disposal should be negligible.

5.1.3 Ponds:

Surface ponds are required only for the contaimment of run-
off from the surface waste dumps. Due to small drainage areas and low annual
precipitation, permanent water impoundment structures will be small.

5.1.4 Subsidence:

Subsidence will be more severe unless mined areas are back-
filled, or unless adequately-sized pillars are left in the mine. Resource
recovery will be reduced if pillars are sized to support the entlre overburden
load.

5.2 Air Quality:

Air quality in the mine area will be affected primarily by fugitive
dust from surface disposal activities and by underground stowing. Some
gaseous emissions may occur as the result of surface and tmderground use of
diesel engines in addition to potesntlal though unsubstantiated, emissions
from the retorted shale.
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5.2.1 Particulates:

Fugitive dust from surface disposal activities will be
minimized by wetting the haul roads. Gravel or hard surfacing will be
required in some areas, and revegetation efforts will closely follow the
dunping operation. Dust from stowing and underground transport will be
controlled primarily by water or water-surfactant suppression.

In addition to dust emissions, there will be some parti-
culate emissions from diesel powered equipment. Table 5.2.1-1 shows the
relative amounts of particulate emissions for the worst underground disposal

case (truck transport with pneumatic stowing), and for total surface disposal
@.

5.2.2 Gaseous Fmissions:

Principal gaseous emissions in an underground oil shale
mine are methane and those associated with the use of diesel-powered equip-
ment. Retorted shale, however, is not expected to be a source of gaseous
emissions. Although it is possible for retorted shale to ignite spontaneously
under certain conditions, it will not ignite when it has been cooled and
properly compacted. Table 5.2.2-1 presents the estimated emissions for the

worst underground case (truck transport and stowing in sublevel stopes), and
for total surface disposal of retorted shale (27).

TABLE 5.2.1-1

ESTIMATED PARTICULATE EMISSTONS

Underground Total Surface

Disposal Disposal
TT.BTgD_ayT (Ib./Day)

Fugitive Dust
Underground Sources 1,060 -0-
Surface Sources 2,041 4,925
Combustion Particulates 139 120



TABLE 5.2.2-1

ESTIMATED GAS EMISSIONS

Underground Total Surface

Disposal Disposal
(Ib. 5Day5 (Lb./Day)

co 54 47

HC (nonmethane) 17 15

NO, 2,735 2,380

SO 4 3

X
CH4 Unknown None
5.3 Water:

The effects of retorted shale disposal on surface water quality will
vary with the disposal system used. Runoff flow, originating above the dumps
in canyons where dumps are located, will be directed beneath the dumps and
catchment basins. Catchment basins will be used to contain all saline leach-
ate and runoff from the dumps.

5.4 Sunmary:

Underground disposal of retorted shale can reduce substantially the
surface envirormental and land disturbance effects of a mine-retort facility.
Surface subsidence is likely to be minimal or negligible in areas that overlie
backfilled stopes. Underground disposal is expected to have only minimal
adverse effects on surface water.

Total surface disposal will disturb the land form and local drainage

patterns in the immediate dump areas. However, except for an increase in
fugitive dust, no appreciable differences in air quality are expected.
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6.0 ECONCGMICS

Detailed capital and operating costs were developed for the retorted
shale disposal methods described in Sections 3.0 and 4.0 of this report.
The preliminary economic considerations used in the selection of these dis-
posal methods are discussed in Section 7.5. Capital costs are based on man-
ufacturer's quoted prices, and labor rates are consistent with current levels
for underground mining in Western Colorado. All costs were developed using
fourth quarter 1977 dollars.

Capital costs include initial capital requirements, deferred and
replacement capital expenditures for an assumed project life of 20 years
with an additional four-year preproduction development period. All costs
were escalated to their respective years' future worth at a rate of seven
percent per year. These future worth values were then discounted to present
worth based on discount rates of 10, 15, and 20 percent. These results can
assist in the comparison of alternative investment opportunities which offer
the same minimm rates of return mentioned above. Since it is out of the
Scope of Work for this Contract, mining and processing costs and expected
revenues were not developed for inclusion in a discounted cash flow analysis.
The results reported may, however, be used by the reader for inclusion in a
discounted cash flow analysis when the mining and processing costs and ex-
pected revenues are known.

6.1 Underground Disposal Costs:

Capital and operating costs for the cooling, surface conveying,
vertical borehole transport, underground conveying and stowing, and partial
surface disposal functions are presented in this section. Total project life
is assumed to be 24 years, which includes a four-year preproduction develop-
ment period and an operating life of 20 years. Operating costs for the
selected underground disposal methods are higher than those initially re-
ported in Phase I (Section 7.5) because of the more detailed analysis of each
selected system. Whereas, in Phase I, a relative comparison on a limited-
scale mine was used due to the Scope of Work and time constraints specified
by the Contract. Table 6.1-1 shows the operating and capital costs for the
various backfilling methods based on fourth quarter 1977 dollars.

6.1.1 Operating Costs:

The operating costs were developed using cost centers that
will probably exist for a typical oil shale mining facility. Tables 6.1.1-1
through 6.1.1-4 show the development of the operating and maintenance costs
for each of the underground disposal methods and its associated partial sur-
face disposal costs. These Tables are based on fourth quarter 1977 dollars.

6.1.2 Capital Costs:

The capital and total costs for each backfilling method have
been calculated and tabulated based on fourth quarter 1977 dollars, future
worth at seven percent annual inflation, and present worth for the inflated
costs with discount factors of 10, 15, and 20 percent. Table 6.1.2-1 shows
the capital and total project costs for the various underground backfilling
methods and the associated partial surface disposal requirements.
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UNDERGROUND RETORTED SHALE DISPOSAL

TABLE 6.1-1

Capital(l)
Total (8 x 103)
Retorted Shale ($/Ton)
Shale Oil ($/Barrel)

Operating(z)
Total ($ x 10°)
Retorted Shale ($/Ton)
Shale 0il ($/Barrel)

Combined Capital and
Operating Costs

Total ($ x 103)
Retorted Shale ($/Ton)
Shale 0il ($/Barrel)

CAPTTAL. AND OPERATING COSTS

(1977 Dollars)

Sublevel Stoping

Conveyor Conveyor & Conveyor Conveyor &
~_Only Pneumatic Only Pneumatic
65,119 66,033 59,006 61,207
0.1315 0.1334 0.1192 0.1236
0.1784 0.1809 0.1617 0.1677
334,200 384,600 322,020 360, 540
0.6751 0.7769 0.6505 0.7283
0.9156 1.0537 0.8822 0.9878
399,319 450,633 381,026 421,747
0.8066 0.9103 0.7697 0.8519
1.0940 1.2346 1.0439 1.1555

(1) Based on 20-year operating life and a four-year preproduction period.

(2) Based on 20-year operating life.
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TABLE 6.1.1-1

OPERATING COSTS - CHAMBER & PTLLAR

($/Ton Retorted Shale)

Surface Conveying

Cooling

Surface Disposal

Borehole

Underground Conveying

Backfilling

Supervision

Technical, Administrative,
and General

TOTAL

* 1977 Dollars

CONVEYOR ONLY

OPERATING MATNTENANCE
" Labor "Supplies' " Labor Supplies TOTAL
0.0157 0.0128 0.0100 0.0009 0.03%
0.0219 0.1390 0.0393 0.0097 0.2099
0.0346 0.0221 0.0213 0.0315 0.1095
0.0035 0.0014 0.0011 0.0022 0.0082
0.0361 0.0869 0.0099 0.0077 0.1406
0.0463 0.0243 0.0185 0.0136 0.1027
0.0270 0.0021 0.0156 0.0014 0.0461
0.0166 0.0016 0.0003 0.0002 0.0187
0.2017  0.2902 0.1160 0.0672  0.6751
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TABLE 6.1.1-2

OPERATING COSTS - CHAMBER & PILIAR

Cost Center

Surface Conveying

Cooling

Surface Disposal

Borehole

Underground Conveying

Backfilling

Supervision

Technical, Administrative,
and General

TOTAL

* 1977 Dollars

CONVEYOR & PNEUMATIC

(8/Ton Retorted Shale¥

OPERATING MATNTENANCE
" Labor Supplies Labor  Supplies TOTAL
0.0157 0.0128 0.0100 0.0009 0.03%
0.0219 0.1388 0.0393 0.0097 0.2097
0.0349 0.0224 0.0244 0.0320 0.1137
0.0035 0.0014 0.0011 0.0021 0.0081
0.0361 0.0867 0.0099 0.0077 0.1404
0.0621 0.0489 0.0444 0.0454 0.2008
0.0270 0.0021 0.0156 0.0014 0.0461
0.0166 0.0016 0.0003 0.0002 0.0187
0.2178 0.3147 0.1450 0.0994 0.7769
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TABLE 6.1.1-3

OPERATING COSTS - SUBLEVEL STOPING

(§/Ton Retorted Shale¥*)

CONVEYOR ONLY

OPERATING MATINTENANCE
Cost Center " Labor Supplies Labor Supplies TOTAL
Surface Conveying 0.0157 0.0119 0.0100 0.0006 0.0382
Cooling 0.0219 0.1213 0.0393 0.0087 0.1912
Surface Disposal 0.0436 0.0287 0.0312 0.0419 0.1454
Borehole 0.0035 0.0014 0.0011 0.0022 0.0082
Underground Conveying 0.0361 0.0790 0.0099 0.0069 0.1319
Backfilling 0.0463 0.0169 0.0052 0.0024 0.0708
Supervision 0.0270 0.0021 0.0156 0.0014 0.0461
Technical, Administrative,
and General 0.0166 0.0016 0.0003 0.0002 0.0187
TOTAL 0.2107  0.2629 0.1126 0.0643 0.6505

* 1977 Dollars
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TABLE 6.1.1-4

OPERATING COSTS - SUBLEVEL STOPING

Cost Center

Surface Conveying

Cooling

Surface Disposal

Borehole

Underground Conveying

Backfilling

Supervision

Technical, Administrative,
and General

TOTAL

* 1977 Dollars

CONVEYOR & PNEUMATIC

(5/Ton Retorted Shale*)

'OPERATING MATNTENANCE
Labor Supplies Labor Supplies  TOTAL
0.0157 0.0119 0.0100 0.0006 0.0382
0.0219 0.1213 0.0393 0.0087 0.1912
0.0444 0.0299 0.0324 0.0439 0.1506
0.0035 0.0014 0.0011 0.0022 0.0082
0.0361 0.0764 0.0099 0.0066 0.1290
0.0621 0.0254 0.0444 0.0144 0.1463
0.0270 0.0021 0.0156 0.0014 0.0461
'0.0166  0.0016 0.0003 0.0002 0.0187
0.2273 0.2700 0.1530 0.0780 0.7283
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UNDERGROUND RETORTED SHALE DISPOSAL

TABLE 6.1.2-1

CAPTTAIL, AND TOTAL PROJECT COSTS

Current 1977 Dollars
Capital 1
Total Project Costs )

Future Worth @77,
Capital
Total Project Costs

Present Worth(2) @10%
Capital
Total Project Costs

Present Worth @1500
Capital
Total Project Costs

Present Worth @20%
Capital
Total Project Costs

MINING.AND BACKFTLLING METHOD

Sublevel Stoping

Conveyor Conveyor & Conveyor Conveyor &
Only Pneumatic Only Pneumatic
Sx 10 $ x 103 $ x 10° $ x 103
65,119 66,033 59,006 61,207
399,319 450,633 381,026 421,747
118,839 119,361 101,457 105,654
1,079,634 1,225,053 1,027,237 1,142,174
53,687 54,581 49,487 51,247
280,350 315,429 267,890 295,776
41,132 41,932 38,673 39,952
169,027 189,114 161,910 177,929
33,015 33,703 31,428 32,406
111,180 123,658 106,745 116,732

(1) Total Project Costs include capital plus operating costs.

(2) Present Worth is based on escalated future worth accumulated by year.
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6.2 Economic Effects of Increased Resource Recovery:

Backfilling permits mining with relatxvely thin pillars which
increases resource recovery. This increase is estimated to be approximately
16 percent for chamber and pillar mining and 15 percent for sublevel stoping.
The relative economic effects of increased resource recovery were developed
to meet contract requirements for this section and are based on the following
assumptions which estimate the conditions likely to exist for an oil shale
mining and retorting operation:

° A finite reserve capable of producing
50,000 barrels per day for 20 years
with no backfilling.

° Mining, crushing, and retorting costs
of $10.00 per barrel of shale oil
produced.

° Shale oil selling price of $15.00 per
barrel.

° No attempt to account for time value
of money.

Based on the assumptions listed above, an analysis of the effects
of increased resource recovery indicates that a probable cost benefit exists
for the conveyor only method of backfilling for both mining methods but is of
a marginal nature for conveyor plus pneumatic backfilling. Table 6.2-1 shows
the relative effects of increased resource recovery on the economics of under-
ground backfilling using 1977 dollars with no discounting.

6.3 Total Surface Disposal Costs:

Total surface disposal was considered as an alternative to under-
ground retorted shale disposal. Costs were determined so that an objective
comparison could be made of the capital and operating costs for the alter-
native disposal methods. Surface disposal costs were developed using the
same guidelines that were used for underground disposal costs. Table 6.3-1
shows the surface disposal costs based on fourth quarter 1977 dollars.

6.3.1 Operating Costs:

The operating costs were divided into cost centers in the
same manner as for underground disposal. The operating and maintenance
costs, based on fourth quarter 1977 dollars, are detailed in Table 6.3.1-1.

6.3.2 Capital Costs:

The capital and total costs for total surface disposal were
developed as described in Section 6.1.2 for underground disposal. The same
escalation and discount factors were used in both total surface disposal and
underground disposal analyses. The capital and total project costs for total
surface disposal are tabulated in Table 6.3.2-1.

- 106 -



TABLE 6.2-1

RELATIVE EFFECTS OF INCREASED RESOURCE RECOVERY RESULTING FROM

UNDERGROUND BACKFILLING FOR A FINITE RESERVE(1)

(1977 Dollars)

Chamber and Pillar Mining

Sublevel Stoping

Conveyor Conveyor & Conveyor Conveyor &
Onl Pneumatic Only Pneumatic
$ x 103 $ x 10° $ x 103 $ x 103
No Backfilling (1)
Total Revenue (2) 5,475,000 5,475,000 5,475,000 5,475,000
Total Expense (3) 3,650,000 3,650,000 3,650,000 3,650,000
Cash Flow 1,825,000 1,825,000 1,825,000 1,825,000
With Backfilling (5)
Total Revenue (2) 6,351,000 6,329,100 6,296,250 6,285,300
Total Expense (3) 4,482,139 4,517,455 4,421,718 4,460,040
Cash Flow (4) 1,868,861 1,811,645 1,874,532 1,825,260
Net Cash Flow Effect
Related to Underground
Waste Disposal and In-
creased Resource Recovery 43,861 -13,355 49,532 260

(1) Finite Reserve based on parcel with 20-year life with no backfilling and
50,000 barrels per day production.

(2) Based on $15.00 per barrel of shale oil produced.

(3) Based on $10.00 per barrel for mining, crushing, retorting, and retorted
shale disposal. These costs are estimates and are not directly applicable
to any specific operation.

(4) Does not include finance charges, depletion, depreciation, or taxes.

(5) Includes considerations for increased resource recovery resulting from
smaller pillar requirements related to underground backfilling.
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TABLE 6.3-1
TOTAL SURFACE RETORTED SHALE DISPOSAL

CAPTTAL. AND OPERATING COSTS
(1977 Dollars)

Combined
Capital and
Capital Operating Operating Costs
Total ($ x 10°) 37,563 170, 640 208,203
Retorted Shale ($/Ton) 0.0759 0.3447 0.4206
Shale 0il ($/Barrel) 10.1029 0.4675 0.5704
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TABLE 6.3.1-1

TOTAL SURFACE DISPOSAL

OPERATING COSTS
(8/Ton Retorted Shale*)

OPERATING MATNTENANCE
Cost Center Labor  Supplies Labor Supplies TOTAL
Hauling .0279 L0484 .0459 .0820 .2042
Roads & Dump .0262 .0116 .0179 .0196 .0753
Conveying .009% .0047 .0028 .0024 .0193
Revegetation .0022 .0018 .0003 .0004 .0047
Supply & Service .0045 .0018 .0029 .0034 .0126
Supervision .0062 .0010 .0096 .0003 .0171
Technical, Administrative,
and General .0107 .0006 .0001 .0001 L0115
TOTAL | .0871 .0699 0795 .1082 3447

* 1977 Dollars
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TABLE 6.3.2-1

TOTAL SURFACE DISPOSAL

CAPITAL AND TOTAL PROJECT COSTS

$ x 103

Current 1977 Dollars

Capital 37,563

Total Project Costs (1) 208,203
Future Worth @77

Capital 98,420

Total Project Costs 588,996
Present Worth @107, (2)

Capital 26,643

Total Project Costs 142,377
Present Worth @157

Capital 16,291

Total Project Costs 81,59
Present Worth @207

Capital 10,839

Total Project Costs 50,751

(1) Total Project Costs include capital plus operating costs.

(2) Present Worth is based on escalated future worth accumulated by year.
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6.4 Cost Comparison - Surface and Underground Disposal:

Underground disposal costs range from 2 to 2.5 times greater than
surface disposal costs. Table 6.4-1 shows the relative magnitude of costs
for each of the disposal and mining methods. The principal reasons for the
difference in costs are as follows:

° No cooling facility requirements for
surface disposal.

° Labor and capital efficiencies resulting
from use of large haulers for surface
disposal.

° Less equipment needed for surface disposal.

Lower manpower requirements for surface
disposal.

No attempt has been made to assign a dollar value to the adverse
envirormental effects on areas where surface disposal has taken place. A
recent agreement between the Colorado Department of Wildlife and one of the
Federal Prototype Oil Shale Lease holders, concerning some Colorado Depart-
ment of Wildlife land within the lease boundaries, assigned a value of $376
per acre as compensation for lost wildlife habitat. If this figure should
become a precedent, the overall costs would increase by approximately
$200,000 for total surface disposal and by $85,000 for an underground dis-
posal program with partial surface disposal.
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7.0 PHASE I SUMMARY - SELECTION OF BACKFILLING METHODS

Phase I of Contract J0265052 included preliminary feasibility studies
and selection of the most economically and technically feasible methods for
the underground disposal of retorted oil shale. Three basic methods for
transporting and stowing retorted oil shale were studied individually and in
combinations of two or three in order to determine the most desirable system
for the prescribed mining methods. Hydraulic, pneumatic, and mechanical
methods (employing both belt conveyors and trucks) were studied. The two
mining methods considered are chamber and pillar, and sublevel stoping.

A hypothetical deep underground mine in the Piceance Creek Basin of north-
western Colorado was used as the site for this study.

As a result of the Phase I comparative study, conveyor transport and
stowing has been selected as the most feasible system for underground dis-
posal of retorted oil shale in the selected deep mine envirorment. This
section describes the various methods studied and the ranking analysis which
determined the most feasible methods.

Concepts and costs discussed or shown in this section may vary from
other sections of this report because of refinements and additional data
developed in the detailed engineering work performed during Phase II of the
Contract.

7.1 Transport Methods:

The three general methods stipulated in the contract for trans-
porting retorted oil shale to underground disposal areas are hydraulic,
mechanical, and pneumatic. These methods were investigated in sufficient
depth to determine the technical and operating feasibilities, relative costs,
and envirommental effects for ranking and selecting the most suitable method.

Due to the rugged terrain and a desire to minimize surface dis-
ruption, all methods investigated provide for vertical transport to the
backfilling level from a point near the retort facilities. All lateral
transport will be within the mine. The presence of two overlying aquifers
and the expense of cementing casing in all boreholes to isolate these
aquifers was an important point considered in selecting underground lateral
transport of the retorted oil shale to the stopes.

7.1.1 Hydraulic Transport:

The hydraulic transport method envisioned here consists of
preparing a slurry on the surface and transporting it through pipes to the
backfill level. Two 18-inch-diameter pipes will transport the slurry and
two 12-inch-diameter pipes will be used to return decant water to the surface.

Test work performed under USBM Contract No. HO166065 in-
dicates that a high particle degradation rate is to be expected with Paraho
retorted shale. Pumping a bulk sample containing 2.8 percent of minus 270
mesh for 1.5 hours produced 65.7 percent of the minus 270 mesh fraction. This
reduction in particle size results in declining head losses, but significantly
increases underground disposal problems. Particle degradation occurs during
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the slurrying and pumping operations and is less dependent on transport dis-
tance. Preliminary results obtained are sumarized in Table 7.1.1-1. The
degree of particle degradation reported is much greater than would be expected
in an actual operation. During testing, the material passed through the pump
many times with some additional particle degradation occurring each time. How-
ever, particle degradation will occur in the slurry mixing plant as well as
during slurry pumping. A high degree of degradation is reported, but the order
of magnitude is reasonable for the comparative aspects of this report. This
work also shows that a slurry containing over 50 percent solids by weight can-
not be transported hydraulically. Experience at mines where hydraulic back-
filling is done indicates that dewatering of the fill and drainage from the
fill are adversely affected by the presence of a large slime-size fraction.

A maximm of five percent minus 400 mesh and 25 percent minus 325 mesh can be
tolerated. Thus, over 35 percent of the slurried material will be removed by
cyclones or centrlfuges and pumped to slimes ponds on the surface.

Typical surface layout and cross section of a hydraulic trans-
port system is shown in Figures 7.1.1-1 and 7.1.1-2. Cooled retorted shale
will be transported by conveyor to the slurry mixing plant. A Marconajet sys-
tem will be used in the slurry mixing plant to produce a slurry containing 40
percent solids by weight, although this is not to be construed as an endorse-
ment of Marconajet systems. The slurry will then pass through a bank of cy-
clones or centrifuges to deslime it to a maximm of 25 percent minus 325 mesh.
The overflow will be sent to the slimes pond and the underflow will flow through
two 18-inch-diameter pipes to the backfill level. Automatic density control
valves will maintain the slurry at 40 percent solids during pipe transport.

It is assumed that the material will be transported vertically over a length
of 2,000 feet, thus subjecting the pipe to high pressures. Wear-resistant
flberglass pipe will be used because of its llghter weight and resultant ease
in handling.

The hydraulic head of 1,100 ps:. is sufficient to move the
slurry through the 2,500 feet of horlzontal pipe assumed for this study; how-
ever, slurry pumps will be provided in the backfill level for slurry handling
if necessary. Box drainage tests indicate that 65-70 percent of the water can
be drained from the fill (4). Drained water will be chammeled to a settling
sump and the clear effluent will be pumped to the surface (Figure 7.1.1-2).
Recycled water will be utilized for slurry preparation since laboratory tests
indicate that negligible quantities of chemical constitutents are leached out
of the fill. Approximately 9.9 million gallons of water per day will be lost
in the underground stopes and surface 'sl]'.mes' ponds. See Appendix C for details.

The use of large-diameter pipe requires that highly mech-
anized pipe handling and maintenance techniques be used. Large openlngs
will be needed to facilitate the use of mobile cranes and other pipe handling
equipment. Pipe wear can be extreme in bends, so the radius of curvature of
all bends will be as large as possible. Horizontal and vertical sections of
straight pipe are expected to have an effective life of approximately two
years or 2,500,000 tons per section.

ADVANTAGES :
1. No dust problem
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DISADVANTAGES:
1. Large water requirement
2. High capital and operating costs

3. Surface disruption due to slimes pond requirement

7.1.1.1 Summary:

Particle degradation that occurs during transport,
imparting undesirable characteristics to the fill, is a severe disadvantage
inherent to hydraulic transport of retorted shale. For this reason at least
35 percent of the material must be removed by cyclones or centrifuges and
pumped to slimes ponds before the remainder can be transported to the fill
level. This requirement will create more envirommental disturbance than
complete surface disposal. The water requirement is excessive because the
material camnot be transported at a concentration much over 40 percent solids
by weight, and more than 30 percent of the water is retained in the fill due
to its low permeability.

7.1.2 Mechanical Transport:

Two mechanical transport methods have been evaluated for the
underground transport of retorted oil shale. Conveyors and trucks were con-
sidered as the most likely methods for hauling the material to the stopes.

In both cases, the retorted shale is moved to the backfill level in a large
diameter, lined borehole (Figure 7.1.2-1). An eight-foot-diameter borehole
will allow a mass flow rate in the range of 20 to 25 feet per minute. Dust
control and suppression facilities have been included in the evaluations.

7.1.2.1 Conveyor Transport:

Apron feeders will be used to move retorted oil
shale from the bottom of the borehole. A surge area will be provided for
emptying the borehole in the event of conveyor system failure. All transfer
points will use water sprays and dust collection hoods to control dust.

The main conveyor from the borehole transfer point
to the stope area will be installed to meet all MESA standards. The 72-inch
main conveyor belt will travel at 500 feet per minute and will move 2,900
tons per hour with surges to 4,000 tons per hour (11). Since two or more
stopes will be backfilled simultaneously, trippers will be used to distribute
the retorted o0il shale to the proper stopes (Figure 7.1.2.1-1).

The backfill material will move from the tripper
transfer points to the stopes by whatever stowing conveyance is used. The
various stowing methods will be discussed in Section 7.2.

ADVANTAGES :

1. Low manpower requirements

2. Moderate ventilation requirements
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3. Proved method
4. Low operating costs
DISADVANTAGES:
1. Inflexible system
2. Total transport dependence on one conveyor
7.1.2.2 Truck Transport:

Apron feeders will transport the material from the
borehole to a surge bin for truck loading. An area will be provided to re-
ceive retorted shale from the borehole in the event that the backfilling
operation is shut down unexpectedly. Water sprays and dust collectors will
be used at all transfer points. Since all backfilling will be done from the
upper access level, separate from the mining activity, all backfilling equip-
ment will be used solely for retorted shale disposal.

Thirty-five-ton trucks were selected for hauling
the retorted oil shale to the backfill areas because of their maneuverability
and relatively small engines. A 400-horsepower engine is small enough to be
tested for permissibility at existing facilities should the gassy mine condi-
tions warrant meeting Schedule 31 rather than Schedule 24 standards. The
mmber of trucks required is a function of the stowing method and distances
traveled, and ranges from 11 to 15 operating at one time. For the compara-
tive purposes of Phase I, an average haul distance of 2,500 feet was used
with a 9.4 minute cycle time for hauling.

Trucks will haul the retorted oil shale from the
surge bin at the borehole to the stope access entry. At that point the
material may be disposed of in one of several methods which are discussed
in Section 7.2 under Stowing Methods. Due to equipment density, a two-entry
haulage system will be necessary (Figure 7.1.2.2-1). Roadways will be
sprinkled to control dust and maintained to provide an efficient haulage
system. Binding agents will be tested in an effort to improve dust control
on the roadways.

ADVANTAGES :
1. Flexible system
DISADVANTAGES:
1. High ventilation requirements
2. Large amount of mobile equipment
3. High energy consumption
4

High manpower requirements
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7.1.2.3 Summary:

The mechanical transport methods described are
feasible for a retorted oil shale disposal operation. The conveyor system
is preferable from the standpoint of low energy, manpower, and costs per unit
conveyed. Truck haulage provides for more operational flexibility, but the
environmental aspects outweigh this advantage. A tabulation of comparative |
factors is shown in Table 7.6.1.1.2-1 and 7.6.1.1.2-2.

7.1.3 Pneumatic Transport:

Two pneumatic transport systems will be considered in the
ranking and selection of the most likely system for transporting retorted
shale from the surface to the backfill area. The first case deals with
pneumatic transport from the surface to the backfill area and the second
case combines a gravity feed system to the backfill level with pneumatic
transport from the borehole to the backfill area.

Pneumatic transport requires the material to be fed into the
pipeline through an airtight feeder. The most common feeders are starwheel,
screw conveyor, and airlock. The starwheel-type feeder is commercially avall-
able and provides continuous feed to the system. Air is the transporting
medium and it is provided by high-volume, low-pressure blowers. Equipment
and oper’ating data were provided by the Radmark Division of Radar Canada
Ltd. This is not to be construed as an endorsement of Radmark's products
but rather as an acknowledgment of assn.stance in mvestlgatmg pneumatlc
transport and stowing methods.

A typical system would include a feeder system with adequate
dust control devices, a blower and motor, and a pipeline to carry the material.
Current technology limits a unit for the assumed mine conditions to one that is
capable of conveying a nominal 200 tons per hour. Each unit includes a feeder,
two 8,000-cfm blowers rated at 15 psig, driven by 700-horsepower motors and
18-inch~diameter transport pipe. Thirteen of these units are needed to meet
the demands of a total pneumatic system to convey retorted shale. The number
of units increases to 19 when considering the mechanical reliability of the
system. Figure 7.1.3-1 is a schematic diagram of a typical feeder-blower layout.

Large-diameter pipe and the large number of units will re-
qulre a highly mechanized method of pipe handling and maintenance. Large
openings will facilitate the use of mobile cranes and other pipe-handling
equipment. Wear is a severe problem when solids are transported pneumat-
ically and any deviation from straight runs accelerates the rate of wear.
It has been reported that pipe life for vertical sections is greater than
five times the life for horizontal sections (18).

Energy requirements are extremely high for pneumatic con-
veying because of the unusually large amount needed for the blowers. Water
requirements are lower than for other metrhods because of the enclosed trans-
port system. Water injection into the pipeline (immediately prior to dis-
charge into the stopes) and good ventilation practices are required. Even
so, severe dust conditions are anticipated in the stopes during stowing.
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No alternative stowing methods were considered in conjunc-
tion with pneumatic transport because of the extreme exit velocity and in-
herent dust problems. Therefore, the pneumatic transport system includes
the equipment and labor for backfilling.

Backfilling will be done from the upper level access to the
chambers or stopes. All lower level access entries will be bulkheaded and
provided with drains should the stopes become saturated by ground water
intrusion. Backfilling will progress from one end of the stope or chamber
and the pipe and nozzle will be extended as the fill advances. Final filling
to the roof will be accomplished by retreating as the fill is placed. An
overall in-place density of 75 pounds per cubic foot has been assumed because
impact packing will not occur except during placement of the final fill to
the roof. Directional nozzles or end pieces can be used to control the
filling of stopes. ' ’

7.1.3.1 Pneumatic Transport and Stowing:

Pneumatic transport infers that retorted shale will
be transported from the surface to the stopes by pneumatic means. Since 19
pipes, 18 inches in diameter, are required, five boreholes, cased to 72-inch
I.D. and divided into four compartments, are plammed (Figures 7.1.3.1-1 and
7.1.3.1-2).

Severe wear is anticipated where the pipe bends but
straight vertical pipe sections are expected to have an effective life of
approximately two years or 2,500,000 tons per unit. Horizontal pipe sections
will have an estimated life of 0.4 years or 500,000 tons. A special rig for
handling vertical pipe changes and repair has been included in the costs for
this method of transport.

ADVANTAGES :
1. Low water requirements
DISADVANTAGES:
1. High energy requirements
2. Fill subject to saturation by ground water
3. High capital and operating costs
4. Large number of units required
5. Severe dust problems

7.1.3.2 Pneumatic Transport and Stowing With
Borehole Transport:

This variation of the pneumatic transport method
utilizes a large diameter vertical borehole to convey the retorted oil shale
to the backfilling level of the mine. An eight-foot I.D. borehole will per-
mit a mass flow rate of approximately 20 feet per minute at the production
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rate required for a 50,000-barrel-per-day operation. The material will be
transferred from the borehole to a surge facility prior to being fed into
the pneumatic transport system (Figure 7.1.3.2-1).

Once the retorted oil shale is in the pneumatic
feeder, the system is identical to a pure pneumatic transport and stowing
system. However, due to the addition of a gravity system of mass flow from
surface to the backfilling level, the total number of feeder-blower units
required is reduced from 19 to 15. A method for clearing the borehole,
should it become plugged, will be included in the detailed analysis of Phase
IT.

The advantages and disadvantages of this system as
compared to a pure pneumatic system are the same in most instances. However,
the modified system with borehole transport does permit lower capital and
operating costs.

7.1.3.3 Summary:

Pneumatic transport methods are possible, but the
large amount of energy consumed and the large number of units required ad-
versely affect the feasibility of the methods. The susceptibility of the
fill to saturation by ground water is another potential problem source.
Table 7.1.3.2-1 shows a comparison of the two pneumatic transport-stowing
methods. :

7.2 Stowing Methods:

Three methods for stowing retorted oil shale in the mined-out
underground areas of a mine were stipulated in the Scope of Work for this
contract. They are hydraulic, mechanical, and pneumatic. The individual
stowing methods were evaluated as an extension of the same transport method
and as combinations of various transport and stowing methods.

The two mining methods that were stipulated (chamber and pillar,
and sublevel stoping) are comparable for all three stowing methods, with
one exception: mechanical compaction is not possible in the sublevel stopes.

7.2.1 Hydraulic Stowing:

Hydraulic stowing has been considered along with pneumatic
and mechanical transport methods, as well as in conjunction with a complete
hydraulic transport system. The hydraulic fill material will be placed in
the chamber or stope from the upper level access drifts.

As explained in the hydraulic tramsport system, the retorted
shale delivered to the stopes contains approximately 25 percent minus 325
mesh; hence, neither men nor equipment can work on the fill. Thus, the de-
livery pipe camnot be extended as filling progresses. As a result, coarser
particles will drop out first near the end of the pipe, and the rest of the
charber or stope will be filled with the finer fractions. The finer frac-
tions (minus 35 mesh) which constitute approximately 70 percent of the fill
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TABLE 7.1.3.2-1

COMPARISON OF PNEUMATIC TRANSPORT METHODS

Capital Costs (§ x 103)

Operating Costs ($/Ton)

Energy Used (KWH/Day x 103)

Water Used (Gal/Day x 103)

Crew Size

Retorted Shale-Surface Disposal (7)
Fill Density (pcf)

Resource Recovery Increase (%)

Complete
Pneumatic

$ 60,833

$ 1.1855

983

874

380

30

75

13
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Pneumatic
& Borehole

$ 43,295

$ 1.0117

877

874

353

30

75

13



material, reduce the permeability of the fill to as low as 0.001 feet per
day. The percolation rate for hydraulic fill should be greater than 12
feet per day (3).

By means of laboratory experiments the hydraulic character-
istics of Paraho retorted shale were investigated (4). Large scale drainage
tests were conducted using plywood boxes measuring four feet by four feet by
eight feet high. Vertical flow drainage and horizontal percolation were
similated in these tests. In addition, a colum settling test was performed
using a four-inch I.D. colum. Test results indicated the following:

1. 65-70 percent of the water can be drained from
the fill.

2. Bulk density of the drained material on a dry
basis is 65 pounds per cubic foot.

3. Loss of chemical constituents due to water
leaching is negligible.

4. Rate of settling declines rapidly and the
percent solids in the colum shows an
irregular pattern.

Details of these tests and the results obtained are given
in Appendix C. o - ' ’ ‘

Complete filling using hydraulic stowing is difficult to
achieve. To minimize the effects of surface subsidence, a combined hy-
draulic stowing with penumatic topfilling system has been considered. Com-
binations of hydraulic stowing that are analyzed are as follows:

1. Hydraulic stowing combined with hydraulic transport
Hydraulic-pneumatic stowing combined with hydraulic transport

Hydraulic stowing combined with truck transport

2
3
4. Hydraulic-pneumatic stowing combined with truck transport
5. Hydraulic stowing combined with conveyor transport

6

Hydraulic-pneumatic stowing combined with conveyor transport

Hydraulic stowing requires that bulkheads be placed in all
lower entries leading to the chambers and stopes. Bulkheads will be well
constructed and will be capable of sustaining the hydrostatic pressures im-
posed by the fill. Graded mine-run material and concrete will be used to
impound fill in the stopes. Fill drainage will be accomplished by decanta-
tion and percolation. For chamber stowing, mousetrap drains (which are
perforated pipes covered with burlap) will be used in conjunction with a
percolation drain field (Figure 7.2.1-1). Percolation drains will be spaced
at intervals in the chambers to obtain maximm fill drainage.
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Stopes will be dewatered mainly by decantation with a
vertical drain pipe placed at each end of the stope (Figure 7.2.1-2).
Monitoring piping and valves will be installed in each bulkhead so that
subsequent hydrological conditions can be regularly checked. Water drained
from the f£ill will be chammeled to a settling sump and the clear effluent
will be pumped to the surface. Laboratory tests indicate that a negligible
amount of chemical constituents are leached from the fill; hence, treatment
of drained water may not be necessary (4). However, a provision will be
made to collect and test the drained water periodically.

7.2.1.1 Hydraulic Stowing Combined With Hydraulic Transport:

Level distribution lines will transport the fill
from the main pipeline to the chambers and stopes. Ten-inch-diameter pipes,
with a life of approximately 2,000,000 tons of £ill, will be used for this
purpose. The line will enter the chamber or stope at one end and will remain
there until filling is completed. If the flow rate diminishes appreciably,
the discharge end of the pipe will be promptly closed to prevent the loss of
water from the hydraulic fill mixture in the pipe. The pipe can then be
flushed in short lengths to clean out the plug.

Control of the filling operation will be accom-
plished with a reliable telephone system between fill operators. Cleanup of
spills will be done mechanically with ILHD's, ot the spill material will be
slurried and pumped. A limited amount of laboratory work performed on hy-
draulically pumped, retorted shale indicates that the addition of flocculants
and cementing agents does not appreciably improve the strength of the fill
(Appendix D). Hence, these agents will not be added to the fill before
stowing.

ADVANTAGES :
1. No dust potential
DISADVANTAGES::
1. Danger of liquefaction and mud flows
2. Increased humidity of mine air
3. Need for handling facilities for drained water
4. Unstable fill surface
5. Expanded surface disposal need due to low fill density
6. Slimes ponds requirement

7.2.1.2 Hydraulic-Pneumatic Stowing Combined With
Hydraulic Transport:

In this combination method, final filling of the
stope or chamber will be done pneumatically. Because the hydraulic fill is
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unstable the pneumatic discharge nozzle must remain stationary at one end of
the stope and spray the material over the hydraulic fill. This results in
incomplete stope filling. However, the task of dewatering the hydraulically
transported material prior to pneumatic stowing would require a large bank of
filters. In addition, the adverse effect of moist feed from filters on energy
consumption and productivity would be severe. Hence, this method is not
feasible from operational and cost standpoints.
ADVANTAGES :

1. None

DISADVANTAGES :
1. High energy consumption
Large filter requirement
Potential for liquefaction and mud flows

Additional equipment need for pneumatic stowing

Increased ventilation requirements
Unstable fill surface

2
3
4
5. Handling facilities need for drained water
6
7
8. Expanded surface disposal need due to low fill density
9. Slimes ponds requirement

7.2.1.3 Hydraulic Stowing Combined With Truck Transport:

The problem of particle degradation discussed under
hydraulic transport, Section 7.1.1, is no less severe in this instance since
slurrying and pumping operations are principal sources of particle breakdown.
Retorted oil shale is delivered by truck to a surge bin at the access entry
to stope or chamber being backfilled. Water sprays and a dust collector sys-
tem control the dust at the transfer points. The material is then slurried,
cycloned, or centrifuged to remove excess slimes and transported to the stope
or chamber for stowing. The stowing procedure is the same as in Section
7.2.1.1. The excess slimes are pumped to surface slimes ponds for disposal.

ADVANTAGES :
1. Minimal dust problem
DISADVANTAGES :
1. Potential for liquefaction and mud flows
2. Space requirement for transport-stowing interface
3. Unstable fill surface
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Increased ventilation requirements
High operating costs
Increased manpower

Expanded surface disposal need due to low fill density

OO\IC?\U1:!-\

Slimes ponds requirement

7.2.1.4 Hydraulic-Pneumatic Stowing Combined With
Truck Transport:

This combination method is comparable to Section
7.2.1.3 with the exception that final filling of the stope or chamber will
be done pneumatically. Complete filling of the stope is not possible because
the discharge line camnot be extended onto the hydraulic fill. Increased
costs and operating problems are disproportionate to the results obtained.
ADVANTAGES :

1. None
DISADVANTAGES::
1. High energy consumption
High operating costs
Potential for liquefaction and mud flows
Increased ventilation requirements

Fxpanded surface disposal need due to low fill density

N L B~ L

Slimes ponds requirement
7.2.1.5 Hydraulic Stowing Combined With Conveyor Transport:
This method is comparable to hydraulic stowing in
conjunction with truck transport, Section 7.2.1.3, with the following excep-

tions:

(1) Lesser space requirements at the conveyor surge
bin transfer point

(2) Lower manpower and energy requirements for conveyor
transport

(3) Less expensive dust control at transfer points
ADVANTAGES :
1. Minimal dust

- 136 -



DISADVANTAGES:
1. Potential for liquefaction and mud flows
Space requirement for transport-stowing interface
Unstable fill surface
Increased ventilation requirements

Expanded surface disposal need due to low fill demsity

SN Uit B~ N

Slimes ponds requirement

7.2.1.6 Hydraulic-Pneumatic Stowing in Conjunction With
Conveyor Transport:

This combination method is comparable to Section
7.2.1.5 with the exception that final filling of the stope or chamber will
be done pneumatically. Complete stope filling is not possible because men
and equipment camnot work on the hydraulic £ill. Expanded costs and oper-
ating difficulties make this method unattractive.

ADVANTAGES :
1. None
DISADVANTAGES
1. Potential for liquefaction and mud flows
Space requirement for transport-stowing interface
Increased ventilation requirements
High energy consumption
High operating costs

Unstable fill surface

Expanded surface disposal need due to low fill density

OO\IO\U1-I—\§»JN

Slimes ponds requirement

7.2.1.7 Summary:

Hydraulic stowing underground may be hazardous due
to the potentially dangerous liquefaction characteristics of the stowed ma-
terial. This circumstance stems from the undesirable dewatering character-
istics of the fill resulting from the excessive amount of fine particles con-
tained in the stowed shale. Men and equipment camnot work on the fill; thus,
there is no ¢éontrol over the quality of fill. In addition, approximately 35
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percent of the retorted shale has to be disposed in slimes ponds which cause
greater envirommental disturbance than complete surface disposal.

Most particle degradation occurs during slurrying
and pumping and is less dependent on transport distance. Hence, hydraulic
stowing in conjunction with other transport methods has the same drawbacks
as hydraulic stowing in conjunction with hydraulic transport, apart from
system interface problems. Retorted shale cannot be pumped at a concentra-
tion much over 40 percent solids by weight; hence, water requirements for
this method are excessive. In addition, over 30 percent of the water used
for transport is retained in the fill due to its poor dewatering qualities.

Pneumatic topfilling, combined with hydraulic
stowing, provides incomplete stope filling. Also, the few benefits obtained
do not justify the increased costs and operating difficulties.

7.2.2 Mechanical Stowing:

The two mechanical methods considered for transport were
also considered for stowing retorted oil shale in mined-out stopes. In
either case, retorted shale will be deposited in stopes from the upper level
access drifts. Mechanical compaction of the backfill is possible with chamber
and pillar mlnlng because of the conpletely bolted chamber roof, but no me-
chanical compactlcn of the backfill is poss:.ble in the unsupported open stopes
of sublevel stoping operations. The stowing and compacting activities will
alternate since dust problems during stowing may be too severe for concurrent
operations within a single stope. Water will be added at the discharge point
to bring moisture content up to five to six percent by weight. Water is used
primarily for dust suppres'sion since studies have shown that the density for
a given compactive effort is not significantly affected by the addition of
water (14). Compacted density will be about 90 pounds per cubic foot, and
uncompacted density will be about 80 pounds per cubic foot.

Complete filling will be difficult to achieve if a mechanical
stowing method is used. Mechanical slingers have been used in practice, but
they were not considered for this comparative study. Combined mechanical
stowing with pneumatic topfilling was considered. Geotechnical studies have
shown that the degree of subsidence does not increase 'apprec:.ably between
areas that are filled to the roof and areas where a gap is left between the
backfill and the roof.

7.2.2.1 Conveyor Stowing:

For conveyor stowing, retorted shale will be picked
up at a transfer point at the stope access entry, conveyed to the discharge
points, discharged into the stope, and compacted whenever possible. The
conveyor will be advanced into the stope as stowing progresses. To ensure
continuity of the backfilling operation, several stopes will be backfilled
concurrently. Conveyor stowing was studied in conjunetion with conveyor and
hydraulic transport methods, in addition to the combined conveyor-pneumatic
stowing methods for the same transport methods. See Figures 7.2.2.1-1 and
7.2.2.1-2 for typical layouts for conveyor stowing and the mining methods
being studied.
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7.2.2.1.1 Conveyor Stowing With Conveyor Transport:

In this system, retorted oil shale is
taken from the main conveyor by a tripper and splitter that discharges the
required quantity of material onto the stowing conveyor and returns the ex-
cess back onto the main conveyor. Water sprays and a dust hood will control
dust emission at transfer points. In stopes, a compactor will be used to
level and compact the stowed material. Stowing and compacting will alternate
between stopes, as required, to effectively backfill each stope. Extensible
belts will be used in stopes to facilitate conveyor advance and retreat during
the stowing operation. By using modified dozers, backfill material will be
packed as near to the roof as possible.

ADVANTAGES :
1. Good pillar support from high density fill
2. Low manpower requirement
3. High 'res'om:‘ce rect)ver'y
4. TFavorable energy requirements
5. Moderate water requirements
6. Low costs

7. Well advanced technology
DISADVANTAGES:

1. Dust during stowing

2. Inability to pack against roof

7.2.2.1.2 Conveyor Stowing With Hydraulic
Transport:

Retorted oil shale subsequent to initial
cycloning or centrifuging degrades during hydraulic transport to the extent
that approximately 25 percent of the material reaching the stopes will be
minus 325 mesh. The task of dewatering the material prior to stowing will re-
quire large banks of filters which would create an untenable operating situ-
ation. Thus, the method is not feasible but was considered in order to satisfy
contract stipulations that hydraulic transport be studied in combination with
other stowing methods; however, this combination is not desirable under any
condition.

ADVANTAGES :

1. Minor dust potential
DISADVANTAGES :

>1. High water usage
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Large filtering capacity requirement

Surface slimes ponds need

Incompatible methods

Need for complex’ pumping and water treatment facilities

High energy consumption

~N oy o BN

Excessive space requirements for equipment

7.2.2.1.3 Conveyor-Pneunatic Stowing With
Conveyor Transport:

This combination stowing method consists
of stowing by means of conveyors as described in Section 7.2.2.1.1 up to the
floor level of the access drift and backfilling the remaining space pneumat-
ically. The pneumatic discharge line will be extended to the inby end of the
stope and stowing will follow a retreating pattern. Pneumatic stowing of the
upper portion of the stope allows for complete filling and a compacted density
of about 80 pounds per cubic foot. Reduction of surface subsidence is possible
with complete filling of stopes and chambers. However, initial investigations
indicate that the improvement in subsidence control will not warrant the in-
creased costs and operating problems.

ADVANTAGES :
1. Complete stope filling with compacted‘ mater'ial
2. Potentially good subsidm’c:e control
DISADVANTAGES:
1. Additional equipment requirement for pneumatic stowing
2. High energy consumption for pneumatic stowing
3. Increased dust problems

7.2.2.1.4 Conveyor-Pneumatic Stowing With
Hydraulic Transport:

This combination stowing method has all
the disadvantages described in Section 7.2.2.1.2 in addition to those asso-
ciated with pneumatic stowing. The efficiency of the pneumatic system is
low because of additional energy required to move high moisture material from
the filter operation. The disadvantages of this method far outweigh any ad-
vantages that may exist. ‘

ADVANTAGES :
1. Minimal dust problems
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2. Complete stope filling
DISADVANTAGES:

1. High water usage
Large filtering capacity requirement
Surface slimes ponds need
Incompatible methods
High pumping and water trea't:nent costs
High energy consumption

Excessive space requirements for equipment

0o ~N o BN

Lowered efficiency of pneumatic system due to wet material
7.2.2.2 Truck Stowing:

Trucks were considered for stowing in conjunction
with truck transport. Conveyor transport with truck stowing was not inves-
tigated in depth because of excessive space required for surge bins and truck
maneuvering. Hydraulic transport with truck stowing created even greater
space and operating problems. The two cases involving truck stowing that were
considered are truck stowing and a combination of truck stowing plus pneumatic
topfilling. Figures 7.2.2.2-1 and 7.2.2.2-2 show the layouts for both mining
methods being studied.

7.2.2.2.1 Truck Stowing With Truck Transport:

Trucks will be loaded at the borehole as
described in Section 7.2.2.2 and will travel to the stope being filled. Re-
torted oil shale will be dumped on top of the fill and pushed over the edge by
a dozer. Spreading and compacting probably will not be done while dumping is
in progress. While one stope is being filled another will be undergoing com-
paction. These cycles will alternate until the stopes have been filled, but
complete filling to the roof will be difficult to attain by this method.
However, modified dozers will be used to pack the backfilling material as
close to the roof as possible.

ADVANTAGES :

1. Continuous operation - no interface between transport
and stowing S

2. Good pillar support from high density fill

3. Increased resource recovery
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DISADVANTAGES:

1. High energy consumption
Large manpower requirements
Increased ventilation requirements
Dust in stopes

Difficulty of packing against roof

o U &~ LN

Hazards of high dumps and fine material

7.2.2.2.2 Truck-Pneunatic Stowing With Truck
Transport:

In this combination method, final filling
of the stopes will be done pneumatlcally Dt_mpmg and surge bin facilities
are requlred in addition to the pneumatlc stowing equipment. The stowing
procedure is the same as that described in Section 7.2.2.1.3. This method
increases the amount of equipment and men required for stowing with little
improvement in overall subsidence control.

ADVANTAGES

1. Complete stope filling with compacted material

2. Some potential for increased subsidence control
DISADVANTAGES :

1. High energy consumption

2. High manpower requirements

3. Increased ventilation requirements

4. Dust suppression difficulties

5. Additional equipment requirement

6. Space requirement for transport-stowing interface activities

7. Hazards of high dumps and fine material

7.2.2.3 Summary:

The most desirable mechanical stowing methods min-
imize system interface problems. Conveyors generally have lower operating
costs, lower manpower requirements, consume less energy, and are technically
feamble for the job at hand. They are less flexible than other methods and
some time is lost while extendmg them into the stopes, though the use of
extensible belts reduces the seriousness of the problem.
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Truck-related methods are high energy consumers and
require a relatively large work force. As a result, systems involving the
use of trucks are less desirable than other methods.

Pneumatic topfilling does provide complete stope
filling, but preliminary findings are that subsidence control may not be
improved significantly. The advantage of complete backfilling is offset by
increased costs and greater dust problems.

7.2.3 Pneumatic Stowing:

Pneumatic stowing in combination with another transport or
stowing method will require a feeder-blower installation at the transition
point. This system will include a feeder, a 16-inch~diameter pipe, and a
17,000-cfm blower rated at 15 psig and powered by a 1,400-horsepower motor.
A total of seven units, each rated at 400 tons per hour, will be required
for a total pneumatic stowing system. Stowing will start at the outby end
of the stope and the discharge line will be advanced as necessary. The in-
place density of the backfill will be about 75 pcf. Upon completion of
stowing to the level of the access entry, the system will retreat as final
stowing to the roof takes place. The in-place density for topfilling will
be about 80 pcf.

Pneumatic stowing will create a large amount of dust which
will be partially alleviated by water injection near the discharge end of
the pipeline. Although fugltlve dust will be vented to the return air course,
men will not be perm:Ltted in the stope or in the inmedlate return air course
during stowing operatlons ’

7.2.3.1 Pneumatic Stowing With Conveyor Transport:

For this system, retorted oil shale will be de-
livered by a belt conveyor to a surge bin at the access entry to the stope
being backfilled. Water sprays and a dust collector system will control dust
at the transfer points where the material is fed into the pneumatic system
and transported into the stope for stowing. Figures 7.2.3.1-1 and 7.2.3.1-2
show general views of the in-stope layout during pneumatic stowing.
ADVANTAGES :

1. Complete stope filling
DISADVANTAGES:

1. Severe dust conditions
Potential for ground-water saturation of fill
High energy consumption for stowing activity

Need for large number of units

bt B~ LN

High operating costs
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6. Greater surface disposal area requirements
compared to mechanical backfilling

7.2.3.2 Pneumatic Stowing With Truck Transport:

The combined system is comparable to pneumatic
stowing with conveyor transport which was described in Section 7.2.3.1, with
these exceptions:

a) More space will be required for
truck dumping and surge bin
facilities.

b) Overall manpower and energy
consunption will be increased
due to the requirements of a
truck haulage system.

ADVANTAGES :

1. Complete stope filling

DISADVANTAGES:
1. Severe dust conditions
2. Potential for ground-water saturation of fill
3. High energy consumption
4, High ﬁzanpower’ requirements
5. Need for large number of units
6. High operating costs
7. Greater surface disposal area requirement compared

to mechanical backfilling
7.2.3.3 Pneumatic Stowing With Hydraulic Transport:

The operational difficulties associated with de-
watering retorted oil shale from the hydraulic transport system are discussed
in Section 7.2.2.1.2, and are equally severe in the instance of pneumatic
stowing. In addition, adverse effects on energy consumption and productivity
due to the moist condition of the feed from the filters are more severe.
Thus, the method is not feasible from cost and operating points of view.

ADVANTAGES :
1. Complete stope filling
2. Minimal dust



DISADVANTAGES:

1. High water usage

2. High energy consumption

3. Large filtering facility requirement

4, Surface slimes ponds need

5. Extensive pumping and water treatment facilities
requirement

6. Excessive space requirements for equipment

7. Greater surface disposal area requlrements compared
to mechanical backfilling

7.2.3.4 Summary:

Pneumatic stowing makes possible complete stope
filling, but this principal advantage is offset by several disadvantages.
Pneumatically placed fill has relatively low in-place density, is more sus-
ceptible to ground-water saturation, does not provide as much support for
pillars, and requires that more of the material be placed on surface dumps.
In addition, the pneumatic system generates large quantities of dust, it
consumes a disproportionate amount of energy for the volume of material moved,
and it requires a relatively large number of stowing units.

7.3 Surface Disposal:

Regardless of the backfilling method used, a portion of the re-
torted oil shale must be stored on the surface. This circumstance stems from
expansion that occurs during mining and processing of raw shale, resulting in
an excess volume of waste material that must be stored on the surface.

Retorted oil shale degrades when slurried and pumped, resulting in
an excessive amount of slimes that will not settle out in the stopes. The
slimes are separated by cyclones or centrlfuges and purped to the surface,
thus, all hydraulic transport or stowing systems will require the use of sur-
face slimes ponds. To handle the surplus material during temporary slowdowns
or stoppages in the underground disposal operation, a small surge facility
will be needed near the surface disposal system truck loading area.

7.3.1 Stockpiling Method:

Surface stockpiling of retorted shale is discussed in
Section 4. ’ ‘ '

7.3.2 Slimes Ponds:
When retorted shale is transported hydraulically it degrades

rapidly. By the time it reaches the stope as much as 55 to 60 percent of the
material has degraded to a minus 325-mesh size. The slurry is then cycloned
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or centrifuged to remove more than half of the minus 325-mesh material prior
to stowing. The rejected slimes will be pumped to a surface disposal site at
a maximm rate of 10,850 gpm. At the production rates used in this study,
and assuming that half of the water can be reclaimed, the volume of slurry
deposited will amount to approximately 9,700 acre-feet per year. Test work
has shown that flocculants are only marginally effective for slurry dewatering
(Appendix D). Preliminary tests also indicate that retorted oil shale slurry
is not amenable to electrokinetic densification and that chemical additives
have not been effective for improving results in which the material has high
pH and calcium content (22). The nature and extent of the slimes ponds are
two of the primary reasons for rejecting the hydraulic system as a feasible
method for transporting retorted shale. ‘

7.4 FEnvirormental Effects:
7.4.1 Land Disturbance:

The most obvious surface envirormental effects are those
associated with structures or activities which alter the appearance of the
land area. Surface disposal dumps, roads, conveyors, other material handling
structures, and slimes ponds are the most common surface features that may
be related to a retorted oil shale disposal operation. Slimes ponds are
associated only with hydraulic disposal systems. Surface dumps, structures,
subsidence, and air quality are discussed in Section 5.0. ‘

7.4.1.1 Ponds:

Surface ponds are required only if hydraulic trans-
port and stowing methods are used. The Paraho retorted shale degrades when
slurried and pumped to the extent that 55 to 60 percent of the material is
minus 325 mesh. The slimes must be removed first if most of the water is to
be separated from the material after stowing. The slimes are removed by cy-
clones or centrifuges and pumped to surface ponds for disposal. Section
7.5.2 states that approximately 9,700 acre-feet of slime storage capacity will
be required each year. This material will never completely drain so that the
ponds will be virtually impossible to reclaim. This severe long-range envir-
ommental effect is one of the principal objections to hydraulic transport and
stowing methods.

7.4.2 Water:

The effects of a retorted shale operation on surface water
quality will vary with the disposal system used. Some runoff flow from »
canyons that are used for dumps will be intercepted. Slimes ponds that are
. associated with hydraulic transport and stowing methods present the greatest
threat for surface water contamination.

Catchment basins will be used to contain all saline leachate
from dumps and slimes ponds. It will probably be necessary to line the slimes
ponds with relatively impermeable material to prevent infiltration of low
quality water into the ground-water system (4 and Appendix C).
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Results from tests on decant water from drainage experiments
using pumped, retorted shale slurry 1nd1cate total dissolved solids to be
about 2,000 mg/1 (4).

The hydrologic conditions at the mine site and the possible
effects of backfilling on the ground-water system are discussed in Section
3.5.3.

7.4.3 Summary:

Underground disposal of retorted shale can reduce substan-
tially the surface envirommental and land disturbance effects of a mine-
retort facility. Surface subsidence is likely to be minimal or negligible
when stopes are backfilled. The adverse effects of underground disposal on
surface water are minimal, with nonhydraulic methods having the least effect.
Hydraulic transport and placement methods result in the most severe environ-
mental impacts because of the requirement for surface slimes ponds. With
total surface disposal no appreciable differences in air quality are expected,
except that more fugitive dust can be anticipated.

7.5 Economics:

Phase I capital and operating costs have been developed for various
combinations of transport and stowing methods described in Sections 7.1 and
7.2. Costs developed are used to compare and rank the various methods.
Actual quoted prices were used when they were available, but in some cases
costs were factored to achieve relative cost relationships rather than ab-
solute values. Productivity and usage rates are based on in-house experience
and information supplied by vendors. Labor rates are consistent with current
levels in Western Colorado. All costs are expressed in 1977 dollars. Due to
the limited Scope of Work prescribed for Phase I, no effort is made in these
comparisons to account for the time value of money or the return on invest-
ment. Capital costs include initial capital requirements and deferred capital
expenditures over an assumed project life of twenty years.

7.5.1 Transport and Stowing Costs:

Capital and operating costs were developed for 17 backfilling
systems incorporating combinations of the various transport and stowing meth-
ods. The systems have been studied only to the degree necessary for selecting
the most promising ones for detailed analysis and engineering for Phase II.
Costs for backfilling in conjunction with chamber and pillar, and sublevel
stoping mining methods, are reported separately.

Tables 7.5.1-1 through 7.5.1-8 present capital and operating
costs for the combinations of stowing methods related to each transport method
for both mining methods being considered. Costs per ton are based on total
tons of retorted shale. All manpower and equipment requirements are restric-
ted to the backfilling activity with no overlap into the mining functions.
Surface disposal costs for material not stowed in the mine have been included
in the analysis of each system.
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TABLE 7.5.1-1

PRELIMINARY CAPTTAL AND OPERATING COSTS

CHAMBER AND PTLIAR MINING

CONVEYOR TRANSPORT

STOWING METHOD
Conveyor Hydraulic
Conveyor With With
And Pneumatic Pneumatic

Compact Pneumatic Topfill Hydraulic Topfill

Capital Costs:
$ x 103 ' 19,670 34,186 23,015 100,106 91,883
$/Ton 0.0397 0.0691 0.0465 0.2022 0.1856

Operating Costs:

Operating:
Labor ($/Ton) 0.1200 0.1419 0.1495 0.2654 0.2512 .
Supplies ($/Ton) 0.0537 0.5214 0.0813 0.4181 0.3555
Maintenance:
Labor ($/Ton) 0.0793 0.1340 0.1031 0.2589 0.2378
Supplies ($/Ton) 0.0571 0.1659 0.0882 0.1361 0.1576
Total Operating Costs:
$/Ton 0.3101 0.9632 0.4221 1.0785 1.0021
$ x 103 153,512 476,823 208,956 533,901 496,080
Combined Costs:
Total:
$ x 103 173,182 511,009 231,971 634,007 587,963
$/Ton 0.3498 1.0323 0.4686 1.2807 1.1877
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TABLE 7.5.1-2

PRELIMINARY CAPTTAL. AND OPERATING COSTS

CHAMBER AND PTLIAR MINING

TRUCK TRANSPORT

STOWING METHOD

Truck Hydraulic
Truck With With
And Pneumatic Pneumatic

Compact Pneumatic Topfill Hydraulic Topfill

Capital Costs:
$ x 103 43,895 56,449 48,265 114,780 110,265
$/Ton : 0.0887 0.1140 0.0975 0.2319 0.2227

Operating Costs:

Operat !
Laborlng/Ton) 0.1367 0.1819 0.1662 0.2703 0.2750
Supplies (8/Ton) 0.1613 0.6289 0.1889 0.5012 0.4532
Maintenance:
Labor ($/Ton) 0.1337 0.1827 0.1574 0.2619 0.2618
Supplies ($/Ton) 0.1100 0.2121 0.1412 0.1590 0.1844
Total Operating Costs:
$/Ton 0.5417 1.2056 0.6537 1.1924 1.1744
S x 103 268,163 596,820 323,608 590, 286 581,375
Combined Costs:
Total:
S x 103 312,058 653,269 371,873 705,066 691, 640
§/Ton 0.6304 1.3196 0.7512 1.4243 1.3971
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TABLE 7.5.1-3

PRELIMINARY CAPTITAL, AND OPERATING COSTS

Capital gosts:
$x10
$/Ton

Operating Costs:
erating:
QEabifl?élTon)
Supplies ($/Ton)

Maintenance:
Labor ($/Ton)
Supplies ($/Ton)

Total Operating Costs:

$/Ton
S x 103

Combined Costs:
Total:

$ x 103
$/Ton

CHAMBER AND PILIAR MINING

PNEUMATIC TRANSPORT AND STOWING
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ALTERNATE TRANSPORT METHOD

Vertical Pipe Borehole
60,883 43,295
0.1230 0.0875
0.1233 0.1232
0.6969 0.5960
0.1283 0.1255
0.2370 0.1670
1.1855 1.0117

586,870 500,832
647,753 544,127
1.3085 1.0992



TABLE 7.5.1-4

PRELTMINARY CAPITAL AND OPERATING COSTS

CHAMBER AND PILIAR MINING

HYDRAULIC TRANSPORT

STOWING METHOD
Hydraulic Conveyor
With With
Pneumatic Pneumatic

Hydraulic Topfill  Conveyor Topfill Pneumatic

Capital Costs:
$ x 103 85,908 131,797 . 131,940 135,329 142,203
$/Ton 0.1735 0.2662 0.2665 0.2734 0.2873

Operating Costs:

Operating:
Labor ($/Ton) 0.1769 0.2551 0.2762 0.3058 0.2933
Supplies ($/Ton) 0.3170 0.3684 0.5000 0.5276 0.9623
Maintenance:
Labor ($/Ton) 0.1748 0.2639 0.2547 0.2784 0.3054
Supplies (S/Ton) 0.0953 0.1338 0.1439 0.1750 0.2472
Total Operating Costs:
$/Ton 3 0.7640 1.0212 1.1748 1.2868 1.8082
$ x 10 378,211 505,535 581,573 637,017 = 895,131

Combined Costs:

Total:
$ x 103 464,119 637,332 713,513 772,346 1,037,334
$/Ton ; 0.9375 1.2874 1.4413 1.5602 2.0955
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TABLE 7.5.1-5

PRELIMINARY CAPITAL AND OPERATING COSTS

SUBLEVEL STOPING

CONVEYOR TRANSPORT
STOWING METHOD
Conveyor Hydraulic
With With
Pneumatic Pneumatic
Conveyor Pneumatic Topfill Hydraulic Topfill
Capital Costs:
$ x 103 22,328 34,186 25,557 100,106 91,883
$/Ton 0.0451 0.0691 0.0516 0.2022 0.1856
Operating Costs
Operating:
Labor ($/Ton) 0.1236 0.1419 0.1527 0.2654 0.2512
Supplies ($/Ton) 0.0577 0.5214 0.0852 0.4181 0.3555
Maintenance:
Labor ($/Ton) 0.0738 0.1340 0.0975 0.2589 0.2378
Supplies ($/Ton) 0.0611 0.1659 0.0922 0.1361 0.1576
Total Operating Costs:
$/Ton 0.3162 0.9632 0.4276 1.0785 1.0021
$ x 103 ‘ 156,532 476,823 211,679 533,901 496,080
Combined Costs:
Total:
$ x 103 178,860 511,009 237,236 634,007 587,963
$/Ton 0.3613 1.0323 0.4792 1.2807 1.1877
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PRELIMINARY CAPTTAL AND OPERATING COSTS

TABLE 7.5.1-6

Capital Costs:
$ x 10°
$/Ton

Operating Costs:
Operat
Laborln%/Ton)
Supplies
Maintenance:

Labor ($/Ton)
Supplies ($/Ton)

Total Operating Costs:

$/Ton
$ x 103

Combined Costs:
Total:

$ x 103
$/Ton

SUBLEVEL. STOPING

TRUCK TRANSPORT

STOWING METHOD
Truck Hydraulic
With With
Pneumatic Pneumatic
Truck  Pneumatic Topfill Hydraulic Topfill
45,665 56,449 44,575 114,780 110,265
0.0922 0.1140 0.0900 0.2319 0.2227
0.1318 0.1819 0.1608 0.2703 0.2750
0.1612 0.6289 0.1881 0.5012 0.4532
0.1315 0.1827 0.1547 0.2619 0.2618
0.1086 0.2121 0.1395 0.1590 0.1844
0.5331 1.2056 0.6431 1.1924 1.1744
263,906 596,820 318,360 590,286 581,375
309,571 653,269 362,935 705,066 691,640
0.6253 1.3196 0.7331 1.4243 1.3971
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TABLE 7.5.1-7

PRELIMINARY CAPITAL, AND OPERATING COSTS

Capital Costs:
$x 10
$/Ton

Operating Costs:

Operating:
Laborl?g/Ton)
Supplies ($8/Ton)

Maintenance:
Labor ($/Ton)
Supplies (8/Ton)

Total Operating Costs:
§/Ton 3
S x 10

Combined Costs:
Total:

$ x 103
$/Ton

SUBLEVEL. STOPING

PNEUMATIC TRANSPORT AND STOWING
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ALTERNATE TRANSPORT METHOD

Vertical Pipe = Borehole
60,883 43,295
0.1230 0.0875
0.1233 0.1232
0.6969 0.5960
0.1283 0.1255
0.2370 0.1670
1.1855 1.0117

586,870 500,832
647,753 544,127
1.3085 1.0992



TABLE 7.5.1-8

PRELIMINARY CAPITAI, AND OPERATING COSTS

SUBLEVEL STOPING

HYDRAULIC TRANSPORT

STOWING METHOD

Hydraulic Conveyor
With With
Pneumatic Pneumatic

Hydraulic Topfill Conveyor Topfill Pneumatic

Capital Costs:
$ x 103 85,908 131,797 131,940 135,329 142,203
$/Ton 0.1735 0.2662 0.2665 0.2734 0.2873

Operating Costs:

Operating:
Labor ($/Ton) 0.1769 0.2551 0.2762 0.3058 0.2933
Supplies ($/Ton) 0.3170 0.3684 0.5000 0.5276 0.9623
Maintenance:
Labor ($/Ton) 0.1748 0.2639 0.2547 0.2784 0.3054
Supplies ($/Ton) 0.0953 0.1338 0.1439 0.1750 0.2472
Total Operating Costs:
$/Ton 0.7640 1.0212 1.1748 1.2868 1.8082
$ x 103 378,211 505,535 581,573 637,017 895,131

Combined Costs:

Total:
$ x 103 464,119 637,332 713,513 772,346 1,037,334
$/Ton 0.9375 1.2874 1.4413 1.5602 2.0955
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7.5.2 Surface Disposal Costs:

All transport and stowing methods for underground disposal
of retorted shale require that some material be left on the surface. Volumes
to be left and costs of placement are a function of methods used. For com-
parative purposes, costs have been developed for disposing of all retorted
shale on the surface.

7.5.2.1 Surface Disposal With Underground Backfilling:

Capital and operating costs for surface disposal in
conjunction with underground disposal vary according to the disposal method
belng considered. The higher costs associated with hydraulic transport and
stcwmg are primarily the result of slimes disposal pond construction and
maintenance. The volume of dry retorted shale has a minor effect on costs.
Table 7.5.2.1-1 presents relative costs for surface disposal with operating
costs per ton based on total tons of retorted shale and as a ﬁmctlon of
surface tons only. ‘

7.5.2.2 Total Surface Disposal:

When considering capital and operating costs, total
surface disposal of retorted shale is the least costly method available. How-
ever, adverse envirormental effects and future resource recovery considerations
will strongly influence selection of the method of retorted shale disposal.
Table 7.5.2.2-1 shows capital and operating costs for total surface disposal
and revegetation activities.

7.5.3 Backfilling Costs At Other Room And Pillar Mines:

Two basic problems were encountered while trying to find rep-
resentative room and pillar mining operations that are engaged in backfilling.
First of all, no room and pillar mine in the United States produces at a rate
comparable to a proposed oil shale facility. Secondly, most backfilling that
is being done is on a sporadic basis and is usually quite localized. Many
salt and limestone mines have rooms of comparable size to those envisioned for
oil shale mines, but backfilling activities are minor and costs are not kept
in sufficient detail to make a valid comparison.

Costs for underground disposal of coal mine wastes have been
developed for active and abandoned mines and are shown in Table 7.5.3-1. (17).
Parts of the estimate are based on actual experience in backflllmg abandoned
mines. Costs tend to be high but the nature of the projects was such that
commercial-scale productivity was not required. In addition, the economics
of large-scale operations is lacking. ‘

7.5.4 Effects of Production Rate:

An analysis was made of the effects of production rates on
the costs of underground disposal of retorted oil shale. Two production rates
were selected that approximate the output of 10,000 barrels per day from one
retort module and of 50,000 barrels per day which has been the traditional
production parameter for a commercial-scale operation. Capital costs are based
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TABLE 7.5.2.2-1

CAPTTAL, AND OPERATING COSTS

- TOTAL SURFACE DISPOSAL

Capital ($ x 10°) 819,055

Operating and Maintenance ($/Ton Retorted Shale)

Operating Labor $0.0602
Operating Supplies 0.0668
Maintenance Labor 0.0484
Maintenance Supplies 0.0684

TOTAL $0.2438
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on a twenty-year production period and it is assumed that all labor and equip-
ment needs are restricted to the disposal operation. All costs are stated in
1977 dollars with no attempt to discount for the time value of money. Conveyor
transport and stowing have been assumed for this comparison and costs include
those related to disposal on the surface of 16 percent of the retorted shale.
Table 7.5.4-1 presents the costs and related parameters for the two cases.

TABLE 7.5.3-1

ESTIMATED COSTS

UNDERGROUND COAL MINE WASTE DISPOSAL

Average $/Ton

Type of Operation and Stowing Method of Waste

Abandoned Mines - U.S.A. - Hydraulic $4.00

Operating Mines - U.S.A. - Pneumatic 4.25

Operating Mines - U.S.A. - Hydraulic 5.00

Operating Mines -~ Furope - Pneumatic 6.00
TABLE 7.5.4-1

UNDERGROUND DISPOSAL COSTS COMPARTSON

EFFECTS OF PRODUCTION RATE

10,000 BPD 50,000 BPD

Capital ($ x 103) $14,005 $19,670
Operating and Maintenance ($/Ton)
Operating Labor $0.3811 $0.1200
Operating Supplies 0.1352 0.0537
Maintenance Labor 0.2672 0.0793
Maintenance Supplies 0.1495 0.0571
TOTAL $0.9330 $0.3101
Fnergy (KW/Day x 103) 88 335
Water - (Gal/Day x 103) 305 1,527
Manpower (Total Backfilling Payroll) 182 263
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Capital costs are not proportional to the production rate be-
cause equipment and construction costs are not directly related to productlon
requirements, and equipment utilization is higher for the larger operation.
Labor requirements are virtually the same for both conveyor transport and for
stowing, but supporting functions vary with the rate of production. Supervi-
sory and administrative labor remains relatively constant for both production
levels.

The relative effects of the production rate exist regardless
of the disposal system selected, but the magnitude of the variation is depen-
dent upon manpower and equipment requirements. For example, a more labor
intensive method causes less effect on the relative costs of the two production
rates. This assumes comparable labor productivity levels for both cases.

7.5.5 Effects of Increased Resource Recovery:

Resource recovery can be improved by backfilling mined-out
stopes with retorted oil shale. By using the proper mining sequence, pillar
dimensions can be reduced, resulting in an increase in available ore. Tables
7.5.5-1 and 7.5.5-2 show the percentage improvement for each transport-stowing
combination for each mining method. The following hypothetical conditions are
used to develop the effects of backfilling on resource recovery:

° Retort feed: 20,120,000 tons per year
° Raw shale grade: 28 gallons per ton

o

Total minable reserve before backfilling: 582,400,000 tons
(Excluding pillar tormage)

]

All tons have been adjusted for retort recovery

o

Shale oil selling price: $15.00 per barrel

[-]

No consideration is given to mining and retorting costs

The previous comparisons illustrate that increased revenues
will partially offset the cost of backfilling. The extent to which this is
true depends on the mining and retorting costs. Subject to the assumptions
made for this comparison, additional revenue derived from increased resource
recovery will pay the backfilling costs of most of the systems studied.

7.6 Ewvaluation and Selection:

Seventeen combinations of transport and stowing methods were evalu-
ated in order to select the most promising systems for underground disposal of
retorted oil shale. A separate analysis was made for both chamber and pillar
mining and for sublevel stoping. The evaluations involved a technique which
integrated the technical and economic aspects of the various systems and pro-
vided the basis for selecting the most promising systems for further detailed
analysis and design.
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TABLE 7.5.5-1

EFFECTS OF INCREASED RESOURCE RECOVERY

CHAMBER AND PTLIAR MINING

%

Transport Stowing Increase
Conveyor Conveyor 16.0
Pneumatic 13.0
Conveyor &
Pneumatic Topfill 15.6
Hydraulic 11.0
Hydraulic &
Pneumatic Topfill 11.3
Truck Truck 16.0
Pneumatic 13.0
Truck &
Pneumatic Topfill 15.6
Hydraulic 11.0
Hydraulic &
Pneumatic Topfill 11.3
Pneumatic Vertical Pipe 13.0
Borehole 13.0
Hydraulic Hydraulic 11.0
Hydraulic &
Pneumatic Topfill 11.3
Conveyor 16.0
Conveyor &
Pneumatic Topfill 15.6
Pneumatic 13.0

Added Gross Total
Years Added Disposal
Operation Revenue Cost

(¢ x 103%) ($ x 103)

3.20 931,840 197,744
2.60 757,120 572,995
3.12 908, 544 264,569
2.20 640,640 692,736
2.26 658,112 644,020
3.20 931,840 354,964
2.60 757,120 730,856
3.12 908, 544 422,355
2.20 640,640 769,997
2.26 658,112 757,335
2.60 757,120 724,046
2.60 757,120 609,235
2.20 640,640 505,722
2.26 658,112 694,457
3.20 931,840 806,565
3.12 908, 544 871,721
2.60 757,120 1,153,701

*1) Based on $15.00 per barrel without consideration of mining and retorting

costs.

2) Assuming a finite reserve based on production of 50,000 barrels per day
for 20 years with no backfilling.
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TABLE 7.5.5-2

EFFECTS OF INCREASED RESOURCE RECOVERY

SUBLEVEL, STOPING

Added Gross Total
% Years Added Disposal
Transport Stowing Increase Operation Revenue Cost
(¢ x 103%) (S x 103)
Conveyor Conveyor 15.0 3.00 873,600 202,339
Pneumatic 14.0 2.80 815,360 577,764
Conveyor &
Pneumatic Topfill 14.8 2.96 861,952 268,565
Hydraulic 12.0 2.40 698,880 698,075
Hydraulic &
Pneumatic Topfill 12.4 2.48 722,176 649,476
Truck Truck 15.0 3.00 873,600 349,157
Pneumatic 14.0 2.80 815,360 736,824
Truck &
Pneumatic Topfill 14.8 2.96 861,952 410,053
Hydraulic 12.0 2.40 698,880 775,900
Hydraulic &
Pneumatic Topfill 12.4 2.48 722,176 763,730
Pneumatic Vertical Pipe 14.0 2.80 815,360 729,915
Borehole 14.0 2.80 815,360 614,243
Hydraulic Hydraulic 12.0 2.40 698,880 509,503
Hydraulic &
Pneumatic Topfill 12.4 2.48 722,176 700,018
Conveyor 15.0 3.00 873,600 800,749
Conveyor &
Pneumatic Topfill 14.8 2.96 861,952 866,625
Pneumatic 14.0 2.80 815,360 1,162,653

*1) Based on $15.00 per barrel without consideration of mining and retorting
costs.

2) Assuming a finite reserve based on production of 50,000 barrels per day
for 20 years without backfilling.
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7.6.1 Ranking Analysis:

The method used to select the most promising combination of
transport and stowing systems for underground disposal of retorted oil shale
is called Least Total Divisor Ranking AnalySJ.s (24). Economic and technical
evaluations were made for each system prior to the ranklng analysis. This
ranking analysis technique provides a means for integrating the results of
the individual system evaluations and also provides a basis for selectmg
the most promising system.

7.6.1.1 Methodology:

The method weights each set of factors so that the
lowest relative value indicates the most desirable system. The development of
the relative values depends on the nature of the variable being evaluated. In
a case where a low value, such as energy consumption, is preferred, the lowest
value for the set is used as the divisor by which all factors are divided.
Where a high value, such as resource recovery, is preferred, the highest value
is used as the dividend into which all factors are divided. In either case,
the results are a set of dimensionless numbers ranging from 1.0 for the most
desirable factor upward to some maximm value for the least desirable factor.
This relative ranking of the factors is the basis for the method, and the
evaluated areas to be discussed in detail are listed below:

° Subjective Technical Evaluation
° Objective Technical Evaluation
° Capital Costs
° Operating Costs
7.6.1.1.1 Subjective Technical Evaluation:

A subjective technical evaluation based
on experience and qualified opinions of the engineering staff was performed
for twenty-five elements included in each of the transport-stowing combina-
tions. The relative values assigned to the various elements followed the
rationale that the most desirable element is assigned the lowest value. Each
element was rated on a scale of 10 to 100, depending on the individual's
evaluation. Fach element was then rated for all transport-stowing combina-
tions with the relative values on a scale of 1 to 10. The final element value
for each transport-stowing combination was obtained by multiplying the two
values together. Average values were calculated for the results from all
those who participated in the evaluation and these averages were used to cal-
culate the final results. The element factors for each transport-stowing com-
bination were totaled with the sum being the input to the ranking calculation.
Table 7.6.1.1.1-1 presents the results of the subjective technical evaluation.
Tables 7.6.1.1.1-2 through 7.6.1.1.1-9 are compilations of the subjective
technical analyses for the various transport-stowing and mining combinations.
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Transport

SUBJECTIVE TECHNICAL ANALYSIS

TABLE 7.6.1.1.1-1

Stowing

Conveyor

Truck

Pneumatic

Hydraulic

Conveyor
Pneumatic
Conveyor &
Pneumatic Topfill
Hydraulic
Hydraulic &
Pneumatic Topfill

Truck
Pneumatic
Truck &

Pneumatic Topfill
Hydraulic
Hydraulic &

Pneumatic Topfill

Vertical Pipe
Borehole

Hydraulic

Hydraulic &
Pneumatic Topfill
Conveyor

Conveyor &
Pneumatic Topfill
Pneumatic

Chamber and Pillar Mining

Sublevel Stoping

" Factor Rank Factor Rank
4,103 1.00 4,319 1.00
5,921 1.44 5,858 1.36
4,987 1.22 5,156 1.19
6,235 1.52 6,199 1.44
6,524 1.59 6,441 1.49
4,161 1.01 4,463 1.03
5,720 1.39 5,703 1.32
4,970 1.21 5,117 1.18
5,977 1.46 5,924 1.37
6,277 1.53 6,227 1.44
7,333 1.79 7,312 1.69
6,802 1.66 6,726 1.56
7,186 1.75 7,046 1.63
7,638 1.86 7,482 1.73
7,206 1.76 7,046 1.63
7,585 1.85 7,369 1.71
7,785 1.90 7,636 1.77
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7.6.1.1.1.1 Elements For Subjective Technical
Analysis:

Twenty-five elements were selected

for the subjective technical analysis of the various transport-stowing com-
binations. These elements were divided into seven categories which are
briefly described in this section.

1.

Safety

1.1

1.2

1.3

Feed Preparation:

Preparation of the retorted shale for the particular transport
or stowing method may include cooling, slurrying, or other
changes in the physical state of the material.

Transport:

The three basic methods and combinations present varying
conditions which could be potentially hazardous.

Stowing:

The three general methods for placing material in the
various stopes present dissimilar working conditions
and require different safety considerations. Stope
dimensions and roof conditions must be considered.’

Transport:

2.1

2.2

2.3

2.4

Installation:

The various methods present different problems with
respect to materials and equipment required and to
the frequency at which the system must be extended
Maintenance:

The total maintenance effort and the difficulties
associated with maintaining the systems will vary
from method to method.

Operation:

The problems associated with the operation of the
various systems and the equipment which is unique
to each of them are to be considered.

Technical Feasibility:

The state of the art and ant1c1pated problems have
to be considered.
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4,

Stowing:

3.1

3.2

3.3

3.4

3.5

Operation:

Stope preparation and actual stowing activities are
significantly different for the basic methods and
combinations of methods being investigated.
Technical Feasibility:

The state of the art and anticipated problems have '
to be con51dered

Manpower Skills Requiréd‘:

Preparation and operational problems will dictate
varying skill levels for the different methods.

Fill Characteristics:

Will the fill collect water, can it be strengthened
with additives, and what special considerations must
be made for controlling it?

Ground Support Achieved:

The in-place density, strength, and percent of void
filled have to be considered.

Underground Envirormental Effects:

4.1

4.2

4.3

Dust Control:

Severity of dust problems and extent of dust control
methods require careful analysis. Potential respiratory
and carcinogenic hazards should be included.

Temperature-Humidity:

The effects of high temperatures and humidity on the
workers must be evaluated. High temperatures may
also adversely affect pillar strength.

Toxic and/or Explosive Gas:

Safeguards against the accumulation of explosive gas in
the stope areas, along with the possible emission of toxic
agents from the fill, should be considered. Toxic agents
would probably be more of a problem at higher tenperatures
than are presently env151oned for backfilling.
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Effects on Mining Operation:

5.1

5.2

5.3

Water:

Additional pumping capacity and possible alternate
disposal facilities are required for lower quality
water resulting from the backfilling operation.

Mine Scheduling and Operational Interferences:

Mining plans and sequence of operations may be affected
by the backfilling activity. Additional facilities
and/or coordinated use of facilities may be required.
Disaster Potential:

Methods may present potential for disaster, such as

flooding due to liquefaction, if water is trapped in
the backfilled areas.

Ground Water:

6.1

6.2

6.3

6.4

Effects of Ground Water on Emplaced Fill:

Will the fill absorb and retain a large amount of
water and perhaps lose some of its stability?

Quality of Decant Water and Its Effect on the Aquifers:

Consider the possibility of saline water from the fill
areas entering the ground water system.

Quality of Ground Water:
Consider the effect of potentially low quality water

on the fill and on any additives which might be used
for strength enhancement.

Quality of Mine Discharge:

Will the effluent from the filled areas adversely affect
the quality of the water to be discharged from the mine?

Surface Envirormental Effects:

7.1

7.2

Surface Disposal Area:

What will be the effects of surface disposal on land
water, vegetation, wildlife, and aesthetics of the area?

Water Retention and/or Treatment Facilities:

What will be the effect of water treatment facilities
upon the surface area?
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7.3 Surface Facilities:

The effect of size and extent of required surface
facilities must be considered.

7.6.1.1.2 Objective Technical Evaluation:

Six quantifiable elements were selected
for the objective technical evaluation of the various transport-stowing com-
binations. Relative values for every transport-stowing combination were cal-
culated for each element. Tables 7.6.1.1.2-1 and 7.6.1.1.2-2 show the mput
values and the relative values for each element. The next step is to assign
a relative importance factor value to each element and then multiply the rel-
ative element values calculated from Table 7.6.1.1.2-1 and 7.6.1.1.2-2 by the
relative importance factor for each element. These results are then totaled
for each transport-stowing combination to obtain the final objective technical
ranking values. For a given mining method, the final objective technical rank-
ing values are divided by the lowest value from the group to yield the ranking
value for input into the final ranking analysis. Tables 7.6.1.1.2-3 and
-7.6.1.1.2-4 show the development of the final objective technical ranking values.

The relative importance factors used in
Tables 7.6.1.1.2-3 and 7.6.1.1.2-4 are weighting factors for establishing the
priority of each element. These factors are s:.te-spec1f1c in that each organ-
ization may place different significance to the various elements. The values
used in this report reflect the conditions and experience of the authors.

The elements elected for objective tech-
nical analysis are listed below:

1. Energy Consumption:

Energy consumed from all sources converted to equivalent
kilowatt hours.

2. Water Usage:

Dust control, cooling, and transport requirements.
3. Crew Size:

Total manpower requirements.
4. Retorted Shale for Surface Disposal:

Percent of total retorted shale which must be left on the
surface.

5. Fill Density:
High density resulting in increased volume to be placed

underground and increased strength for pillar and roof
support.
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6. Resource Recovery Increase:

Backfilling which permits reduction of pillar size
with resulting increase in resource recovery.

7.6.1.1.3 Economic Analysis:

The economic analysis of each transport-
stowmg system is made up of two elements, capital costs and operatlng costs.
Each is important enough to be considered as a separate element in the final
analysis. The calculations for the ranking factors are similar to the objec-
tive technical analysis except that no relative importance factors are needed
at this point. Tables 7.7.1.1.3-1 and 7.7.1.1.3-2 show the ranking factor
development for capital and operating costs for each transport-stowing system
for the two mining methods.

7.6.2 Selection:

The final phase of the ranking analysis is the selection of
the most desirable system of transport-stowing for each mining method. In
this phase the ranking factor for every element of each transport-stowing sys-
tem is multiplied by the relative importance factor assigned to each element.
These products are then totaled and the system with the lowest sum is considered
to be the most desirable system for that mining method. Tables 7.6.2-1 and
7.6.2-2 present the final phase of the ranking analysis.

Based on this analysis, conveyor transport and stowing is
the system selected for the underground disposal of retorted oil shale for
both mining methods studled

7.7 Phase T Conclusions and Recommendations:

Completion of the Scope of Work for Phase I involved several activi-
ties which included a literature search, site visits, vendor contacts, lab-
oratory work, and engineering analysis. The literature search and site visits
provided input covering the state of the art and the operating problems of
underground waste disposal. Equipment capabilities and costs were obtained
through the vendor contacts and in-house sources. Limited laboratory work was
conducted to determine the hydraulic characteristics of Paraho retorted shale
and the effects of cementing additives on the strength of the material. En-
gineering analyses included mine and disposal system layout, preliminary
system analysis and design, operating and capital cost determinations, effects
of production rate on underground waste disposal economic¢s, and the ranking
analysis to select the most desirable system for each mining method.

7.7.1 Conclusions:

Conveyor transport and stowing is the most feasible system
studied for underground disposal of retorted shale using either a chamber
and pillar or sublevel stoping mining method. This analysis is based on a
deep mine in the Piceance Creek Basin and the use of retorted shale from the
Paraho direct-heating-mode of retorting. When compared to the other alterna
tlves this system has the following advantages
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° Highest fill density

-]

Most retorted shale placed underground

(-]

Highest pillar support potential

©

Greatest increase in resource recovery potential
Lowest manpower requirement

Lowest energy requirement

Lowest capital and operating costs

Least potential for ground water contamination
Least surfacg disruption

Least envirommental degradation

° Safest overall method

The relatively high fill density obtainable, especially in
chamber and pillar mining where mechanical compaction will be used, is the
retorted shale placed underground, and low potential for fill liquefaction.
The conveyor system has relatively high initial capital requirements, but low
operating and labor costs, making the system economically attractive. The
system is technically feasible and is readily adaptable to alternative stow-
ing techniques. Manpower requirements for conveyor systems are low and space
for mechanization of the conveyor extensions and moves is available. Self-
contained extensible belt systems are available for the stowing activity.

Hydraulic transport and stowing systems are not feasible for
several reasons. Extreme degradation occurs when the retorted shale is slur-
ried and pumped and the resulting slimes disposal problems are economically
and envirommentally prohibitive. Design and construction of reliable bulk-
heads to close off large openings and to confine large amounts of saturated
backfill material would be extremely difficult and expensive. In addition,
high energy and water requirements are inherent to a hydraulic system.

A pneumatic transport system has many drawbacks -- both
economical and operational. Capital and operating costs are excessive.
Energy consumption is high due to high horsepower per ton requirements. The
system does not lend itself to large-scale commercial applications. Many
blower-feeder units and pipeline networks would be required to attain the
necessary transport and stowage rates. Under certain conditions, however, a
pneumatic stowage system does have merit. It may be used as a final step to
completely fill and pack the retorted shale against the stope roof.

7.7.2 Recommendations:
Phase II addresses the detailed design, engineering analyses,

and economics of the selected systems. Based on this evaluation, it is rec-
omnended that an alternative stowing combination be considered for the chamber
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and pillar mining method. A combined conveyor stowing system with pneumatic
topfilling, which permits complete stope filling, results in a greater po-
tential for subsidence control than conveyor stowing alone. This combined
method should be investigated as an alternative to conveyor stowing.

As a further aid to maximum resource recovery, additional work in
the area of dry retorted shale strength augmentation with additives is jus-
tified. The self-cementing characteristics of Paraho retorted shale have not
been adequately defined. Therefore, more work is recommended to relate retort
operating temperature to the degree of self-cementation that may be possible in
the retorted shale. In addition, leaching characteristics of dry retorted shale
should be investigated more extensively.
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8.0 MATERTAL TESTING

The physical and chemical characteristics of retorted shale from the
‘Paraho direct-heated retort that affect underground backfilling were re-
viewed and analyzed. Physical properties that have been investigated in-
clude: size distribution, cooling characteristics, compactability, effects
of slurry transport, dewatering potential, effects of cementing and floc-
culant additives, and amenability to mass flow. The chemical properties in-
vestigated were mainly in the areas of leaching and self-cementing potentials.

A significant difference in the size distribution of the retorted shale
was observed from one sample group to another. This is due mainly to the
varying operating conditions in the retort for the different sampling periods
and a possible difference in the raw shale feed. Degradation after sampling
probably varied for the individual samples.

The slurry pumping tests subjected the retorted shale to severe degra-
dation as it was cycled repeatedly through the pump. Therefore, the results
of the dewatering tests are not conclusive.

8.1 Size Distribution:

Retorted shale samples were taken at two different times during the
Paraho Demonstration Program and once during the subsequent extended produc-
tion program. The first sample was tested as a part of U. S. Bureau of Mines
Contract No. J0255004 and the results are listed in Table 8.1-1. A second
sample, consisting of approximately 40 tons, was placed in steel drums and
saved for several testing programs. Results of tests from three different
laboratories are shown in Table 8.1-1. The final sample was taken during
the subsequent extended production run. The results of tests from this sample
are also shown in Table 8.1-1. In addition, Figure 8.1-1 shows the size dis-
tribution curves for samples from three different retort operation periods.

8.2 Cooling:

Tests were conducted to determine the heat capacity and, ultimately,
the ability to cool retorted oil shale from 400°F to 100°F with minimal water
consumption. The heat capacity was determined by differential scanning
colorimetry. Table 8.2-1 shows the results of this analysis.

Based on bench scale cooling tests, the following parameters were
developed and used in the design of the rotary air swept cooling units to
cool retorted shale from 400°F to 100CF.

Retention time: 8 minutes
Air velocity: 500 feet/minute
Heat capacity: 0.28 BTU/ILb/°F
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TABLE 8.2-1
HEAT CAPACITY FOR PARAHO RETORTED OIL SHALE

Temperature Capaci
(oF) BTU/Lb/OF)

100 0.269
150 0.280
200 0.286
250 0.290
300 0.289
350 0.287
400 0.289

8.3 Modification of Physical Properties:

Several methods of modifying the physical properties of retorted
oil shale were investigated. The effects of compaction and chemical stabil-
ization additives were studied. The results varied from substantial improve-
ments to no change, and to deterioration of retorted oil shale with respect
to its strength and load-carrying capacity.

8.3.1 Compaction:
Results of the compaction tests are found in Section 3.5.1.1.
8.3.2 Additives:

The effects of additives on both hydraulically pumped re-
torted shale and dry retorted shale were investigated by performing a series
of laboratory tests. The primary purpose of the tests was to identify bene-
ficial trends and not to obtain statistically significant results. Different
percentages of flocculants were added to hydraulically pumped retorted shale
to determine whether improvements in percolation and/or decantation rates
would result. Two different ratios of cementing agents to retorted shale
were investigated as to their effect on unconfined compressive strength. De-
tails regarding test material, test equipment, experimental procedure, and
results obtained are given in Appendix D.

8.3.2.1 Hydraulically Pumped Retorted Shale:

Paraho retorted shale was pumped at 48 percent
solids-by-weight slurry for one hour at 10 feet per second to simulate a
hydraulic backfilling operation. Results obtained from laboratory tests
on these materials are as follows:

(1) The addition of flocculants can improve dewatering
characteristics of the fill; however, due to the
large slime size fraction in the material, a large
amount of moisture will remain entrapped.
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(2)

(3

Calcium chloride did not improve dewatering character-
istics, whereas two pounds of Separan MGL per ton of
solids produced an increase in water released from the
specimen from 7.5 percent to 21.7 percent of the avail-
able water.

Cementing agents did not have any beneficial effect
on strength characteristics.

8.3.2.2 Dry Retorted Shale:

A mixture of 50 percent plus 4-mesh material and

50 percent minus 4-mesh material, with a maximum particle size of 0.5 inch,
was used to simulate mechanical backfilling operations. Results obtained
from laboratory tests on these materials are as follows:

1)

(2)

(3)

Increasing moisture content from 15 percent to
25 percent produced significant increases in
compressive strength.

With an eight-day cure, a 5 to 1 retorted shale-
cement mixture produced a large increase in com-
pressive strength, whereas a 30 to 1 mixture did
not have any effect. A mixture containing equal
amounts of cement, lime, and flyash produced
noticeable improvements in compressive strength
at 15 percent moisture, but little additional
improvement at 25 percent moisture.

Distribution of moisture, cementing agent,
fines affects compressive strength. Curing
period and curing enviromment are two other
factors that exert a significant effect on com-
pressive strength and deserve further study.

8.3.2.3 Other Tests:

The tests mentioned above were conducted to supple-

ment the results obtained under USBM Contract No. J0255004. Under that con-
tract, only dry retorted shale was tested and the major results obtained are
as follows (14):

1

(2)

Treatment with five percent hydrated lime
promotes cementing, thus, increasing com-
pressive strength and decreasing permeability
rate.

Accelerated curing times promote reactions of
calcium and magnesium oxide present in Paraho
retorted shale, mcreasmg compressive strength
from 17 psi to 125 psi with a 28-day curing
period at 125°F.
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8.3.3 Sumary:

Compaction of stowed, retorted shale improves its strength
and resistance to saturation by ground water, and increases the amount that
can be stored underground. Some self-cementing is possible when moisture
is added prior to compaction. However, more work is needed to determine the
ultimate degree of self-cementation and the retorting conditions that will
produce this and other favorable characteristics. Adequate compaction is
possible using a compactor with attached blade to spread the material into
one-foot lifts as it is compacted.

Flocculants and cementing agents do not produce significant
improvements in physical properties of hydraulically pumped, retorted shale,
and this can be attributed to the large slime-size fraction in the material.
In contrast, the amounts of moisture and cementing agent that are added to
dry retorted shale have a distinct effect on the strength characteristics
of the fill material. '

8.4 Mass Flow Characteristics:

Results of the lab tests performed in the investigation of the mass-
flow characteristics of the Paraho retorted shale are discussed in Section
3.2.1.

8.5 Dewatering Characteristics and Chemical Analysis:

A series of tests were conducted to determine the dewatering char-
acteristics of hydraulically placed, retorted oil shale. The leachate from
these tests was analyzed to determine the extent of the chemical change in
the retorted shale and the effluent. A colum settling test was also done.

8.5.1 Dewatering Characteristics:

Large-scale drainage tests were conducted using two, four
feet square by eight feet high, plywood boxes. One box had a vertical per-
forated pipe drain, while the other had a perforated bottom drain. Horizontal
percolation and vertical flow drainage were simulated in these tests. Table
8.5.1-1 shows the results of these tests.

TABLE 8.5.1-1

BOX DRAINAGE TESTS

Pipe Drain Bottom Drain

Percent Solids by Weight - Slurry 37.6 34.7
Percent Solids by Weight - Drained Material 64.1 69.1
Bulk Density - Drained Material (Wet Basis) 104.9 93.7
Percent Water in Slurry - Drai.ned 71 67
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A colum settling test was performed in a four-inch-diameter
colum that was 17.4 feet high. The solids level dropped to 16.6 feet in
35 hours, after which the settling was negligible. The retorted shale did
not settle out appreciably and the rate of settlement decreased rapidly with
time. Table 8.5.1-2 and Figure 8.5-1 show the results of the settling test.

TABIE 8.5.1-2

COLUMN SETTLING TEST

Sample Interval

(Inches From Bottom of Column) 7 Solids By Weight
Slurry Feed 53.2
167 - 120 64.7
120 - 96 60.5
% - 72 58.1
72 - 48 58.7
48 - 24 59.3
24 - 0 63.5

8.5.2 Chemical Analysis:

The effects of hydraulic transporting and stowing on the
chemical composition of Paraho retorted oil shale were investigated. In
addition, leachate from drainage tests was analyzed although leaching was
not as great as expected. Table 8.5.2-1 shows the results of this work.

8.6 Abrasive Properties:
The abrasive character of retorted oil shale was determined using
the Bond Abrasion Index Method. The computed Bond Abrasion Index is 0.006

which indicates that the material is not significantly abrasive when compared
to an index value of 0.016 for dolomite or 0.624 for taconite.
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9.0 CONCLUSIONS AND RECOMMENDATIONS

The purpose of this contracted study was to investigate the possibilities
for underground disposal of retorted oil shale from the Paraho retorting pro-
cess. Two methods, chamber and pillar mining and sublevel stoping, were
deemed most likely to be used for mining the deeper oil shale deposits of the
Piceance Creek Basin in northwestern Colorado. Completion of the Scope of
Work for the contract included an extensive literature search, site visits,
manufacturer contacts, laboratory work, engineering analysis, and economic
evaluation.

The literature search and site visits provided input covering the state
of the art and the operating problems of underground waste disposal, and in-
formation on the physical and chemical properties of Paraho retorted shale.
Equipment capabilities and costs were obtained through manufacturer contacts
and in-house sources. Limited laboratory work was conducted to determine the
hydraulic characteristics, the effects of cementing additives on the strength
of the material, mass flow characteristics, and the cooling properties of
Paraho retorted shale. Engineering analyses included mine and disposal sys-
tem layout, systems analysis and design, effects of production rate on under-
ground waste disposal economics, and the ranking analysis to select the most
feasible disposal system for each mining method. The economic evaluation
covered operating and capital cost determinations, present worth analysis of
the costs for the selected systems, and the comparison of surface versus under-
ground disposal of retorted shale.

9.1 Conclusions:

Conveyor transport and stowing is the most feasible system studied
for mdergromd disposal of Paraho retorted oil shale using either chamber
and pillar mining or sublevel stoping. Based on fourth quarter 1977 dollars,
underground disposal costs will be approximately $0.80 per ton of retorted
shale or $1.10 per barrel of shale oil produced. Total surface disposal costs
are about $0.40 per ton of retorted shale or $0.55 per barrel of shale oil.
Underground disposal of retorted shale requires only 15 to 30 percent of the
surface area that would be required for total surface disposal, which lessens
the surface envirormental impacts of the mining and retorting facility. The
potential for surface subsidence is reduced significantly when the mined -
areas are backfilled. An increase in resource recovery of approximately 15
percent is possible since the stabilizing effect of backfilling permits the
use of relatively thin pillars in the mining areas.

The alternative backfilling methods studied include mechanical, hy-
draulic, and pneumatic transport and stowing systems and several comblnatlons
of these basic systems. The conveyor transport and stowing systems, when
compared to the alternatives studied, have the following advantages:

° Highest fill density
° Most retorted shale placement underground

° Highest pillar support potential
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° Greatest potential for increase in resource recovery
° Lowest manpower requirement

° Lowest energy requirement

° Lowest capital and operating costs

° Least potential for ground-water contamination

° Least surface disruption

° Least envirornmental degradation

° Safest overall method

Thus, a conveyor transport and stowing system has many advantages.
The relatlvely high fill densn‘:y obtainable, espec1a11y in chamber and pillar
mmmg where mechanical compaction can be used, is the principal reason for
maximm support and resource recovery, large volume of retorted shale placed
underground, and low potential for fill liquefaction. The conveyor system
has relatively high initial capital requirements, but low operating and labor
costs, making the system economically attractive overall. The system is tech-
nically feasible and is readily adaptable to alternative stowing techniques.
Manpower requirements for conveyor systems are low and space is available for
mechanization of conveyor extensions and relocation. Self-contained exten-
sible belt systems are available for the stowing activity.

Hydraulic transport and stowing are nhot feasible for several
reasons. FExcessive degradation occurs when the retorted shale is slurried and
pumped, and the resulting slimes disposal is economically and environmentally
prohibitive. Design and construction of reliable bulkheads to close off large
openings and to confine large amounts of saturated backfill material would be
extremely difficult and expensive. In addition, a hydraulic system has in-
herently high energy and water requirements.

A pneumatic transport system has many drawbacks -- both economical
and operational. Capital and operating costs are excessive. Fnergy con-
sumption is high due to high horsepower per ton requirements. The system
does not lend itself to large-scale commercial applications. Many blower-
feeder units and pipeline networks would be required to attain the necessary
transport and stowage rates. Under certain conditions, however, a pneumatic
stowage system may be used as a final step to completely f£ill and pack the
retorted shale against the stope roof.

9.2 Recommendations
Additional work is needed to better define the hydraulic character-
istics of Paraho retorted shale. The initial work that was done subjected the
retorted shale to repeated cycles in a closed loop system in which the pump
caused recurrent and ever-increasing degradation to the shale.
As a further aid to maximm resource recovery, additional work
directed at augmenting the strength of dry retorted shale by the use of
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additives is justified. The self-cementing characteristics of Paraho re-
torted shale have not been adequately defined. Therefore, more work is
recommended to determine the relationships between retort operating temper-
ature and the degree of self-cementation that is possible in the retorted
shale. The Bureau of Mines has awarded Contract No. J0285001, 'Natural
Cementation of Retorted Oil Shale," for investigating this property.

Since the start of this contract, the trend in oil shale mining
methods has shifted from the more conventional systems to modified in situ
retorting. In situ retorting requires that approximately 20 to 25 percent
of the oil shale from each retort be mined prior to rubblization of the
retort and extraction of the contained shale oil. The mined portion, in most
cases, will be retorted in surface retorts and will require some method for
disposal of the retorted shale. Disposal in depleted in situ retorts would
seem to be most advantageous from an envirommental standpoint. A program to
evaluate the envirommental effects, technical feasibility, and costs for such
an underground disposal system is recommended.
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APPENDIX B

Sample Calculation - Surface Runoff
Reference: Handbook of Steel Drainage and Highway Construction
Products

ASSUME :
1) Drainage area A = 600 acres
2) Weighted runoff factor C = 0.35

3) Duration 100 year storm = 45 minutes

From Figure 4-5 of Reference: Rainfall intensity i = 4.1 inches
per hour

Q=CiA
Q=0.35x 4.1 x 600 = 861 cfs

Catchment basin volume required:

V = 861 feet3 x 60 seconds x 45 mimutes x 1 AF = 53.4 AF
second minute 43,560 feet3
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APPENDIX B

Parameters used for comparison of methods for underground
disposal of retorted shale from the Paraho retorting process.
® 0il production - 50,000 barrels per day
° Retort efficiency factor - .95 (REF)
° Raw shale grade ~ 28 gallons per ton
° Retorted shale weight loss factor - .82 (WLF)
® Moisture from dust and cooling - .05 QMF)

°® Production schedule for retort - 365 days per year
at rated capacity

° All surplus retorted shale will be disposed of on the
surface

Calculation to determine daily retorted shale produced:

Tons/Day = 50,000 bbl x 42 gal x ton X 1 x 0.82 (WLF)
day bbl 28 gal 0.95 (REF)

x 1.05 MF) = 67,974

Use 68,000 tons/day material to disposal system
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APPENDIX B

Increase in extraction ratio with backfilling:
Assumptions and Symbols:
ASSUMPTIONS: 1. Rock strength parameters are from USBM holes OL-A
and 02-A, Horse Draw, Piceance Basin, Colorado.
2. Dimensions used in the calculations are compatible
with those that may be used in a commercial-scale
mine.

3. Backfilling will provide pillar confinement and may
eventually support the overburden load.

4, Pillars are designed to fail gradually, subsequent
to backfilling, and create lateral stresses in the fill.

SYMBOLS: L = Span
Sv = Vertical overburden stress

Co = Compressive strength of rock, determined in the laboratdry
on specimens having a height to diameter ratio of 2.0

Hp = Height of pillar

Wp = Width of pillar

Cp = Compressive strength of pillar
R = Extraction ratio

Sp = Vertical pillar stress

F = Factor of safety
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SAMPLE CALCULATION:
Increase in extraction ratio with backfilling:

1) Chamber and Pillar Mining With Backfill:
Without backfill, the factor of safety for pillars should
be between 2.0 and 2.5. The pillar size is calculated as follows:

L = Span = 70 feet

Sv=YH=0.91 2,000=1,820 psi
Co = 6,518 psi

Hp = 60 feet, Wp = 60 feet

Cp = Co {0.778 + 0.222 (Wp/Hp)} = 7,332 psi
.889

=L/(L +Wp) = 70/(70 + 60) = 0.54
Sp=5Sv/(1 -R) =1,820/0.46 = 3,956 psi
F =Cp/Sp = 7,332/3,956 = 1.85

For Wp = 75 feet, R = 0.48

F = 7,739/3,500 = 2.2 (required for mining without
backfill)

With backfilling, F can be 1.2 and thus Wp = 40 feet, R =
0.64. Thus, increase in panel extraction ratio due to backfill is R =
(64 - 48) = 16%.
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For mechanical filling (90 pef), increase in R = 167
For pneumatic filling (75 pcf), increase in R = 13%
For hydraulic filling (65 pcf), increase in R = 117%

2) Sublevel Stoping With Backfill:
Without backfill, the factor of safety for pillars should

be at least 2.0. The pillar size is calculated as follows:

L = 80 feet

Sv=+H=0.91 x 2,000 = 1,820 psi
Co = 6,300 psi

Hp = 65 feet, Wp = 80 feet

R = 0.50

Cp = 7,450 psi

Sp = 1,820/0.5 = 3,640 psi

F = Cp/Sp = 7,450/3,640 = 2.04

With backfilling, F can be about 1.2, thus Wp = 40 feet
and R = 0.67. Thus increase in panel extraction ratio due to backfill

is R = (67 - 50) = 17%.

For mechanical backfilling (90 pcf), increase in R = 17%
For mechanical backfilling (80 pcf), increase in R = 157
For pneumatic backfilling (75 pcf), increase in R = 147%
For hydraulic backfilling (65 pef), increase in R = 127
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The extraction ratio may be increased further by robbing
barrier pillars, if it is determined that support performance of back-
fill is such that it relieves the load on barrier pillars.
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APPENDIX B
SAMPLE CALCULATIONS:
Effect of resource recovery:

80,000 tons x 7 days x 52 weeks x 20 years = 582.4 x 10° tons mined
day week year project

582.4 x 10° tons = 29,120,000 tons per year
20 years

Assume 167, increase in recovery -

582.4 x 10% x 0.16 = 93,184,000 tons additional reserves

Assume $15 per barrel -

93,184,000 tons x 28 gal. x 1 bbl x $15 = $931,840,000 additional revenue
tons 42 gal.

93,184,000 tons/29,120,000 tons = 3.2 years additional production
years

THE CLEVELAND-CLIFFS IRON COMPANY — WESTERN DIVISION, RIFLE, COLORADO 81650

- 227 -




3

APPENDIX B

SAMPLE CALCULATIONS:
Capital and Operating Costs:

Chamber and Pillar Mining - Conveyor Transport and Stowing (including
surface disposal)

Initial Capital:

Borehole $ 5,348,000
Substations and feeders 384,000
Underground structures and dust control 261,000
Conveyors - main 2,757,000
Conveyors ~ stope (including feeders) 816,000
Compactors 351,000
Loaders 267,000
Utility vehicles 226,000
Haul trucks 345,000
Dozer 138,000
Graders 106,000
Water trucks 60,000
Miscellaneous revegetation 80,000
Lube truck 40,000
Spare parts 870,000
Dam and road construction 2,054,000
Lighting 10,000
Cooling 20,797,000
Additional ventilation 336,000
Production supervision, engineering
expense, and construction ‘ 1,273,000
TOTAL $36,519,000
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SAMPLE CALCULATTIONS :
Capital and Operating Costs:

Chamber and Pillar Mining - Conveyor Transport and Stowing (including
surface disposal) ‘

Deferred Capital:

Conveyors $13, 448,000
Haul trucks 4,175,000
Loaders 2,010,000
Compactors 2,224,000
Dozer 1,584,000
Graders 1,516,000
Water trucks 396,000
Utility vehicles 1,841,000
Ventilation _ - 185,000
Miscellaneous Equipment 554,000
Lube truck 402,000
Substation and feeder 265,000

TOTAL $28, 600, 000
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APPENDIX B
SAMPLE CALCULATIONS:

Capital and Operating Costs:
Chamber and Pillar Mining - Conveyor Transport and Stowing

BACKFILLING COST CENTER

Weekly Schedule: 476,000 tons per week.

Operating Labor:

Men/ Shifts/ Manshifts/ $/ Total

Job Shift  Week Week Manshift  $/Week
Conveyor Operator 4 21 84 54.48 $ 4,576
Leadman—Conveyor Moves 1 10 10 56.88 569
Conveyorman 3 10 30 54.48 1,634
Equipngnt Operator 4 21 84 57.84 4,859
Laborer 4 21 84 50.72 4,260
Subtotal $15,898
Fringes and Absenteg Allowance @36.47 5,787
Shift Differential 353
TOTAL ’ $22,038

$22,038/476,000 = $0.0463 per ton
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Operating Supplies :

Power : 900 HP x 1 KW x 133.4 Hrs. x $0.03
413 KWH

Week

Water: 3,881,000 Gal x  $0.00051/Gal
' Week

Idlers: (Replace 107 per year)
1,600 Idlers x S210 x .1/52
Idler

Belting: (Replace every five years)
‘ 8 Conveyors x  $21,420/5/52
' Belt

Ventilation: 8 Fans x 133.4Hrs. x $0.04

Weak

Campactor : 3 x 133.4Hrs. x $8.81

Week Hr.
Loader: 2 x 66.7Hrs. x $8.30
‘ Week Hr.

$11,562/476,000 = $0.0243 per ton

$ 3,602

1,979

646

659

43

3,526

1,107

$11,562
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SAMPLE CALCULATIONS:
Capital and Operating Costs:
Chamber and Pillar Mining - Conveyor Transport and Stowing

BACKFILLING COST CENTER
(Weekly Schedule)

Maintenance Labor:

Loader: 2 x 66.7Hrs. x $6.56
Week Hr. = $ 875

Compactor: 3 x 133.4Hrs. x $15.87
Wef—ék Br. = 6,351

Conveyor : 404,600 Tons x  $0.0015

' Ton = 607

Ventilation: 8 x 133.4Hrs. =x 80.%
We_éE Hr. = 1,003
TOTAL $8,836

8,836/476,000 = $0.0185 per ton

I»hintenance Supplies:

Loader: 2 x 66.7Hrs. x &4.21
We—éE Hr. = § 562

Compactor : 3 x 133.4Hrs. x $13.40
Week Hr. = 5,363
Conveyor : 05 x 8 x $21,420/5/52 = 33

Ventilation: 8 x 133.4Hrs. x $0.50
' Week Hr. = 534
TOTAL $6,492

$6,492/476,000 = $0.0136 per ton
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APPENDIX B
FUTURE WORTH CALCULATION:

Future worth is calculated using the equation F=P(1+i)" where F is the
future worth at the end of time period n is present amount P and i is the

period compound interest rate.

Example: $10,000
‘ 20 years
.07

$10,000 (1 + .07)20 = $38,697

el o = v

PRESENT WORTH CALCULATION:

Present worth is the single sum of money at time zero which, if invested
at period compound interest rate i for n years, will yield a future amount F
as shown by the equation P = F/(1 + .07)".

Example: F = $40,000
0= 20 years
i= .07 20 _
P = $40 000/ (1 +:.07)<Y = $10,337
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HYDRAULIC CHARACTERISTICS REPORT
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Colorado School of Mines Research Institute

P 0. BOX 112 « GOLDEN, COLORADO 80401 CstI
 PHONE (303) 279-2581 \mum
December 9, 1976

CSMRI Project A60943 L4

Mr. Paul McKie

Cleveland Cliffs Iron Company
P.O. Box 1211

Rifle, Colorado 81650

Dear Mr. McKie:

On September 15, 1976, Mr. Howard Earnest of Cleveland Cliffs Iron Com-
pany visited the Research Institute to discuss the hydrologic properties of
spent oil shale. During that visit, Mr. Earnest requested a proposal for a
research investigation concerning the pumping, drainage, compaction, and

the cementation aspects of spent oil shale. The requested proposal was sub-
mitted in a letter dated September 21, 1976, to you from Mr. M. G. Pattengill.
A revised form of that proposal was accepted by you during a meeting at the
Research Institute on September 30, 1976. This letter reports the finding of
that research investigation.

The objective of the investigation was to evaluate a sample of spent Paraho

oil shale for: (1) attrition during pumping, (2) slurry drainage after pumping,
(3) chemical alteration of the spent oil shale after pumping and drainage tests,
(4) settling characteristics of pumped slurry, (5) abrasive character of slurry,
(6) energy requirements for grinding, and (7) amenability of material to mixing
with cementing agents.

The scope of the investigation was to include: (1) working with 29 barrels of
spent oil shale on hand at CSMRI, (2) pumping of an approximately 50% solids
slurry of the material in a 6~-inch-diameter horizontal pipeline loop, (3) parti-
cle size determinations before and after pumping, (4) drainage tests on the
pumped slurry using both horizontal percolation and vertical drainage tech-
niques, (5) chemical analysis of the feed material and the drainage water, (6)
one column settling test, (7) Bond and Miller abrasion tests, (8) Bond work
index tests, and (9) consulting on cementation amenability.
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SUMMARY
v‘-?"t

The following summary is based on a research investigation concerning the
hydrologic properties of spent Paraho oil shale.

1.

3.

5.

When pumped at 50% solids, the minus 65 mesh (Tyler) fraction in the
spent oil shale increased from 8.2% to 63.2%, indicating its attrition is
relatively high during pumping.

Drainage tests on the pumped oil shale slurry were performed in boxes
measuring approximately 4 ft by 4 ft by 8 ft. One box had a perforated
bottom and one had a solid bottom with a vertical perforated pipe to allow
drainage. The resulting pulp in the box with the perforated bottom (after
all drainage had ceased) contained 69.1% solids. The resultant pulp in the
box containing the perforated vertical pipe contained 64. 1% solids.

The column settling test showed that the material did not settle in a normal
manner. The material settled from an initial column height of 17.4 ft to a
height of 16. 6 ft in 34.5 hours. At that point, the material essentially
ceased to settle. The effluent above the settled pulp was clear. The per-
cent solids in the column were determined for each 2-ft interval. These
tests showed that the settled pulp averaged 61.25% solids over the length

of the column of settled pulp, and that the percent solids in the 2-ft intervals
ranged from 58. 1% to 64.7% with no trend from top to bottom.

Chemical analyses of the head sample prior to puinping and the water
drained from the boxes (No. 2 above) showed an insignificant loss of chem-~
ical constituents during drainage.

Bond and Miller abrasion tests on the original, unpumped material showed
it to have low abrasion characteristics.

The results of the Bond work index test on the original, unpumped material
indicate that the material is soft and could be easily ground.

The cementing aspect of the pumped spent shale are still under study.

Dr. Rajaram of Cleveland Cliffs and M. G. Pattengill of CSMRI are
involved in this work. M. G. Pattengill is acting on a consulting basis in
this phase. Dr. Rajaram is performing test work and has in his possession
the data collected thus far.
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RECOMMENDATIONS
)
It is recommended that the cementing admixture development aspects of this
project be continued in order to.develop a pumpable slurry mixture with

acceptable hardening characteristics.

RESULTS AND DISCUSSION

SAMPLE

The material used in this investigation involved 29 barrels of spent Paraho
0il shale which was on hand at the Research Institute. The material is
described in more detail in Exhibits 1, 2, and 4 of the Appendix.

PUMPING

Twenty-eight drums of the spenf shale were slurried to approximately. 50%
solids and pumped through a 6-in.-diameter horizontal test pipeline loop at
10 to 13 fps for approximately 2 hours.

Exhibit 2 of the Appendix reports the screen size analyses of the shale before
and after the pumping sequence. As will be noted, a considerable amount of
particle attrition was produced by the pumping. Prior to pumping, only 3.2%
by weight of the feed was minus 65 mesh (Tyler). After the pumping, the
minus 65 mesh (Tyler) in the sample was 63.2%.

DRAINAGE TESTS

Large-scale drainage tests were conducted using plywood boxes measuring
approximately 4 ft by 4 ft by 8 ft. More details concerning the procedure used
in these tests can be found in Exhibit 3 of the Appendix. The first test involved
a box containing a vertical center perforated drain pipe covered with filter
media. This configuration was designed to simulate drainage by horizontal
percolation. The second test involved a box fitted with filter media covering
the entire bottom. This second box simulated vertical flow drainage. Follow-
ing is a summary of the results of the two drainage tests.
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Mr. Paul McKie Page 4 December 9, 1976
Pipe Drain Filter Bottom
- Box Box
Solids in Incoming Slurry, % . 37.6 34.7
Solids in Drained Pulp, % 64. 1 69.1
Bulk Density of Drained Pulp, lb/cu ft 104. 9 93.7
Bulk Density of Drained Pulp on a
Dry Basis, lb/cu ft 67.3 64. 8

More details of these tests are shown in Exhibit 3 of the Appendix.

The above data show that the bulk density of the drained pulp in the pipe drain
was slightly higher than the bulk density of the drained pulp in the filter

bottom box. The '"bulk density on a dry solids basis'' values were calculated

from the bulk densities and the percent solids determined from the drained

pulps.

Chemical analyses were made on the spent oil shale feed and on a composite
sample of the liquid drained from each of the boxes. PRased on these analyses,
losses of chemical constituents due to water leaching was negligible in both
tests (see Exhibit 4 of the Appendix for more details).

COLUMN SETTLING TEST

A column settling test was performed in a 4-in. -ID column. The height of the
original slurry in this column was 17.4 ft. The percent solids in the slurry
placed in the column was 53. 15%. This test showed that the solids level in the
column dropped to 16. 6 ft in 34.5 hours. After this time period, the settling
was negligible. All effluent above the solids level in the column was clear.
Exhibit 5 of the Appendix details the results of the settling test. Figure 1
shows a graphical representation of the settling rate obtained in this column
test.

Samples of the settled pulp were removed from the settling column at approxi-
mately 2-ft intervals, and the percent solids were determined on each. The
results of these tests were as follows:

Sample Interval Solids
(in. from bottom of column) %
166.69-120 64. 72
120-96 60. 54
96-72 58. 12
72 -48 ' 58. 70
48-24 59.43

24-0 | 63.46
- 238 -
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These data show that the pattern normally expected in a settling test, i.e.,
an increase in percent solids from top to bottom, was not present. The
above data shows an irregular percent solids pattern. The reason for the
unusual settling behavior is not known at this time. It is interesting to note
that the average percent solids determined for the settled pulp in this test,
61.25%, was similar to the percent solids determined for the drained pulp
in the box drainage tests, i.e., 64.1% and 69. 1%.

BOND WORK INDEX TEST

A sample of the spent 0il shale feed prior to pumping was subjected to a Bond
rod mill grindability test. The results of this test indicated a Bond work index
of 6.2 (see Exhibit 6 of the Appendix for more details).

The Bond work index is the comminution parameter which expresses the resist-
ance of the material to crushing and grinding. Numerically, the work index is
the kilowatt-hour per short ton required to reduce the material from theoreti-
cally infinite feed size to 80% passing 100 microns, equivalent to about 67%
passing a 200 mesh Tyler screen. A table of typical Bond work index values

is shown in Exhibit 6 of the Appendix. This table shows that the grindability of
the oil shale is in the same general range as clay. »

" BOND ABRASION TEST

A sample of unpumped spent oil shale was evaluated to determine its abrasive
character on the Bond scale. As reported in Exhibit 7 of the Appendix, the
computed Bond abrasion index was 0.0060. This value represents direct
impact abrasion and is discussed in detail in an article by Fred. C. Bond in
E&MJ, June 1964, pages 169-175. Exhibit 7 of the Appendix contains a table
of abrasion indexes for selected materials. This table shows that the spent oil
shale has a lower abrasion index than dolomite.

MILLER ABRASION TEST

A sample of unpumped spent oil shale diluted to approximately 50% solids

slurry was evaluated for abrasiveness on the Miller abrasion scale. As reported
in Exhibit 8 of the Appendix, the resulting Miller number was 55+ 3. When a
second sample was inhibited with sodium hydroxide to a pH of greater than 13,
the Miller number dropped to 34-18.

The first figure in the Miller number is called the abrasivity and represents
the rate of weight loss from a metallic wear block. The second value is called
attrition and represents the effect of slurry particle breakdown as measured by
a loss (or gain) of abrasivity as the test progresses. This second value is
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minus (-) if there is a loss of abrasivity and plus (+) if there is a gain in
abrasivity.

Examples of Miller numbers for typical materials are as follows:

Sulfur-Water 25% solids 1-37
Lignite 25% solids 1344
Limestone N. D. 30+11
Magnetite 25% solids 64-1

70 Mesh Urn Sand 25% solids 104-14
Corundum 200 Mesh 25% solids 1040-12

The lower value of the NaOH inhibited sample shows that there is some cor-
rosivity in the "raw'' spent oil shale sample. (A polished mild steel coupon
half-way submerged in both samples for 8 hours at room temperature showed
evidence of corrosion in the '"as received' sample).

However, in either case the abrasivity is in the region of the generally
accepted value of 50, below which the slurry can be "easily' pumped. The
rather small particle size certainly contributes to the rather low value of
abrasivity and the ''plus' value of attrition (+3) of the raw slurry indicates

that the material resists mechanical breakdown or inherits the typical charac-
ter of coal and limestone where the relatively soft material carries hard parti-
cles (silica, pyrite, etc.) that become exposed with breakdown or attrition as
the test progresses.

CEMENTATION

Mr. M. G. Pattengill of CSMRI is acting in a consulting capacity on the cemen-
tation of the spent oil shale after pumping. He and Dr. Rajaram are experi-
menting with various admixtures of the shale to determine strength parameters,
etc. , with time. This work is still in progress.

We have appreciated the opportunity to be of service to you in this investigation,
and we look forward to being of further assistance to you in the future.

If you have any questions concerning the results reported herein, please feel
free to contact us.

Sincerely,

P i £y GO Ji
Maurice G, Pattengill Hugh O. Van Male
Projects Manager Project Engineer
Chemical Division Chemical Division

/nkr - 241 -
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EXHIBIT 1

SAMPLE DESCRIPTION AND PREPARATION

Sponsor's Designation
of Sample:

Sample Weight:
Sample Container:
Sample Description:

Preparation:

'

Spent Paraho oil shale.

~ 8,000 1b.

29 metal drums.

Gray chunks,l ranging in size from =2 in. to dust.

The material was used ''as is."
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EXHIBIT 2

SCREEN ANALYSES

A

Purpose: To determine the particle size distribution of the sample before
and after pumping.

Sample: Spent Paraho oil shale, before and after pumping.
Procedure: Samples were screened at specified meshes.
Results:
Weight %
~Sample of Shale
Screen Size Sample Prior After Pumping About
(Tyler) mesh to Pumping 1 hr at 10 fps and 56% solids
+2 in. 0 0

-2 in. +1%in. - 3.9 0

-1%in. +1% in. 7.8 0.7

-1% in. +1 in. 11.6 3.3

-1in. +% in. 14.0 3.6

-%in. +% in. 15.4 2.8

-% in. +4M 6.1 1.6

-4 +14 16.4 9.9

-14 +35 11.8 10.2

-35 +65 4.7 4.7

-65 +150 2.7 3.0

-150 4325 3.0 4.3

-325 2.6 55.9

Observations: These analyses show that the material after pumping is signifi-
cantly finer than the material prior to pumping.
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Purpose:

Sample:

Procedure:

Results:

COLORADO SCHOOL OF MINES RESEARCH INSTITUTE- A-3

EXHIBIT 3

BOX DRAINAGE TEST RESULTS

To evaluate the drainage characteristics of the slurried oil
shale material.

Pumped pipeline slurry of Paraho oil shale.

Two separate tests were made. One test involved a box with a
perforated vertical pipe to facilitate drainage (pipe drain box).
The other test involved a box with a perforated bottom (bottom

drain box). Following are descriptions of these tests:

Pipe Drain Box

A box measuring 48 in. x 46.5 in. x 84 in. was fabricated out
of £-in. plywood and fitted with a perforated 84-in. high plastic
center pipe measuring 45 in. OD. The center pipe was covered
with No. 33 cotton filter cloth (from National Filter Media
Corporation, Salt Lake City, Utah). The box was filled with
slurry to a depth of about 6 ft. The drainage solution was col-
lected and its flow rate determined. A final composite sample
of the drained pulp was obtained for chemical analysis after all
drainage had ceased. The bulk density of the final drained pulp
was calculated.

Filter Bottom Box

The procedure was basically the same as for the pipe drain test
with the exception that the entire bottom of the box was perfor-
ated and fitted with No. 33 cotton filter cloth. No vertical pipe
was used in this test. The filter media was covered with ~% in.
of -§ in. +% in. washed pea gravel and ~#£ in. of washed sand.

Following are the results of these drainage tests.
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EXHIBIT 3

Box Drainage Test Results -- continued
9

Box Drainage Tests Data Summary

Pipe Drain Box Filter Bottom Box

Slurry, gal 714.0 667.0
Residue Pulp After Drainage, gal 326.0 300.0
Residue Pulp After Drainage, cu ft : 43.6 40.0
Solids in Incoming Slurry, % 37.6 34.7
Water in Initial Slurry, lb 4,862. 8 4,874.3
Water in Initial Slurry, gal 583.1 584.4
Solids in Initial Slurry (Dry Basis), 1b 2,933.7 2,590.7
Water Drained Out, gal 414.7 393.4
Water Drained Out, 1b 3,458.6 3,281.0
Water Remaining in Drained Pulp, gal 168. 4 191.0
Water Remaining in Drained Pulp, 1b 1,404.2 1,593.3
Total Pulp, 1lb 4,337.9 4,184.0
Solids in Drained Pulp, % 67.63 (64.12)(1)  61.92 (69.09)(1)
Bulk Density of Drained Pulp, Ib/cu ft  99.5 (104. 9)(1) 104. 6 (93.7)(1)
Bulk Density of Remaining Solids

(Dry Basis), 1b/cu ft 67.3 64. 8

(1) Numbers in parentheses are based on percent solids in final pulp as deter-
mined from pipe samples. These values are considered the most accurate,
as they were based on actual samples procured from the boxes.
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EXHIBIT 4

CHEMICAL ANALYSES OF SAMPLES

Purpose: To determine the extent of ¢hange in the chemical composition
of the test material brought about by the slurry pumping pro-
cedures.

Sample: Spent Paraho oil shale prior to pumping and a composite drain-

age water sample from each box drainage test.

Procedure: The samples were analyzed for specified constituents using
standard wet chemical and instrumental analytical procedures.
The chemical composition of the residue pulp, on a dry basis,
was calculated.

Results: .
Analyses, Weight %
Pipe Drain Box Filter Bottom Box
Unpumped Drainage Calculated Drainage Calculated
Paraho Water Residue Pulp Water Residue Pulp
Component Qil Shale Composite Dry Basis Composite Dry Basis
S 0.555 0.009 0.54 0.0085: 0. 54
CaO 16. 1 0.0462 16. 05 0.0259 16.08
MgO 7.05 Nil(3) 7.06 Ni1{3) 7.06
cl Nil(l) 0.0029 - Nil 0.0042 Nil
Br Nil(2) Nil(4) Nil - Nil(4) Nil
Na 1. 815 0. 0400 1.75 0.0490 1. 73
Fe 2.285 Nil(5) 2.29 Nil(5) 2.29
K 0.61 0.0008 0.61 0.0010 0.61
Al 4.995 Nil(6) 5.00 Nil(6) 5.00
Moisture 0.45 - -- -- -~
LOI (1000°C) 19.4 -- -- -- -
Total Dissolved Solids -- 0.22 - 0.2. --

(1) Actual analysis -- <0.05%.
(2) Actual analysis -- <0.001%.
(3) Actual analysis -- <0.2 ppm.
(4) Actual analysis -- <0.1 ppm.
(5) Actual analysis -- <0.5 ppm.
(6) Actual analysis -- <5 ppm.

Observations: The comparison of the analyses of the original unpumped head sam-

ple and the calculated analyses of the pulps from the drainage box
tests show no significant variations.
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EXHIBIT 5

COLUMN SETTLING TEST

4

Purpose: To determine settling characteristics of pumped slurry.

Sample: Slurry of spent Paraho oil shale which had been pumped ~1% hr
at 10-13 fps.

Procedure: The slurry sample was agitated and poured into a 4 in. ID x
240 in. high glass column. The quantity of clear effluent above
the solids was measured at periodic intervals. No flocculant
was used.

Results:

Solids in Incoming Slurry, %: 53.15
Total Column Height at Start of Test, in.: 208.5
Weight of Solids, lb: 74.77

Compaction, % solids

At 19 hr (based on % solids in and volume of

clear liquid): 60. 75

At 492 hr (based on % solids in and volume of

clear liquid): 61.41

At 49% hr (based on weighted average of

samples taken from column at

end of test): 61.25
Volume of Settled Pulp, cu ft: v : 1.21
Total Weight of Settled Pulp, lb: 122.07

Bulk Density (Settled Pulp), Ib/cu ft

(based on weighted average of samples taken
from colummn):
Dry Basis:

_'243 -
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EXHIBIT 5

Column Settling Test -- continued

e

Settling Column Observations

Settling Time Inches of Settling Time Inches of
min Clear Effluent min Clear Effluent
0 0 285 23.188
15 0.25 315 25.375
30 0.50 345 27.250
45 1.0 405 30.063
60 1.375 435 31. 125
75 1. 625 465 32.125
90 2.75 480 32.625
105 3. 625 1140(1) (38.813)
120 4.375 1515 39.625
135 5.938 2070 40. 625
150 7. 623 2955 41.813
165 8. 938 3285 41.813
195 12,188 3525 41.813
225 15.500

' (1) Estimated 19 hr.

Percent Solids in 2-Foot Interval Samples Taken

From the Column at End of the Settling Test

Sample Interval
(in. from bottom of column)

166.69-120
120-96
96-72
72-48
48-24

24-0
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EXHIBIT 6

BOND WORK INDEX TEST

Purpose: To determine the rod mill grimﬂbility of the test sample in terms
of a Bond work index number.

Sample: Spent Paraho oil shale, prior to pumping.

Procedure: The equipment and procedure duplicate the Bond method for deter-
mining rod mill work indices.

Test

Conditions: Mesh of grind: 10.
Weight of undersize product for 100% circulating load: 749.5 g.
Weight % of undersize material in rod mill feed: 33.6.

Results:
Undersize Undersize Produced
New In To Be Undersize Per Mill
Stage  Feed Feed Ground in Product Total Revolution
No. g g g Revolutions g g g
1 1,499.0 503.7 245.8 51 1,410.7 907.0 17,784
2 1,410.7 474.0 275.5 16 997.8 523, 8 32,738
3 997.8 335.,2 414.3 13 v 841.3 506. 1 38.931
4 841.3 282.7 466.8 12 786.3 503. 6 41,967
5 786.3 264.2 485.3 12 744.0 479.8 39.983
6 744.0 250.0 499.5 12 740.0 490.0 40. 833
7 740.0 248.6 500.9 12 727.0 478. 4 39.867
8 727.0 244.3 505.2 13 781.3 537.0 41,308

Average last three = 40, 669

NTIS is authorized to reproduce

and sell this copyrighted work.
Permission for further reproduction

must be obtained from the copyright owner
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EXHIBIT 6

Bond Work Index Test -- continued

Rod Mill Work Index Computations

Wi = T -
p,0-23 x Grp0- 625 x

Wherein: P; = 100% Passing Size of Product = 1,680y
Grp = Grams per Revolution = 40.669
P = 80% Passing Size of Product = 1,200y
F = 80% Passing Size of Feed = 8,250y

NTIS is authorizeq to reproduce

and sell this copyrighted work.
Permission for further reproduction

wust be obtained from the copyright owner
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EXHIBIT 6

Bond Work Index Test -- continued

Average Work Indexes of Typical Materials(1)

: TABLE HIA—Avyerage Work Indexes by Types of Materials
Caution should be used in applying the average work index values listed here to specific installations, since the individual variations between materials in any
classification may be quite large.

Average 3 Average
. : Specific Work Specific Work
Material No. of Gravity Index Material No. of Gravity Index
Tests Sg wi Tests Sg Wi
All materials tested 2088 — 13.81 Kyanite 4 3.23 18.87
Andesite 6 2.84 22.13 Lead ore 22 3.44 11.40
Barite 11 4.28 6.24 Lead-zinc ore 27 3.37 1135
Basalt 10 2.89 20.41 Limestone 119 2.69 11.61
Bauxite 11 2.38 9.45 Limestone for cement 62 2.68 10.18
Cement clinker 60 3.09 13.49 Manganese ore 15 3.74 12.46
Cement raw material 87 2.67 10.57 Magnesite, dead burned 1 5.22 16.80
Chrome ore 4 4.06 9.60 Mica 2 2.89 134.50
Clay 9 2.23 71.10 Molybdenum 6 2.70 12.97
Clay, calcined 7 2.32 1.43 Nickel ore 11 3.32 11.88
Coal 10 1.63 11.37 Qil shale 9 1.76 18.10
Coke 12 1.51 20.70 Phosphate fertilizer 3 2.65 13.03
Coke, fluid petrolgum 2 1.63 38.60 Phospbate rock 27 2.66 10.13
Coke, petroleum 2 1.78 73.80 Potash ore 8 2.37 8.88
Copper ore 308 3.02 13,13 Potash salt 3 2.18 8.2
Coral 5 2.70 10.16 Pumice 4 1.96 11.93
Diorite 6 2.78 19.40 Pyrite ore 4 3.48 8.50
Dolomite 18 2.82 11.31 Pyrrhotite ore 3 4,04 9.57
Emery 4 3.43 53.18 Quartzite 16 2.71 12.18
Feldspar 8 2.59 167 Quartz 17 2.64 7 12717
Ferro-chrome 18 6.75 8.87 . Rautile ore 5 2.84 12,12
Ferro-manganese 10 591 177 Sandstone : 8 2.68 11.53
Ferro-silicon 15 491 12.33 Shale 13 2.58 16.40
Flint 5 2.65 26.16 Silica 7 2.71 13.53
Fluorspar 8 2.98 9.76 Silica sand 17 2.65 . 16.46
Gabbro 4 2.83 18.45 Silicon carbide T 2.73 26.17
Galena 7 5.39 10.19 Silver ore 6 2.712 17.30
Garnet 3 3.30 12.37 Sinter 9 3.00 8.77
Glass 5 2.58 3.08 ag 12 293 15.76
Gneiss 3 2.71 20.13 Slag, iron blast furnace 6 2.39 12.16
Gold ore 209 2.86 14.83 Slate 5 2.48 13.83
Granite- 74 2.68 14.39 Sodium silicate 3 2.10 13.00
Graphite 6 1.75 45.03 Spodumene ore 7 2.5 13.70
Gravel 42 2.0 25.17 Syenite 3 2.73 14.90
Gypsum rock 5 2.69 8.16 Tile 3 2.59 15.53
Iimeanite 7 4.27 13.11 Tin ore 9 3.94 10.81
Iron ore 3 3.96 15.44 Titanium ore 16 4.23 11.88
Hematite 79 3.76 12.68 Trap rock 49 2.86 21.10
Hematite—specular : 74 3.29 15.40 Uranium ore 20 2.70 1793
Ouolitic . 6 3.32 11.33 Zinc ore 10 3.68 12.42
Limanite 2 2.53 8.45
Magnetite 83 3.88 10.21 -
Taconite 66 3.52 14.87

(1) Crushing and grinding calculations, Fred C. Bond, Allis-Chalmers, Revised
January 2, 1961, p. 14.

NTIS is authorized te reproducs

and sell this copyrighted work.
Permission fer further reproduction

wust be ebtained from the espyright owner
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EXHIBIT 7

BOND ABRASION TEST

L
Purpose: To determine the Bond abrasion index of the test sample.
Sample: 1600 g, -% in. +% in. fraction of spent Paraho oil shale, prior
to pumping.
Procedure: The equipment and procedure duplicate the Bond method for

determining an abrasion index.

Results:

Original Coupon Weight, g: 95. 1068 (OW)
Final Coupon Weight, g: 95. 1008 (FW)

Computed Abrasion Index, g, A; = 0.0060 (OW-FW)

Note: Arbitrary lower limit has been established to
be 0.021 for Aj.

Average Bond Abrasion Index Values (1)

No. Material Aj
1 Dolomite 0.0160
2 Shale 0.0209
3 1.S. for Cement 0.0238
4 Limestone 0. 0320
5 Cement Clinker 0.0713
6 Magnesite 0.0783
7 Heavy Sulfides 0. 1284
8 Copper Ore 0. 1472
9 Hematite 0. 1647

10 Magnetite 0.2217

11 Gravel 0.2879
12 Trap Rock 0. 3640
13 Granite 0. 3880
14 Taconite 0.6237
15 Quartzite 0.7751
16 Alumina : 0.8911

(1) From Bond, Fred C., E&MJ, June

NTIS is authorized to reproduce 1964, p. 171.
"nd sell this copyrighted work.
“mission for further reproduction
be obtained from the copyright owner

- 953 -



COLORADO SCHOOL OF MINES RESEARCH INSTITUTE A-12

EXHIBIT 8

MILLER ABRASION TEST

o

Purpose: To determine the Miller abrasion number of the test sample.
Sample: Spent Paraho oil shale, prior to pumping, diluted to ~50% solids.
Procedure: The equipment and procedure duplicate the Miller method for

determining an abrasion index. Twenty-seven percent chrome
iron wear blocks used in all test.

Results:
~50% Solids NaOH Inhibited
Slurry pH 13+
Block No. 1 2 1 2
Total Weight Loss, mg 53.8 45.0 15.5 27.2
Lap Wear trace trace
Miller No. 55.4 + 2.9 33.8-18.1
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Colorado School of Mines Research Institute

P.0. BOX 112 » GOLDEN, COLORADO 80401 EstI
December 14, 1976 PHONE (303) 279-2581

CSMRI Project A60943

/% )
-
NS 3\
¢
o) LT 7975 fmﬂ
Dr. Rajaram 03 -z&iﬁ}% ey
Cleveland Cliffs Iron Company fj{i '?4‘2,5@%3 0 ‘%j
P, O, Box 1211 ’ib} "010,? A
Rifle, Colorado 81650 uf‘,‘}'p? "o \J%;?

Dear Dr. Rajaram:

In accordance with your telephone request of December 6, 1976, we
have prepared the following photographs showing the equipment used
in the box drainage test phase of our spent oil shale disposal study.

The results of this study were reported in our letter of December 9,
1976.

Following are descriptions of the photographs:

Figure 1 - Exterior view of pipe drain box. Drain pipe is
located on opposite side.

Figure 2 - Pipe drain box, exit drain pipe and collecting
bucket.

Figure 3 - Interior of pipe drain box after drainage test
showing location of center drain pipe. Pipe is
caked with residue pulp.

Figure 4 - Exterior view of filter bottom box with drain
trough at base.

Figure 5 - Close-up of drain trough on filter bottom box.

Figure 6 - Interior of filter bottom box after tests showing

residue solids.

If you have any questions concerning these pictures, please feel free to
contact us.

Sincerely,
. Z = f”/”d - 7 / f/ g
L s Ll - s ,f > ("
o WW ’)”M}/ C/ %&
M. G. Pattengill "Hugh O. Van Male
Projects Manager ' Project Engineer
Chemical Division Chemical Division
/cim
Enc.

- 255 =~

Mineral Industry Research















Colorado School of Mines Reéearch Institute

PO BOX 112 » GOLDEN. COLGRADO 80401 Estl o
. PHONE (303} 279-2581 .

December 21, 1976

CSMRI Project A60943 _ \
A /f‘ , "/f.‘,_“' TR
.4/:1'}_\‘ -

{77 DECIYIS

[ -

e RELTIVED
Mr. Paul McKie i s \:,
kY - "'\;.;

Cleveland Cliffs Iron Co. \’(
P. O. Box 1211
Rifle CQO 81650

RUFLE, COLORADY \‘/

Dear Mr. McKie:v

At the request of Dr. Rajaram, following is a summary of the calculations
performed at CSMRI relating to the cementing phase of the spent Paraho

oil shale. The major purpose of this phase was to determine if various
proportions of fly ash, burned lime, or Portland cement would act as a
cementing media for spent Paraho oil shale after reemplacement in worked-
out areas. I was to perform a series of calculations to determine,on a
chemical basis, what proportions of the three above-mentioned components
appeared logical as a cementing media. Dr. Rajaram was to perform the
actual physical testing in his laboratory.

Chemical Analyses of Spent Paraho Qil Shale

Following is the chemical analyses of the spent Paraho oil shale prior to
pumping (dry basis):

% ’
(1)

Si0, (39.54)
Al,04 9.49
Fe,O, 3.28
TiO, ND
P,0; ND

- CaO 116.07
MgO 7.13
Na,O 2.46
K,O 1.48
Na,O + 0.658 K,O (alkalies) 3.43
SO, : 0.56
Cl <0.5
BrO, <0.001
L.OI 19.49
Total 100.00

1/ Determined by difference.
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Chemical Analyses of Paraho QOil Shale
After Pumping and Drainage Tests

As may be noted in the report of December 9, 1976, the chemical analysis
of the Paraho oil shale after pumping and after subjection to the drainage
box test was significantly similar to the unpumped shale. Owing to this,
the chemical analysis of the unpumped Paraho oil shale was used for all
subsequent calculations.

Synthesized Cementing Media

In an attempt to produce a synthesized cementing media from fly ash and
burned lime, similar in nature to the chemistry of Portland cement, the
chemistries of the two components were assumed as follows:

%o
Fly Ash(1) Burned Lime

Sio, 41.6 -—-
Al,04 26.6 -—-
Fe,04 5.4 -
TiO, 1.4 ---
P,0, 1.0 T (3)
CaO 8.7 100.0
MgO 1.8 -—-
‘Na,O 1.6 ---
K,0O 0.4 -—-
Na,O + 0.658 K,O (Alkalies) 1.9 ---
SO, (2) 10.0 ---
Difference 1.5 -
Total 100.0 100.0

1/ The mathematic average of two published fly ashes. One
ash was from Moffett County and one was from Routt
County.

2/ This value is the mathematical difference between the
sum of the above-listed oxides and 100% (includes LOI).

3/ The burned lime was assumed to contain 100% CaO.
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b

The ASTM specification for Type II Portland cement compared to a mix-
ture of 50% Fly Ash and 50% Burned Lime Cementing Mix No. 1 is as
follows:

%o
50% Fly Ash
50% Burned Lime Type 1I
(Cementing MixNo. 1) Portland Cement
SiO, ' 20.8 21.0 (minimum)
Al,O4 - 13.3 6.0 (maximum)
Fe,0; _ 2.7 6.0 (maximum)
TiO, 0.7 N
P,0; 0.5 -———
CaO 54.4 55.4 (calculated)
MgO 0.9 5.0 (maximum)
Na,O 0.8 “———
K,0 _ 0.2 ————
Na,0+0.628K,0 (Alkalies) 0.93 0.6 (maximum)
SO;3 5.0 3.0 (maximum)
Difference (0.7)(1) (3.0 LOI maximum)
Total 100.0 100.0 '

_1_/ This value is the mathematical difference between the sum of the above-
listed oxides and 100% (includes L.OI).

Since 75% of Portland cements are comprised of calcium silicates and since
the above mix closely approximates the CaO and SiO, levels of the Type II
Portland cement, it was chosen as a candidate for a cementing material.

Another cementing mix (Cementing Mix No. 2) was designed that incor-
porated 50% of the Cementing Mix No. 1 and 50% Type II Portland cement.
Following is a comparison of chemistry of this mix and the chemistry of
a Type II Portland cement (P.C.):
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4
50% Cementing
Mix No. 1
and 50% Type II P.C.
(Cementing Mix No. 2) Type II P, C.
Sio, 20.9 21.0 (minimum)
Al,04 9.6 6.0 (maximum)
Fe,0; 4.5 6.0 (maximum)
TiO, 0.4 ————
P20s 0.2 ——— -
CaO 54.8 55.4 (calculated)
MgO 2.9 5.0 (maximum)
Na,O + 0.658 K,0O (Alkalies) 0.8 0.6 (maximum)
SO; 4.0 3.0 (maximum)
1.OI 1.5 3.0 (maximum)
Difference 0.4 (includes LOI) -

As with Cementing Mix No. 1, this cementing mix also looks chemically
promising as a2 cementing media. '

Initial Shale-Cementing Media Mixes

The following mixes were suggested for initial study based on the above
calculations:
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i

 Mix A
(95% Spent Shale and 5% Cementing Mix No. 1
%,
95% Spent Shalell) 57, Cementing Mix No. 1 Final Mix

Si0, | 37.56 1.04 38.60
A1,0,  9.02 0.66 9.68
Fe,0, 3.12 0.14 3.26
TiO, ' ND(2) 0.04 0.04
P,0, ND 0.02 0.02
CaO 15.27 2.72 17.99
MgO 6.77 0.04 6.81
Na,0 +0.658K,0 3.26 0.05 3.31
SO, 0.53 0.25 0.78
Cl <0.5 ND <0.5
Bro; <0.001 ND <0.001
LOI ' 18.52 0.04 18.29

1/ Moisture free basis.
2/ ND = not determined.

Mix B
(95% Spent Shale and 5% Cementing Mix No. 2)

v

95% Spent Shale(l) 5% Cementing Mix No. 2 Final Mix
Si0, 37.56 1.04 38.60
A1,0, 9.02 0.48 9.50
Fe,0; 3.12 0.22 3.34
TiO, ND(2) 0.02 0.02
P,0s ND 0.01 0.01
CaO 15.27 2.74 18.01
MgO 6.77 0.14 6.91
Na,0+0.658K,0 3.26 0.04 3.30
SO, 0.53 0.20 0.73
Cl ' <0.5 - <0.5
BrO; <0.001 - <0.001
LOI 18.52 0.08 18.60

1/ Moisture free basis.

2/ ND = not determined. NTIS is autherized teo reproduce
: ‘ and sell this eopyrighted work.
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»
Mix C
(70% Spent Shale and 30% Cementing Mix No. 1)
%
70% 30% Cementing

Spent Shale Mix No. 1 Sum
Si0, ' 27.55 9.68 37.25
Al,0, | 6.12 2.94 9.06
Fe,03 ' 2.28 0.71 2.99
TiO, —————- 0.04 0.04
P,0. e 0.02 0.02
CaO 11.20 16. 24 27.44
MgO 4.97 0.24 5.21
Na,O + 0.658 K,O (Alkalies) 2.40 0.16 2.56
SO, ' 0.39 1.50 1.89
Cl 0.35 eeae- 0.35
BrO; , 0.001  e--a- 0.001
LOI 13.58 0.21 13.79

Mix D
(70% Spent Shale and 30% Cementing Mix No. 2) .
%o
70% 30% Cementing

Spent Shale Mix No. 2 Sum
SiO, 27.55 6.27 33.82
Al,0, 6.12 2.88 9.00
Fe,0, 2.28 1.35 3.63
TiO, e 0.12 0.12
P,0s S eeeaas 0.06 0.06
CaO 11.20 16.44 27.64
MgO 4.97 0.87 5. 84
Na,O + 0.658 K,0O (Alkalies) 2.40 0.24 2.64
SO, 0.39 1.20 1.59
Cl - 0.35 e 0.35
BrO, 0.001  —--o- 0.001
LOI 13.58 0.45 14.03
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If you have any questions concerning the above, please feel free to contact
me. :

Sincerely,

M. G. Pattengill
Projects Manager
Chemical Division

/cjm

NTIS 1s autherized to reproduce
and sell this copyrighted work.
g Permission fer further reproduction
- 264 -  pust be obtained frem the copyright owner



Colorado School of Mines Research Institute'

P O.BOX 112 « GOLDEN, COLORADG 80401 CstI .
: PHONE (303) 279-2581

January 10, 1977

CSMRI Project A60943 /r‘;,(:rzfl":é',;;‘_;j;,i?\x
it ’ AQNSHE S f e
PE A N
AN il ‘,/2”:\
SO UANSTT @
= AECEWED

Mr. Paul McKie <
Cleveland Cliffs Iron Company Y
P. O. Box 1211

Rifle GO 81650

Dear Mr. McKie:

This letter reports the water flow rate data for the two box drainage tests
recently completed on spent Paraho oil shale at the Research Institute.
This information was inadvertently omitted from our report to you dated

December 9, 1976.

Liquid Flow Rates from Box Drainage Tests

‘PIPE DRAIN BOX

Average Volume Flowing (gal)

Time Interval Flow Rate Per Time " Cumulative
In Test (hr) (gpm) Interval Total
0 - 0.67 0.1544 6.21 6.21
0.67- 5.42 0.1348 38.42 44.63
5.42- 20.67 0.1169 106.96 151.59
20.67- 29.67 0.0873 47.14 198.73
29.67- 44.17 0.0612 53.24 251.97
44,17~ 72.42 0.0479 81.19 333.19
72.42~ 77.42 0.0355 10.65 343,81
77.42- 96,92 0.0188 22.00 365.81
96.92-124.67 0.0106 17.65 383.46
124.67-147.67 0.0043 5.93 389.39
147.67-166.17 0.0056 6.22 395.61
166.17-243.84 0.0041 19.11 414.72
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FILTER BOTTOM BOX

Average Vblunuzﬁﬂomﬁng(gah
Time Interval Flow Rate - Per Time Cumulative
In Test (hr) (gpm) Interval Total
0 - 1.00 0.1045 6.27 6.27
1.00- 2.08 0.0780 5.05 _ 11.32
2.08- 3.42 0.0665 5.35 16.67
3.42- 7.50 0.0557 13.64 30.31
7.50~ 10.00 0.0466 6.99 37.30
10.00- 19.50 0.0378 21.55 58.85
19.50- 24.00 0.0313 8.45 67.30
24.00- 28.75 0.0311 8.86 76.16
28.75- 44.00 0.0314 28.73 104, 89
44,00~ 53.00 0.0308 16.63 121.52
53.00- 67.50 0.0303 26.36 147,88
67.50- 95.75 0.0291 49.32 197.20
95.75-100.75 0.0280 8.40 ‘ 205.60
100.75-120.25 0.0274 32.06 237.66
120.25-148.00 0.0254 42.29 279.95
148.00-171.00 0.0230 31.74 311.69
171.00-189.50 0.0214 23.75 335.44
189.50-267.17 0.0120 55.92 391,36
267.17-290.00 0.0015 2.05 393.41

We apologize for any inconvenience this omission may have caused. If
you have any questions concerning this data, please feel free to contact
us.

Sincerely,

Hugh O. Van Male
Project Engineer
Chemical Division

/cjm
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STRENGTH OF PARAHO RETORTED SHALE
“MODLFIED BY ADDITIVES

ABSTRACT

Various flocculants and cementing agents were added to Paraho
retorted shale in an effort to improve its strength characteristics.
Tests were conducted on both dry retorted shale and hydraulically pumped
retorted shale. Two different ratios of cementing agents to retorted
shale were investigated. Different percentages of flocculants were
added to hydraulically pumped retorted shale to determine any improve-
ments in percolation and/or decantation rates. Percent of moisture added
to dry retorted shale was also varied. Results of unconfined compression
tests and the effect of flocculants are discussed. The amount of water
released from the hydraulic fill was a maximum when Separan MGL was added
at the rate of two pounds per ton of solids. Maximm strength of dry fill

was achieved with a five to one retorted shale cement mixture.

1.0 Introduction:

The strength characteristics of a backfill material can be in-
creased either by (1) compaction alone or (2) compaction aided with addi-
tives. As part of the study to determine the technical and economic fea-
sibility of underground disposal of Paraho retorted shale, tests were
performed to investigate economical and efficient methods of increasing
the support potential of backfill. The primary purpose of the tests were
to identify beneficial trends with the use of flocculants and cementing

agents and not to obtain statistically significant results.

THE CLEVELAND-CLIFFS IRON COMPANY — WweSTERN DIVISION, RIFLE, COLORADO 81650
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The characteristics of Paraho retorted shale are totally differ-
ent from that of other materials used for backfilling in North American
mines. Research directed toward studying the effects of flocculants and
cementing agents on Paraho retorted shale is extremely limited. However,
several studies have been conducted on the effects of flocculants on ce-
mented sandfill (1,2,3,4). Studies have determined the effect of lime on
the strength characteristics of Paraho retorted shale (5)*. The results
of this study, as related to the effect of cementing agents, are as

follows:

1. Treatment with 57 hydrated calcium lime promotes cementing,
thus, increasing compressive strength and decreasing per-
meability. |

2. Accelerated curing times promote reactions of calcium'. ™ <
‘and magnesium oxides present in the Paraho retorted shale
and thus increase: cefﬁpféssive strength.

3. The amount of fines and their distribution could have a

significant effect on compressive strength.

2.0 Test Material:

Two different types of test material to simulate hydraulic back-
fill and mechanically placed backfill were used during this testing pro-
gram. Gradation test results on the as received Paraho retorted shale,
as obtained by the Colorado School of Mines Research Institute (CSMRI),

are shown in Figure 1. The as received material was pumped at a 487

* References listed at back of Appendix D
THE CLEVELAND-CLIFFS IRON COMPANY — WESTERN DIVISION, RIFLE, COLORADO 81650
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3

solids slurry for one hour at 10 feet per second at CSMRI to simulate hy-
draulic backfilling operations. Grain-size distribution after pumping,
as obtained by CSMRI, is shown in Figure 2. As shown in Figure 2, the
material used for preparing hydraulic backfill samples contains almost
90% of minus 4-mesh size of which slime sizes (-325 mesh) make up 56%.

To simulate the attrition and abrasion that would occur to Para-
ho retorted shale during borehole transport and mechanical stowing, the
as received material was crushed and a sample consisting of 507 plus 4-
mesh material and 507 minus 4-mesh material was prepared. The maximm
particle size is 0.5 inch and the grain size distribution of the minus 4~

mesh material is shown in Figure 3.

3.0 Equipment:
The equipment used for the testing program included the following:
1. Cardboard cylinders, waxed inside, 6 inches in diameter by
12 inches high
2. Balance and weights
3. Compression testing machine - Soil Test CT-650 (Figure 4)
4. General laboratory equipment

4.0 Experimental Procedure:
4.1 Sample Preparation:

Hydraulically pumped retorted shale was mixed thoroughly
in the shipping drum and a sufficient quantity (five quarts) was placed
in each cardboard cylinder. The base plate in some cardboard cylinders
was perforated and covered by two layers of burlap (Figure 5). Various
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conbinations of flocculants and cementing agents were mixed and tested.
The two flocculants used in this study were calcium chloride
and polyacrylamide. Four different variations of polyacrylamide, Separan
MGL, Separan MG 200, Separan MG 500, and Separan MG 700 (trademark of the
Dow Chemical Company), were used in two proportions: 1.0 and 2.0 pounds
per ton of solids. The proportions of calcium chloride used were 1, 5 and
10 pounds per ton of solids. The two flocculants were handled differently
because of their varying characteristics. Calcium chloride was added in
its dry state, while polyacrylamide was dissolved in water prior to its

addition to the hydraulically pumped retorted shale.

Three types of cementing agents were used in various pro-
portions. Portland cement, hydrated lime, and flyash (obtained from the
Hayden Power Plant, Colorado) were mixed as follows:

100% Portland cement

50% each of Portland cement and flyash

33.37% each of Portland cement, flyash and lime

50% each of lime and flyash
‘The ratios of retorted shale-cementing agent used were 5 to 1 and 30 to
1. The cementing agent was mixed thoroughly with the retorted shale and
allowed to cure for a period of 10 days.

Dry retorted shale samples were prepared by thoroughly
mixing 50% minus 4 mesh material and 507, plus 4-mesh material. Every

specimen was placed in two lifts per cylinder, with each 1lift being
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compacted with 10 drops of a 10-pound steel weight falling through an 18-
inch controlled drop. Cementing agents were mixed thoroughly as each

1ift was placed. Samples were mixed at two different water contents.
Based on optimum moisture of about 227 for Paraho retorted shale, moisture
contents of 157 and 257 were used in this study. Curing period for this

series of tests was eight days.

4.2 Testing Procedure:

Hydraulically pumped retorted shale specimens were observed
periodically and the amount of water percolated and/or decanted from the
specimen was measured (Figure 7). After the specified curing period,
specimens were removed from the cardboard mold and tested in the compres-
sion testing machine (Figure 6). The unconfined compressive strength at

failure and specimen shortening was determined for each specimen.

5.0 Analysis of Data:
Unconfined compression tests were performed on both hydraulically
punped retorted shale specimens and dry retorted shale specimens. In
addition, the effect of flocculants on dewatering characteristics of hy-

draulically pumped retorted shale was also determined.

It was found that specimens containing 1, 5, and 10 pounds of
calcium choloride per ton did not show any improvement in dewatering
characteristics (Table 1). From this Table, it can be seen that the

four different types of polyacrylamide flocculant had beneficial effects,
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TABLE 1

Effect of Flocculants on Dewatering Characteristics
of Hydraulically Pumped Paraho Retorted Shale.

Water Released

Amount Added From Specimen
Type of Flocculant ILbs./Ton A
None - 7.5
Calcium Chloride 1 5.3
Calcium Chloride 5 6.4
Calcium Chloride 10 5.6
Separan MGL 1 11.6
Separan MGL 2 21.7
Separan MG 200 1 13.2
Separan Mz 200 2 14.7
Separan MG 500 1 4.1
Separan MG 500 2 13.7
Separan MG 700 1 11.3
Separan MG 700 2 17.8
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the best result being obtained with two pounds of Separan MGL per ton. It
was noted that specimens placed in the perforated bottom molds dewatered
better than specimens placed in the solid bottom molds. Cementing agents
did not improve strength characteristics mainly because of the large amount
of water retained in the slime size fraction, which forms 567 of the

material.

Results of unconfined compression tests performed on dry retorted
shale specimens are shown in Table 2. Moisture content had a significant
effect on specimen strength, an increase of moisture content from 157 to
257 producing significant increases in strength. A retorted shale cementing
agent ratio of 5 to 1 produced significant increases in strength. At 15
percent moisture and a 5 to 1 retorted shale-cementing agent mixture,
specimens containing equal amounts of cement, flyash, and lime resulted in
a higher ultimate strength than those containing cement alone . At 25
percent moisture and a 5 to 1 retorted shale-cementing agent mixture, the
strength of specimens containing cement alone was 4.5 times the strength
of those containing a cement, Aflyééhr, and lime mixture. With.an '8—day cure
the 30 to 1 retorted shale cementing agent mixture did not have any

beneficial effect on strength.

6.0 Discussion:
The variables studied in these tests were type and amount of

flocculant and cementing agent, and moisture content. Other variables
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Unconfined Campressive Strengths of Dry Retorted Shale Specimens

At 8 Day Cure
Compressive
Retorted Shale Strength
Cementing Agent PSI
Cementing Agents Ratio 157, Moisture 257, Moisture
- - ' N.D. 17.7

100% Cement 5:1 26.5 389.2
100% Cenent 30:1 N.D. 17.7
50% Each

Cement & Flyash : 5:1 N.D. €3.7
50% Each

Cement & Flyash 30:1 ' N.D. N.D.
50% Each

Lime & Flyash 5:1 - N.D.
50% Each

Lime & Flyash 30:1 - ‘ N.D.
33.3% Each

Cement, Flyash & Lime 5:1 60.1 70.8
33.3% Each _

Cement, Flyash & Lime 30:1 N.D. N.D.

N.D. - Not determined because specimen fell apart when removed from mold.
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that have a significant effect on strength are curing period and curing
environment; however, these were not studied because of the limited

time available.

Calcium chloride and polyacrylamide had significantly different
mixing and reaction characteristics. Calciun chloride could be dissolved
with ease whereas polyacrylamide formed a sticky gel, giving the batch
mixture a consistency similar to that of bread dough. Thus poly-
acrylamide cannot be used in hydraulic transport lines but will have to
be mixed just before stowing. Calcium chloride did not seem to react with
the chemicals in retorted shale and did not improve dewatering characteris-
tics whereas Separan MGL produced a noticeable improvement. The rate of
water release from the specimen was at a maximm in the first 24 hours and
later reduced to a negligible value. The best dewatering results were
obtained when both the processes of percolation and decantation were

acting simultaneously.

The method of sample preparation affected the strength charac-
teristics of dry retorted shale. Even distribution of moisture and
cementing agent produced the best results. Curing period and curing
environment affect the reaction rate between the cementing agent, water,
and retorted shale, and it is possible that better strength characteris-
tics would have resulted if the curing period had been increased and a
constant temperature of 125°F had been maintained. Previous studies

(5) have shown that the optimum moisture for Paraho retorted shale is
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approximately 227, and the results of this study indicate that a moisture
content close to the optimum promotes cementing processes. The amount
and distribution of fines has a considerable effect on the cementing
process; thus,.the particle breakdﬂvm in any mechanical baekfilling
method will affect strength characteristics. A retorted shale cementing
agent ratio of 30 to 1 would be an economical mixture but it was found
that no improvement in strength characteristics resulted from this

mixture.

7.0 Conclusions and Recommendations:
7.1 Conclusions:

The addition of flocculants can improve the dewatering
characteristics of hydraulically pumped retorted shale; however, due to
the large slime-size fraction in the material, a large amount of moisture
is still entrapped. Two pounds of Separan MGL per ton produced the best
dewatering results. Moisture content close to the optimm promotes ce-
menting processes in dry retorted shale. Maximum strength of dry fill

was achieved with a 5 to 1 retorted shale cenmit:mixttxe.

7.2 Recommendations:
It is recommended that further testing be performed on
strength characteristics of dry retorted shale as modified by cementing
agents. Curing period, curing envirorment, and proportions of the

cementing agents should be varied in this testing program.
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Further study of the effect of flocculants and cementing
agents on hydraulically pumped retorted shale is not warranted because

of the negative results obtained in this study.
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29 July 1977

2000 FOOT -DEEP BOREHOLE FOR THE- TRANSPORT OF RETORTED OIL SHALE

Background
The Cleveland-Cliffs Iron Company under contract with the Bureau of Mines is

developing the concept of borehole transport of retorted oil shale for backfilling,
The Company has subcontracted to Jenike & Johanson, Inc. the analysis of the

flow of shale in the borehole and from the borehole onto a belt feeder.

Introduction

Retorted oil shale is to flow down a 2000 foot deep borehole and onto a belt
feeder at a rate of up to 3000 tph. In order for the flow onto the belt to be
uniform and controlled it is necessary that:

(a) The flow of shale in the regions of the hopper above the outlets be steady.
This means that the hopper must be mass flow, i.e. all the shale must be in
motion whenever any of it is withdrawn.

(b) The pressure of air in the pores of the shale discharging onto the belt feeder
be close to the ambient air pressure, If pore pressure is too high, shale
will flush uncontrollably and flood the belt; if pore pressure is too low,
filow will be intermittent with arching followed by flushing and flooding of
the belt. '

(c) The area of the outlets be sufficiently large to assure unobstructed flow
at the specified rate, ‘

(d) The chute and skirt design at the outlet ensure fully live outlets.

In addition to assuring controlled flow under continuous flow conditions, it
is also necessary to provide for start-up during the filling of the borehole and
for restarting after a stoppage of flow. |

‘Particulate solids tend to flow in pulsating motion, Coarse, permeable
solids pulsate more, fine impermeable solids pulsate less. Pulsation is

particularly pronounced in tall vertical channcls of constant cross sectibn, like

~ the borehole under consideration. The magnitude of likely pulsation in the bore-

hole cannot be predicted for the lack of an appropriate theory. It is therefore
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necessary to provide a disengaging region between the borehole and the hopper out-
lets so that borehole pulsations do not affect the feed on the belt. Dis-

engagement is obtained by providing a space in the hopper where the solid can form

a freemi}uctuating surface. Through that surface air can also be introduced or
-evacuated, as needed, to maintain pore air pressure at the outlets close to ambient

air pressure.

Material propertics

Pertinent material broperties refer to:

(1) The flow of solid neglecting the gaseous phase. Here belong the flow func-
tions and the wall frictional and adhesive properties. Mass flow hopper con-
figurations-and minimum outlet sizes for flow without arching are determined
from these properties.

Tests of this type have been performed for some twenty years [1,2,3]*
and are carried out on the Flowfactor Tester and Consolidating Bench shown in
Figs. 1 and 2, respectively. The tests run on shale have defined a_minimum

outlet diameter of 1.3 feet and hopper wall slopc angles of 19° f{rom the

vertical for a circular cone, and 30° for a wedge, for a hopper made of carbon

(2) The effect of the gaseous phase, in this case air, on the flow of the solid.
Air is entrained with the shale down the borehole. As the solid compacts
under the increasing solids pressure, the pore size is reduced and air
pressure increases. At the outlets onto the belt feeder, shale expandg and air
pressure drops. How much air ié entrained and what the air pressure is at the
exit depends on the surface _density, the compreﬁgib%ligy.and the_permegbility
of the solid as well as on the ambient pressure and viscosity of air.

Compressibility is measured on the instrument shown in Fig. 3. A sample of

solid in a shallow cylinder is compressed by a loaded piston and the bulk density

is determined as a function of the effective head of solid. The function

y = f£(h) (1)
is derived and plotted in Fig. 3. '

x . ‘ .
Numbers in square brackets designate references at end of paper.
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Permeability is measured on the instrument shown in Fig. 4. A sample of solid

i1s placed in a cylinder and the air {low rate is measured for a given air pressure
drop as a function of the bulk density of the solid. A combination of the results
of these tests with the tests of compressibility leads to Darcy's relation in the

following form (see below for notations)

: - 7. 1 d ,
u = .00437 (&3—8) ?8 X (; 55) (2)

Surface density is determined on the instrument sketched in Fig. 5.. A known

weight W of solid is placed in a tall cylinder of cross sectional area A with a

porous bottom. An air pressure

b = (3)

R )

is continuously applied at the bottom. Then, for .a short period of time, a large
volume of air is blown through the bottom to lift and fluidize the solid in the
cylinder. As that air is turned off, material settles down. The lowest density at
which the solid forms a distinct surface is taken as the surface density. This
denéity was measured at Vg = 60 pcf

Particle density was measured at [ = 165 pcf.

Solid-gas stecady-state flow relations in onc dimension

Velocities

Call ‘
v - true absolute solid velocity
w = true absolute gas velocity
u - superficial slip gas velocity (relative to solid)

and the voids ratio
v= (G- pY ()

where

Y - solids bulk density
I'' - particle density - ;3?0-“
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The true slip gas velocity is u/v, and the true velocities are related by

or, using (4),
1 1
— (= - = +
v W (y F)YV u
Darcy

Darcy's relation for the gas superficial slip velocity.is in the following

form
o ou (X (Lodpy
u=u(G) I5)

where dp/dz is the gas pressure gradient, while ue, Yo and n are experimentally
determined constants.

Substitute this in (6)

Gt L s uyyn JLdp
vw= Gy (D" G

This relation applies at any cross scction of a one dimensional channel.

Flow rates

Define the flow rates as follows:

Ay v [1b/sec] for the solid

L
il

3

fr o
A i .
py w[psia x Sec] for the gas

P

]

Substitute (8) in (10), then for A ¥ v from (9)

_rlll yyn Ldp
P -Pe-aw@h G

;ciqlv

(5

(6)

(7)

(8)

)

(10)

(11)




irag an o f i WA JERIKE & JORANSON, MG,

7]

Continuity

1. Channel without source

Consider two sections of a channel: 1 and 2.

Evidently
Q =Q =0 | : (12)
and
P2 = P1 =P ‘ ‘ (13)

In particular, the ratio of gas pressures is

L1 el
p QPO e G G
P 1 1 Y 1d ()
1 L= - 20 LR
G =P @A e (D7 G,
2. Branch
For the branch shown in Fig. 6
Q =Q *Q (15)
and ' .
Ps = Pl * P2 (16)

[

In particular, if Q

Q =0Q =Q, and

0, i.e. there is only gas in- or out-flow at section Z, then

Y? n 1 d Y

_ ) 1 dp 1 . 1 . a.n L dp J

A, ue (D7 G ), p =GP e A wE" ( . e,
3

o
D e | (17)
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Equilibrium in one dimension

do | . , ' ,
Dz ydp bKtan gl | - (18)

dz dz D : z

in this equation of equilibrium for a vertical channel [4], Oz'is the solids
pressure in the vertical direction, K is the Janssen ratio between the horizontal
and vertical solids pressure and #' is the friction angle between the solid and the
borehole casing.

At the top surface: z =0, g_ =0, p=7p

, .. In the limit as Z -+ o
z ambient

Lim
7o

(19)

Lim dp _
z¥e dz

the effective consclidating head of solid for this converged condition then 1s

im o D

Li z '
z+o y L4 K tan g’ (20)
The relation between y and a, is taken in the form

Y= ve P (21)

where 0,, Yo, and B are determined from the curve shown in Fig. 3. This relation
applies for o, 20, where o corresponds to the surface density Ygs below 055
the density is taken constant, Y = vy G

Borehole and hopper

The layout of the borehole and hopper is shown in Fig. 7; the hopper is shown
in greater detail in Figs. 8 and 9, The top 100 or 200 feet of the borehole ére of
10 fc diameter, the remainder of 8 ft diameter. Aeration rings are placed at 500 ft
intervals of the boreholé, closer in permeable rock, to maintain or restore bore-
hole air pressure during and after shutdown, thus allowing easy restart. The bore-

hole discharges into a hopper. The shale flows down the mass flow hopper into two
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3 ft diameter outlets which feed onto a 72 inch, 35° trough-angle belt. Since the
belt needs to be reversible, the chutes have pivoted skirts to permit each outlet
to discharge approximately the same laycer of material on the belt.

Calculations indicate that an excess of air is likely to be entrained into
the borehole. That excess will be evacuated at the free surface of the hopper by
maintaining an air pressure at the top of the hopper lower than the pressure in the

pores of the shale issuing from the borchole, The flow pattern of shéle expanding

from the borehole into_the hopper cannot lead to uniform deaeration. The proposed
hopper_design aims at the prevention of gross nonuniformities. In addition, hopper
ring-expansions are indicated. These rings provide a passage through which air
pressure equalization can take place across a hopper prior to discharge. This
will help prevent flushing of solid through the side of the outlet with an excess
of air, while the other side flows sluggishly because of air deficiency.

Flow calculations will be done with respect to the,é§§;¢8ections, indicated

in Figs. 7 and 8.

At the surface of the borehole - Section 1

Ambient air pressure is taken at p = 22" lg = 10.8 psia, shale bulk density

Y, = Vs = 60 pcf, cross sectional area of borehole A} = % 10° ftg, the surface

layer of solid is assumed in a state close to fluidization

L dp, - . . _
" dz)1 ~ 1, particle density [ = 165 pcf.

The air flow rate is then computed from (L1) as follows:

1 1 3000w .2 00 |- 7.88"
= i ) s e /] [N
Py [(60 165 1.8 4 10 x .00437 (68.8) 10.8

(22)
3 ,

180.0 psia x

sec

In the borehole - Scctions 10 and 8

Equations (11), (18) and (21) permit to compute the pressures in the borchole.
The converged values are computed first. The effective consolidating head of the.
solid is computed from (20) with K = .4 and #' = 22°, the latter as measured on

instruments, Figs. 1 and 2. For the 10 foot burchole, the head is
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10
= = 5.5 ’
th 4 x .4 x tan 22° 15.5 it (23)

and for the 8 foot borehole

8 ' ~ | |
= == 2 4 Tt R .
hg = 7% & % tan 22° M4 It C(2)

The corresponding bulk dénsities are read from Fig. 3 at: Y19 © 78.2 pcf
and yg = 77.8 pef '

The solids pressures are
(oz)10 = th X Yqg = 15.5 x 78.2 = 1210 psf _ . (25)
(0 ), =h, x¥Y, =12.4 x 77.8 = 963 psf (26)

The relation of Fig. 3 determines the constants in formula (21) at

"
z )" .0289 (27)

Y = 60.0 7

for o, 2 ,114. For smaller values of C,s Y =Y~ 60 pcf.
Since P = P in accordance with (13), the corresponding gas pressures are

found from (11}, with (% %5) = 0, as follows

180.0 ) - |
Plo~ 71 I 3000 - to-besia (28

(78.2 - 165) 1.8

B 180.0 B » )
P8 = 1 1 3000 15.9 psia | (29)

3787 165 1.8

The calculation then proceeds from: =z = 0, the converged value of p, a
value of o, either slightly lower or slightly higher than the converged Qalue, and
Az < 0. If a lower than the converged value of OZ is taken, then Oz decreases
monotonically to zero at a surface; if a higher value is taken, then o, increases

monotonically. The borehole under study involves both cases, as shown in Fig. 10.
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The pressure distribution is almost independent of the solids flow rate Q for Q

between 500 and 4,000 tph.

ifAt the hopper outlets - Section 3

The effective head at the outlet is

(e}

53 " 1.7 fe - (30)

=
i
l
il
Fh
rh
!
it
—
w
Nl

B = 3 ft is the diameter of the outlet, while ff and H arc hopper and material
parameters taken from reference [3]. The corresponding bulk density is read from
Fig. 3 at v = 73.2 pcf .

The ambient air pressure at a depth of 2000 feet is

+
SO 12 S B
Py ® Py 44 © 2 x 14.7

x 2000 = 11.6 psia (31)

where p, = 10.8 psia.

L d
For controlled flow from the hopper, it is necessary to have (; 55)3 ~ 0. Hence
the required air flow rate at the hopper outlets is, in accordance with (11),

3

1 1 . 3000 . ft
8 (73.2 - 165) 1.8 X 11.6 = 146.9 psia x Soc | (32)

Gravity flow rate. This is computed from the formula derived in reference [5]

B? ( B g
4 tan ec

1.
)*

o
i

2 x 1.8y ”4

mx 3 (3x 32
4 4 tan 19°

. ,
2 x 1.8 x 73.2 )% = 15,551 tph - (33)

This allows a uniform flow rate by providing an excess rate factor of

15,551 _ 5 (34)

O

5
3,000

Belt feeder. Use a 72 inch belt with a 353° trough angle. Then for a conservative
surcharge angle of 5°, the cross sectional bed area is 3,229 féz(Jeffrey—Dreéser

catalog) and a capacity of 19,380 fts/hr at 100 fpwm. Tor 3,000 tph, the belt
L9 ‘
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speed should be

v © 3000 x 2000

b= 73.2 % 19 380 * 100 = 423 fpm : (35)
. ?

Shut-off gates. Use gates at the outlets of the hoppers only for shut-off during

initial filling of the borehole,for cmergency and for maintenance.

At the free surface at top of hopper - Sectioun 2

Since the desirable air flow rate at the hopper outlets Pq is less than the

air entrained in the borehole P1’ the excess air in the amount of

3

P =P -P = 146.9 - 180.0 = - 33.1 psia x it (36)
2 3 1 se¢ :

must bgﬁeygppageéﬂ}h;qughﬁthgwﬁugﬁgce at_the top of the hopper. At the top of the
hopper, solids pressure o, = 0 and material flowing from the borehole to the top
surface i1s free to expand so that pore air pressure at the surface equalizes with
the air pressure above the solid. Assume that pressure P, = 12,0 psia, somewhat
higher than the ambient pressure in the wine. b, is lower by 3.9 psi than the air

preséure in the borehole. The surface level of material in the hopper will, there-

fore, rise to balance that difference. The surface dndﬁity Y, is computed from

(14) on the assumption that rapid expansion with negligible gas flow occurs as

shale issues from the borehole to the hopper, i.e. for (dp/dz)2 = (dp/dz)8 =0

L . = 6
' o T L L1159 T 66.4 pet
165 = '77.8 ~ 165’ 12.0

The surface area A; nceded to rcmove air at the rate %’ is estimated from (l1)

with Q2 = .0 at

33.1

12 O ?
Al = - = 477 ft
2 66.4, - 7.88
.00437 (ngg)
An area A? = 1728 ftg is recommended in view of the uncertainties involved. in the

flow\at the surfacef F:S - ?-%2 ). "52?7;




sorge a fon o Sulls 7 JEAMRE & JOASE

]

Operation
Controls. In order to assure smooth start-up, restart after a stoppage and steady
state operation, it will be necessary to monitor and control the following:

(a) Level of solids in the borehole. While the borehole will provide a sub-

stantial surge capacity, the level of solids should be monitored and the in- and

out-flow rates controlled to maintain the shale level within specified high-low

limits.

(b) Air pressure at the top of the hopper. The amount of air entrained into the

borehole depends on the bulk density of the shale at the surface of the borehole.

f (That density cannot be accurately predicted from a one-dimensional analysis and

;u;experiment because, in fact, the problem is two-dimensional with, to date, no
available solutions. Similarly, the amount of air expelled through the top surface
in the hopper is uncertain through the lack of a two-dimensional solution of the
flow from the borehole to the hopper. However, since the rate ﬁa of air evacuation
is directly proportional to the air pressure p, at the top of the hopper, that

pressure can be used effectively to control the uniformity of flow on the belt,

quvigign shgp}q_be made to‘hp}dmpfegspre p? at any reguired level betwcen 10 and
12 psia.

(c) Feed rate from hoppers. The height of the chutes above the belt feeder can

provide gross feed rate control. Fine adjustment will be best achieved with a

variable speed drive. The slide gates at the hopper outlets should not be used for

rate control because, in a partly open position, they would prevent mass flow from

developing and would lead to nonuniform flow with likely flushing.

Initial filling of borehole

Initial filling should proceed at a low charging rate in order to minimize
impact loads on the hopper. After the initial 500 tons have been dropped, thé gates
should be opened and the belt started, The withdrawal should proceed through both
putlets at a rate, say, qpe”foyrth”ofughg”rate>oﬁmchqrgcwégggwghq_pqpepg1e. The
top of the hopper should be vented at the ambient pressure in the mine. When the
operating level of solids in the borehole has been reached, all the rates can be

increased to normal operating values.
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Emergency cessation of flow

Air pressure at the aeration rings should be monitored and, if that pressure
¢ drops to 13 psia during a cessation of flow of shale from the hopper, air at that
pressure should be supplied to the borehole. This will permit rapid return to full-

rate borehole flow when the emergency ends.

Emergency outlet from hopper
The positioﬂ of a side chute 1is shown in Fig. 8. This chute can be installed,

if required, for use when the main belt feceder is down.

Higher Level Withdrawal

Backfilling will start at the lowest level of the mine and, as that level is
filled, a new hopper will be constructed at a higher level. 'In order not to lose
backfilling time as the operation is shifted from one level to the next, the con-
struction of the new hopper should proceed without interrupting the backfilling at
the lower level. '

| If possible, the new hopper should be built around the borehole. The two

pantleg hoppers can be completed on the sides of the operating borehole, Fig. 11
shows this Stage 1 of construction. The operation would then have to stop while,
in Stage 2, the work shown with dashed lines is carried out to install the
reversible cohveyor at the bottom and connect the boiehole with the hoppers at the
top. This method would be the most satisfactory from the solids flow standpoint.

The alternative method would be to build the complete hopper in a location
offset from the borehole by whatever distance is required. The top‘of the hopper
would then be connected, in Stage 2, to the borehole by means of a steel-lined

8-foot diameter shaft inclined at an angle of, say, 15° to the vertical, Fig. 12.

Further Fundamental Work Needed

The solids and gas flow patterns at an expansion, like the one of the falling
stream on the top of the borehole as well as the one from the borehole to the hopper,
are problems in two dimensions; the former in axiai symmetry, the latter in plane
strain. Solutions to these problems are needed but unavailable. The one-dimen-

sional analysis provides only a rough approximation,
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SELECTION OF BIN TYPE AND FEEDER SLZE

Types of bins

In the process of selection of .a bin [I,ZJX, the first step is
to decide on the type of bin. From the standpoint of flow, there are:
three types of bins: mass-flow, funnel-flow and expanded-flow.

Mass-flow bins are particularly suitable for powders, cohesive

solids, solids which degrade with time, and when segregation needs to
‘be minimized. Mass-flow bins give a uniform feed deunsity often per-
mitting the use of volumetric feed control in place of gravimetric
control. Low level indicators work reliably in mass-flow bins.
Examples of mass-flow bins are shown in Figures la and 1b. 1In
mass -f low bins, the hopper, i.e. the converging part of anbin, is
sufficiently steep and smooth to cause flow of all the solid without
stagnant regions whenever any solid is withdrawn. This produces
uniform flow and a feed density which is practically independent of
the head of solid in the bin. Segregation is minimized because,
while a solid may segregate at the point of charge into the bin, con-
tinuity of flow enforces remixing of the fractions within the hopper
[1,37. Mass-flow bins have a first-in first-out flow sequence. This
is useful in the storage of solids which degrade with time and of
- powders which thus deaerate with a minimum of residence time. Powders
do not flush as long as a sufficient head of solid is maintained and
the gravity flow rate is not exceeded; air locks are not needed [4,5,67.
Fig. la defines the outlet width for oval outlets and the hopper
slope angles for transition hoppers.
Fig. 1b defines the outlet diameter and the hopper slope angle
for circular, conical“hoppers.
The minimum outlet dimensions are given in "Results of Flow Tests,'

Sections I-A and 1-B. The length of an oval outlet should be at least

* Numbers in brackets designate references listed on page 5.
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A

three times its width. The maximum slope angles (measured from the
vertical) are giveﬁ in Section III for the specified wall materials
and conditions of storage. For some solids and wall materials, the
slope angles vary with the size of the outlet.

Valleys are not permitted. 'Ledgéé and protrusions into a mass-

flow channel are not allowed. If a hopper is equipped with a shut-off

gate, the gate must be fully open for mass flow to be possible.

Mass-flow bins of special design can be used for in-bin blending

by circulation of solid [7].

Funnel-flow bins are suitable for coarse, free-flowing or slightly

cohesive, non-degrading solids when segregation is unimportant.
Examples of funnel-flow bins are shown in Figures Za, 2b and Zc.

Funnel flow occurs when the hopper is not sufficiently steep and smooth
to allow maferial to slide along the walls or when the outlet of a mass-
flow bin is not fully effective (see "Feeders" below). In these bins,
solid flows toward the outlet thfough a channel that forms within stag-
nant solid, The diameter of that channel approximates the largest
dimension of the effective outlet. When the outlet is fully effective,
this dimension is the diameter of a circular outlet, or the diagonal
of a square or rectangular outlet. As the solid within the channel
flows out, layers slough off the top of the stagnant mass into the
channel. This spasmodic behavior is particularly pronounced with
cohesive solids and with powders. A powder, sloughing off the top,
aerates as it falls into the channel and may flush out if the level of
solid in the bin is low. With a cohesive solid, a channel may empty
out completely (rathole) and powder charged into the bin then flushes
through. A rotary valve is often used under these conditions to

contain the material, but a uniform flow rate cannot be ensured with

- this arrangement because flow into the valve is erratic. These bins

are more prone to cause arching of cohesive solids than are mass-flow

bins and, hence, frequently require larger outlets for dependable flow.
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D,

Such a large outlet may preclude the use of a rotary valve. These bins
also cause segregation of solids [1,3] and are unsuitable for solids
which degrade with time because of the stagnant regions.
' _ Figures 2a and 2b define the outlet dimensions for rectangular
outlets. Fig. Zc defines the outlet dimension for circular outlets.
The minimum dimensions are listed in Sections 1-A and I-B. The
length of a slot should be either not less than Df, Fig. 2a, or equal
to the full diameter of the bin, Fig. 2b. Usually Df is much larger |
than Bf and a long rectangular (slot) outlet is more advantageous than
a circular or square one.
Clean out of a funnel-flow bin is often uncertain because solid
in the stagnant regions may pack hard and cake. Mass-flow bins should
be specified when clean out is mandatory.

Expanded-flow bins are recommended for the storage of large

quantities of non-degrading solids. This design is also useful as a
modification of existing funnel-flow bins to correct erratic flow
caused by arching, rat-holing or flushing. The concept can be used
with single or multiple outlets,

Examples of expanded-flow bins are shown in Figures 3a and 3b.
The lower part of such a bin is designed for mass-flow. The mass-flow
oqtlét usually requires a smaller feeder than would be the case for a
funnel-flow bin. The mass-flow hopper expands the flow channel to a
diagonal or diameter equal to or greater than Df, thus eliminating the
likelihood of rat-holing. In the case of powders, the volume of the

mass-flow hopper should ensure sufficient residence time for deaeration.

Feeders
The specified outlet must be fully effective. If flow from the
bin is controlled by means of a feeder, the feeder must be so designed

as to draw uniformly through the entire cross-section of the outlet [1,2].

Vibrating equipment

Vibration has two effects: on the one hand it tends to break up

the arches that obstruct flow, on the other it packs so stagnant solid
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gains greater strength. In order to allow for this packing, the outlet
dimensions for flow with vibration are often larger than those for
gravity flow without vibration.

Many fine and wet materials tend to pack severely when vibrated,
and vibrating equipment is not recommended for them. . The applicability
of vibrating equipment can be judged from Section I-B of the "Results
of Flow Tests" which lists the minimum outlet dimensions required for
flow with vibrating equipment. These dimensions refer to the outlet
dimensions of a static bin that discharges ‘into vibrating equipment.

External vibrators are particularly suitable for materials which
are free-flowing under conditions of continuous flow, but set up and
gain strength when stored at rest for hours or days. Hoppers for
these materials should always be equipped with pads for the mounting of

external vibrators,

Flow rate of powders

The rate at which a coarse solid discharges through an outlet [8]
is usually sufficient to satisfy the requirements of the process. The
situation is different with powders. Density changes which occur with-
in a flowing mass, combined with the low permeability of a powder,
cause air pressure gradients within the mass and these gradients
cfitically affect'ﬁhe rate of powder discharge from a bin. Depending
on the fineness of the powder, its volumetric rate of‘gravity discharge
may be one hundredth or one thousandth that of a coarse solid,

If the flow rate tests have been run, conservative estimates of
the maximum rate'fbr mass-flow hoppers are shown in Section IV of the
"Results of Flow Tests." They are based on material discharging onto a
belt feeder;

These flow rates can be increased significantly using an air
permeation technique (patent pending). Examples of the applicatiqh

of air permeation are given in references [4,5,6].
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.Calculation of effective consolidating head he

The critical rathole diameter Df (Section 1), bulk density (Section
1I), wall friction angle ¢' (Section III), and fine powder flow rate
(Section IV) are functions of the consolidation pressure of the solid in
the pertinent regions of the bin. To calculate the critical rathole
diameter and fine powder flow rate, this pressuré is specified By the

effective head of solid in the bin he as follows:

=28
i

o IJ'K [l - e —“‘KR] . | | : | . (1)

2R whichever is larger

or  h

where
R = hydraulic radius of the cylinder (cross-sectional
area/circumference)

R D/4 for a circular cylinder of diameter D

i

R

i

W/2 for a long rectangular cyiinder of width W
u = coefficient of friction on the cylinder walls

L= tan p'
K = ratio of horizontal to vertical pressures = 0.4

h = height of vertical bin section

To calculate the bulk density and wall friction angle at the outlet

of a mass flow bin,

h = B for tran31t10n hopper

B /2 for conical hopper

i
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Glossary of terms and symbols

Arching - a no-flow condition in which material forms a stable
dome (or arch) across the bin

Bin - container for bulk solids with outlets for withdrawal
of solids either by gravity alone or by gravity assisted
by flow-promoting devices

Cylinder - vertical part of a bin

Expanded flow

Feeder

Flow channel

Funnel flow

flow pattern which is a combination of mass flow and

~funnel flow

device for controlling the rate of withdrawal of bulk
solid from a bin

space in bin through which a bulk solid is actually
flowing during withdrawal

flow pattern'in which solid flows in a channel formed

within stagnant material

prper - converging part of a bin
Mass flow - flow pattern in which all solid in a bin is in motion
f:\ whenever any of it is withdrawn

Piping - a no-flow condition in which material forms a stable
vertical hole within the bin

Ratholing - same as piping‘

BC ' - minimum diameter of a circular outlet in a mass-flow
bin to prevent arching, ft

Bf - minimum width of a rectangular outlet in a funnel-flow
bin to prevent arching, ft

Bp - minimum width of an oval outlet in a mass-flow bin
to prevent arching, ft

Df - critical piping or ratholing dimension, ft

- unconfined compressive force, lb; equal to 1/13 times

the unconfihed compressive strength, psf

H - total height of bin, ft

- heighﬁ of cylinder, ft
o - effective consolidating head, ff
L - length of hopper outlet, ft
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Glossary (cont.)

shearing force applied to a shear cell, 1b

major consolidating force, lb; equal to 1/13 times

the major consolidating pressure, psf

normal force applied to a shear cell, 1lb

effective angle of internal friction of a solid during
flow, degree ‘

maximum recommended angle (from vertical) of conical

. hoppers and end walls of transitién hoppers for mass

flow, degree

maximum recommended angle (from vertical) of side walls
of transition hoppers for mass flow, degree

kinematic angle of friction between a solid and a wall,
degree

angle of internal friction of a solid for incipient

flow, degree
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(b)

EXPANDED -FLOW BINS
FIG. 3
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RESULTS OF FLOW TESTS

Material(s) tested: Retorted 0il Shale

For each material, results are prescented in the following order:

Section I Minimum outlet dimensions for dependable flow
A. Gravity flow

B. With vibrating equipment

Section II Bulk density as a function of hcad of solid
Section III Maximum allowable hopper slope angles
Section IV ‘Maximum solids flow rate (if tesced)
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Material Retorted 0il Shale
Section I. Minimum outlet dimensions for dependable flow
A, Grévity flow
Mass-flow Funnel-flow
Storage Water Temper~ | Circular ‘Oval Rectangular Critical
time content, | ature, outlet outlet outlet rathole Ref.
at rest % wet °F diameter | width width diameter| Fig.
weight B, ft B, ft B_, ft h D
p f e £
Cont inuous 100 1.3 0.6 0.6 5’ 5
flow 10 11
20 24
40 49
0.4 4 - 6
4 Days 100 1.3 0.6 0.6 5" 6
to 10 12
Amb. 20 25
40 50
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Retorted 0il Shale

Material

With vibrating equipment

B.

[:] Material not suited to vibration
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Material Retorted Oil Shale

Section II1 Friction test results for various wall materials and maximum recommended

hopper angles (measured from the vertical) for mass flow

Effective consolidating head, ft 0.25 0.5 1.0 2.0 4.0 5.0
Width B of oval outlet, ft 0.25 0.5 1.0 2.0 4.0 5.0
Dia. B_ of Circular outlet, ft 0.5 1.0 2.0 4.0 8.0 10.0
Wall material Angle
deg.
4! 31 26 24 23 23 22
Carbon steel BC 8 15 18 19 19 20
8, 18 25 28 29 30 30
g 31 26 24 23 23 22
Carbon steel 8, 8 15 18 19 19 20
‘4 day time test
Bp 18 25 28 29 - 30 30
p 18 18 18 18 18 18
304 - 2B finish 8, 25 25 25 25 25 25
stainless steel .
o, 36 36 36 36 36 36
g 18 18 18 18 18 18
304 - 2B finish .9 25 25 25 25 25 25
stainless steel N
4 day time test ' 8, 36 36 36 36 36 36
4 '
)
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P
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Retorted 0il Shale

Material

Maximum solids flow rate onto a belt ‘feeder without air permeation

A.

Section 1V,

e._.

t

1
4.

5

Diameter of circular outlet, ft
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From a conical mass-flow hopper with an effective consolidating head h
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Width of oval outlet, ft
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THE CLEVELAND-CLIFFS IRON COMPANY — WESTERN DIVISION, RIFLE, COLOBADO 81650
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ALLIS-CHALMERS

STANSTEEL CORPORATION

5001 SOUTH BOYLE AVENUE e LOS ANGELES, CALIFORNIA 90058 / 213-585-1231

June 27, 1977

The Cleveland Cliffs Iron Company
P. 0. Box 1211
Rifle, CO 81650

Attention: Mr. R. A, Heisler

Reference: Your P, 0. WD 77149
Our Order 1813

Dear Mr. Heisler:

Enclosed are three copies of our laboratory
test report covering the testing of your
samples of oil shale.

| believe you will find the ‘enclosures to

be self—gxﬁﬁanatory, but please let me know
if further data are required.

Very truly yours,

Heat Transfer Equipment

RRJ:ae
Enclosures

AN ALLIS-CHALMERS SUBSIDIARY
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APPENDIX F

RETORTED
OIL SHALE

INVESTIGATION OF COOLING PARAMETERS

THE CLEVELAND - CLIFFS IRON COMPANY
WESTERN DIVISION
RIFLE, COLORADO 81650

STANSTEEL JOB NO. 1813

STANSTEEL CORPORATION
SUBSIDIARY OF ALLIS~-CHALMER CORPORATION
PROCESS ENGINEERING DEPARTMENT
. 5001 SOUTH BOYLE AVENUE
LOS ANGELES, CALIFORNIA 90058

DATE OF LABORATORY TEST
MAY 31 TO JUNE 3, 1977

TESTS PERFORMED BY J, RODRIGUEZ AND THE WRITER,
GREGORY L. BRIGGS

TESTS WITNESSED 3Y ROBERT A, HEISLER OF CLEVELAND-

CLIFFS IRON COMPANY

ABSTRACT

Laboratory tests conducted in Stansteel's pilot rotary

cooler showed that the retorted oil shale supplied to us
could be cooled from 400°F to 100°F, given a retention time
of about 8 minutes. .= The required air velocity at cooler
exit is about 500 ft/min. Acquired information will be used
to provide a budgetary proposal for plant scale units to cool
3000 tons per hour, :
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INTRODUCTION

Cleveland-Cliffs is involved in the extraction of oil from Colorado oil shale.
In the process of extraction, raw oil shale passes through a mill prior to the
retort. The retort is a vertical column in which the shale flows downward,
countercurrent . to the upward flowing hot gases. In this operation the oil
shale is heated to 1200-1500°F as it passes downward through rotating horizontal-
grates, The oil and gas extracted are then sent to a condenser.

The retorted oil shale leaves the retort at 400°F and needs to be cooled to 100°F
prior to being dumped back into the mine through an 8' @ x 2000' deep borehole.
The retorted oil shale is 100% minus 4 inches particle size, reportedly containing
15% minus 325 mesh fines due to the grinding action of the rotating grates,

It is important to minimize degradation of the material as it passes through the
cooler because coarser material will flow more easily down the borehole; fine
material has greater tendency to bridge and adversely affect the operation of the
borehole.

The use of water to facilitate cooling has been investigated by others but this is
said to require too much water in an area that is short of water, Furthermore, if
the product contains water, it cannot be placed down the borehole because of flow
problems.

PLAN OF TEST

The variables which seemed most important were:

-1, The maximum practical air velocity inside dryer without excessive dust carry-
over to the flue handling system.,

2, The minimum retention time needed for cooling the material,

3. Attrition of the oil shale in a rotary unit.

SUMMARY & CONCLUSTONS

1. Seven tests were run in our 15" ¢ pilot plant rotary cooler. All tests used
countercurrent flow,

2, Feed is dark gray, contains rocks as large as 4'" and fines less than 10 microns
(see graph 1). Most of these rocks are flat and seem to be formed of numerous
horizontal plates; some are porous, while others are very dense and hard (like
slate), Bulk density of feed is 55-65 #/ft3.

3. To be able to run the cooler, the oil shale had to be heated in our laboratory.
During initial testing of material it was found that severe attrition occurred
when the shale was heated using 650°F inlet gas temperature in our 21" ¢ heater.
To avoid this attrition we had to use our 8" @ indirect fired heater, see
graph 2 for particle size,

4, 1In test 1 the feed rate was-l #/min and the gas velocity was 655 ft/mln.
Dust carryover to cyclone was 59% of product. Fillage was low.
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SUMMARY & CONCLUSIONS (continued)

5.

10.

11.

12,

13,

In test 2 the feed rate was increased to 3#/min to increase fillage. The
gas velocity was decreased to 359 ft/min to decrease dust carryover to cyclone.
Fillage was adequate. Dust carryover was 26% of product,

At the end of test 2, the feed hood was inspected. Over 90# of material had
collected there from the two tests, or a total feed of 228#. The bulk of the
material was fine particles which had settled in the enlarged feed hood.
There was also large pieces of feed material which had backspilled over the
feed end plate. This indicated that the pitch of the cooler was not high
enough for this feed rate.

‘In test 3, the cooler pitch was increased from 1/16 to 1/4 in/ft, which

eliminated the backspill problem at the feed hood. Attendant to this was a de-
crease in the retention time to 7 minutes and hence lower fillage, 5.3%. Gas
velocity was 331 ft/min. and dust carryover was 7.2%. '

In test &4, gas velocity was decreased to 246 ft/min to observe the effect on

dust carryover. Retention time increased to 9 minutes, Dusty carryover re-
mained at 7.2%, while fillage was 6,17%.

Normally, a decrease in gas velocity will result in a decrease in dust carry-
over, if the particle size distribution is normal and does not change. Since
this material is easily comminuted, the retention time could be a factor
affecting dust carryover, As retention time increases, milling between
particles increases and hence the amount of dust and carryover also increase.
(see graphs 5 and 6). :

- In test 5, the feed rate was increased to 5#/min to increase fillage, This

test was aborted when it became clear that the feed chute to the cooler was
too small to accept this load.

In test 6, the feed rate was decreased to 4#/min which eliminated the plugging
of the cooler feed chute, Gas velocity was 347 ft/min. Dust carryover was
6.8% of product, Fillage was adequate - 9,1%.

In test 7, we duplicated the 4#/min. feed rate but the gas velocity was in-
creased to 535 ft/min to observe the effect on dust carryover. Dust carry-
over increased to 12.4% of product. Fillage was adequate - 9.7%.

For our heat balance calculations and at the request of Cleveland~Cliffs' Mr.
Robert A, Heisler, we had a sample of the feed wmaterial analyzed to find its
heat capacity between 400°F and 100°F, Heat capacity ranged from .269 to ,290
BTU/#°F. (See Exhibit A). :

EXPERIMENTAL DETATLS

All tests in our laboratory were performed in our 15" @ unit. The data is summar-
ized in table 1,

All tests were run with countercurrent flow.

The cooler was fitted with a cycione, scrubber and an I. D, fan. (See Figure 1).
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EXPERIMENTAL DETAILS (continued)

Material was heated in our 8" ¢ indirect fired rotary heater.

Material was hand fed to the heater to prevent degradation of size in a screw
conveyor. .

Material was gravity fed to the cooler from the discharge hood of the heater.

The temperature of heated material fed to the cooler was measured by a thermo-
couple immersed in the bed at the discharge end of the heater,

Screen analysis product was done on Tyler Standard Screens using a mechanical
shaker, timed for 2 minutes.

Sample of the product and cyclone dust from each run were given to Mr. Robert A,
Heisler of Cleveland~Cliffs Iron Company.

RECOMMENDATIONS

The following parameters should be used in the design of rotary airswept units to
cool retorted oil shale from 400°F to 100°F, ’

Retention time: about 8 minutes
Air velocity at cooler exit: about 500 ft/min.
Heat capacity: .28 BTU/# °F

An enlarged feed hood should be used as a settling chamber to collect most of the
fines.
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ALUSCHALMERS

STARISTEEL CORPORATION

PROCESS LABORATORY DATA SHEET

$001 SOUTH BOYLE AVENUE o LOS ANGELLS, C’ALIFORNIA 20038 / 213.583.21231

JoB No.__ 1813 - CUSTOMER CLCVELAnD CLEEs IDENTIFICATEON
TEST NO. | DATE_&-t =77 " MATERIAL Gt suaLe
INVESTIGATOR GL 7 OBSERVER__ 8/ v CfLETom‘p)
- UNIT CHARACTERISTICS: T
PILOT COOLER S1zE: 'S8’ __ SHELL SPEED, RPM_IO
., FLOW (ovrrrep CuRlnmT "PITCH, In./Ft. %
* DISCHARGE END DAM HEIGHT, In._nlone  OTHER Doyep éuer: Ve REN: 22
. LQTRRT FEED e ik 85T - it ki
Time 145 w5 220 [.225 [Z35 |260 | =24
Feed Rate, #/min. | b ! “/3 L A 2
Moisture, wt % (in/out) ' ' i
Material Temp, °F (in/out) a5 9%, |68, |44F S0 | M54 [BEL,
Alr 'l‘emp, oF (in/‘;eut) v3 ac, g%q ‘d?’/clo ":%/}87 ';7/030' 7%02
Pitot Temperature, °F 99 1 90 89 Jo3 97
Pitot Tube, In. W.C. 80 -1 80 1.80 8 50 | .81
ACFM at Pitot h Dep V794 0 93 733 | 0%
ACFHM leaving Cooler 55 | 39 T, 731 a03
LFM leaving Cooler 43 L1G {ay L34 Lon
Cyclones P, In. W.C. |42 |43 |44 [43 a4 (4.4

Scrubber -AF, In. ¥.C.

Quantity Fed, 1lbs. . Lo
Cooler Product, lbs. 8.1
Cyclone Product, 1ibs. 4.6
Cooler Retention, 1lbs. 22,2
Cyclone Retention, 1bs. 2.6
Total Recovered, lbs. 27,7

Bulk Density, #/ft®

Angle of Repose -

20% Jed Lrm 225 10 2CG

feed uv:btl'lﬁimfcv ng'.'l‘/’fll 230-740

i : 5@

AM ALLIS.CHALMERS SUBBIDIARY




STANSTEEL CORPORATION

$001 SOUTH BOYLE AVENUE ¢ LOS ANGELES, ClALIFORPﬂA 90038 / 213.563.1231

PROCESS LABORATORY DATA SHEET

ALUSCHALMERS

JoB vo._ 1813 . /- CUSTOMER/LEVELAND CLAFES IDENTIFICATION
TEST NO.___4 _ DATE__ L-2-727 . MATERIALZSEZTORTED on
INVESTIGATOR (715, 0V OBSERVER_ton_ WESICE. S HAlE ,
UNIT CHARACTERISTICS: , N
PILOT COOLER SIZE: IS'Bx 9 ___ SHELL SPEED, RPM_)O
. FLOW__(OyNTERCUNRENT PITCH, In./Ft.__ /i
*- DISCHARGE END DAM HEIGHT, In.fpNYE  OTHER srven ¢r-pr = % PPz E
Time Y40 |810_|830 |20
Feed Rate, #/min. 3. 2 3- 2
Moisture, wt % (in/out) ' ' .
Material Temp, °F (in/out) bonse | SU4¢ | 4814 ‘
Air Temp, °F (in/out) 75/ 75 /103 75 /10a | /e,
Pitot Temperature, °F ' o 19 19 4
Pitot Tube, In, W.C. 22, | .23 .23
ACFM at Pitot 41% 13,4, A19
ACFM leaving Cooler 419 495 4y
LFM leaving Cooler 398 | 283 | 354
Cyclone A P, In. ¥.C. V.4 1.5 1.4
Scrubber AP, In. W.C.
Quantity Fed, 1bs. . 169
Cooler Product, 1lbs. 408
Cyclone Product, lbs. 107
Cooler Retention, 1bs. 497
Cyclone Retention, 1bs. &
Total Recovered, 1lbs. 1053
Mare @ Feed Boop From Tears J4|=90%

Bulk Density, #/ft (. PRoYT = §7.4. /i\

Angle of Repose | ~

LIRS ape By

A DIENT AR Temp e = 7%/

ZA 0 ENST 14 mie 3w

AN ALLIB-CHALMENRS SUBSIDIARY ' 'Jd/’




[

AUIS-CHALMERS

STANSTEEL CORPORATION

3001 SOUTH BOYLE AVINUE ¢ LOS ANGELES, CALIFORNIA 80058 / 213.8835.1231

| PROCESS LABORATORY DATA SHEET |
JOB NO.___1Q13 ° | CUSTOMER CIEVELAND (LiFfs _ IDENTIFICATION

TEST NO._ 3 DATE_6-2-77 . " MATERIAL FrTopTcy Ote Shate

INVESTIGATOR c.(3 7 OBSERVER_pn
UNIT CHARACTERISTICS:

PILOT COOLER SIZE:_t5°4 Y8’ ___ SHELL SPEED; RPM_I0
, FLOW___ QOunTER Cop pepT PITCH, In./Ft.__ Y&
DISCHARGE END DAM HEIGHT, In. popc OTHER )

Time Jiows 1025 hoas lioss |llos | (119
Feed Rate, #/min. 3 3 3 3 3 3 )
Moisture, wt % (in/out) "

Material Temp, °F (in/out) ‘1‘:3%7 ‘?'”T%q 08 /24 {1055, | 1244
Air Temp, °F (in/out) 77/ 71/ 177/ 77 i3 7204 177 fg
Pitot Temperature, °F 95 o9 1% N 1n3
Pitot Tube, In. W.C. db ol L 0 7S
ACFM a% Pitot - . LR 1l F23+ | ang
ACFM leaving Cooler . 415 1 26 ] 498 1acs
LFM leaving Cooler 339 1 w3q | 30 | 3
Cyclonea P, In. W.C. 1.4 .5 AT {1,458
Scrubber AP, In. ¥W.C. '

Quantity Fed, lbs. . |68
Cooler Product, 1bs. 1067

Cyclone Product, 1lts. 7.7

Cooler Retention, lbs. 29.8

Cyclone Retention, 1bsa. 1.2

Total Recovered, 1bs. 1649

Feeo HoopDuer, Les | 19.5

Bulk Density, #/ft?

Angle of Repose

PRy LA 8 kP2t o s 10ft

AMPIENT AR TEmp e = 7%q

T 2eporn P17 @ \pdo

FEEp PLuaoeD @ 1no

LARGE PRopucT 16 AZ21{0'F:  PRoDUCT N A is 7T €@ WeS

AN ALLIS.CHALMEIRS SUBSIDIARY 'J&Z’
.



STANSTEEL CORPORATION

. £3
ALUS-CHALMERS

S001 BOUTH BOYLE AVENUE » LOS ANGELES, CALIFORNIA 90030 / 213.585-1231

PROCESS LABORATORY DATA SHEET

JoB No._ 1813 - _ CUSTOMER Ctéveriud cuess IDENTIFICATION
TEST NO.___4 DATE_6-257 | MATERTALferogyen Ou Come
INVESTIGATOR_ (s JR OBSERVER__ &u
UNIT CHARACTERISTICS: ,
PILOT COOLER SIzE: 54 ¥8’ ___ SHELL séEED, rPM_lo
, FLOW_(0uNTe £ (ORRENT PITCH, In./Ft._ 7%
DISCHARGE END DAM HEIGHT, In.plone OTHER_DPysp <205 =34 piwch
) ' AR : :
_Time - Ps 1o 1120 D3 {140 | 19n
Feed Rate, #/min. 3 3 % 7 3 2
Moisture, wt % (in/out) o : o
Material Temp, °F (infout)] = [P/4 |04, [Hug, 46, |44,
Air Temp, °F (in/out) 8o/ |e6/np 186 4n 1854 | 4
Pitot Temperature, °F i o o —?‘3 na
Pitot Tube, In. W.C. B IR NyR H ]
ACFIM at Pitot 211 149 ag
ACF#M leaving Ccocoler , R I3, 2o i
LFM leaving Cooler ' 159 o s 1245 i
Cyclonea P, In. W.C. : 12 L1 12 | [ |
Scrubber AP, In. W.C.
Quantity Fed, 1bs. . 1169
Cooler Product, lbs. 106.8
Cyclone Product, 1bs. 1 77 ;
Cooler Retention, 1bs. 255 %
Cyclone Retention, lbs. A
Total Recovered, 1bs. CHea A
Feep'Hoop, Les. | 18.8 DRYER RyT,= p.2t

Bulk, Density, #/ft° {ooLeR PRoduct = 61 %er

Angle of Repose -

5 %%
AMBIENT Aip Tepg b%s 44

PRoDUCT 1n Parp 16 R2E B 150

A Few LAREE foclS AS HieH AS 14O'F

AN ALLIB.CHALMERS BUBEIDIARY

- 353 -



STANSTEEL CORPORATION

ALLIS-CHALMERS . L
SO0t SOUTH BOYLE AVENUE o LOS ANGELES, CALIFORNIA $00%8 / 213-583.1231

. . PROCESS LABORATORY DATA SHEET
JoB No._ [B13 -  QUSTOMERICYErAmm Curfs IDENTIFICATION

TEST NO._ > DATE Z-3-737 . MATERIAL PcTopTed 0w Shaie
INVESTIGATOR G TR OBSERVER __ & H
UNIT CHARACTERISTZCS: _
PILOT COOLER SIZE:s !S'd x&’ | SHELL SPEED, RPM 0
, FLOW _lounténcullsar PITCH, In./Ft. /2

‘* DISCHARGE END DAM HEIGHT, In._topz  OTHERBRYER suséc: % Rrm-10

. Time ' ‘74g Zoo . A
Feed Rate, #/min. o oo ' ' ‘ "

Moisture, wt % (in/out)

Material Temp, °F fin/out)|“*®/  [|*3/%,

Air Temp, °F (in/out) /70 |70/ 52

Pitot Temperature, °F 70 a5

Pitot Tube, In., W.C. O e

ACFN at Pitot , 4 T3 L
ACFM leaving Coocler &1 15

LFM leaving Cooler a9 | 234G

Cyclone A P, In. W.C. \. 4 V.5

Scrubber A‘P' Ina Y{.C-

Quantity Fed, 1lbs. . 75

Cooler Froduct, 1lbs. 449.5
Cyclone Product, 1lbs. 104

Cooler Retention, 1lbs. 213,7 (Lucwos; Feen Hoop )

Cyclone Retention, 1bs. j

Total Recovered, 1bs. 736

Bulk Density, #/ft°

Angle of Repose -

Cf'3 A _fl\,,{'- f " ATV Az Nl

Lo. ) (=l da 800 Took Odento] )
. ‘ Y .

A

AN ALLIB.CHALMERS SUASIOCIARY
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STANSTEEL CORPORATION

8001 SOUTH BOYLE AVENUE « LOS ANGELES, CAL"‘ORNIA 90038 / 213.505.1231

PROCESS LABORATORY DATA SHEET

ALLIS-CHALMERS

Jos No.__ 1813 - | CUSTOMER_CMNCrawy sv.re  IDENTIFICATION
TEST NO.__ 7, DATE__ 4571 ‘ - MATERIALRenercy Ow Cuape
INVESTIGATOR_G (g 3 1L OBSERVER_5.¢ .
UNIT CHARACTERISTICSs :
. _ ; ' .
PILOT COOLER SIZE: 157¢ x8 SHELL SPEED, RemM_[D
. FLOW_Countifenills i PITCH, In./Ft._ Y A
* DISCHARGE END DAM HEIGHT, In._UAnE_ OTHERDIyER Sioff:¥ pomz In_
Time 1865 9101320 1930 |940 |950
Feed Rate, #/min. A 4. A 4 4 4

Moisture, wt % (in/out)

Material Temp, °F (infout){31¥ PSe g 14594 390/ | 504, |49

Air Temp, °F (in/out) i AR I VA o KL,
Pitot Temperature, °F 94 n 1y 114 177
Pitot Tube, In. W.C, i) JN B )3 o) 2 22 |
ACFN at Pitot " Ho 1 | aas [dag
ACFM leaving Cooler . A ogqa P éna 4 drg Pz 1 20g
LFM leaving Cooler 245 | 350 yue |y | 247
Cyclonea P, In. W.C. - - | |5 1.5 ns 1.5 1.5 K

Scrubber AP, In. W.C.

Quantity Fed, 1lbs. . pRIA

Cooler Product, lbs. I
Cyclone Product, 1bs. 8
Cooler Retention, lbs. 218
Cyclone Retention, 1bs. A
Total Recovered, 1bs. 200,
FEED Woop , ths | 43, Woyelt ReTt 209
Bulk Density, #/ft® Cooten Diaoner = b0 tyctong = Gnb

Angle of Repose

hmp.:rm— A Tt mp DQ/W?{ = 7'/:.!:'

PROPUCT N - Caw 15 THF @ 9:50

PRODYCT Tomp: of CHUNKS APPEAdcy  100°F

AN ALLIBS-CHALMERS SUNSIDIARY
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STARISTEEL CORPORATION

AlUS-CHALMERS

PROCESS LABORATORY DATA SHEET

i

BO0Y BOUTH BOYLE AVENUE « LOS ANGELES, C‘ALI'OHNIA 90038 / 213.8e3-1238 -

JOB NO._1813 - CUSTOMER_Cuevirano Cures IDENTIFICATION
TEST NO._77 DATE__ £-3-77 - MATERTAL DcToRyep Olt Susis
INVESTIGATOR_Cip 70 OBSERVER__iv :

UNIT CHARACTERISTICS: .

PILOT COOLER' S12E: 15"0 x8' ' SHELL SPEED, RPM_ IO

FIOW (ounTeRenddz. g ° PITCH, In./Ft. )&

'
* DISCHARGE END DAM HEIGHT, In.sonE  OTHERLLy(RSwepes 32 Frw=lo

. Time 1030 ) into | 1050 {1100 |10
Feed Rate, #/min. A A 4 4. 4
Moisture, wt % (in/out) :

Matérial Temp, °F (in/out) 395 4o [3%4q |18, |V 4,
Air Temp, °F (in/out) TVar | o | 370 | Ty
Pitot Temperature, °F gqq 96 | V'p 1o
Pitot Tube, In. W.C. = 453V 5L L5y
ACFM at Pitot S50 | L ] 57

ACFH leaving Cooler 45 | £a1 457

LFM leaving Cooler E1R e 535
-CycloneaA P, In. W.C, uE 2.3 3.5 { 33

" Serubber AP, In. W.C.

Quantity Fed, 1bs. ‘ A

Cooler Product, lbs. 63

Cyclone Product, lbs. Aied

Cooler Retention, 1lbs. 0.8

Cyclone Retention, 1bs. 1,0

Total Recovered, 1bs. 1599

Feen Hoon the - 214 rveen 1247 26,5 _

Bulk Density, #/ft" (0otF R Provuet = 590 rYUnn = 61, 9%k

-

Angle of Repose :

4/~f’-‘.’NT A Trr-,sp A;';:.«.-x I(/.'Qq

i Eﬂﬁb\i(rr 1 Pany !5‘2?4,4-;: ~ \Mo' '

LARCER Locké P To YWS'E _
PHW“O . AN ALLIB-CHALMCAS SUBSIOIARY
o - - 356 -
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AIR IN COOL

RGE OF COOLER
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ExnienT A
Report

Prepared For Mr Ed s . . WEST
. imonian - : 4
Stansteel Corporation : %géﬁ? i;\.gC AL
5001 South Boyle Avenue ‘ :
Vernon, CA 90058 . ‘ SERVICE
Date ) Job No. INC'

June 17, 1977 13003 . 17605 Fabrica Way, Suite D
PO. No. Cerritos, Calitornia 90701
28702 ’ ‘ o ’ _ 213/921-8831

714/523-9200

Your sample of extracted oil shale was received in our
laboratory on June 3, 1977 for the determination of heat
capa01ty from 100 - 400°F. '

The sample was analyzed by dlfferentlal scannlng calorlmetry
with the follow:Lng results. .

o (OF) : : - Cp (Btu/lb/OF)

100 o 0.269

150. . ' + 0.280

200 L 7 0.286 R
250 7 S 0.290 o B
300 N .- 0,289 '

350 : S0, 0,287

400 - 0,290

If we can be of any further serv:Lce ; please do not hes:r.tate
- te contact us. .

Respectfully submitted,

L. i '.
Dw::@lsher Ph D.

HDF/kd

- 359 -

“Yhis report partaing only to the samples investigated and does nol necessarily apply to othar apparontly ldenhcal or similar materiais. This raport Is submitted for the ex-
~hisivo usa of the client 10 whom it is addressad. Any raproduction of this 19poit oF use of this Laboratory's name for adverlising of BUbEeItY BUTHOSHRE wilhout writtan



EXHIBIT B
f s e e

RETORTED OIL SHALE DATA
. SUPPLIED BY CLEVELAND CLIFFS

QEEﬁICAL COMPOSITION:

39% Si0g
6% 51203
3% Fey O3

14% Cao
9% Mg 0
3% S0,

| 2% Na,0
7% K50
3% Ca

- Approx  20% Unknown

o ' BTU
SPECIFIC HFAT: 2 - .26 Fop
Particle distribution ~ 100% minus 2-1/2"
96% " 1-1/2"
767 ¢ 374"
53% 1] . 3/8"
40% # 4
38% - # 8
35% - #16
30% #30
25% #50
20% #100-
17% #200
15% #325

- 360 -



‘o‘“ PR —- - CXH“:)‘T (_, ‘ B [XENTIR W]

t {’ l -S"'”‘ PURCHASE ORDER 6 TR e e L

THE CLEVELAND-CLIFFS IRON COMPANY oroeano. - WD-77149

pate  May 16, 1977

PAL il

. . REQ. NO.
Stanstcel Corporation ‘

. 5001 Boyle Avenue VENDOR
" Llos Angeles, Califormia 20058 ‘ NO.
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APPENDIX G

SIEVE ANATYSES
CHEN & ASSOCTATES

&
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THE CLEVELAND-CLIFFS IRON COMPANY — WESTERN DIVISION, RIFLE, COLORADO 81850
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Chien ana assgciaes, igc.

CONSULTING ENGINEERS

UHDATIOHN 96 5. ZUN! ¢ DENVER, COLORADO 80222 . 303/744-7108
1924 EAST FIRST STREET - CASPER. WYOMING 82601 -« 307/234.2138

Mey 13, 1977

Subject: Agcregate Testing, Retorted 01l
' Shale from Anvil Points, Garfield
County, Colorado.

Job No. 14,583

The Cleveland-Cliffs lron Company
P. 0. Box 1211
Rifle, Colorade 81650

Attention: Mr. Robert A. Helsler
Gentlemen:

As requested, we tested a sample of retorted oil shale on May 10,
1977. One approximately 1C0-pound sample was submitted to our office
on May 3, 1977. The sample was spiit with one-half returned to your
office. The remaining sample was divided Into 6 samples, of which
3 were tested for gradation and hydrometer analysis in accerdance with
ASTM procedures. The results are as follows:

% Passing % Passing % Passing

Sleve Size Sample #1 Sample #2 Sample #3
3 100.0 i00.0¢ 100.0
LR 92.2 56.8 893.7
374 62.6 75.6 55.9
3/8 42.2 54,2 35.9
#h 33.5 Li 4 26.7
#8 33,3 Ly, 0 26,5
#16 32.5 43,5 26.0
#30 31.5 42.6 25.4
#50 30.2 40.8 2L 4
#1060 28.6 38,5 23.4
#200 26.7 36.0 22.2
. 005 mm 2.7 3.7 i.8
002 mm 1.7 1.6 1.0

Calculations of the percentage passing the .074 mm was based on an
average specific gravity of 2.65.

We have plotted the test results as shown on the attached figures
to allow determination of percentage passing different sieve slzes.
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The Cleveland=Cl1iffs lron Company
May 13, 1977
Page 2

We will be available for testing of the remaining samples upon
notification.

if you have any further questions, please call.
Very truly yvours,

CHEN AND ASSQ S, INC.
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chen and associates, inc.
CONSULTING ENGINEERS

96 §. ZUNI ? DENVER, COLORADO 82223 ° 303/744-7105
1024 EAST FIRSY STREET - CASPER, WYOMING 82807 - 307/234-2128

June 7, 1977
Subject: Gradation Tests, Retorted 0il
Shale from Anvil Polnts, Gar-

field County, Colerado,

Job %o, 14,583

The Cleveland-C11¢fs lron Company
B. G. Bex 1211
£ifie, Colorado 81650

Artention: HMr. Robert A, Helsler

P

Gentlemen:

Ve are forwarding the test results for th@ sleve and hydraulic anal
for specimens of retorted ofl shale Hos. 4 and 5. We previously submitte
the test resudts for Specimens Ho, 1, 2 and 3 in our letter dated May 13,
1577, The results for Specimens & and 5 are as follows:

Sieve Size : Specimen #4 Specimen £5
3¢ 100% 1005
R 943 52%
3744 66% 53%
3/8" 4% ‘ 36%
#4 37% 295
#6 37% 23%
#16 36% 2
#30 3% 285
#50 3% 23%
#100 29% 20%
#20 26% 18%

005 rm 2% 2%
.QO? mr 0.6% 3.6%

Calculation of the percentage passing the Ho. 200 screen was based
on an average speclflc gravity of 2,65,

We have plotied the test results and Included a copy on the attached
figures.
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chen and associates, inc.
CONSULTING ENGIN E ERS

SOIL & FCUKDATION 96 S. ZUNI + . DENVER, COLORADO 80223 . 303/744-71058
ENGINEERING 1924 EAST FIRST STREET « CASPER, WYOMING 82801 + 307/234-2126

June 22, 1977

Subject: Aggregate Testing,' Retorted 0il
Shale from Anvil Polnts, Garfield
County, Colorado.

Job No. 14,583

The Cleveland-Cliffs lron Company
P.0. Box 1211
Rifle, Colorado 81650

Attention: Mr. Robert A. Heisier
Gentlemen:

As requested, we performed gradation analysis on three samples of
Retorted 0il Shale submitted to our office. Samples from runs 3 and 4
were tested for gradation above the #200 screen only and Sample #3 from
the cyclone product was subjected to hydrometer test only. The results
are as follows:

% Passing % Passing % Passing
Run #3 Run #4 Sample #3
Sleve Size Cooler Product Product Cyclone Product
3 100.0 100.0
1% 92.0 96.0
3/k 63.0 64.0
3/8 k.0 40.0
#h 28.0 27.0
#3 22.0 \ 22.0
#16 11.0 19.0
#30 L.o 11.0
#50 2.4 9.0
#100 1.9 9.0
#200 1.7 9.0 95
.005 mm i 84.0
.002 mm ' 5.0

Calculations of the percentage passing the .074 mm was based on an
average specific gravity of 2.65.

We have plotted the test results as shown on the attached flgures
to allow determination of percentage passing different sieve sizes.
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The Cleveland-Cliffs Iron Company

June 22, 1877
Page 2

If we can be of additional.service, please call,

‘“\“ﬁ
L] 3‘0 [} E:

e s, Sincerely,

CHEN AND ASSOCIATES, INC.
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Rev, By: D.E.B. "
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CHEN AND ASSOCIATES
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CHEN AND ASSOCIATES

Corsulting Soll and Foundation Engineers
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