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FOREWORD 

This report was prepared by The Cleveland-Cliffs Iron Company, 
Westem Division, P.O. Box 1211, Rifle, Colorado 81650 tmder U. S. Bureau 
of Mines Contract No. J0265052. The contract was initiated tmder the 
Bureau of Mines Program for Advancing Mining Teclmo1ogy--Oi1 Shale. It 
was administered tmder the teclmica1 direction of the U. S. Bureau of 
Mines, Spokane Mining Research Center, with Mr. Jolm R. M. Hill acting 
as the Teclmica1 Project Officer. Mr. David J. Askin was the contract 
administrator for the Bureau of Mines. 

This report is a swmary 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 tmderstanding and does not ~ly endorsement 
by the U. S. Bureau of Mines. 
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EXECUI'IVE SUMMARY 

The objective of this Cantract was ta detennine the most desirable 
systems far the 1ID.dergra1ID.d disposal .of retarted oil shale from the Paraha 
retarting pracess based on the mining methads mast likely ta be emplayed in 
the deeper ail shale deposits. Two mining methads, chamber and pillar mining 
and sublevel staping, were specified far backfilling. A deep 1ID.dergra1ID.d 
mine in the central part .of the Picea:hce Creek Basin .of narthw-estem Calarada 
was assumed far this study. 

The cantract work was divided inta twa separate phases. Phase I 
invalved the investigation of several backfilling methads and the selection 
of the most· feasible methods far more detailed study. Phase I activities 
and results are described in Section 7.0 .of this repart. Three basic methads 
far transporting and stawing retorted shale were studied individually and 
in combinations .of two .or three to determi.rte the most desirable system far 
the prescribed mining methads. Hydraulic, pneunatic, and mechanical (belt 
canveyars and trucks) methads were studied. Limited laboratory wark was 
done ta detennine the physical and chemical characteristics .of hydraulically 
transpartedretarted 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, canveyor transparting and stowing 
was selected as the most feasible undergraund disposal methad. The principal 
advantages .of the canveyar transpart and stowing methad, when campared ta 
the ather systems studied, are as fallows: 

~ Highest fill density 
o Most retarted shale stawed undergraund 
o Greatest increase in patential resaurce recavery 
o Highest potential strength for pillar suppart 
o Least surface disruptian 
o Lowest ground water cantamination potential 
o Least environmental degradation 
o Lawest· manpawer reqUire:nents 
o Lawest energy requirements 
o Lowest capital and .operating casts 
o Safest system 

The main . disadvantages· .of the conveyar transparting and stowing 
methad are dependence Upan a single canveyar and system routing is in­
flexible.· 

Hydraulic transpart and stowing causes severe degradation .of re­
tarted shale. Resulting slimes must be remOved if any degree .of dewatering 
is ta be achieved, and their dispasal on the surface may be more adverse 
environmentally than tatal surface dispasal .of retarted shale. In additian, 
water reqUire:nents are high. 
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Pneumatic transport is inefficient and requires excessive amounts 
of energy to move the material. Equipment require:nents and operating con­
ditions are extre:ne. 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: 

o Cooling facilities to reduce retorted shale 
temperature from400or to lOOor prior to 
placing it in the mine. 

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

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

o Underground conveyor network for dis­
tributing the retorted" shale from the 
borehole to the baCkfilling areaS. 

o BaCkfilling facilities and equipment for 
the actual placement of retorted shale 
in the mined-out chambers and stopes. 

o Dust control and enVironmental monitoring 
systems for the entire baCkfilling operation. 

o Surface disposal facilities for that portion 
of the retorted shale that cannot 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 detennine the mass flow and 
cooling characteristics of the retorted shale. An engineering economic 
analysis was done for the selected systeffiwith 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 oil pricing were outside the Scope of Work for the contract. 
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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 envirornnenta1 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 thirmer 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 deterinined under conditions more 
closely approximating expected field conditions. The effects of retorting 
temperature on the self-cementing properties of retorted shale ~ant 
additional work. The BureaU of Mines haS awarded Contract No. J0285001, 
"Natural Cementation of Retorted Oil Shale," for investigation of this 
property. 

Modified in situ retorting facilities will, in most cases, employ 
surface retorts for processing the oil shale mined to provide expansion 
space for rubb1ization. The retorted shale from these surface retorts 
could be disposed of in the depleted in situ retorts. However, the concept 
is new and untested. Both the technical feaSibility and the economic ram­
ifications of such a disposal system rrust 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 INI'RODUCI'ION 

This report presents the results of a two-phase contract study of tmder­
grotmd 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 tmder Phase I of the contract began in July 1976 and was com­
pleted in February 1977 with an Intertm 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 tmdergrotmd 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 tmdergrotmd retorted shale disposal. Laboratory 
work included a determination of physical and chemical characteristics of hy­
draulically transported shale and the effects of ce:nenting 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 tmdergrotmd backfilling 
methods selected in Phase I were studied further for detailed engineering 
analysis and syste:n design. Equipment· and operating costs were refined and 
an engineerlng ecOnomic analysis 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 discotmted cash flaw 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 detennine the mass flow and 
thennal characteristics of the retorted' shale.' 
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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 
detenninations 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 about 4000 F (14)*. The 
size of the material varies from approximately 2-l/2-inch-diameter:tragments 
to extremely fine silt, as shown in Table 2:1.1-1. 

Screen Size 

3" 
1-1/2" 
3/4" 
3/8" 
4M 
8M 

16M 
30M 
50M 

100M 
200M 
325M 

TABIE 2.1.1-1 

SCREEN ANALYSIS 

RETORTED SHALE FROM RETORT 

100 - 100 
96 - 96 
76 - 77 
48 - 57 
34 - 45 
32 - 44 
29 - 43 
24 - 37 
18 - 33 
15 - 27 
13 - 22 
12 - 21 

M = u. S. Standard Sieve 

100 - 100 
88 - 97 
64 - 76 
36 - 54 
27 - 44 
27 - 44 
26 - 44 
25 - 43 
23 - 41 
20 - 39 
18 - 36 
13 - 23 

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 potmds to 75 potmds per cubic foot 
(13). Seventy potmds per cubic foot is a representative value for the· 
material used in this report (14). 

*(14) Designates reference listed in Section 10.1. 
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2.1.2 Physical Conditions: 

The site selected for this study is the same as for the 
proposed Bureau of Mines deep tmdergrotmd 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 Fonnation. Two aquifers are anticipated above the back­
filling levels. The ambient temperature at a depth of 2, 000 feet, as taken 
fram the log of the shaft pilot hole,· will range fram 900F to 1000F (12). 
Surface te:nperatures range fram -40oF to 900F with an average armua1 temper­
ature of 40~ (1). 

2.2 Economic Parameters: 

2.2.1 Capital and Operating Costs: 

All capital and operating costs are based on current 1977 
dollars. Discotmting 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 conmon to most energy-related impact areas. 

All equipment and manpower are assumed to be used solely 
for disposal operations. No atte:Iipt has been made to place a dollar value 
ort the enVironmental effects of surface disruption resulting fram surface 
disposal of retorted oil shale. 

2.3 Basic Assumptions: 

2.3.1 Production Parameters: 

Amine-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 selli-works version of this retort. An adequate number of 
retorts will be available to pennit 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 detennining the anntmt of material to be transported, 
it has been assumed that the retorted shale Will contain five percent re­
sidual moisture resulting from cooling and dust suppression processes. The 
amDtmt of moist, retorted shale for disposal is calculated as follows: 

Tons/Day = 50,000 bb1 x 42 gal x ton x __ 1 x 0.82 x 1.05 = 67,974 
day bb1 28 gal 0.95 

Use: 68, 000 tons per day material to disposal system. 
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Surplus retorted shale that cannot be placed mldergrmmd 
must be disposed of on the surface. This surplus material is the result 
of the t:ime 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
j ection of fine raw shale prior to retorting. The fines rej ected represent 
approximately 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 mlciergromld disposal of retorted oil shale are being 
developed. The methods were specified in the contract for this study and 
both are Bmen.a.b1e 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 nonna1 to the main entries, are en:'" 
1arged into chambers by fan drilling and blasting. The maj or 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 !lID 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 !lID 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 I1ID trave1way mlti1 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 envirornnent requires that rrultip1e headings 
must be driven in pairs with connecting 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· running 
behind the chambers. These drifts will provide access and ventilation for 
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the baCkfilling operation. A final ventilation crosscut will connect 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 IRD entry to intersect the crosscut that joins the ends of the ring­
drilling drifts at the front of each chamber. The raise will provide b1ast­
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 asyrrmefrica1 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 IRD I 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 maxi.nnJm resource extraction and will require that 
chambers be mined in an alternating sequence. Intennediate 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 sys te:n , since it can be 
modified in a number of ways to suit varying geologic 
or economic conditions. 

2. It pennits 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 liJecha:i1izati6n 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 grolIDd control in a sublevel stoping syste:n. However, 
when compared to sublevel stoping with full subsidence,· it results in a 
reduced total resource recovery due to unminedpillars (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 stopesWhich 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 LHD drifts and an exhaust entry at the floor level of the stopes. 
From eaCh LHD drift, loading crosscuts will be driven to connect 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 LHD drifts, loading crosscuts, and exhaust entry will be roof bolted. 

2.4.2.2 Sublevel Development: 

One or more sublevels, driven at approximately 
lOO-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 bOlIDdary of each stope. The drifts will extend 
the full length of the stope and will require ventilation crosscuts on 
approximately lOO-foot centers to connect 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 
b1astho1e 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 sublevel to prevent muck from filling 
the stope floor drift. Following backfilling of two alternate mined~out 
st6pes, the intennediate stope will be mined and subsequently backfilled. 
The muck is loaded from the loading crosscuts and the loaders 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 eliminating the sill 
pillars. 
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2. After stope development is completed, large tormages 
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 grotmd control is possible. 

5. A high degree of mechanization can be employed. 

6. FrB.0Jl.eIltation is adeqUate, especially with the 
use of delay detonators. 

7. Backfilling irnprovesboth extraction ratio and 
grotmd control and provides a means of tmdergrotmd 
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 urnnined pillars that 
are left for support. 

3. The surrotmding rock must be structurally stable to 
prevent premature grotmd move:nent as stoping progresses. 
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3.0 DESCRIPTION OF SELECIED METHODS 

The three general methods stipulated in the Contract for transporting to 
and stowing retorted oil shale in tmdergrotmd disposal areas are hydraulic, 
mechanical, and pneumatic. These methods were investigated in sufficient 
depth to rank the teclmical and operating feasibilities, relative costs, and 
environmental 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 tmdergrotmd that is compatible with the stip­
ulated mining methods. 

Since retorted shale will leave the retort at about 400~ and the am­
bient mine temperature will be approximately 950 F, the retorted shale nrust 
be cooled prior to placement. A surface cooling facility will be an integral 
part of each tmdergrotmd transport method. 

A large diameter vertical borehole was chosen for transporting the re­
torted shale from the surface to the tmdergrotmd 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 tmdergrotmd 
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 thennal stresses. These 
concerns are valid and are being investigatedtmder other USBM contracts. 
However, temperatures high enough to affect physical rock characteristics 
will create far more severe environmental problems within the mine. 

The ambient rock temperature at the planned mining depth is about 
950 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 therinal stress in the pillars. 

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

follows: 

3.1.1 Cooling Methods and Design Parameters: 

Major factors adversely affecting cooling efforts are as 

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 4000 F and 100oF. The 
results of the tests provided the following parameters which were used in 
the design of the cooling tmits. 

Specific heat capacity: 0.28 BTU/LB/OF 

Cooler retention time: 8 Minutes 

Air velocity at cooler exits: SOO 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 
cotmter 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. S 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 tmits, each tmit being 17 feet in diameter and 90 feet long. Each 
tmit requires

c 

a 2S0-horsepower drive Unit, a cyclone system, which consists 
of four 84-inch-diameter cyclones in a cluster, a baghouse, and a SOO-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. 
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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. 'TIlese pipes carry the cotmter 
current flow of cooling water which provides indirect water cooling. 'TIle 
water pipes also provide for the mixing and cascading of the material as it 
passes through the cooler. 'TIle flow of cooling air is drawn through the 
cooler in a cotmter 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 tmit is required. 'TIle 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 flaws 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 
tmit 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. Th.is water totally evaporates 
into the cooling airflow and is not recoverable. Total water loss per cooling 
tmit is 100 gallons per minute. 'TIlerefore, the total volume of required makeup 
water for the entire cooling system, which is made up of eight individual cooling 
tmits, is 800 gallons per minute. Each tmit is 17 feet in diameter by 145 feet 
long and includes two 400-horsepower-ratedmain-drive tmits, 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 compiexity (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 Alterilate #2. 'TIle difference between the 
two is in the dust collection system. 
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Instead of baghouses as in Alternates 11=1 and 1/: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 11=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 tmdergrotmd backfilling level. In an emergency situation, 
the cooled shale can be routed to the surface disposal area. The general 
surface conveyor layout is shawn 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 tmit 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 
$ x 106 Rank 

1f1 Air Swept Rotary 

1f2 Air Swept Rotary-Water Tube . 

1f3 Air Swept Rotary-Water Tube 
and Scrubber 

43.0 

16.0 

15.3 

TABLE 3.1.2-4 

. COOLING SYSTEM 

FINAL SElECTION 

Subjective Objective 

2.81 

1.05 

1.00 

Operating Costs 
$/Ton Rank 

0.3857 1.87 

0.2061 1.00 

0.2221 1.08 

Technical Technical Capital Operating Final 
Alternative Ana1~sis Analysis Costs Costs Total Rank 

"RI=6 RI=3 RI=3 RI=l 

1f1 7.62 3.18 8.43 1.87 21.10 1.60 

1f2 6.00 3.00 3.15 1.00 13.15 1.00 

1f3 6.12 4.83 3.00 1.08 15.03 1.14 
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SURFACE DISPOSAL 
-FROM RETORT LOADOUT BIN , 

SURFACE DISPOSAL CONVEYOR 

- ... 
72" BELT 

- - f 

CY C LON E --4&-If::: I 
- -

" 111--48" BELT I II~ II 
t -

BAGHOUSE I II, 
FANS- II 

- -
48" BELT" : I 

6=.. - ~-¢ ------------------------------------------------------

COOLING TOWER 

GENERAL IAYOUT 

COOLING FACILITY AND SllRFACE CONVEYOR 

FIGURE 3.l.2-1 
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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 ISO-horsepower wotmd 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 400oF, 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 400OF. 

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 wotmd-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 Individual 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 
fram the splitter chutes to the rotary coolers and will be hooded to minimize 
dusting. All pulleys will be 12 inches in diameter 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. 

- 38 -



A 10-horsepower squirrel~cage electric motor will 
drive the conveyor. The drive pulley will tum 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 200DF. 

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. Each 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 conmon 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 Emergency 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 l6-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 Feed 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 te:uperature Goodyear P1y10n Style B Hot Material Belting will be 
used. The conveyor discharge and borehole opening will be enclosed and 
connected 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 fram 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 
fram 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-diarneterboreho1e was designed to transport 
the retorted oil shale from the surface to the baCkfilling levels. The 
bottam 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 f01m.d in Appendix E. 

TABlE 3.2.1-1 

SIZE ANALYSIS OF RETORTED OIL SHALE SAMPlE FOR FIlM 'IESTS 
(Preparea Sample) 

SieVe Size· 

8M 
16 M 
30 M 
50 M 

100 M 
200 M 
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79.7 
62.1 
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39.1 
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1) Flow of solids neglecting the gaseous phase: 

The flow fml.ction along with the wall frictional 
and adhesive properties allow the determination 
of mass flow hopper configurations and minim.m 
outlet sizes for flow without arching. 

Test results indicate a minim.m outlet diameter 
for mass flow of 1.3 feet and maximum hopger 
wall· slope angles from the vertical of 19 and 
300 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 tmder 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 amotmt 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 
ftmction of the effective head of solid. 
The £mIction 

y = f(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 ftmction of the bulk 
density of the solid. A combination of 
the results of these tests with the tests 
of compressibility yields the following 
constants: 

Os = 0 0 = 0.114 psf 

Os = solids pressure below which theory 
does not apply 
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TABlE 3.2.1-3 

FRICTION TEST RESULTS FOR VARIOUS WAIL MATERIAlS AND MAXIMUM RECOMMENDED 
HOPPER ANGlES (measured· frcim tne vertical) FOR MASS FLOW 

RETORTED OIL SHALE 

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 

~ I 31 26 24 23 23 22 

Carbon Steel ec 8 15 18 19 19 20 
(Continuous Flow) 

ep 18 25 28 29 30 30 

~' 31 26 24 23 23 22 

Carbon Steel ec 8 15 18 19 19 20 
(4 day time test) 

ep 18 25 28 29 30 30 

~' 18 18 18 18 18 18 

304 - 2B finish ec 25 25 25 25 25 25 
Stainless Steel 
(Continuous Flow) ep 36 36 36 36 36 36 

<p' 18 18 18 18 18 18 

304 - 2B finish ec 25 25 25 25 25 25 
Stainless Steel 
(4 day time test) ep 36 36 36 36 36 36 

- 43 -
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s = 0.0289 

Uo = 0.00437 feet per second 

y = 60.0 pcf 
o 

n = -7.88 

(Go' S, uO'Yo ' n - experimentally determined 
constants) 

(c) Surface density is defined as the lowest 
density at which the solid forms a distinct 
surface.· This density was measured at 
Ys = 60 pcf. 

(d) 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 
undergrOlIDd 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 unifonn and controlled, it 
is necessary that: 

a) 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, 1. e., all 
the material must be in motion whenever 
any of it is withdrawn. 

b) 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 intennittent with arching 
followed by flushing and flooding of the 
belt. 

c) The area of the outlets must be sufficiently 
large to assure unobstructed flow at the 
specified rate. 
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d) The clmte 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 (penneable) solids pulsate more,· fine (~enneable) 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 carmot 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 fonD. 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 layout 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 clmtes have pivoted skirts to pennit 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 carmot lead to unifonD. deaeration, 
the proposed hopper design aims at the prevention of gross nonunifonnities. 
In addition, hopper ring-expansions 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 so lids 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 1IDcertainties 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 
1IDifonn 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 
1IDtil the plug is cleared. It is itrperative 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 1IDdergro1IDd. 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: 

S~le-Level Operation: Initial filling of the 
borehole will proceed at a ~ charging rate in order to minimize itrpact 
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 nonnal 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 aI001IDt of air entrained into the 
borehole depends on the bulk density 
of the retorted shale at the surface 
of the borehole.· That density cannot 
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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 amotmt 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 P2 at 
any required level between 10 and 12 
psia. 

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 nomal rate of borehole flow when 
the emergency ends. 

MUltilevel Qperations: 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 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 corrmencing backfilling operations at the higher level, the top of 
the hopper would be connected 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 tnldergrmm.d 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 lO-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 alann 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, 350 offset~roll troughing idlers motnlted 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 min:imJm tension rating of 420 potnlds per 
inch width. Special compotnlds capable of handling material at temperatures 
up to 200er 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 srnallerphysical 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 nonnal 
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 350 equal-roll troughing idlers. Carrying idlers will be IDOtnlted 
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 tnlit 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 s;;gported 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 IS-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 simultaneously. 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-diameterby 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 perfonnance 
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. Each 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 mmmted to the roof every 300 feet. 

These main line pane1~to-pane1 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 tande:n drive pulleys will be lagged with one-ha1f­
inch-thick vulcanized 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 pennanent 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 being 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 imnediate1y 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 indivdua1 piggybacks will be utilized for supporting the main 
panel belt to keep extension downtime to a min:im.:o:n. 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 

MAIN LINE PANEL-TO-PANEL BELT SPECIFICATIONS 

Chamber & Pillar Sublevel Stoping 
System. System. 

Conveyor Length 2,050 ft. 1,850 ft. 

Head Pulley Diameter 48 in. 42 in. 

Tail Pulley Diameter 30 in. 24 in. 

Drive Pulley Diameter 48 in. 42 in. 

Power Unit 2 motors @ 250 hp each 2 motors @ 200 hp each 

Final Drive Rate 39 rpm 45 rpm 

Take-up Pulley Diameter 30 in. 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 ma.ximum length of 7,800 feet. The max:i.mum 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 ma.ximum 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 pane1-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-ha1f-inch-thick vul­
canized lagging with a herringbone groove pattern. The power unit will be 
a single 100-horsepower squirre1~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 intennediate 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 inain 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 running 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 :irrmediate1y 
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 inain 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 tmsupported 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 stmken areas will be filled to 
the desired level. 

An alterna.tive 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 top filling 
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 minim.mJ. 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 nonnal 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 maxim.mJ. tension rating of 315 potmds 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 
bel t, and an integral hopper and skirt boards to provide for even loading of 
the belt. The tail frame will be skid motmted 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 tmit will be crawler motmted so as to be self-advancing. As the 
stope fills, the crawler tmit will move forward onto the fill, thereby ex~ 
tending the belt line tmtil 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 inotor will be coupled with a speed reducer to produce a final 
drive rate of 120 rpm. A remotely located starter tmit will be used to 
control belt sequencing and slippage. 

An automatic-hydraulic belt storage mit will be 
used to hold excess belting in the system and to feed it out as the crawler 
mit advances. A mit designed to hold at least 270 feet of belting, pro­
viding 135 feet of advance,· ,vi11 be used. When the belt in the storage mit 
has been exhausted, the system will be shut down, another length of belt will 
be spliced into the line and extended to the storage mit, and operations 
will restnne. 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 
mit also will act as a take up mit, eliminating the need for any other ten~ 
sioning devices. In addition, it can be broken down into corq:>onent pieces 
for ease of relocation. 

The belt itself will be supported by wire rope. 
Support stands will be floor IIlOmted on 10-foot centers and tensioning 
anchors will be installed every 300 feet. The rope will carry 350 equal-roll 
troughing idlers spaced on five-foot centers. RetUrn idlers will be momted 
on the rope support stands. 

Self-propelled segffiented~tamping foot corq:>actors 
will be used in the chambers to compact the retorted shale to a denSity of 
90 pcf. The corq:>actors will be eqUipped with a dozer type blade for leveling 
the retorted shale into mifonn lifts prior to corq:>acting. 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 corq:>acting will be done . 
concurrently in a given chamber. Dust conditions may require that corq:>acting 
not be done during actual backfilling. 

3.4.2 Pneumatic Topfi11ing: 

An alternative to final topfi11ing by mechanically paCking 
the retorted shale to the roof is to place the final top fill pneumatically. 
Upon corq:>letion 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 topfi11ed). 
A pneumatic stowing system would then be installed to corq:>lete the topfi11ing. 
The discharge line would extend to the inby end of the chamber or stope and 
top filling would be accomplished by retreating toward the access entry as 
filling progresses. The in-place denSity for pneumatic topfi11ing will be 
about 80 pcf. 

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 l,400-horse­
power motor, and a 16-inch-diameter placement pipe and nozzle. A total of 
three imits, 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 am01mt of dust which 
will be partially alleviated by water inj ection near the discharge end of 
the pipeline. Although fugitive dust will be vented to the return air course, 
men will not be penmitted 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: 

1. Severe dust conditions 

2. Potential for ground-water saturation of fill 

3. High energy conslDIlption for stowing activity 

4. Large rn.mtber 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, environmental 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 perfonned on retorted oil shale from the Paraho 
semi -works retort (14). 

As can be seen from Table 3.5.1.1. -I, 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 maxim.nn 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 

C<l1PACTION TESTS - RETORTED OIL SHAlE 

PARAHO SEMI -WORKS RETORT 

Dry Density 
Compacted At 

Density Compacted 
At Air Dry 

co~action Effort Optim.nnMoisture . OptiniumMoisture . Moisture· 
Ft-Th/eu Ft) (%) (tb/eu Ft) (tb/eu 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 perine­
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 connection 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 perfonning 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 maxim.nn particle size of 
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0.5 inch, was used to simulate mechanical backfilling conditions. Results 
obtained from. laboratory tests on these materials are as follows: 

(1) Increasing moisture content from 
15 percent to 25 percent produced 
significant increases in compressive 
strength when portland cement is used. 

(2) With an eight-day cure,· a 5 to 1 
retorted· shale-cement· mixture pro­
duced a large increase 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. 

(3) 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: 

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): 

(1) Treat:ment with five percent hydrated 
lime promotes cementing, thus, in­
creasing compressive strength and 
decreaSing permeability rate. 

(2) Accelerated curing timespramote 
reactions of calcium and magnesium 
oxides· present in Paraho retorted 
shale, increaSing compressive strength 
from. 17 psi to 125 psi with a 28-day 
curing period at l25~. 

3.5.1.3 Summary: 

Compaction of stowed, retorted shale improves its 
strength and resistance to saturation by ground water, and increases· the 
amount that can be stored underground. Same self-cementing is possible when 
moisture is added prior to compaction. 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 amO'lmts 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 require:nen.ts by 110, 000 cfm for chamber and pillar mining and 
50,000 cfm for sublevel stoping. The ventilation syste:n IID.lSt be able to cope 
with increased amotmts of dust and noxious gases as well as higher hunidity 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 syste:n 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 planned for the backfilled areas to prevent the accumulation 
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 IID.lSt be 
exhausted through the nonnal 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 htmg from the roof during chamber development. The 
ventilation syste:n for a sublevel stope is sirnplifiedbecause 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 ternperature,· coupled with the intro­
duction of wann retorted shale into the mine, . may reqUire some type of air 
cooling syste:n to provide an acceptable Working enVironment. 

3.5.2.1 Noxious Gases: 

In addition to the potential presence of methane 
and hydrogen sulfide, othertmdesirable gases may be associated with an tmder­
grotmd backfilling operation using retorted oil shale. Diesel eqUipment used 
will contribute Varying amotmts of CO, NOx, nornnethane hydrocarbons, and par­
ticulate matter to the mine atmosphere. Retorted shale itself may contribute 
to the proble:n, especially if the ambient temperature of the stowed material 
is high. 

Spontaneous ignition, with the accompanying com­
bustion products, has been. reported Where hot (40QoF) shale has not been 
adequately compacted (15). Due to adverse environmental, 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 ammmt 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. Th.e NOx group may be monitored 
where mobile equipment is used. Th.e polycyclic aromatic hydrocarbon group is 
another type of material that may be monitored. :Many divergent opinions and 
findings have been presented on the occurrence of these materials in retorted 
oil shale and their carcinogenic hazard potential (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 tmtil 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 (§., 7). 

3.5.2.2 Dust: 

Retorted oil shale from the Paraho direct-heat-mode 
retort degrades easily when handled, so, tmless 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 tmder­
grotmd, 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 tmifonn application rate across the entire streain 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. Th.is 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 amotmt 
of time that the material will be on a conveyor, the material will begin to 
dry out and generate more dust. Th.us, another dust suppressant application 
point at the first transfer station will be necessary to apply a carry-over 
amotmt which will compensate for the additional moisture loss, and will ensure 
a relatively dust-free material through the remainder of the transport system 
to the backfilling area. 

Th.e Johnson-}1arch "Chem~Jet" system was 
used as the basis for describing the suppressant equipment. Th.is 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 irrine water before it enters 
the proportioner and is mixed with the wetting agent "Compcn.m.d 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
ectedback 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 cfin 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 irrine 
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 un­
filtered water. 

3.5.2.2.2 Haulageways: 

Dust in the vehicular trave1ways 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 
place concurrently in the same stope. 

Pneumatic stowing will generate more dust 
than any other method or other mine activity. Water will be inj ected 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 inoisture 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 BmO'lmt 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 sche:ne 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 p~ed to a stope for disposal. 

3.5.2.2.5 MOnitoring: 

Dust will be continuously sarrpled 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 tmdergrotmd temperatures will adversely affect 
an tmdergrotmd retorted oil shale disposal operation. Initially, it was felt 
that place:nent of hot retorted shale in the inine Would result in redUced 
pillar stability due to accelerated creep and thennal stresses. These con­
cerns are valid and are being investigated tmder other USBM contracts. 
However, temperatures high enough to affect physical rock characteristics will 
create far more severe environmental problems within the mine. 

The ambient rock temperature at the depth planned 
for this mine is nearly 95~. 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 thenna.l stress in the pillars. 

3.5.2.4 Summary: 

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

Toxic and explosive gases may be present in minor 
amDt.m.ts, and a monitoring system is planned 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 f6nnations and to the development of fault structures (26). These faults 
and fractures produce variations in local hydrological cond1tions and have to 
be accot.m.ted 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 geohydro1ogic section at the Horse Draw site, from top to 
bottom, consists of an upper aquifer, a confining layer, a lower aquifer, and 
the t.m.1eached saline zone (8). The upper aquifer is about 750 feet thick and 
consists principally of sanastone (Uinta) and mar1stone(Upper Parachute Creek 
Member of the Green River Fonnation). 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 marls tone and oil shale that have been leached of soluble minerals 
(leached zone). The Un1eached saline zone, about 900 feet thick, consists of 
oil shale and saline minerals and is virtually impenneab1e. Results obtained 
during drilling of two core holes, and from two ptmJp tests, have been aug­
mented with experience in oil shale hydrology to prepare the geohydro1ogica1 
model shown in Figure 3.5.3.1-1 (10). The significant effects of backfilling 
on the aquifer systems are re1atedrto the physical and chemical character~ 
istics of the backfill, penneabi1ity of overlying and t.m.der1ying zones, and 
local geologic structures. 

The two major hydrological aspects discussed here are the 
effects of backfilling on the grot.m.d-water system and the effects of grot.m.d 
water on the backfill. The placement method is affected by the quantity of 
grot.m.d water encotmtered in the mine, and the rate of mine Water inflow is 
affected by the penneabi1ity of the fonnations 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 
penneable 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 tate 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 maj or 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 nonnal 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 peri:neability. ThUs, saturation and the resulting liquefaction 
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 assurrption that rriEling will be conducted in the unleached saline zone 
Penneability of mechanically-placed fill varies from 0.08 to 0.006 feet per 
day for a low compaction effort (14). 

The penneability 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 corrputed 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). TIle 
vertical perineability of the fill varies from 20 to about 270 times the per­
meability of the overlying and tmderlying fonnations. Hence, mine water will 
flow vertically through the fill. A schematic of the flow lines 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 pennea.bility 
of the fonnation below the mining zone is about 10 times greater than its 
vertical penneability, most of the Water passing through the fill will flow 
beneath the floor back into the mine openings and can be handled there. Th.us , 
fill place:nent may not reduce mine inflow, but will alter the pattern of flow. 

3.5.3.2 Effects of Backfilling on the Gr01.md Water System: 

One of the main conceri:1s associated with backfilling 
in the Piceance Creek Basin has been the potential effects on the grmmd water 
resources of the area. TIle 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 solids of 9,400 Iilg/l (10). SubseqUent work 
by others indicates that the dissolved solids concentration for the Upper part 
of the lower aquifer is 1,500 mg/l and 4,000 mg/l for the lower part of the 
lower aquifer (8). 'TIle principal dissolved constituents are chlorides, sulfates, 
and bicarbonates of sodium, magnesium, and calcium. 'TIle increase in dissolved 
solids concentration in the lower part of the lower aquifer is primarily due to 
increases in sodium chloride and sodium bicarbonate. 

TIle quality of the leachate obtained from the fill 
is mainly dependent on the duration of contact betWeen grotmd water and fill, 
the chemical nature of the fill constituents and· the grotmd 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/l when the perineability rate approaches 
0.001 feet per day (14). Other test resUlts indicate that the total dissolved 
solids in the leachate is about 2,200 mg/l (4). TIle reason for these widely 
varying 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 dewa.ter~ 
ing operations, the area will tend to attain a· state of eqUilibrium and steady­
state grotmd water flow will be established through the mining zone.· TIle time 
period reqUired for comnencement of this flow may be several years (10). 
Since the penneability of the fill is greater than the surrotmding host rock, 
grotmd water will flow through the fill and leach the salts tmtil saturation 
of the grotmd water is achieved or the salts are exhausted. However, since 
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the surrotmding rock penneability is very low, the leachate may remain in the 
fonnation for a very lOng period without causing adverse impacts on the Water 
quality in the aquifers. If any local geologic structures connect the tm­
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 perinit the leachate to flow into the overlying aquifers through 
fractures and other channels. Since the lower part of the Mahogany Zone has 
sparse fracturing and low vertical leakage, it is tmlikely that the relatively 
good quality water of the upper aquifer will be adversely affected by the 
leachate. 

Contaminants tend to move along with the grotmd 
water at grotmd 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 htmdred years. The effect of these 
processes is to reduce the concentration of the contaminants and to retard 
their movement relative to that of grotmd 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 grotmd­
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 grotmd-water 
quality on these characteristics. 

MOdification of fill characteristics could signifi­
cantlyalter leaching characteristics. Cemented backfill could have negli­
gible penneability 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 grotmd-water system 
can be inade only if chemical and physical characteristics of the fill are well 
defined and the site specific geological conditions are adequately tmderstood. 

In surrmary, the above evaluation indicates that the 
post-mining impacts of baCkfilling mined~out voids will be minimal for mining 
in the tmleached saline zone The magnitude of the impact is largely de­
pendent on the presence of corrmtD1ication 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 penneability of the fill to prevent significant 
salt release should be studied. Preabandonment leaching of the baCkfill does 
not seem economically viable. It should be noted that the above evaluation 
is valid only for mines in the tmleached saline· zone which has very low per~ 
mea.bility. If backfilling is practiced in more permeable zones, adverse im­
pacts on regional grotmd-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 (CH4)' carbon 
monoxide (CO), hydrogen sulfide (H2S) , nitric oxide (NO), and nitrogen dioxide 
(N02) (Table 3.5.4-1). Dust concentrations will also be determined. Contin­
uous monitoring will be utilized at semipermanent installations in the return 
air courses in conjtmction with hand-held measuring instnm::JeI1ts and equipment­
motmted monitoring instrtmJen.ts 'Where necessary in the working areas. All 
monitoring equipment will be instrinsica11y 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 C~any' s 
(MSA) Series 510 Combustible Gas Detection Syste:n. In the monitoring syste:n, 
a ntnnber of methane sensors will be installed in the return air splits or the 
working areas. The sensors utilize a. catalytic combustion detector in con­
jtmction with an air deflector to deterinine methane content in the 0-2 per~ 
cent range. A set of four sensors is connected 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 asse:nb1y, located above grotmd, 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 tmits provide a cormnmica-
tion and calibration link for the sensors and readout/recorder tmits. The 
recorders furnish a continuous record of methane concentration at each sensor, 
and the analog output assembly is equipped with an anntmciator panel 'Which 
gives audio and visual warnings in the event of an increase of methane con­
centration above a predeterinined level. 

The MSA Methane Monitor Model VI, which is an 
equipment-motmted detector, will be utilized on all equipment operating in 
the working areas of the mine. When the methane level reaches a preset amotmt 
the tmit automatically energizes a visual a1ann and can shut down the equip­
ment. 

3.5.4.2 Other Gases: 

Carbon monoxide (CO), hydrogen sulfide (H2S) , nitric 
oxide (NO) , and nitrogen dioxide (N9z). will be inonitored at each split of 
return air and at each working chamber with the Series 3000 Eco1yser Analyser 
made by Energetics Science, Incorporated (ESI). A continuous monitoring 
syste:n would be utilized providing monitoring of the air quality at any nunber 
of sampling points. Each sampling point will require a. Series 3000 monitor 
'Which will transmit the data to a central anntmciatot' panel on the surface. 
Both visual and audio a1anns will be displayed on the annunciator panel. 

3.5.4.3 Dust: 

The dust level will be monitored with a Recording 
Respirable Dust Monitor, Model RDM-301, made by GCA/Teclmo1ogy Division. This 
tmit provides for continuous and tmattendedmonitoring 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 acctml1ated mass 
of dust in milligrams from the initiation of the entire measurement cycle 
(Le., the start of the shift), and the total elapsed effective sampling time. 
Thetmit is not equipped with a remote readout and, generally speaking, ImlSt 
be attended once per shift. The unit is eqUipped with an a1ann circUit which 
will be mounted in the control bUilding on the surface and will be activated 
when dust concentration rises above a set, predetennined level. 

Portable, hand-held instruments to measure methane, 
CO, H2S, NO, N02, and dust are readily available and will be used to supple­
ment the monitoring data collected from the stationary, automated syste:ns. 
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, H2S, NO, and N02. 

3.5.5 Energy and Water Requirements: 

The water and energy requirements for each underground dis­
posal method have been detennined 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. 

Chamber and Pillar 
Conveyor Only 
Conveyor + Pneumatic 

Sublevel Stoping 
Conveyor Only 
Conveyor + Pneumatic 

TABLE 3.5.5-1 

UNDERGROUND RETORTED SHAlE DISPOSAL 

ENERGY AND WATER REQUIREMENTS 

Water 
(Ga1jYr) 

x 106 

838.58 
889.03 

757.11 
761.17 
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Power 
(KWHjYr) 

Electric Diesel 

x 106 x 106 

175.16 20.63 
185.69 20.48 

157.47 21.44 
162.73 21.89 

Diesel Fuel 
(Ga1jYr) 

x 103 

633.80 
619.38 

642.47 
656.93 



4.0 SURFACE DISPOSAL 

Regardless of the tmdergr01.md backfilling method used, some retorted 
oil shale mst be left on the surface. The Swelling of the retorted shale, 
relative to tmdisturbed r8Jil shale, results in an excess volume of waste 
material that rrrust be stored on the surface. To achieve complete stowage 
tmdergrotmd 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 
pcf is approximately 2 x 106 foot potmds per cubic foot. The data was fitted 
to a power curve of the fonn Y = axb by a least-squares curve fit. The 
values of the parameters are a = 69.62 and b = 0.03. The correlation co­
efficient for this curve fit is 0.9816. Thus, a degree of compaction that 
will allow complete tmdergrotmd 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 nmoff 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 tmdergrotmd 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 nmoff from a 100-year stonn. 
The volume required is calculated using the equation Q = CiA where Q is 
peak flow in cubic feet per second, C is the nmoff coefficient, i is the 
average rainfall intensity in inches per hour and A is the area drained in 
acres (Appendix B). 

Q = 0.35 x 4.1 x 600 = 861 cfs 

Asstmrlng a stonn 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 tmderdrain 
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 estabIrshment 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 abtmdant 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. fuch 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 tmdergrotmd 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 approximate acres required for· the dumps and catchment 
basins. 

Costs and operating information for these partial surface disposal 
alternatives are fotmd 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 Surrrna.ry: 

Surface disposal is the lowest-cost method for disposing of retorted 
shale, but tmdergrotmd placement reduces environmental impact and allows 
greater resource recOvery. However, all tmdergrotmd disposal systems require 
that some of the retorted material be stored on the surface. For the disposal 
methods selected, the amotmt left on· the surface ranges fram 15 to 27 percent 
of the total amotmt of retorted shale.· 
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TABlE 4.2-1 

PARTIAL SURFACE DISPOSAL 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 

Conveyor & Pneumatic Topfill 27 820 
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TABLE 4.3-1 

COST AND OPERATING SUMMARY 

TaI'AL RETOR'IED SHALE DISPOSAL ON SURFACE 

Capital 

Operating and Maintenance Costs - $/Ton Retorted Shale 

Operating Labor 

Operating Supplies 

Maintenance Labor 

Maintenance Supplies 

TaI'AL 

Manpower - Total Backfilling Payroll 

Water - Gal/Day x 103 

Energy - KWH/Day x 103 

Diesel Fuel - Gal/Day 
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$37,562,000 

$ 

$ 

0.0871 

0.0699 

0.0795 

0.1082 

0.3447 

195 

203 

113 

4,420 



5.0 SURFACE ENVIRONMENTAL EFFECTS 

5.1 Land Disturbance: 

The most obvious surface environmental 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 corrmon 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 tmdergrotmd, some nru.st be stored on the surface. Section 4.0 des;" 
cribes the surface disposal requirements and tec1:miques. 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 d~ 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: 

Uhdergrotmd retorted shale disposal operations will require 
surface facilities for cooling and transporting retorted shale fram 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 
nru.ch 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 containment of run­
off fram the surface waste d~s. Due to small drainage areas and low annual 
precipitation, perinanent water impOtmdment structures will be Small. 

5.1.4 Subsidence: 

Subsidence will be more severe tmless mined areas are back­
filled, or tmless adequately-sized pillars are left in the mine: Resource· 
recovery will be reduced if pillars are sized to support the entire 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 tmdergrotmd stowing. Some· 
gaseous emissions may occur as the result of surface and tmdergrotmd use of 
diesel engines in addition to potential, though tmsubstantiated, 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 
du:nping 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 (trudk transport with pneumatic stowing), and for total surface disposal 
(27) . 

5.2.2 Gaseous Emissions: 

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 

ESTJMA'IED PARTICUIATE EMISSIONS 

Fugitive Dust 

Underground Sources 

Surface Sources 

Combustion Particulates 

Underground 
Dis70sal 

(Lb. Day) 
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1,060 

2,041 

139 

Total Surface 
Dis7osa1 

(Lb. Day) 

-0-

4,925 

120 



CO 

HC (nornnethane) 

5.3 Water: 

TABlE 5.2.2-1 

ESTIMATED GAS EMISSIONS 

Undergrotmd 
Dis7osa1 

(Lb. Day) 

54 

17 

2,735 

4 

Unknown 

Total Surface 
Dis7osa1 

(Lb. Day) 

47 

15 

2,380 

3 

None 

The effects of retorted shale disposal on surface water quality will 
vary with the disposal systen used. Rtmoff 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 rtmoff from the dumps. 

5.4 Stmmary: 

Undergrotmd disposal of retorted shale can reduce substantially the 
surface environmental and land disturbance effects of a mine-retort facility. 
Surface subsidence is likely to be minimal or negligible in areas that overlie 
baCkfilled stopes. Undergrotmd 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 irrmediate dump areas. However, except for an :increase in 
fugitive dust, no appreciable differences in air quality are expected. 
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6.0 ECONOMICS 

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 tmdergrotmd 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 discotmted to present 
worth based on discotmt rates of 10, 15, and 20 percent. These results can 
assist in the comparison of alternative investment opporttmities which offer 
the same mininun 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 discotmted cash flow analysis. 
The results reported may, however, be used by the reader for inclusion in a 
discotmted cash flow analysis when the mining and processing costs and ex­
pected revenues are known. 

6.1 Uhdergrotmd Disposal Costs: 

Capital and operating costs for the cooling, surface conveying, 
vertical borehole transport, tmdergrotmd conveying and stowing, and partial 
surface disposal functions are presented in this section. Total project life 
is assu:ned 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 tmdergrotmd disposal methods are higher than those initially re­
ported in Phase I (Section 7.5) because of the more detailed analysis of each 
selected systen. 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 inining facility. Tables 6.1.1-1 
through 6.1.1-4 show the development of the operating and maintenance costs 
for each of the tmdergrotmd 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 discotmt factors of 10, 15, and 20 percent. Table 6.1.2-1 shows 
the capital and total project costs for the various tmdergrotmd backfilling 
methods and the associated partial surface disposal requirements. 
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TABlE 6.1-1 

UNDERGROUND RETOR'IED SHAlE DISPOSAL 

CAPITAL AND OPERATING COSTS 
(l977 Dollars) 

Capital (1) 

Total ($ x 103) 

Retorted Shale ($/Ton) 

Shale Oil ($/Barre1) 

Operatmg(2) 

Total ($ x 103) 

Retorted Shale ($/Ton) 

Shale Oil ($/Barre1) 

Combined Capital and 
Operating Costs 

Total ($ x 103) 

Retorted Shale ($/Ton) 

Shale Oil ($/Barre1) 

Chamber and Pillar Mining 
Conveyor Conveyor & 

Only Pneumatic 

65,119 

0.1315 

0.1784 

334,200 

0.6751 

0.9156 

399,319 

0.8066 

1.0940 

66,033 

0.1334 

0.1809 

384,600 

0.7769 

1.0537 

450,633 

0.9103 

1.2346 

Sublevel Stoping 
Conveyor Conveyor & 

Only Pneumatic 

59,006 

0.1192 

0.1617 

322,020 

0.6505 

0.8822 

381,026 

0.7697 

1.0439 

61,207 

0.1236 

0.1677 

360,540 

0.7283 

0.9878 

421,747 

0.8519 

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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TABIE 6.1.1-1 

OPERATING COSTS - CHAMBER & PILlAR 

CONVEYOR ONLY 
($/Ton Retorted Sna1e*) 

OPERATING MAINTENANCE 
CoSt ·Center . LaDor . Supplies LaDor Supplies 

Surface Conveying 0.0157 0.0128 0.0100 0.0009 

Cooling 0.0219 0.1390 0.0393 0.0097 

Surface Disposal 0.0346 0.0221 0.0213 0.0315 

Borehole 0.0035 0.0014 0.0011 0.0022 

Undergrotmd Conveying 0.0361 0.0869 0.0099 0.0077 

Backfilling 0.0463 0.0243 0.0185 0.0136 

Supervision 0.0270 0.0021 0.0156 0.0014 

Teclmica1, Administrative, 
and General 0.0166 0.0016 0.0003 0.0002 

TOTAL 0.2017 0.2902 0.1160 0.0672 

.,'( 1977 Dollars 
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TOTAL 

0.0394 

0.2099 

0.1095 

0.0082 

0.1406 

0.1027 

0.0461 

0.0187 

0.6751 



TABlE 6.1.1-2 

OPERATING COSTS - CHAMBER & PII1.AR 

CONVEYOR & PNEUMATIC 
($fTon Retorted Shale*) 

OPERATING MAINTENANCE 
Cost Center . l.aDor . Supplies LaDor Supplies 

Surface Conveying 0.0157 0.0128 0.0100 0.0009 

Cooling 0.0219 0.1388 0.0393 0.0097 

Surface Disposal 0.0349 0.0224 0.0244 0.0320 

Borehole 0.0035 0.0014 0.0011 0.0021 

Underground Conveying 0.0361 0.0867 0.0099 0.0077 

Backfilling 0.0621 0.0489 0.0444 0.0454 

Supervision 0.0270 0.0021 0.0156 0.0014 

Teclmical, Administrative, 
and General 0.0166 0.0016 0.0003 0.0002 

TOTAL 0.2178 0.3147 0.1450 0.0994 

* 1977 Dollars 
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TOTAL 

0.0394 

0.2097 

0.1137 

0.0081 

0.1404 

0.2008 

0.0461 

0.0187 

0.7769 



TABlE 6.1.1-3 

OPERATING COSTS - SUBLEVEL STOPING 

Cost Center 

Surface Conveying 

Cooling 

Surface Disposal 

Borehole 

Underground Conveying 

Backfilling 

Supervision 

CONVEYOR ONLY 
($/Ton Retorted Sha1e*) 

OPERATING 
. La.Dor Supplies 

0.0157 0.0119 

0.0219 0.1213 

0.0436 0.0287 

0.0035 0.0014 

0.0361 0.0790 

0.0463 0.0169 

0.0270 0.0021 

Teclmica1, Administrative, 
and General 0.0166 0.0016 

TOTAL 0.2107 0.2629 

* 1977 Dollars 

- 103 -

MAINTENANCE 
LaDor Supplies 

0.0100 0.0006 

0.0393 0.0087 

0.0312 0.0419 

0.0011 0.0022 

0.0099 0.0069 

0.0052 0.0024 

0.0156 0.0014 

0.0003 0.0002 

0.1126 0.0643 

0.0382 

0.1912 

0.1454 

0.0082 

0.1319 

0.0708 

0.0461 

0.0187 

0.6505 



TABIE 6.1.1-4 

OPERATING COSTS - SUBIEVEL STOPING 

CONVEYOR & PNEUMATIC 
($/Ton Retorted Sbale*) 

OPERATING MAINrENANCE 
Cost Center LaDor S~plies Labor Supplies 

Surface Conveying 0.0157 0.0119 0.0100 0.0006 

Cooling 0.0219 0.1213 0.0393 0.0087 

Surface Disposal 0.0444 0.0299 0.0324 0.0439 

Borehole 0.0035 0.0014 0.0011 0.0022 

Undergrotmd Conveying 0.0361 0.0764 0.0099 0.0066 

Backfilling 0.0621 0.0254 0.0444 0.0144 

Supervision 0.0270 0.0021 0.0156 0.0014 

Teclmica1, Administrative, 
and General '0.0166 '0.0016 0.0003 0.0002 

TOTAL 0.2273 0.2700 0.1530 0.0780 

* 1977 Dollars 
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0.0382 

0.1912 

0.1506 

0.0082 

0.1290 

0.1463 

0.0461 

0.0187 

0.7283 



TABIE 6.l.2-1 

UNDERGROUND ·RETOR'IED·SHAIE DISPOSAL 

CAPITAL AND TOTAL PROJECI' COSTS 

MINING AND BACKFIILING ME'lHOD 
ChBiIlber andPiIIar Mining SuoIeveI StoEing 
Conveyor Conveyor & Conveyor Conveyor & 

Only Pneumatic Only Pneumatic 
$ x 103 $ x 103 $ x U)3" $ x 103 

Current 1977 Dollars 
Capital 65,119 66,033 59,006 61,207 
Total Project Costs(l) 399,319 450,633 381,026 421,747 

Future Worth @7% 
Capital 118,839 119,361 101,457 105,654 
Total Project Costs 1,079,634 1,225,053 1,027,237 1,142,174 

Present Worth (2) @10% 
Capital 53,687 54,581 49,487 51,247 
Total Project Costs 280,350 315,429 267,890 295,776 

Present Worth @15% 
Capital 41,132 41,932 38,673 39,952 
Total Project Costs 169,027 189,114 161,910 177,929 

Present Worth @20% 
Capital 33,015 33,703 31,428 32,406 
Total Project Costs 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 pennits mining with relatively 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: 

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

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

o Shale oil selling price of $15.00 per 
barrel. 

o 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 conveyer plus pneuinatic 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 rnarmer 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. 
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TABLE 6.2-1 

REIATIVE EFFEGrS OF· INCRFASEDRESOURCE RECOVERY RESULTING FROM 

UNDERGROUND ·BACKFILLING ·FOR A FINI'IE RESERVE(l) 
(1977 Do11ars~ 

No Backfilling (1) 

Total Revenue (2) 

Total Expense (3) 

Cash Flow 

With Backfilling (5) 

Total Revenue (2) 

Total Expense (3) 

Cash Flow (4) 

Net Cash Flow Effect 
Related to Underground 
Waste Disposal and In­
creased Resource Recovery 

Chamber and Pillar Mining 
Conveyor Conveyor & 

Only Pneumatic 
$ x 103 $ x 103 

5,475,000 

3,650,000 

1,825,000 

6,351,000 

4,482,139 

1,868,861 

43,861 

5,475,000 

3,650,000 

1,825,000 

6,329,100 

4,517,455 

1,811,645 

-13,355 

Sublevel Stoping 
Conveyor Conveyor & 

Only Pneumatic 
$ x 103 $ x 103 

5,475,000 5,475,000 

3,650,000 3,650,000 

1,825,000 1,825,000 

6,296,250 6,285,300 

4,421,718 4,460,040 

1,874,532 1,825,260 

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 

CAPITAL AND OPERATING COSTS 
(1977 I5011ars) 

Combined 
Capital and 

Capital Operating Operating Costs 

Total ($ x 103) 37,563 170,640 208,203 

Retorted Shale ($/Ton) 0.0759 0.3447 0.4206 

Shale Oil ($/Barrel) 0.1029 0.4675 0.5704 
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Cost Center 

Hauling 

Roads & Dt.mp 

Conveying 

Revegetation 

Supply & Service 

Supervision 

Technical, Administrative, 
and General 

TOTAL 

* 1977 Dollars 

TABLE 6.3.1-1 

TOTAL SURFACE DISPOSAL 

OPERATING COSTS 
($/Ton Retorted Sfia1e*) 

OPERATING 
Labor Supplies 

.0279 .0484 

.0262 .0116 

.0094 .0047 

.0022 .0018 

.0045 .0018 

.0062 .0010 

.0107 .0006 

.0871 .0699 
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MAINTENANCE 
Labor Supplies TOTAL 

.0459 .0820 .2042 

.0179 .0196 .0753 

.0028 .0024 .0193 

.0003 .0004 .0047 

.0029 .0034 .0126 

.0096 .0003 .0171 

.0001 .0001 .0115 

.0795 .1082 .3447 



TABlE 6.3.2-1 

TOTAL SURFACE DISPOSAL 

CAPITAL AND TOTAL PROJECT ·COSTS 

Current 1977 Dollars 
Capital 
Total Project Costs (1) 

Future Worth @7% 
Capital 
Total Project Costs 

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

Present Worth @15% 
Capital 
Total Project Costs 

Present Worth @20% 
Capital 
Total Project Costs 

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

37,563 
208,203 

98,420 
588,996 

26,643 
142,377 

16,291 
81,594 

10,839 
50,751 

(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: 

o No cooling facility requirements for 
surface disposal. 

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

o Less equipment needed for surface disposal. 

o Lower manpower requirements for surface 
disposal. 

No attempt has been made to assign a dollar value to the adverse 
environmental effects on areas Where surface disposal has taken place. A 
recent agreement between the Colorado Department of ~Jildlife 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 - SELECITON OF BACKFIILING METIIODS 

Phase I of Contract J0265052 included preliminary feasibility studies 
and selection of the most economically and teclmically feasible methods for 
the tmdergrotmd 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 detennine the most desirable system 
for the prescribed mining methods. Hydraulic, pneu:na.tic, 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 tmdergrotmd 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 tmdergrotmd dis­
posal of retorted oil shale in the selected deep mine environment. This 
section describes the various methods studied and the ranking analysis which 
detennined the most feasible methods. 

Concepts and costs discussed or shawn in this section may vary fram 
other sections of this report because of refinements and additional data 
developed in the detailed engineering work perfonned 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 tmdergrotmd disposal areas are hydraulic, 
mechanical, and pneumatic. These methods were investigated in sufficient 
depth to detennine the teclmical and operating feasibilities, relative costs, 
and envirornnental 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 fram 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 tmdergrotmd 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 perfonned tmder USBM Contract No. H0166065 in­
dicates that a high particle degradation rate is to be expected with Paraho 
retorted shale. Pumping a bulk s~le 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 tmdergrotmd disposal problems. Particle degradation occurs during 
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the slurrying and purrping operations and is less dependent on transport dis­
tance. Preliminary results obtained are stmnarlzed 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 a.spects 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 maximum 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 centrifuges and pumped to slimes ponds on the surface. 

Typical surface layout and cross section of a hydraulic trans­
port system is shawn 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 Marconaj et 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 Marconaj et syste:ns. The slurry will then pass through a bank of cy­
clones or centrifuges to des lime it to a maximum of 25 percent minus 325 mesh. 
The overflow will be sent to the slimes pond and the tmderflow will flow through 
two l8-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 subj ecting the pipe to high pressures. Wear-resistant 
fiberglass pipe Will be used because of its lighter weight and resultant ease 
in handling. 

The hydraulic head of 1,100 psi is sufficient to move the 
slurry through the 2,500 feet of horizontal 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 charmeled to a settling 
surrp 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 chanical constitutents are leached out 
of the fill. Approximately 9.9 million gallons of water per day will be lost 
in the tmdergrotmd stopes and surface slimes ponds. See Appendix C for deta.ils. 

The use of large-diameter pipe reqUires that highly mech­
anized pipe handling and maintenance techniques· be used. Large openings 
will be needed to facilitate the use of mobile cranes and other pipe handling 
equipment. Pipe wear can be extre:ne 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. 

ADVANI'AGES: 

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 inore enVironmental disturbance than 
complete surface disposal. The water requirement is excessive because the 
material carmot 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 penneability. 

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 
stopeswi1l be backfilled simultaneously, trippers~ll be used to distribute 
the retorted oil 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 
number 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 inost conmon feeders are starwhee1, 
screw conveyor, and airlock. The starwhee1-type feeder is conmercia11y avail­
able and provides continuous feed to the system; Air is the transporting 
medi1IDl and it is provided by high-volume, low-pressure blowers. Equipment 
and operating 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 assistance in investigating pneumatic 
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 assumedrrdne conditions to one that is 
capable of conveying a nominal 200 tons per hour. Each unit includes a feeder, 
two 8,OOO-cfin 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
quire a highly mechanized method of pipe handling and maintenance. Large 
openings will facilitate the use of mobile cranes and otherpipe-hand1ing 
equipment. Wear is a severe problem when solids are transported pneumat­
ically and any deviation from straight nms 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 methods because of the enclosed trans­
port system. Water injection into the pipeline (iIrmediate1y 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 conjtmc­
tion with pneumatic transport because of the extre:ne 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 grotmd 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 pOtmds 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 
LD. and divided into four compartments, are planned (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 tmit. 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 grotmd water 

3. High capital and operating costs 

4. Large number of tmits 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 diarnetervertica1 borehole to convey the retorted oil shale· 
to the backfilling level of the mine. An eight-foot LD. borehole will per­
mit a mass flow rate of approximately 20 feet per minute at the production 

- 125 -



I-
' 

N
 '" 

I
I
' 

18
 

10
 

P
ip

e
 

P
n

e
u

m
a

ti
c 

F
e

e
d

e
r 

B
u

ild
 in

g 

SU
RF

A
CE

 L
A

yO
U

T 

C
o

o
lin

g
 

P
la

n
t 

CO
HP

LE
IE

 P
NE

UM
AT

IC
 T

RA
NS

PO
RT

 S
YS

TE
H 

FI
G

U
RE

 7
.1

.3
.1

-1
 

T
ra

n
sf

e
r 

S
ta

ti
o

n
 

F
or

 
S

u
rf

a
ce

 
D

is
p

o
sa

l 

.. 
B

e
lt 

F
ro

m
 

R
e

to
rt

 



+-e 
0 

n. 
01 
e 

a 
a 
a 

E 
a 
L. 
'I-

L. 
a 
>. 
a> 
> e a 
a 

a> 
o 
o 
'I­
L. 
:J 
(f) 

\[ 

of-

e 
:J 

L. 
a> 
~ 
a 
of-

~ 

+-
e 
:J 

L. 
a> 
~ 
a -m 

a> 
a 

.J: 
a> 
L. 
a 
m 

- 127 -

. . . ' .. . . . . . 
••••••• ·.1 

ct •• e • .•....•. . . .... . ... : ..... :-......... ' 
•••••• : •• *, 

....•.•.•..••.. :' 
.................. 
:::::.:.:~ 
:::::.:.:.~ 
.* •••••••••••• 

•• * ••• * •• ......... 
e ••••••••• : •••• .* ......••..•• 
... : ... : ..••.... ' ... ~ ........... . 
................. 
•••••••• * .: • . : ..... : ..... ' 

• s ••• f 

a> 
Q. "-n. 
n 
..; 

= m 

I en 

~ 
f;1 N 

I 
0 ~ 
Pol en ('Y) 

~ 
. 
~ 
,..... \. 

u 

~ 
I 

~ 
.' 

rz.. 
~ 
Pol 

~ 



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 nurriber of feeder-blower tmits 
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 
II. 

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 amotmt of energy consumed and the large riurriber of tmits required ad­
versely affect the feasibility of the methods. The susceptibility of the 
fill to saturation by grotmd 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 rrdned~out 
tmdergrmm.d 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 conjtmction 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 transport 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 cannot 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 . 
chamber 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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TABIE 7.1.3.2-1 

COMPARISON OF PNEUMATIC TRANSPORT METIIODS 

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 

Fill Density (pcf) 

Resource Recovery Increase(%) 

(%) 

Complete 
Pneumatic 

$ 60,833 

$ 1.1855 

983 

874 

380 

30 

75 

13 

- 130 -

PnetmJatic 
& Borehole 

$ 43,295 

$ 1.0117 

877 

874 

353 

30 

75 

13 



material, reduce the penneability of the fill to as low as O. 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 
simulated in these tests. In addition, a column settling test was performed 
using a four-inch LD. column. Test results indicated the following: 

in Appendix C. 

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 potmds 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 colt.mm. shoWs an 
irregular pattern. 

Details of these tests and the results obtained are given 

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 

2. Hydraulic-pneumatic stowing combined with hydraulic transport 

3. Hydraulic stowing combined with truck transport 

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-nm material and concrete Will be used to 
impotmd 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 conjtmction with a 
percolation drain field (Figure 7.2.1-1). Percolation drains will be spaced 
at intervals in the chambers to obtain maximt.:nn 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 fill will be charmeled to a settling sump and the clear effluent 
will be pumped to the surface. Laboratory tests indicate that a negligible· 
amotmt 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 fill, 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. '!he pipe can then be 
flushed in short lengths to clean out the plug. 

Control of the filling operation will be accom­
plishedwith a reliable telephone system betWeen fill operators. ·Cleanup of 
spills will be done mechanically with llID' s, or the spill material will be . 
slurried and pumped. . A limited amotmt of laboratory work perfonned 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 

2. Large filter requirement 

3. Potential for liquefaction and mud flows 

4. Additional equipment need for pneuinatic stowing 

5. Handling facilities need for drained water 

6. Increased ventilation requirements 

7. Unstable fill surface 

8. Expanded surface disposal need due to low fill density 

9. Slimes ponds requirement 

7.2.1.3 Hydra:u1ic 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, 
cyc1oned, 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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4. Increased ventilation requirements 

5. High operating costs 

6. Increased manpower 

7. Expanded surface disposal need due to low fill density 

8. 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 cannot 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 

2. High operating costs 

3. Potential for liquefaction and mud flows 

4. Increased ventilation requirements 

5. Expanded surface disposal need due to low fill density 

6. Slimes ponds requirement 

7.2.1.5 Hydraulic Stowing Combined With Conveyor Transport: 

This method is comparable to hydraulic stowing in 
conjtmction 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 
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DISADVANTAGES: 

1. Potential for liquefaction and mud flows 

2. Space requirement for transport-stowing interface 

3. Unstable fill surface 

4. Increased ventilation requirements 

5. Expanded surface disposal need due to low fill density 

6. Slimes ponds reqUir'er:nent 

7.2.1. 6 Hydraulic-Pneumatic Stowing in Conjtmction With 
Conveyor Transport: 

This combination method is cOlll>arab1e to Section 
7.2.1.5 with the exception that final filling of the stope or chamber will 
be done pneumatically. COlll>lete stope filling is not possible because men 
and equipment cannot work on the hydraulic fill. Expanded costs and oper~ 
ating difficulties make this method tmattractive. 

ADVANTAGES: 

1. None 

DISADVANTAGES 

1. Potential for liquefaction and mud flows 

2. Space requirement for transport-stowing interface 

3. Increased ventilation requirements 

4. High energy consUII:ption 

5. High operating costs 

6. Unstable fill surface 

7. Expanded surface disposal need due to low fill denSity 

8. Slimes ponds requirement 

7.2.1.7 Summary: 

Hydraulic stowing tmdergrotmd may be hazardous due 
to the potentially dangerous liquefaction characteristics of the stowed ma­
terial. This circumstance stems from the tmdesirab1e dewatering character~ 
istics of the fill resulting from the excessive 8IIlOtmt of fine particles con­
tained in the stowed shale. Men and equipment cannot work on the fill; thus , 
there is no control 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 environmental disturbance than complete surface disposal. 

Most particle degradation occurs during slurrying 
and pumping and is less dependent on transport distance. Hence, hydraulic 
stowing in conjtmction with other transport methods has the same drawbacks 
as hydraulic stowing in conjtmction with hydraulic transport, apart from 
system interface problems. Retorted shale carmot be pumped at a concentra­
tion nru.ch 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 topfi11ing, 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 mining because of the completely bolted chamber roof, but no me­
chanical compaction of the backfill is possible in the tmsupported 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 suppression since studies have shawn that the density for 
a given compactive effort is not significantly affected by the addition of 
water (14). Compacted density will be about 90 potmds per cubic foot, and 
tmcompacted density will be about 80 potmds 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 pneuinatic topfi11ing was considered. Geotechnical studies have 
shown that the degree of subsidence does not increase appreciably 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 conjtmction 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 carrpactor will be used to 
level and carrpact the stowed material. Stowing and carrpacting 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 resource recovery 

4. Favorable 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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2. Large filtering capacity requirement 

3. Surface slimes ponds need 

4. Incompatible methods 

5. Need for complex pumping and water treatment facilities 

6. High energy consumption 

7. Excessive space requirements for equipment 

7.2.2.1.3 Conveyor-Pneumatic 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 therernaining space Pneumat­
ical1y. 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 ~rovement in subsidence control will not warrant the in­
creased costs and operating problems. 

ADVANTAGES: 

1. Complete stope filling with compacted material 

2. Potentially good subsidence 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 . 

2. Large filtering capacity requirement 

3. Surface slimes ponds need 

4. Incompatible methods 

5. High pumping and water treatment costs 

6. High energy consumption 

7. Excessive space requirements for equipment 

8. Lowered efficiency of pneumatic syste:n due to wet material 

7.2.2.2 TruCk Stowing: 

Trucks were considered for stowing in conjtmction 
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 prob1e:ns. 'TIle two cases involving truck stowing that were . 
considered are truck stowing and a corrbination of truck stowing plus pneumatic 
topfi11ing. 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 tmdergoing com­
paction. These cycles will a1temate 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 

2. Good pillar support from high density fill 

3. IncreaSed resource recovery 
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DISADVANI'AGES: 

1. High energy consumption 

2. Large trmlpower reqUirements 

3. Increased ventilation requirements 

4. Dust in stopes 

5. Difficulty of packing against roof 

6. Hazards of high dumps and fine material 

7.2.2.2.2 Truck-Pneumatic Stowing With Truck 
Transport: 

In this combination method, final filling 
of the stopes will be done pneumatically. Dumping and surge bin facilities 
are reqUired in addition to the Pneumatic stowing eqUipment ~ The stowing 
procedure is the same as that described in Section 7.2.2.1.3. This method 
increases the arootmt of eqUipment and men required for stowing with little 
improvement in overall subsidence control. 

ADVANI'AGES 

1. Complete stope filling with compacted material 

2. Some potential for increased subsidence control 

DISADVANI'AGES: 

1. High energy consumption 

2. High trmlpower 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 proble:nS. Conveyors generally have lower operating 
costs, lower trmlpower requirements, consume less energy, and are teclmically 
feaSible for the job at hand. They are less flexible than other methods and 
some time is lost while extending them: into the stopes, though the Use of 
extensible belts redUces the seriousness of the problem. 

- 146 -



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 l6-inch-diameter pipe, and a 
l7,000-cDn blower rated at 15 psig and powered by a 1,400-horsepawermotor. 
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 BIIDunt 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 pennitted in the stope or in the imnediate retUrn air course 
during stowing operations. 

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· pneuina.tic 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 

2. Potential for ground-water saturation of fill 

3. High energy consun::ption for stowing activity 

4. Need for large nurriber of units 

5. High operating costs 
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6. Greater surface disposal arearequirernents 
compared to mechanical backfilling 

7.2.3.2 Pneumatic Stowing With Truck Transport: 

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

ADVANTAGES: 

a) More space Will be reqUired for 
truck dumping and surge bin 
facilities. 

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

1. Complete stope filling 

DISADVANTAGES: 

1. Severe dust conditions 

2. Potential for ground-water saturation of fill 

3. High energy consumption 

4. High manpowerrequirernents 

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 
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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 requirements compared 
to mechanical backfilling 

7.2.3.4 Summary: 

Pneuina.tic stowing makes possible complete stope . 
filling, but this principal advantage is offset by several disadvari.tages; 
Pneumatically placed fill has relatively low in-place density, is more sus­
ceptible to grotmd-water saturation, does not provide as nuch 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 amotmt of energy for the volume of material moved, 
and it requires a relatively large number of stowing tmits. 

7.3 Surface Disposal: 

Regardless of the backfilling method used, a portion of the re­
torted oil shale nust 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 nust be stored on the surface. 

Retorted oil shale degrades when slurried and pumped, resUlting in 
an excessive amotmt of slimes that will not settle out in the stopes. The 
slimes are separated by cyclones or centrifuges and pumped 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 nuch 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 ininus 325-mesh material prior 
to stowing. The rejected slimes will be pumped to a surface disposal site at 
a maximum 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 amOlmt to approximately 9,700 acre-feet per year. Test work 
has shown that f10ccu1ants 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 ca1citml content· (22) . The nature and extent of the slimes ponds are 
two of the primary reasons for rej ecting the hydraulic system as a feasible 
method for transporting retorted· shale. 

7.4 Environmental Effects: 

7.4.1 Land Disturbance: 

The most obvious surface envirornnenta1 effects are those . 
associated with structures· or activities· which alter the· appearance 6f the . 
land area. Surface disposal dumps, roads, conveyors, other material handling 
structures, and slimes ponds are the most carrmon 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 mst 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
ornnenta1 effect is one of the principal obj ections 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 impenneab1e 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 punped, retorted shale slurry indicate total dissolved solids to be 
about 2,000 mg/l (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 Stmmary: 

Underground disposal of retorted shale can reduce substan­
tially the surface environmental 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 :i.npacts 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 

PRELOONARY CAPITAL AND OPERATING COSTS 

CHAMBER AND PIllAR MINING 

CONVEYOR TRANSPORT 

STOWING ME'IHOD 
Conveyor Hydraulic 

Conveyor With With 
And Pneumatic Pneumatic 

Compact Pneumatic Topfi11 Hydraulic Topfi11 

Capital Costs: 
$ x 103 \ 19,670 34,186 23,015 100,106 91,883 
$ I 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 3 0.3101 0.9632 0.4221 1.0785 1.0021 
$ x 10 153,512 476,823 208,956 533,901 496,080 

Combined Costs: 

Total: 3 
$ x 10 173,182 511,009 231,971 634,007 587,963 
$ I Ton 0.3498 1.0323 0.4686 1.2807 1.1877 
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TABlE 7.5.1-2 

PRELIMINARY CAPITAL AND OPERATING COSTS 

CHAMBER AND PILlAR MINING 

TRUCK TRANSPORT 

SrovrNG METHOD 
Truck Hydraulic 

Truck With With 
And Pneumatic Pneumatic 

Compact Pneumatic Topfi11 Hydraulic Topfi11 

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~: 
Labor ( /Ton) 0.1367 0.1819 0.1662 0.2703 0.2750 
Supplies ($/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: 
$ 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 CAPITAL AND OPERATING COSTS 

CHAMBER AND PIIl.AR MINING 

PNEUMA.TIC TRANSPORT AND STCMrnG 

ALTERNATE TRANSPORT METHOD 

Capital ~osts: 
$ x 10 
$/Ton 

Operating Costs: 

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

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

Total Operating Costs: 
$/Ton 3 
$ x 10 

Combined Costs: 

Total: 3 
$ x 10 
$/Ton 
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Vertical Pipe 

60,883 
0.1230 

0.1233 
0.6969 

0.1283 
0.2370 

1.1855 
586,870 

647,753 
1.3085 

Borehole 

43,295 
0.0875 

0.1232 
0.5960 

0.1255 
0.1670 

1.0117 
500,832 

544,127 
1.0992 



TABLE 7.5.1-4 

PRELIMINARY CAPITAL AND OPERATING COSTS 

CHAMBER AND PIllAR MINING 

HYDRAULIC TRANSPORT 

STOWING METIIOD 
Hydraulic Conveyor 

With With 
Pneumatic Pneumatic 

Hydraulic Topfi11 Conveyor Topfi11 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 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: 

Tota1:
3 $ x 10 464,119 637,332 713,513 772,346 1,037,334 

$/Ton 0.9375 1.2874 1.4413 1.5602 2.0955 
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TABlE 7.5.1-5 

PRELOONARY CAPITAL AND OPERATING COSTS 

SUBLEVEL STOPING 
CONVEYoR: TRANspoRt 

STOWING METHOD 
Conveyor Hydraulic 

With With 
Pneumatic Pneumatic 

Conveyor Pneumatic Topfil1 Hydraulic Topfil1 

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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TABIE 7.5.1-6 

PRELIMINARY CAPITAL AND OPERATING COSTS 

SUBIEVEL STOPING 

TRUCK TRANSPORT 

STCMING METHOD 
Truck Hydraulic 
With With 

Pneumatic Pneumatic 
Truck Pneumatic Topfi11 Hydraulic Topfi11 

Capital Costs: 
$ x 103 45,665 56,449 44,575 114,780 110,265 
$/Ton 0.0922 0.1140 0.0900 0.2319 0.2227 

Operating Costs: 

Operat~: 
Labor ( ITon) 0.1318 0.1819 0.1608 0.2703 0.2750 
Supplies 0.1612 0.6289 0.1881 0.5012 0.4532 

Maintenance: 
Labor ($ I Ton) 0.1315 0.1827 0.1547 0.2619 0.2618 
Supplies ($/Ton) 0.1086 0.2121 0.1395 0.1590 0.1844 

Total Operating Costs: 
$/Ton 3 0.5331 1.2056 0.6431 1.1924 1.1744 
$ x 10 263,906 596,820 318,360 590,286 581,375 

Combined Costs: 

Total: 3 
$ x 10 309,571 653,269 362,935 705,066 691,640 
$/Ton 0.6253 1.3196 0.7331 1.4243 1.3971 
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TABlE 7.5.1-7 

PRELIMINARY CAPITAL AND OPERATING COSTS 

SUBIEVEL STOPING 

Capital ~osts: 
$ x 10 
$/Ton 

Operating Costs: 

Operat~: 
Labor (~/Ton) 
Supplies ($/Ton) 

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

Total Operating Costs: 
$/Ton 3 
$ x 10 

Combined Costs: 

Total: 3 
$ x 10 
$/Ton 

PNEUMATIC TRANSPORT AND STOWING 
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ALTERNATE TRANSPORT METHOD 

Vertical I!ipe· Borehole 

60,883 
0.1230 

0.1233 
0.6969 

0.1283 
0.2370 

1.1855 
586,870 

647,753 
1.3085 

43,295 
0.0875 

0.1232 
0.5960 

0.1255 
0.1670 

1.0117 
500,832 

544,127 
1.0992 



TABLE 7.5.1-8 

PRELlMINARY CAPITAL AND OPERATING COSTS 

SUBLEVEL STOPING 

HYDRAULIC TRANSPORT 

STCMrNG METHOD 
Hydraulic Conveyor 

With With 
Pneumatic Pneumatic 

Hydraulic Topfi11 Conveyor Topfi11 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 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: 3 
$ x 10 464,119 637,332 713,513 772,346 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. Vo1u:nes 
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 
being considered. The higher costs associated with hydraulic transport and 
stowing are primarily the result of slimes disposal pond construction and 
maintenance. The vo1u:ne 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 function 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 environmental 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 backfilling abandoned 
mines. Costs tend to be high but the nature of the projects was such that 
carrmercial-sca1e 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 -wihich has been the traditional 
production parameter for a carrmercia1-sca1e operation. Capital costs are based 
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Capital ($ x 103) 

TABlE 7.5.2.2-1 

CAPITAL AND OPERATING COSTS 

TOTAL SURFACE DISPOSAL 

Operating and Maintenance ($/Ton Retorted Shale) 

Operating Labor 

Operating Supplies 

Maintenance Labor 

Maintenance Supplies 

TOTAL 

- 164 -

$19,055 

$0.0602 

0.0668 

0.0484 

0.0684 

$0.2438 



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 discotmt 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 

ESTn1A.1ED COSTS 

UNDERGROUND COAL MINE WASTE DISPOSAL 

Type of Operation and Stowing ~1ethod 

Abandoned Mines - U. S .A. - Hydraulic 

Operating Mines - U.S.A. - Pneumatic 

Operating Mines - U.S.A. - Hydraulic 

Operating Mines - Europe - Pneumatic 

Average $/Ton 
of Waste 

TABlE 7.5.4-1 

UNDERGROUND DISPOSAL COSTS COMPARISON 

EFFECTS OF PRODUCTION RATE 

$4.00 

4.25 

5.00 

6.00 

10,000 BPD 50,000 BPD 

Capital ($ x 103) 

Operating and Maintenance ($/Ton) 
Operating Labor 
Operating Supplies 
Maintenance Labor 
Maintenance Supplies 

TOI'AL 

Energy (I<JiJlDay x 103) 

Water (Gal/Day x 103) 

Manpower (Total Backfilling Payroll) 

- 165 -

$14,005 $19,670 

$0.3811 $0.1200 
0.1352 0.0537 
0.2672 0.0793 
0.1495 0.0571 

$0.9330 $0.3101 

88 335 

305 1,527 

182 263 



Capital costs are not proportional to the production rate be­
cause equipment and construction costs are not directly related to production 
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 syste:n 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: 

o Retort feed: 20,120,000 tons per year 

o Raw shale grade: 28 gallons per ton 

o Total minable reserVe before baCkfilling: 582,400,000 tons 
(Excluding pillar· tonnage) . 

o All tons have been adjusted for retort recovery 

o Shale oil selling price: $15.00 per barrel 

o 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. Subj ect to the asstmlptions 
made for this comparison, additional revenUe derived from increased resource 
recovery will pay the backfilling costs of most of the systems studied. 

7.6 Evaluation 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 teclmique which 
integrated the teclmical 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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TABIE 7.5.5-1 

EFFECTS OF INCREASED RESOURCE RECOVERY 

CHAMBER AND PIllAR MINING 

Added Gross Total 
% Years Added Disposal 

TransEort Stowing Increase Operation Revenue Cost 
($ x 103*) ($ x 103) 

Conveyor Conveyor 16.0 3.20 931,840 197,744 
Pneumatic 13.0 2.60 757,120 572,995 
Conveyor & 
Pneumatic Topfi11 15.6 3.12 908,544 264,569 

Hydraulic 11.0 2.20 640,640 692,736 
Hydraulic & 
Pneumatic Topfi11 11.3 2.26 658,112 644,020 

Truck Truck 16.0 3.20 931,840 354,964 
Pneumatic 13.0 2.60 757,120 730,856 
Truck & 
Pneumatic Topfi11 15.6 3.12 908,544 422,355 

Hydraulic 11.0 2.20 640,640 769,997 
Hydraulic & 
Pneumatic Topfi11 11.3 2.26 658,112 757,335 

Pneumatic Vertical Pipe 13.0 2.60 757,120 724,046 
Borehole 13.0 2.60 757,120 609,235 

Hydraulic Hydraulic 11.0 2.20 640,640 505,722 
Hydraulic & 
Pneumatic Topfi11 11.3 2.26 658,112 694,457 

Conveyor 16.0 3.20 931,840 806,565 
Conveyor & 
Pneumatic Topfi11 15.6 3.12 908,544 871,721 

Pneumatic 13.0 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 

EFFECI'S OF INCREASED RESOURCE RECOVERY 

SUBLEVEL STOPING 

Added Gross Total 
% Years Added Disposal 

Transport Stowing Iticrease Operation Revenue Cost 
($ x 103*) ($ x 103) 

Conveyor Conveyor 15.0 3.00 873,600 202,339 
Pneumatic 14.0 2.80 815,360 577,764 
Conveyor & 
Pneumatic Topfi11 14.8 2.96 861,952 268,565 

Hydraulic 12.0 2.40 698,880 698,075 
Hydraulic & 
Pneumatic Topfi11 12.4 2.48 722,176 649,476 

Truck Truck 15.0 3.00 873,600 349,157 
Pneuina.tic 14.0 2.80 815,360 736,824 
Truck & 
Pneumatic Topfi11 14.8 2.96 861,952 410,053 

Hydraulic 12.0 2.40 698,880 775,900 
Hydraulic & 
Pneumatic Topfi11 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 Topfi11 12.4 2.48 722,176 700,018 

Conveyor 15.0 3.00 873,600 800,749 
Conveyor & 
Pneumatic Topfi11 14.8 2.96 861,952 866,625 

Pnet.lIIla.tic 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 comb:ina.tion of 
transport and stowing syste:nS for 1.ID.dergro1.ID.d disposal of retorted oil shale 
is called Least Total Divisor Ranking Analysis (24). Economic and technical 
evaluations were made for each system prior to tne ranking analysis. This 
ranking analysis technique provides a means for integrating the results of 
the individual system evaluations and also provides a basis for selecting 
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 ntnnbers ranging from 1.0 for the most 
desirable factor upward to some inaxinn..ml 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: 

o Subjective Technical Evaluation 

o Objective Technical Evaluation 

o Capital Costs 

o 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 perfonned 
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. Each element was then rated for all transport-stowing comb:ina.­
tions with the relative values on a scale of 1 to 10. The final elern.ent 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
b:ina.tion 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 coIDb:ina.tions. 
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TABLE 7.6.1.1.1-1 

SUBJECTIVE 'IECHNICAL ANALYSIS 

Chamber and Pillar Mining, Sublevel St~ 
Transport Stowing Factor Rank Factor 

Conveyor Conveyor 4,103 1.00 4,319 1.00 
Pneumatic 5,921 1.44 5,858 1.36 
Conveyor & 
Pneumatic Topfi11 4,987 1.22 5,156 1.19 

Hydraulic 6,235 1.52 6,199 1.44 
Hydraulic & 
Pneumatic Topfi11 6,524 1.59 6,441 1.49 

Truck Truck 4,161 1.01 4,463 1.03 
Pneumatic 5,720 1.39 5,703 1.32 
Truck & 
Pneumatic Topfi11 4,970 1.21 5,117 1.18 

Hydraulic 5,977 1.46 5,924 1.37 
Hydraulic & 
Pneumatic Topfi11 6,277 1.53 6,227 1.44 

Pneumatic Vertical Pipe 7,333 1. 79 7,312 1.69 
Borehole 6,802 1.66 6,726 1.56 

Hydraulic Hydraulic 7,186 1.75 7,046 1.63 
Hydraulic & 
Pneumatic Topfi11 7,638 1.86 7,482 1. 73 

Conveyor 7,206 1. 76 7,046 1.63 
Conveyor & 
Pneumatic Topfi11 7,585 1.85 7,369 1.71 

Pneumatic 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 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. 

1.2 Transport: 

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

1.3 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. 

2. Transport: 

2.1 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. 

2.2 Maintenance: . 

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

2.3 Operation: 

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

2.4 Technical Feasibility: 

The state of the art and anticipated problems have 
to be considered. 
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3. Stowing: 

3.1 Operation: 

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

3.2 Technical Feasibility: 

The state of the art and anticipated problems have . 
to be considered. 

3.3 Manpower Skills Required: 

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

3.4 Fill Characteristics: 

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

3.5 Grotmd Support Achieved: 

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

4. Undergrotmd Environmental Effects: 

4.1 Dust Control: 

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

4.2 Temperature-Humidity: 

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

4.3 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 inore of a problem at higher temperatures 
than are presently envisioned for backfilling. 
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5. Effects on Mining Operation: 

5.1 Water: 

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

5.2 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. 

5.3 Disaster Potential: 

Methods may present potential for disaster, such as 
flooding due to liquefaction, if water is trapped in 
the backfilled areas. 

6. Gro'lIDd Water: 

6.1 Effects of Gro'lIDd Water on Emplaced Fill: 

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

6.2 Quality of Decant Water and Its Effect on the Aquifers: 

Consider the possibility of saline Water from the fill 
areaS entering the gro'lIDd water systen. 

6.3 Quality of GrOtmd Water: 

Consider the effect of potentially low quality water 
on the fill and on any additives Which rrdghtbe used 
for strength enhancement. 

6.4 Quality of Mine Discharge: 

Will the effluent from the filled areaS adversely affect 
the quality of the Water to be discharged from the inine? 

7. Surface Environmental Effects: 

7.1 Surface Disposal Area: 

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

7.2 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 IInlSt be considered. 

7.6.1.1.2 Objective Technical Evaluation: 

Six quantifiable elements were selected 
for the obj ective 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 input 
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 re1~ 
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 site-specific 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-
nica1 analysis are listed below: 

1. Energy Constml'tion: 

Energy consu:ned 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 IInlSt be left on the 
surface. 

5. Fill DenSity: 

High density resulting in increased vo1u:ne to be placed 
underground and increased strength for pillar and roof 
support. 
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6. Resource Recovery Increase: 

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

7.6.1.1.3 Economic Analysis: 

The economic analysis of each transport­
stowing system is made up of two elements, capital costs and operating 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 shaw the rariking 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 rariking 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 studied. 

7. 7 Phase I Conclusions and Reconmendations: 

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 detennine 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 eCOnamics~ 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 a1teril.a­
tives, this system has the following advantages: 
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o Highest fill density 

o Most retorted shale placed tnldergrO'lmd 

o Highest pillar support potential 

o Greatest increase in resOurce recovery potential 

o Lowest manpower require:nent 

o Lowest energy requirement 

o Lowest capital and operating costs 

o Least potential for grmmd water contamination 

o LeaSt surface disruption 

o LeaSt envirornnental degradation 

o 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 tnldergrotnld, 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 environmentally prohibitive.· Design and construction of reliable bulk­
heads to close off large openings and to confine large amotnlts of saturated 
backfill material would be extremely difficult and expensive. In addition, 
high energy and water requirements are inherent to a hydraulic system. 

A pneuna.tic 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 tnlits and pipeline networks would be reqUired to attain the 
necessary transport and stowage rates. Under certain conditions, however, a 
pneuna.tic 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~ 
onmended 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 
topfi11ing, which pennits 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 recamnended 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 MATERIAL TESTING 

The physical and chemical characteristics of retorted shale from the . 
Paraho direct-heated retort that affect undergr01.md backfilling were re­
viewed and analyzed. Physical properties that have been investigated in­
clude: size distribution, cooling characteristics, campactability, effects 
of slurry transport, dewatering potential, effects of cementing and floc­
cu1ant additives, and amenB.bility to mass flow. The chemical properties in­
vestigated were inainly in the areas of leaching and self-ce:nenting 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 nID. 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 4000F to 1000F with minimal water 
consun:ption. The heat capacity was deterin.ined 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 4000f to 100OF. 

Retention time: 

Air velocity: 

Heat capacity: 
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TABLE 8.2-1 

HEAT CAPACITY FOR PARAHO REIDR'IEDOIL SHALE 

Temperature 
(OF) 

100 
150 
200 
250 
300 
350 
400 

8.3 Modification of Physical Properties: 

capacira: 
(BTU/LbOF) 

0.269 
0.280 
0.286 
0.290 
0.289 
0.287 
0.289 

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 irrprove­
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 perfonning 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 irrprovements 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 irrprove 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) Calcium chloride did not improve dewatering character­
istics, whereas two p01,mds 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. 

(3) 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 maxinun 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) Increasing moisture content from 15 percent to 
25 percent produced significant increases in 
compressive strength. 

(2) 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. 

(3) Distribution of moisture, cementing agent, 
fines affects compressive strength. Curing 
period and curing envirornnent 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) Treatment with five percent hydrated lime 
promotes cementing, thus, increasing com,;. 
pressive strength and decreasing permeability 
rate. 

(2) Accelerated curing times promote reactions of 
calcium and magnesium oxide present in Paraho 
retorted shale, increasing compressive strength 
from 17 psi to 125 psi with a 28-day curing 
period at l250 F. 
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8.3.3 Sunrnary: 

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 detennine 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 perfonned 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 detennine the dewatering char­
acteristics of hydraulically placed, retorted oil shale. The leachate from 
these tests was analyzed to deterinine the extent of the chemical change in 
the retorted shale and the effluent. A column 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 simJ.lated in these tests. Table 
8.5.1-1 shows the results of these tests. 

TABLE 8.5.1-1 

BOX DRAINAGE TESTS 

Percent Solids by Weight - Slurry 

Percent Solids by Weight - Drained Material 

Bulk Density - Drained Material ONet Basis) 

Percent Water in Slurry - Drained 
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PiEeDrain Bottom Drain 

37.6 34.7 

64.1 69.1 

104.9 93.7 

71 67 



A column settling test was perfonned in a four-inch-diameter 
column 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. 

TABlE 8.5.1-2 

COLUMN SETlLING 'lEST 

Sample Interval 
(Inches From Bottom of Column) 

Slurry Feed 

167 - 120 
120 - 96 

96 - 72 
72 - 48 
48 - 24 
24 - 0 

8.5.2 Chemical Analysis: 

% Solids By Weight 

53.2 

64.7 
60.5 
58.1 
58.7 
59.3 
63.5 

The effects of hydraulic transporting and stowing on the 
chemical cOIIq:>osition 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 detennined 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 prob1ens of underground waste disposal, and in­
formation on the physical and chemical properties of Parahoretorted 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. 'TIle 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 underground 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 envirornnenta1 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 perinits the 
use of relatively thin pillars in the mining areas. 

The alternative backfilling methods studied include mechanical, hy­
drau1ic, and pneumatic transport and stowing systems and several combinations 
of these basic systemS. The conveyor transport and stowing systemS, when 
compared to the a1terilatives studied, have the following advantages: 

o Highest fill denSity 

o :Most retorted shale placement underground 

o Highest pillar support potential 
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o Greatest potential for increase in resource recovery 

o Lowest manpower requirement 

o Lowest energy requirement 

o Lowest capital and operating costs 

o Least potential for grmmd-water contamination 

o Least surface disruption 

o Least enVironmental degradation 

o Safest overall method 

Thus, a conveyor transport and stowing system has many advantages. 
The relatively high fill density obtainable, especially in chamber and pillar 
mining where mechanical compaction can be used, is the principal reason for 
maxinrum 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 not feasible for several 
reasons. Excessive 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 ammmts of saturated backfill material would be 
extre:nely 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. Energy con­
sumption is high due to high horsepower per ton require:nents. The system 
does not lend itself to large-scale COIIInet'cial applications. Many blower~ 
feeder units and pipeline networks would be required to attain the necessary 
transport and stowage rates. Under certain conditions, however, a pneu:na.tic 
stowage system may be used as a final step to completely fill 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 thepurnp 
caused recurrent and ever~increasing degradation to the shale. 

As a further aid to maxinrum 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. J028500l, ''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 environmental standpoint. A program to 
evaluate the environmental effects, technical feaSibility, and costs for such 
an tmdergrO'lmd disposal system is recorrmended. 
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APPENDIX A 

The followmg companies generously provided infonnation which was 

useful in completing this study. 

Brad Regan, Inc. 

Burikerhill Company 

CF&I Steel 

Continental Conveyor & Equipment Co. 

Development Engineering, Inc. 

Dresser Industries 

Energetics Science, Inc. 

Envirotech/BSP 

Fairchild, Inc. 

Fisher and Porter 

FMC Corporation 

Frontier Industrial Controls Corp. 

Gardner-Denver Company 

GCA/Technology Division 

Getman Corporation 

Goodyear Tire & Rubber Company 

Grand Junction Machine & Plastics Co. 

Hecla Mining Company 

Hewitt-Robins 

Ingersoll-Rand Company 

Johnson-March Corporation 

Joy Manufacturing Company 

Kaman Bearing Company 

Kerr-McGee Nuclear Corp. 

Lafayette Engineering & 
Manufacturing, Inc. 

Lake Shore, Inc. 

Long-Airdox Company 

Marconaflo, Inc. 

Mine Safety Appliance Company 

National Iron Company 

Ohrnart Corporation 

Portadrill, Inc. 

Radar Canada Ltd/Radmark Div. 

Split MOuntain Pipe & Steel 

Stansteel Corporation 

Stephens-Adamson, Inc. 

Wagner Equipment Company 

Westem Slope Iron & Supply 

Witco Chemical Company 
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APPENDIX B 

SAMPLE CALCUIATIONS 
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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 = 0.35 x 4.1 x 600 = 861 cfs 

CatChment bas~ volume required: 

v = 861 feet3 x 60 seconds x 45m.inti.tes x 1 AF = 53.4 AF 
second minute 43,560 feet3 
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APPENDIX B 

Parameters used for comparison of methods for mderground 

disposal of retorted shale from the· Paraho retorting process. 

o Oil production - 50,000 barrels per day 

o Retort efficiency factor - .95 (REF) 

o Raw shale grade - 28 gallons per ton 

o Retorted shale weight loss factor - .82 (WLF) 

o Moisture from dust and cooling - .05 (MF) 

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

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

Calculation to detennine daily retorted shale produced: 

Tons/Day = 50,000 bbl 
day 

x 42 gal 
bbl 

x 1. 05 (MF) = 67,974 

x ton x 1 x 0.82 (WLF) 
28 gal 0.95 (REF) 

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

Increase in extraction ratio with baCkfilling: 

ASS'l.1llptions and Symbols: 

ASSUMPTIONS: 1. Rock strength parameters are from USBM holes 01-A 
and 02-A, Horse Draw, Piceance Basin, Colorado. 

2. Dtrnensions used in the calculations are compatible 
with those that may be used in a conmercia1-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, detennined in the laboratory 
on spectrnens 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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APPENDIX B 

SAMPLE CALCUIATION: 

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 

R = L/(L +Wp) = 70/(70 + 60) = 0.54 

Sp = Sv/(l - 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 ndning without 
backfill) 

With backfilling, F can be 1.2 and thus Wp = 40 feet, R = 

O. 64. Thus, increase in panel extraction ratio due to backfill is R = 

(64 - 48) = 16%. 
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For mechanical filling (90 pcf), increase in R = 16% 

For pneumatic filling (75 pcf), increase in R = 13% 

For hydraulic filling (65 pcf), increase in R = 11% 

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 = yH = 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 = 15% 

For pneumatic backfilling (75 pcf), increase :in R = 14% 

For hydraulic backfilling (65 pcf) , increase in R = 12% 
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The extraction ratio may be increased further by robb:ing 

barrier pillars, if it is determined that support perfonnance of back­

fill is suCh that it relieves the load on barrier pillars. 
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APPENDIX B 

SAMPIE CALCUIATIONS: 

Effect of resource recovery: 

80,000 tons x 7 days x 52 weeks x 20 years = 582.4 x 106 tons mined 
day week year project 

582.4 x 106 tons = 29,120,000 tons per year 
20 years 

Assume 16% increase in recovery -

582.4 x 106 x 0.16 = 93,184,000 tons additional reserves 

Assume $15 per barrel -

93,184,000 tons x 28 gal. x 1 bb1 x $15 = $931,840,000 additional revenue 
tons 42 gal. 

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

SAMPlE CAlCUlATIONS: 

Capital and Operating Costs: 

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

Initial Capital: 

Borehole 
Substations and feeders 
Underground structures and dust control 
Conveyors - main 
Conveyors - stope (including feeders) 
Compactors 
Loaders 
Utility vehicles 
Haul trucks 
Dozer 
Graders 
Water trucks 
Miscellaneous revegetation 
lube truck 
Spare parts 
Dam and road construction 
Lighting 
Cooling 
Additional ventilation 
Production supervision, engineering 
expense, and construction 

'IOTAL 

$ 5,348,000 
384,000 
261,000 

2,757,000 
816,000 
351,000 
267,000 
226,000 
345,000 
138,000 
106,000 
60,000 
80,000 
40,000 

870,000 
2,054,000 

10,000 
20,797,000 

336,000 

1,273,000 

$36,519,000 
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APPENDIX B 

SAMPLE CALCUIATIONS: 

Capital and Operating Costs: 

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

Deferred Capital: 

Conveyors 
Haul trucks 
Loaders 
Canpactors 
Dozer 
Graders 
Water trucks 
Utility vehicles 
Ventilation 
Miscellaneous Equipment 
Lube truck 
Substation and feeder 

'IOTAL 

$13,lj48,000 
4,175,000 
2,010,000 
2,224,000 
1,584,000 
1,516,000 

396,000 
1,841,000 

185,000 
554,000 
402,000 
265,000 

$28,600,000 
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APPENDIX B 

SAMPLE CALCUlATIONS: 

Capital and Operating Costs: 

Chamber and Pillar Mining - Conveyor Transport and Stowing 

BACKFIILING COST CENIER 

Weekly Schedule: 476,000 tons per week. 

Operating Labor: 

r!'en/ 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 

Conveyonnan 3 10 30 54.48 1,634 

EquipIIEnt Operator 4 21 84 57.84 4,859 

Laborer 4 21 84 50.72 4,260 

Subtotal $15,898 

Fringes and Absentee Allowance @36.4% 5,787 

Shift Differential 353 

'IDTAL $22,038 

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

Po~: 900HPx1KW x 133.4 Hrs. x $0.03 
mr weeK KWH = $ 3,602 

Water: 3,881,000 Gal x $0.00051/Gal 
weeK = 1,979 

Idlers: (Replace 10% per year) 
1,600 Idlers x $210 x .1/52 

rarer = 646 

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

Belt = 659 

Ventilation: 8 Fans x 133.4 Hrs. x $0.04 
.Week Hr. = 43 

Compactor: 3 x 133.4 Hrs. x $8.81 
Week Hr. = 3,526 

Loader: 2 x 66.7 Hrs. x $8.30 
Week Hr. = 1,107 

$11,562 

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

SAMPIE CALCUIATIONS: 

Capital and Operating Costs: 

Chamber and Pillar M:ining - Conveyor Transport and Stowing 

Maintenance Labor: 

Loader: 

Compactor: 

Conveyor: 

Ventilation: 

'IOTAL 

Maintenance Supplies: 

Loader: 

Compactor: 

Conveyor: 

Ventilation: 

TOTAL 

BACKFIILING COST CENTER 
(Weekly SChedUle) 

2 x 66.7 Hrs. x $6.56 
Week Hr. 

3 x 133.4 Hrs. x $15.87 
Week Hr. 

404,600 Tons x $0.0015 
Ton 

8 x 133.4 Hrs. x $0.94 
weeK Hr. 

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

2 x 66.7 Hrs. x $4.21 
tTeeK Hr. 

3 x 133.4 Hrs. x $13.40 
Week Hr. 

.05 x 8 x $21,420/5/52 

8 x 133.4 Hrs. x $0.50 
Week Hr. 

$6,492/476,000 = $0.0136 per ton 

= $ 875 

= 6,351 

= 607 

= 1,003 

$8,836 

= $ 562 

= 5,363 

= 33 

= 534 

$6,492 
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APPENDIX B 

FUI'URE IDRTH CALCUlATION: 

Future worth is calculated using the equation F=P(l+i) n where F is the 

future worth at the end of t:imeperiod n is present aIOOunt P and i is the 

period compound interest rate. 

Example: P = $10,000 
n = 20 years 
i = .07 
F = $10,000 (1 + .07)20 = $38,697 

PRESENT WORTH CALCUIATION: 

Present worth is the single sum of money at time zero which, if invested 

at period compound interest rate i for nyears, will yield a future amount F 

as shown by the equation P = F/(l + .07)n. 

Example: F = $40,000 
n = 20 years 
i = .07 
P = $40,000/(1+ .07)20 = $10,337 
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APPENDIX C 

HYDRAULIC CHARACI'ERISTICS REPORT 
COlDRAlX) SCHOOL ·OF MINES RESFARCH INSTITUTE 
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Colorado School of Mines Research Institute 

December 9, 1976 

CSMRI Project A60943 

Mr. Paul McKie 
Cleveland Cliffs Iron Company 
P. O. Box 1211 
Rifle, Colorado 81650 

Dear Mr. McKie: 

PO. BOX 112 • GOLDEN. COLORADO 80401 [SmRI 
PHONE (303) 279-2581 . 

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 CS:M.RI, (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 colurrm settling test, (7) Bond and Miller abrasion tests, (8) Bond work 
index tests, and (9) consulting on cementation amenability. 

- 23§C -
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COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 

Mr. Paul McKie Page 2 December 9, 1976 

SUMMARY 
',,1i 

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

1. 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. 

2. 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 bottbm 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. 

3. 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. 

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

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

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

7. 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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Mr. Paul McKie Page 3 December 9, 1976 

RECOMMENDA TIONS 
'.~.\ 

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 
oil shale which was on hand at the Research Institute. The material is 
described in more detail in Exhibits I, 2, and 4 of the Appendix. 

PUMPING 

Twenty-eight drums of the spent 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 d. 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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COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 

Mr. Paul McKie 

Solids in Incoming Slur ry, % 
Solids in Drained Pulp, % 

Page 4 

Bulk Density of Dra"ined Pulp, lb/cu ft 
Bulk Density of Drained Pulp on a 

Dry Basis, lb/ cu ft 

Pipe Drain 
';~\ Box 

37.6 
64. 1 

104. 9 

67.3 

December 9, 1976 

Filter Bottom 
Box 

34.7 
69. 1 
93.7 

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 II 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. Based 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 
(in. from bottom of column) 

166.69-120 
120-96 
96-72 
72-48 
48-24 
24-0 

- 23B -

Solids 

0/0 

64.72 
60.54 
58. 12 
58.70 
59.43 
63.46 
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Mr. Pa ul McKie Page 6 December 9, 1976 

These data show that the pattern normally expected in a settling test, i. e. , 
an increase in percent solids from top to bott'tm, 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 oil shale feed prior to pumping was subjected to a Bond 
rod mill grindability test. The results of this te st 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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Mr. Paul McKie Page 7 December 9, 1976 

minus (-) if there is a loss of abrasivity and ,~lus (+) 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 13+4 
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 lias 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. 

CEMENTA TION 

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, 

~~~~ 
Maurice G. Pattengill 
Projects Manager 
Chemical Division 

/nkr 
encl. 
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Project Engineer 
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EXHIBIT 1 

SAMPLE DESCRIPTION AND PREPARA TION 

Sponsor's Designation 
of Sample: 

Sample Weight: 

Sample Containe r: 

Spent Paraho oil shale. 

~8,000 lb. 

29 metal drums. 

A-I 

Sample Description: Gray chunks 1 ranging in size from ~ 2 in. to dust. 

Preparation: The material was used lias is." 
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Purpose: 

Sample: 

Procedure: 

Results: 

COLORADO SCHOOL OF MINES RESEARCH INSTITUTE A-2 

EXHIBIT 2 

SCREEN ANALYSES 

To determine the particle size distribution of the sample before 
and afte r pumping. 

Spent Paraho oil shale, before and after pumping. 

Samples were screened at specified meshes. 

Weight 0/0 
Sample of Shale 

Screen Size Sample Prio r After Pumping About 
(Tyler) mesh to Pumping 1 hr at 10 fps and 56 % solids 

t2 in. 0 0 
-2 in. tl~ in. 3. 9 0 
-I! in. tli in. 7.8 o. 7 

11.. . - 4 In. tl in. 11. 6 3.3 
-1 in. t~ in. 14.0 3.6 
-~ in. t~ . 4" In. 15.4 2. 8 
~ . 

-4" In. t4M 6. 1 1.6 
-4 t14 16.4 9.9 
-14 t35 ll. 8 10.2 
-35 t65 4.7 4. 7 
-65 t150 2. 7 3. 0 
-150 t325 3.0 4.3 
-325 2.6 55. 9 

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

Sample: 

Procedure: 

Results: 

COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 

EXHIBIT 3 

BOX DRAINAGE TEST RESULTS· 

·,;11 

To evaluate the drainage characteristics of the slur ried oil 
shale material. 

Pumped pipeline slurry of Paraho oil shale. 

A-3 

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 -i-in. plywood and fitted with a perforated 84-in. high plastic 
center pipe measuring 4l in. ODe 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 ~-i in. 
of -~ in. + i in. washed pea gravel and~:i in. of washed sand. 

Following are the results of these drainage tests. 
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EXHIBIT 3 

Box Drainage Test Results -- continued 

Box Drainage Tests Data Summary 

Slurry, gal 
Residue Pulp After Drainage, gal 
Residue Pulp After Drainage, cu ft 
Solids in Incoming Slurry, % 
Water in Initial Slurry, Ib 
Water in Initial Slurry, gal 
Solids in Initial Slurry (Dry Basis), Ib 
Water Drained Out, gal 
Water Drained Out, lb 
Water Remaining in Drained Pulp, gal 
Water Remaining in Drained Pulp, lb 
Total Pulp, Ib 
Solids in Drained Pulp, % 
Bulk Density of Drained Pulp, lb/cu ft 
Bulk Density of Remaining Solids 

(Dry Basis), Ib/cu ft 

Pipe Drain Box 

714.0 
326.0 
43.6 
37.6 

4,862.8 
583. 1 

2,933.7 
414.7 

3,458.6 
168.4 

1,404.2 
4,337.9 

67. 63 (64. 12) ( 1) 
99.5 (104.9)(1) 

67.3 

Filter Bottom Box 

667.0 
300.0 
40.0 
34.7 

4,874.3 
584.4 

2,590.7 
393.4 

3,281.0 
191. 0 

1,593.3 
4, 184.0 

61. 92 (69.09) (1) 
104.6 (93.7)(1) 

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. 

- 246 -



COLORADO SCHOOL OF MINES RESEARCH INSTITUTE A-5 

Purpose: 

Sample: 

Procedure: 

Results: 

Com:eonent 

S 
CaO 
MgO 
CI 
Br 
Na 
Fe 
K 
Al 

Moisture 
LOI (l000 °C) 

EXHIBIT 4 

CHEMICAL ANALYSES OF SAMPLES 

To determine the extent of change in the chemical composition 
of the test material brought about by the slurry pumping pro­
cedures. 

Spent Paraho oil shale prior to pumping and a composite drain­
age water sample from each box drainage test. 

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. 

Unpumped 
Paraho 
Oil Shale 

0.555 
16. 1 
7.05 

Nil(l) 
Nil(2) 

1. 815 
2.285 
0.61 
4.995 

0.45 
19.4 

Analyses, Weight % 
Pi:ee Drain Box Filter Bottom Box 

Drainage Calculated Drainage Calculated 
Water Residue Pulp Water Residue Pulp 

Com:eosite Dry Basis Composite Dry Basis 

0.009 0.54 0.0085 0.54 
0.0462 16.05 0.0259 16.08 
Nil(3) 7.06 Nil(3) 7.06 

0.0029 Nil 0.0042 Nil 
Nil(4) Nil Nil(4) Nil 

0.0400 1. 75 0.0490 1. 73 
Nil{5 ) 2.29 Nil(5) 2.29 

0.0008 0.61 0.0010 0.61 
Nil(6) 5.00 Nil(6) 5.00 

Total Dissolved Solids 0.22 

(1) Actual analysis -- <0.05%. 
(2) Actual analysis - - < 0.001 0/0. 
(3) Actual analysis -- <0.2 ppm. 
(4) Actual analysis - - < O. 1 ppm. 
(5) Actual analysis - - < O. 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 

'.;~.\ 

Purpose: To determine settling characteristics of pumped slurry. 

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

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

Results: 

Solids in Incoming Slurry, %: 
Total Column Height at Start of Test, in. : 
Weight of Solids, lb: 
Compaction, % solids 

At 19 hr (based on % solids in and volume of 
clear liquid): 

At 49:t hr (based on % solids in and volume of 
clear liquid): 

At 49; hr (based on weighted average of 
samples taken from column at 
end of test): 

Volume of Settled Pulp, cu ft: 
Total Weight of Settled Pulp, lb: 
Bulk Density (Settled Pulp), lb / cu ft 

(based on weighted average of samples taken 
from column): 

Dry Basis: 
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53. 15 
208.5 
74.77 

60.75 

61. 41 

61. 25 
1. 21 
122.07 

100. 70 
61.68 
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EXHIBIT 5 

Column Settling Test - - continued 

(1) 

',;j\ 

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 

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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64.72 
60.54 
58. 12 
58.70 
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EXHIBIT 6 

BOND WORK INDEX TEST 

. \ 
Purpose: To determine the rod mill grindability 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 
New In 

Stage Feed Feed 
No. g B 

1 1,499.0 503.7 
2 1,410.7 474.0 

3 997.8 335.2 
4 841.3 282.7 

5 786.3 264.2 

6 744.0 250.0 
7 740.0 248.6 
8 727.0 244.3 

N1IS is authorized to reproduce 
and sell this copyrighted work. 
Permission for further reproduction 

To Be 
Ground 

B 

245.8 
275.5 
414.3 
466 .. 8 
485.3 
499.5 
500.9 
505.2 

must be obtained from the copyright owner 

Undersize Produced 
Undersize Per Mill 
in Product Total Revolution 

Revolutions B B g 

51 1,410.7 907.0 17. 784 
16 997.8 523.8 32. 738 
13 841.3 506. 1 38.931 
12 786.3 503. 6 41. 967 
12 744.0 479.8 39.983 
12 740.0 490.0 40.833 
12 727.0 478.4 39.867 
13 781. 3 537.0 41. 308 

A verage last three = 40.669 
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EXHIBIT 6 

Bond Work Index Test -- continued 

'.,~.\ 

Rod Mill Work Index Computations 

Wi = 62 

Wherein: PI = 100 % Passing Size of Product 
Grp = Grams per Revolution 
P = 80% Passing Size of Product 
F = 80 % Pas sing Size of Feed 

Wi = 6.2 

NTIS is authorized to reproduce 
and sell this copyriahted \York. 
Permission for further reproduction 
must be obtained from the copyright owner 
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= 1, 680J,L 
= 40.669 
= l,200J,L 
= 8,250J,L 
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EXHIBIT 6 

Bond Work Index Test -- continued 

Average Work Indexes of Typical Materials(l) 

TABLE IIIA-Avera~e Work Indexe. by Type. of Material. 
Caution should be Ilsed in applying the average work index values listed hore to specific installations. since th~ individual variations between material. in any 

classification may be quite large. 

Average Average 

Specific Work Specific Work 
~taterial No. of Gravity Index Material No. of Gravity Index 

Tests Sg Wi Tosts Sg Wi 
A II materials tested 2088 - 1J.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 11.35 
Basall 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 
Cemont clinker 60 3.09 13.49 M angant.!se ore 15 3.74 12.46 
Cement raw material 87 2.67 10.57 Magnosite. dead burned I 5.22 16.80 
Chrome ore 4 4.06 9.60 Mica 2 2.89 134.50 
Clav 9 2.23 7.10 Molybdenum 6 2.70 12.97 
Clay. calcined 7 2.32 1.43 Nickelore 11 3.32 11.88 
Coal 10 1.63 11.37 Oil shale 9 1.76 18.10 
Coke 12 1.51 20.70 Phosphate fertilizer 3 2.65 13.03 
Coke. fluid petroleum 2 1.63 38.60 Phosphate rock 27 2.66 10.13 
Coke. petroleum 2 1.78 73.80 Potash ore 8 2.37 8.8S 
Copper are 308 3.02 13.13 Potash salt 3 2.18 8.23 
Coral 5 2.70 10.16 Pum;ce 4 1.96 11.93 
Diorite 6 2.78 19.40 Pyrite ore 4 3.48 8.90 
Dolomite 18 2.82 11.31 Pyrrhotite ore J 4.04 9.57 
Emery 4 3.48 58.18 Quartzite 16 2.71 12.18 
Feldspar 8 2.59 11.67 Quartz 17 2.64 12.77 
Ferro-<:hrome 18 6.75 8.87 Rutile ore 5 2.84 12.12 
Ferro ... manganesc 10 5.91 1.71 Sandstone 8 2.68 11.53 
Ferro-.ilicon IS 4.91 12.33 Shale J3 2.58 16.40 
Flint S 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 7 2.73 26.17 
Galena 7 5.39 10.19 Silver ore 6 2.72 17.30 
Garnet 3 3.30 12.37 Sinter 9 3.00 8.77 
Glass S 2.58 3.08 Slag 12 2.93 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 S 2.48 13.83 
Granite 74 2.68 14.39 Sodium silicate 3 2.10 13.00 
Graphite 6 1.75 45.03 Spodumene arc 7 2.75 13.70 
Gravel 42 2.70 25.17 Syenite 3 2.73 14.90 
Gypsum rock 5 2.69 8.16 Tile 3 2.59 15.53 
Ilmenite 7 4.27 13.11 Tin ore 9 3.94 10.81 
Iron ore 8 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 17.93 
Oolitic 6 3.32 11.33 Zinc ore 10 3.68 12.42 
Limanite 1 2.53 8.45 
Maanetite 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 reproOuce 
and sell this copyri,hte~ work. 
Permission ['or further reproduction 
must be obtal:oecl 11' •• the «epyright owner 
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EXHIBIT 7 

BOND ABRASION TEST 

.~ 

Purpose: To determine the Bond abrasion index of the test saITlple. 

SaITlple: 1600 g, --! in. +i in. fraction of spent Paraho oil shale, prior 
to pUITlping. 

Procedure: 

Results: 

The equipITlent and procedure duplicate the Bond ITlethod for 
deterITlining an abrasion index. 

Original Coupon Weight, g: 
Final Coupon Weight, g: 

95. 1068 (OW) 
95. 1008 (FW) 

COITlputed Abrasion Index, g, Ai = 0.0060 (OW -FW) 

Note: Arbitrary lower liITlit has been established to 
be 0.021 for Ai' 

Average Bond Abrasion Index Values(1) 

No. Material Ai 

1 DoloITlite 0.0160 
2 Shale 0.0209 
3 L. S. for CeITlent 0.0238 
4 LiITlestone 0.0320 
5 CeITlent Clinker 0.0713 
6 Magnesite 0.0783 
7 Heavy Sulfides O. 1284 
8 Copper Ore O. 1472 
9 HeITlatite O. 1647 

10 Magnetite 0.2217 
11 Gravel 0.2879 
12 Trap Rock 0.3640 
13 Granite 0.3880 
14 Taconite 0.6237 
15 Quartzite O. 7751 
16 Alumina O. 8911 

(1) 
ITIS 1s authorized to reproduce 

FroITl Bond, Fred C., E&MJ, June 
1964, p. 171. 

,nd sell this copyri~htej work. 
-ml~5ion for further reproduction 

be obtained fro~ the copyright owner - 253 -
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EXHIBIT 8 

:MILLER ABRASION TEST 

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

Results: 

Block No. 
Total Weight Loss, mg 
Lap Wear 
Miller No. 

NfIS is autherized to reproduoe 
and sell this copyri~hted work. 
Perai~sion tel' further re~reduction 
'llst be olDtaineti from the copyrisht ollller 

~5 0 % Solid s 
Slurry 

1 
53.8 

2 
45.0 

trace 

55.4 + 2. 9 
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NaOH Inhibited 
pH 13+ 

1 2 
15.5 27.2 

trace 

33.8-18.1 



Colorado School of Mines Research Institute 

December 14, 1976 
P.O BOX 112· GOLDEN. COLORADO 80401 [SmRI 

PHONE (303) 279-25B1 

CSMRI Project A60943 

Dr. Rajaram 
Cleveland Cliffs Iron Company 
P.O. Box 1211 
Rifle, Colorado 81650 

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 dra inage 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 res idue 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, 

M. G. Pattengill 
Projects Manager 
Chemical Division 

/cjm 
Enc. 
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Colorado School of Mines Research Institute· 

December 21, 1976 
PO BOX 112· GOLDEN.COLOHADO 804U1 [SmRI 

PHONE (3U3) 279-2581 ' 

CSMRI Project A60943 

Mr. Paul McKie 
Cleveland Cliffs Iron Co. 
P. O. Box 1211 
Rifle CO 81650 

Dear Mr. McKie: 

At the request of Dr. Rajaram, following is a summary of the calculations 
performed at CSMRr 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 Po rtland 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 phys ical testing in his laboratory. 

Chemical Analyses of Spent Paraho Oil Shale 

Following is the chemical analyses of the spent Paraho oil shale prior to 
pumping (dry basis): 

SiOz 
Alz0 3 

Fez0 3 

TiOz 
PzOs 
CaO 
MgO 
NazO 
KzO 

(39. 54) ( 1) 

9.49 
3.28 
ND 
ND 

NazO + 0.658 KzO (alkalies) 

S03 

16.07 
7.13 
2.46 
1. 48 
3.43 
0.56 

Cl 
Br03 
Lor 
Total 

1/ Determined by difference. 

<0.5 
<0.001 
19.49 

100.00 
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COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 

Mr. Paul McKie 
Cleveland Cliffs Iron Co. 
December 21, 1976 
Page 2 

'.,~ 

Chemi.ca1 Analyses of Paraho Oil Shale 
After Pumping and Drainage Tests 

As may be noted in the report of December 9, 1976, the chemical analys is 
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 
chemistrie s of the two components were as sumed as follows: 

Fly Ash(l) Burned Lime 

Si0 2 

A1 20 3 

Fe203 
Ti02 

P 20 5 

CaO 
MgO 
Na20 
K 20 
Na20 + 0.658 K 20 (Alkalies) 

S03 (2) 
Difference 
Total 

41.6 
26.6 
5.4 
1.4 
1.0 
8.7 
1.8 
1.6 
0.4 
1.9 

10.0 
1.5 

100.0 

100.0(3) 

100.0 

}j The mathematic average of two published fly ashes. One 
ash was from Moffett County and one was from Routt 
County. 

l:.,/ This value is the mathematical difference between the 
sum of the above-listed oxides and 1000/0 (includes LOI). 

3/ The burned lime was assumed to contain 100% CaO. 
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COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 

Mr. Paul McKie 
Cleveland Cliffs Iron Co. 
December 21, 1976 
'Page 3 

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: 

SiOz 
Alz0 3 

Fez0 3 

TiOz 
PzOs 
CaO 
MgO 
NazO 
KzO 
NazO+0.628KzO (Alkalies) 

S03 
Difference 
Total 

50% Fly Ash 
50% Burned Lime 

(CementingMixNo. 1) 

20.8 
13.3 
2.7 
0 .. 7 
0.5 

54.4 
0.9 
0.8 
0.2 
0.93 
5.0 

(0.7)(1) 

100.0 

Type II 
Portland Cement 

21.0 (minimum) 
6.0 (maximum) 
6. 0 (maximum) 

55.4 (calculated) 
5. 0 (maximum) 

O. 6 (maximum) 
3. 0 (maximum) 

(3. 0 LOr maximum) 
100.0 

1/ This value is the mathematical difference between the sum of the above­
listed oxides and 100% (includes LOr). 

Since 75% of Portland cements are comprised of calcium silicates and since 
the above mix closely approximates the CaO and SiOz 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. ): 

- 260 -
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Mr. Paul McKie 
Cleveland ClLffs Iron Co. 
December 21, 1976 

-'Page 4 

SiOz 
Alz0 3 

FeZ0 3 

TiOz 
PzOs 
CaO 
MgO 
NazO + 0.658 KzO (Alkalies) 

S03 
LOI 
Difference 

' .. ~.\ 

50% Cementing 
Mix No. 1 

and 50% Type II P. C. 
(Cementing Mix No.2) 

20.9 
9.6 
4.5 
0.4 
0.2 

54.8 
2.9 
0.8 
4.0 
1.5 
0.4 (includes LOI) 

Type II P. C. 

21. 0 (minimum) 
6.0 (maximum) 
6. 0 (maximum) 

55.4 (calculated) 
5.0 (maximum) 
o. 6 (maximum) 
3. 0 (maximum) 
3. 0 (maximum) 

As with Cementing Mix No.1, this cementing mix also looks chemically 
promising as a cementing media. 

Initial Shale-Cementing Media Mixes 

The following mixes were suggested for initial study based on the above 
calculations: 
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December 21, 1976 
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Mix A 
(95% Spent Shale and 5% Cementing Mix No.1 

% 
95% Spent Shale(l) 5% Cementing Mix No.1 FinalMix 

SiOz 37.56 
Alz0 3 9.02 

Fe z0 3 3. 12 
TiOz 

ND(2) 

PzOs ND 
CaO 15.27 
MgO 6.77 
NazO + 0.658 KzO 3.26 

S03 0.53 
Cl <0.5 
Br03 <0.001 
LOI 18.52 

Jj Moisture free basis. 
!:...! ND = not determined. 

1. 04 38.60 
0.66 9.68 
0.14 3.26 
0.04 0.04 
0.02 0.02 
2.72 17.99 
0.04 6.81 
0.05 3.31 
0.25 0.78 
ND <0.5 
ND <0.001 

0.04 18.29 

Mix B 
(95% Spent Shale and 5% Cementing Mix No.2) 

0/0 
95% Spent Shale( 1) 5% Cementing Mix No.2 Final Mix 

SiOz 37.56 
Alz0 3 9.02 
Fez0 3 3. 12 
TiOz ND(2) 

P Z0 5 ND 
CaO 15.27 
MgO 6.77 
NazO+0.658KzO 3.26 

S03 0.53 
Cl <0.5 
Br03 <0.001 
LOI 18.52 

}j Moisture free basis. 
!:...! ND = not determined. 

- 262 -

1. 04 
0.48 
0.22 
0.02 
0.01 
2.74 
0.14 
0.04 
0.20 

0.08 

38.60 
9.50 
3.34 
0.02 
0.01 

18.01 
6.91 
3.30 
0.73 

<0.5 
<0.001 
18.60 
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Mr. Paul McKie 
Cleveland Cliffs Iron Co. 
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Mix C 
(700/0 Spent Shale and 30% Cementing Mix No.1) 

% 
70% 30% Cementing 

Spent Shale Mix No. 1 Sum 

SiOz 27.55 9.68 37.25 
Alz0 3 6. 12 2.94 9.06 

Fe Z0 3 2.28 0.71 2.99 
TiOz ------ 0.04 0.04 

PzOs ------ 0.02 0.02 
CaO 11. 20 16.24 27.44 
MgO 4.97 0.24 5.21 
NazO + 0.658 KzO (Alkalies) 2.40 O. 16 2.56 

S03 0.39 1. 50 1. 89 
Cl 0.35 0.35 
Br03 0.001 - - - -- 0.001 
LOr 13.58 0.21 13.79 

Mix D 
(70% Spent Shale and 30% Cementing Mix No.2) 

70% 
Spent Shale 

SiOz 27.55 
Alz0 3 6.12 

FeZ0 3 2.28 
TiOz ------
PzOs ------
CaO 11.20 
MgO 4.97 
NazO + 0.658 KzO (Alkalies) 2.40 

S03 0.39 
Cl 0.35 
Br03 0.001 
LOr 13.58 

- 263 -

% 
30% Cementing 

Mix No. 2 Sum 

6.27 33.82 
2.88 9.00 
1. 35 3.63 
0.12 0.12 
0.06 0.06 

16.44 27.64 
0.87 5.84 
0.24 2.64 
1. 20 1. 59 

- - - -- 0.35 
- - - -- 0.001 
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 
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Colorado School of Mines Research Institute 

January 10, 1977 

CSMRI Project A60943 

Mr. Paul McKie 
Cleveland Cliffs Iron Company 
P. O. Box 1211 
Rifle CO 81650 

Dear Mr. McKie: 

POBOX 112' GOLDEN, COLORADO 80401 [SmRI 
, PHONE (303) 279-2581 

'.;~ 

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 

Time Interval 
In Test (hr) 

0 0.67 
0.67- 5.42 
5.42- 20.67 

20.67- 29.67 
29.67- 44.17 
44. 17- 72.42 
72.42- 77.42 
77.42- 96.92 
96.92-124.67 

124.67-147.67 
147.67-166.17 
166. 17- 243 • 84 

Average 
Flow Rate 

(gpm) 

0.1544 
O. 1348 
o. 1169 
0.0873 
0.0612 
0.0479 
0.0355 
0.0188 
0.0106 
0.0043 
0.0056 
0.0041 

- 265 -

Volume Flowing (gal) 
Per Time Cumulative 
Interval Total 

6.21 6.21 
38.42 44.63 

106.96 151. 59 
47. 14 198.73 
53.24 251. 97 
81. 19 333. 19 
10.65 343.81 
22.00 365.81 
17.65 383.46 
5.93 389.39 
6.22 395.61 

19. 11 414.72 
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COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 

Mr. Paul McKie 
Cleveland Cliffs Iron Company 
January 10, 1977 
Page 2 

FILTER BOTTOM BOX 

Average 
Time In te rval Flow Rate 
In Test (hr) (gpm) 

0 1. 00 O. 1045 
1. 00- 2.08 0.0780 
2.08- 3.42 0.0665 
3.42- 7.50 0.0557 
7.50- 10.00 0.0466 

10.00- 19.50 0.0378 
19.50- 24.00 0.0313 
24.00- 28.75 0.0311 
28.75- 44.00 0.0314 
44.00- 53.00 0.0308 
53.00- 67.50 0.0303 
67.50- 95.75 0.0291 
95. 75-lO0. 75 0.0280 

100.75-120.25 0.0274 
120.25-148.00 0.0254 
148.00-171.00 0.0230 
171.00-189.50 0.0214 
189.50-267.17 0.0120 
267.17-290.00 0.0015 

Volume Flowing (gal) 
Per Time Cumulative 
Interval Total 

6.27 6.27 
5.05 11. 32 
5.35 16.67 

13.64 30.31 
6.99 37.30 

21. 55 58.85 
8.45 67.30 
8.86 76.16 

28.73 104.89 
16.63 121. 52 
26.36 147.88 
49.32 197.20 

8.40 205.60 
32.06 237.66 
42.29 279.95 
31.74 311. 69 
23.75 335.44 
55.92 391. 36 

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, 

jhAO;::~.1 
Hugh O. Van Male 
Project Engineer 
Chemical Division 

/cjm 
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APPENDIX D 

STRENGI'H OF PARAlIO RETOR'IED SHAlE 
MODIFIED BY ADDITIVES 

THE CIEVElAND-CLIFFS IRON CCMPANY 

THE CLEVELAND-CLIFFS IRON COM.PANY - WESTERN DIVISION, RIFLE, COLORADO 81650 
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ABSTRACT 

.APPENDIX D 
S'l'R:ENmI OF P.ARAHO RETOR'lED SHALE 

MIDIFIED BY ADDITIVES 

Various floccu1ants and cement:ing agents were added to Paraho 

retorted shale in an effort to improve its strength characteristics. 

Tests were conducted on both cb:y retorted shale and hydraulically pumped 

retorted shale. '00 different ratios of cement:ing agents to retorted 

shale were investigated. Different percentages of floccu1ants were 

added to hydraulically pumped retorted shale to determine any improve­

ments in percolation and/or decantation rates. Percent of noisture added 

to cb:y retorted shale was also varied. Results of unconfined compression 

tests and the effect of flocculants are discussed. The aIOOmt of water 

released from the hydraulic fill was a maxllnum when Separan M;L was added 

at the rate of two pounds per ton of solids. Max:i.nun 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) conpaction alone or (2) compaction aided with addi­

tives. As part of the study to determine the teclmical and economic fea­

sibility of mdergromd disposal of Paraho retorted shale, tests 'VJere 

performed to investigate econanical and efficient methods of increas:ing 

the support potential of backfill. The primary purpose of the tests were 

to identify beneficial trends with the use of flocculants and cement:ing 

agents and not to obtain statistically significant results. 

THE CLEVELAND-CLIFFS IRON COMPANY - WESTERN 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 floccu1ants and 

canenting agents on Paraho retorted shale is extremely limited. However, 

several studies have been conducted on the effects of floccu1ants on ce-

mented sandfill (1,2,3,4). Studies have dete:nn:ined the effect of lime on 

the strength characteristics of Paraho retorted shale (5)*. The results 

of this study, as related to the effect of canenting agents, are as 

follows: 

1. Treatment with 5% hydrated calcium lime prOIOOtes canenting, 

thus, :increasing compressive strength and decreasing per­

meability. 

2. Accelerated curing times prOIOOte reactions0f calci1JIl1... • 

IIDd:nIS:~i1.1ril oxides:present :in the ParahQretQrt~d slulle 

~dthus inereasecarnpressive strength. 

3. The amomt of f:ines and their distribution could have a 

significant effect on compressive strength. 

2.0 Test Material: 

Two different types of test material to s:imul.ate hydraulic back­

fill and mechanically placed backfill ~~e used during this testing pro­

gram. Gradation test results on the as received Paraho retorted shale, 

as obtained by the Colorado School of Manes Research Institute (CSMRI), 

are shown :in Figure 1. The as received material was puuped at a 48% 

* References listed at back of Appendix D 
THE CLEVELAND-CLIFFS IRON COMPANY - WESTERN DIVISION, RIFLE, COLORADO 81650 
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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 50% plus 4-

mesh material and 50% minus 4-mesh material was prepared. The maxlmum 

particle size is 0.5 inch and the grain size distribution of the minus 4-

mesh material is shown in Figure 3. 

3 . 0 EquiIEleI1t: 

The equipment used for the testing program included the following: 

1. Cardboard cylinders, waxed inside, 6 inches in ciiarEter by 

12 inches high 

2. Balance and weights 

3. Canpression testing machine - Soil Test CT-650 (Figure 4) 

4. General laboratory equipment 

4.0 Exper~tal Procedure: 

4.1 Sample Preparation: 

Hydraulically pumped retorted shale was mixed thoroughly 

in the shipping dnm and a sufficient quantity (five quarts) was placed 

in each cardboard cylinder. The base plate in sane cardboard cylinders 

was perforated and covered by OK> layers of burlap (Figure 5). Various 
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FIGURE 4: JAi-J CRUSHER AND COlYiPRESSION 
',rn:S'l'T,NG :MACHIlIlE 

FIGURE .5: EXPER1MEN'l'AL SETtlP :F'OR 
DECJll~TION AtiD PERCO~rION 
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combinations of flocculants and cementing agents were mixed and tested. 

1he two flocculants used in this study were calcium chloride 

and polyacrylamide. Four different variations of polyacrylamide, Separan 

:ta, Separan M; 200, Separan M; 500, and Separan MG 700 (tradanark of the 

Dow Chem:i.ca1 Company), were used in two proportions: 1.0 and 2.0 pomlds 

per ton of solids. 1he proportions of calcium chloride used were 1, 5 and 

10 pomlds per ton of solids. The two f10cculants 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 f1yash (obtained from the 

Hayden Power Plant, Colorado) were mixed as follows: 

100% Portland cement 

50% each of Portland cement and flyash 

33.3% each of Portland cement, flyash and lime 

50% each of lime and f1yash 

1he ratios of retorted shale-cementing agent used were 5 to 1 and 30 to 

1. 1he cementing agent was mixed thoroughly with the retorted shale and 

allowed to cure for a period of 10 days. 

Dry retorted shale saIl1'les were prepared by thoroughly 

mixing 50% minus 4 mesh material and 50% plus 4-mesh material. Every 

specimen was placed :in two lifts per cylinder, with each lift 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 

lift was placed. Samples were mixed at two different water contents. 

Based on optinn.m moisture of about 22% for Paraho retorted shale, IOOisture 

contents of 15% and 25% were used in this study. Curing period for this 

series of tests was eight days. 

4.2 Testing Procedure: 

Hydraulically PtIDPed retorted shale specimens were observed 

periodically and the amount of water percolated and/or decanted fram the 

specimen was measured (Figure 7). After the specified curing period, 

specimens were ranoved fram 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 

pumped retorted shale specimens and dry retorted shale specimens. In 

addition, the effect of floccu1ants 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 cho1oride per ton did not show any improvement in dewatering 

characteristics (Table 1). Frem this Table, it can be seen that the 

four different types of polyacrylamide floccu1ant had beneficial effects, 
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FIGUIIE 6: HOUR G:l.ASS SHAPE 0];' ];,Am:n 
DRY RE1'OR'J.'lL'D SHAll': SPEC~1l:'::N 

FIGIJRE 7: DEC.~rED WATER IN A 

liJ:D:Rt\ULlCALLY PUMPED 
REl'OR'I'E'il SHALE SPECl1!IEN 





~LE 1 

Effect of F10cculants on Dewatering Characteristics 
of Hydraulically Pumped Paraho Retorted Shale. 

Water Released 
Aroount Added From Spec:imen 

Type of F10cculant Lbs./Ton % 

None 7.5 

Calcium Chloride .1 5.3 

Calcium Chloride 5 6.Lt 

Calcium Chloride 10 5.6 

Separan M;L 1 11.6 

Separan MGL 2 21. 7 

Separan M} 200 1 13.2 

Separan M; 200 2 14.7 

Separan M} 500 1 14.1 

Separan MG 500 2 13.7 

Separan M} 700 1 11.3 

Separan M; 700 2 17.8 
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the best result being obtained with two pounds of Separan m. per ton. It 

was noted that specimens placed in the perforated bottom nolds dewatered 

better than specimens placed in the solid bottom nolds. Cementing agents 

did not improve strength characteristics mainly because of the large anmmt 

of water retained in the slime size fraction, which forms 56% of the 

material. 

Results of tnlconfined compression tests performed on dry retorted 

shale specimens are shown in Table 2. M:>isture content had a significant 

effect on specimen strength, an increase of noisture content from 15% to 

25% 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 aIIlOIIDts 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, ,flyash, 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 an:x:>lmt of 

flocculant and cementing agent, and moisture content. Other variables 
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TABlE 2 

Unconfined Canpressive Strengths of Dry Retorted Shale Specimens 
At 8 Day Cure 

Compressive 
Retorted Shale Strength 

Cementing P,gent PSI 
Canenting Agents Ratio 15% fuisture 25% Hoisture 

N.D. 17.7 

100% Canent 5:1 26.5 389.2 

100% Cal!ent 30:1 N.D. 17.7 

50% Each 
Canent & F1yash 5:1 N.D. 63.7 

50% Each 
Canent & F1yash 30:1 N.D. N.D. 

50% Each 
Lime & F1yash 5:1 N.D. 

50% Each 
Lime & F1yash 30:1 N.D. 

33.3% Each 
Cement, F1yash & Lime 5:1 60.1 70.8 

33.3% Each 
Cement, F1yash & Lime 30:1 N.D. N.D. 

N.D. - Not detennined because spec:imen fell apart when rerroved from rro1d. 
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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 fo~d a sticky gel, giving the batch 

mixture a consistency similar to that of bread dough. Thus poly-

acry lamide cannot be used in hydraulic transport lines but will have to 

be mixed just before stowing. Calciun 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 fran the specimen was at a maxim.m 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 

cement:ing 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 l250p had been mainta:ined. Previous studies 

(5) have shown that the optimum moisture for Paraho retorted shale is 

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

- 281 -



approximately 22% and the results of this study indicate that a misture 

content close to the optinun promotes cementing processes. The amount 

and distribution of fines has a considerable effect on the cementing 

process;. thus ,_' the particle breakdown in any_ mechanical backfilling 

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 fran this 

mixture. 

7.0 Conclusions and Reconmendations: 

7.1 Conclusions: 

Th.e 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 misture 

is still entrapped. Two pounds of Separan M:;L per ton produced the best 

dewatering results. Moisture content close to the optinun promotes ce­

menting processes in dry retorted shale. Maxinun strength of dry fill 

was achieved with a 5 to 1 retorted shale cement mixture. 

7.2 Recommendations: 

It is reconmended that further testing be performed on 

strength characteristics of dry retorted shale as mdified by cementing 

agents. Curing period, curing environment, and proportions of the 

cementing agents should be varied in this testing program. 
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Further study of the effect of floccu1ants and cementing 

agents on hydraulically punped retorted shale is not warranted because 

of the negative results obtained in this study. 
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APPENDIX E 

BOREHOLE TRANSPORT OF RETORTED SHALE REPORT 
JENIKE & JOHANSON, TIle. 
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29 July 1977 

2000 FOOT -DEEP BOItElIOLE FOR TIlE TRANSPORT OF RETORTED OIL SIIALE 

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, 

flow wi 11 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. 

Earti~.!Jl~ . .t~._.s_~U.ds __ !.~I!d_t~ __ J lo_w_.!IJ. .. _pyl~_a!:~n:8 ~_t~0rI.'. Coarse, permeable 

solids pulsate more, fine impermeable solids pulsate less. Pulsation is 

par~icularly pronounced in tall vertical channels of constant cross section, 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 obtainedl~y .l~.~ovi.ding 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 at the outlets close to ambient 

air pressure. 

Material properties 

Pertinent material properties 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 [1,2,3J 

and arc 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 slope angles of 19° [rom the 

yertical for a circular cone, and 30° for a wedge, for a hopper made of carbon 

steel. 

(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 expands and air 

pressure drops. How much air is entrained and what the air pressure is at the 

exit depends on the surface (t~.nsJt;y, the compre_ssib~lity and the .permeability 

of the solid as well as on the ambient pressure arid v.isco~_.~1.. .. ~~ a_ir: 

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. 

,'; 

Numbers in square brackets designate references at end of paper. 

-:;"9Q' 
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Permeability is measured on the instrument shown in Fig. 4. A sample of solid 

is placed in a cylinder and the air flow 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) 

(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 

porou~ bottom. An air pressure 

W 
P = A (3) 

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 fl\)idize 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 

density was measured at Ys = 60 pcf 

particle densitl was measured at r 165 pef. 

Solid-gas steady-state flow relations in one 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 

where 

'J = (~ l 
-)y r 

y - solids bulk density 

r - particle density .}qo-

(4) 
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The true slip gas velocity is u/~, and the true velocities are related by 

w = v + ~ 
~ 

or, using (4), 

~ w = 

Darcy 

Darcy's relation for Lhe gas superficial slip velocity is in the following 

form 

u = 

where dp/dz is the gas pressure gradient, while U o , yo and n are experimentally 

determined constantS. 

Substitute this in ~6) 

v w = (! 
y 

1 -)y v -r 

This relation applies at any cross secLion of a one dimensional channel. 

F low rates 

Define the flow rates as follows: 

Q = A Y v [lb/sec] 

ft
8 

p = A P \I w [ps ia x -J sec 

Substitute (8) in (10), then for A y v from (9) 

p = [(_yl !)Q _ A (..::1..-) n (1 ir.)] r Uo Yo Y dz P 

- J'il-

for the solid 

for the gas 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

( 11) 
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---------~----------~ 
Continuity 

1. Channel without source 

Consider two sections of a channel:· land 2. 

Evidently 

and 

In 

L. 

For 

and 

Q
2 

::: 

p = 
2 

particular, 

P? 
-= 
Pl 

Branch 

the branch 

Q
1 

= Q 

p P 
I 

the ratio 

1 l) (- -
YI 

r 

1 1.) (- -
Y r 

2 

shown in 

Q + 0 
I '2 

p ::: p + p 
.'l 1 2 

of gas pressures is 

Y {1: i£) Q - A Uo (_1 )n 
I Yo Y dz 1 

Y (l .iE.) Q - A Uo (2)n 
? Yo Y dz 2 

Fig. 6 

(ll) 

( 13) 

(14) 

(15) 

( 16) 

In particular, if ~ ::: 0, i.e. there is only gas in- or out-flow at section L, then 

Q
1 

::: Q
3 

::: Q, and 

Y (1:.iE.) . 1(1... 1:) Q 
Y 

(l: iP.) ] + - A uo 
(~)n 

P2 
- A uo(2)n 

2 Yo Y dz 2 Y
3 

r 3 Yo Y dz 3 P3 

- [ (1. 1 Y (l:.iE.) -1 - -) Q - A U o 
(_' )n (17) 

\ r 1 Yo Y dz I J PI 
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dO" 
z 

dz 

Equilibrium in one dimension 

+ ~ + 4 K tan pI 
dz D O"z = Y 

in this equation of equilibrium for a vertical channel [4J, 0" is the solids 
z 

(18) 

pressure in the vertical direction, K is the Janssen ratio between the horizontal 

and vertical solids pre,ssure and pI is the friction angle between the solid and the 

borehole casing. 

At the top surface: 

dO" 
Lim __ z - 0 
~oo dz -

Lim ~ = 0 
z~ dz 

Z ::: 0, 0" -- 0, P 
z Pambient' In the limit as z ~ 00 

the effective consolidating head of solid for this converged condition then is 

D 
-= 

4 K tan ~' Z-+oo Y 

The relation between y and o"z is taken in the form 

(19) 

(LO) 

0" 

Y == Yo (2.)~ (21) 
0"0 

where 0"0, Yo and S are determined from the curve sho~n in Fig. 3. This relation 

applies for o"z ;2:; O"s' where O"s corresponds to the surfacedensity Ys; below O"s' 

the density is taken constant, Y ::: Y • 
s 

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 are of 

10 ft diameter, the remainder of 8 ft diameter. Aeration rings are placed at ~O ft 

intervals of the borehole, 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 
- /)..13-
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/ 

3 ft diameter outlets which feed onlo a 71. inch, 35° lrough-angle belt. Since the 

belt needs to be reversible, the chutes have pivoted'skirts to permit each outlet 

to discharge approximately the same layer of nmterial on lhe belt. 

Calculations indicate that an excess of air is likely to be entrained illto 

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 borehole. The f-19JLQattern of §ha.l~~~)a!~~).nE 

f rom __ ~~e b,c?E.,.ehole,._i.nt 0 _the_ ho pp~!::_.£a,nno t: ... J,~C!d_ t Q L!n U OP!1 deae ra t iOI),._. The p rop.9.:~ed 

~_()J?p~!_desigI] _ ai.ms .?t the __ prey,e11Ltgn of gross non\ln([g,rm~qes,,,- In addit ion, 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. 
II- "t 

Flow calculations will be done with respect to the...f=i:¥e Sections, indicated 

in Figs. 7 and 8. 

At the surface of the borehole - Sectiun 1 

Ambient air pressure is taken at Pl ,= 22" JJg 10.t) psia, shale bulk density 

Y - Y == 60 pef, cross sectional area of borehole A = ~ ld? ft?', the surface 
1 - S 1 L~ 

layer of solid is assumed in a ~tate close to fluidization 

(~~;\ Rl 1, particle density r = 165 pef. 

The air flow rate is then computed [rom (11) ns follo.ws: 

[1 1 3000 TT IdOl • OOld 7 (-!~) - 7. ~W-l 10.S PI ::: (60 - 165) x 
1.8 4 6S.S 

(22) 
3 

180.0 psia x 
ft 

::: 
sec 

In the borehole - Sections 10 and S 

Equations (11), (1S) and (21) permit to compute the pressures in the borehole. 

The converged values are computed first. The effectivp consolidating head of Lhc 

solid is computed from (20) with K::: .4 and pi = 22°, the latter as measured on 

instruments, Figs. 1 and 2. For the 10 foot burehole, the head is 
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h - ______ ~1~0 ______ ~::= 15.5 ft 
10 - 4 x .4 x tan 22° 

and for the S foot borehole 

The corresponding hulk densities are read [rom Fig. 3 at; YIO 

and Y
S 

::= 77.8 pcf 

The solids pressures are 

78.2 pef 

The relation of Fig. 3 determines the constants in formula (21) at 

0-
6 (_z_) .0289 

y::= 0.0 .114 

for o-z :?: .114. For smaller values of 0- , Y ::= Y = 60 pcf. z s 
Since P ::= P in a~cordance with (13), the corresponding gas pressures are 

1 

found from (11), with (~*) ::= 0, as follows 

130.0 16.1 psia PlO 
::= 

1 1 3000 
(78.2 - 165) 1.8 

180.0 15.9 psia Ps - ::= 

1 1 3000 
(77 .8 165) 1.8 

The ca-lculation then proceeds from; z c.:: 0, till' converg('d value of p, a 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

value of 0- either sl'ght1y lower or slightly higher than the converged value, and 
z 

~z < O. If a lower than the converged value of 0- is taken, then 0- decreases z z 
monotonically to zero at a surface; if a higher value is taken, then 0- increases z 
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 SOO and 4,000 tph. 

At the hopper outlets - Section 3 

The effective head at the outlet is 

ffB 
II 

= 1 3 ~~ . 2.J 1. 7 ft, (30) 

B = 3 ft is the diameter of the outlet, while ff and II are hopper and material 

parameters taken from reference [3J. The corresponding bulk density is read from 

Fig. 3 at y ~ 73.2 pcf. 
3 

The ambient air pressure at a depth of 2000 feet is 

074 Pl + P:> 
-' - x x 2000 P3 ~ Pl + 144 2 x 14. 7 

where p = 10.8 psia. 
1 

11. 6 ps ia 

Ii£. F9r controlled flo\" from the hopper, it is necessary to have (- d) ~ O. Hence 
y Z 3 

the required air flow rate at the hopper outiets is, in accordance with (11), 

l~S) 3~~~ x 11.6 
ft

3 

= 146.9 psia x sec 

Gravity flow rate. This is computed from the formula derived in reference [SJ 

:> 
n 11 

Q
g 

= 2 x 1.8 y 4 ( 1\g )1 
4 tan e 

c 
;> 

2 x 1.8 x 73.2 n x 3 
4 

3 x 321;1 
(4 tan 19°) 1~,S51 tph 

This allows a uniform flow rate by providing an excess rate factor of 

i5,55l 
3,000 

S.2 

(31) 

(32) 

(33) 

(34) 

Belt feeder. Use a 72 inch belt with a 35° trougll angle. Then for a conservative 

surcharge angle of 5°, the cross sectional bed area is 3.229 ft
2 

(Jeffrey-Dresser 

catalog) and a capacity of 19,380 ft
3
/hr at 100 fpiIl. For 3,000 tph, the beit 

.Jq~ 
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speed should be 

3000 x 2000 x 100 
73.2 x 19,380 

'fJ JElUKE & JOHANSON. me. 
!l~l ' ' 

fil] 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 - Section 2 

Since the desirable air flow rate at the hopper outlets P is less than the 
8 

air entrained in the borehole P , the exceSS air in the amount of 
1 

P 
2 

P 
3 

p - 146.9 - 180.0 
1 

ft8 
33.1 psia x 
--------~~~--

(36) 

mus t be evacuated tJ:1_~ough_th.G, ,SJlJ::t~ce at, the top of, the !lop,pg.r" A t the top of the 
... _.---_ .. " .. - ,-- .~--. 

hopper, solids pressure a = 0 and material flowing fro~ the borehole to the top 
2 

surface is 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 pressurt' in Llw mine. p is lower by 3. Y ps i than the air 
:2 

pressure in the borehole. The surface level of material iIl-tJ~e_,h!2.eper will, there-
~----.---"--.-. "'-- .. - ..... - -- ----. ...• --

fore, rise to balance that difference. The surface d'H~ity y is computed from 
-.------ .. ------------------.------ -_ ..... - 2 

(14) on the assumption that rapid expansion with negligible gas flow occurs as 

shale issues from the borehole Lo the hopper, i.e. for (dp/dz)2 = (dp/dz)8 == 0 

1 
66.4 pcf 

_1_ + 1 1 15.9 
165 (77.8 - 165) 12.0 

The surface area At needed to remove air at the rate P is estimated from (11) 
3 2 

with Q =0 at 
2 

AI = 
2 

.00437 

33.1 
12.0 

- 7.88 
477 ft? 

An area A 
:2 

2 
= 1728 ft is recooonendpJ in view of the uncertainties involved in the 

f low at the surface( r, <; 0 :>. "~I :1, - ;2.97-
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Qreratioll 

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. Wilile the borehole will provide a sub­

stantial surge capacity, the level of solids should he monitored and the in- and 

out-flow rates controlled to maintain the sh<l_!.~-.!:.~~ wit_hin speci~c!.J!Jgh_:1Q_w 

!l:E!i-t§ • 

(b) Air pressure at the top of the Ilopper. The amount of air entrained into the 

borehole depends on the bulk density of the shale at the surface of the borehole. 

fThat density cannot be accurately predicted from a one-dimensional analysis and 

... \experiment because, in fact, the problem is two-dimensional with, to date, no 
l 

t
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 P of air evacuation 
2 

is directly proportional to the air pressure p at the top of the hopper, that 
? 

pressure can be used effectively to control the unifurmity of flow on the belt. 

Provision should be made to hold pressure p at any required level between 10 and 
---- ------ - - -------------- 2, -------- -------- ----- --------------- -- .. -

,l2 e~ia. 

(c) Fee~ rate from hoppers. The height of the chutes above the belt feeder can 

provide gross feed rate control. :r~n(!~(U-l:l.?_tl!I.Q.!Jt_..;iUL!J_(~_]Je~_t a<:hJ~ved with a 

~i.~bl:~_~~~~ ___ drive._ The slide gates at the hopper outlets should not be used fur 

rate control because, in a partly open pOSition, Lhey 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, the gates 

should be opened and the belt started. The withdrawal. shQJJ1-S!_PE9!:e~~ th_1:'?~g~ both 

out lets at a rate, say, ~.neJo\Jrth u E the rate of charge~,-:t':l __ .!-I~e_-~orehu Ie. The 

top of the hopper shuuld be vented at the ambient pressure ill 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 ps~ 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 ful~ 

rate borehole flow when the emergency ends. 

Emergency outlet from hopper 

The position of a side chute is shown in Fig. 8. This chute can be installed, 

if required, for use when the main belt feeder 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 leve l. 

If pOSSible, the new hopper should be built around the borehole. The two 

pant leg 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 conveyor at the bottom and connect the borehole 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 axial 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 SiZE 

Types of bins 

In the process of selection of.a bin [1,2J*, 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. 

~lass-flow bins are particularly suitable for powders, cohesive 

solids, solids which degrade with time, and when segregation needs to 

be minimized. ~ass~flow bins give a uniform feed density 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 lb. In 

mass-flow bins, the hopper, i.e. the converging part of a bin, 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 

[1,31. Mass-flow bins have a first-in first-but 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 [4,5,61. 

Fig. la defines the outlet width for oval outlets and the hopper 

slope angles for transition hoppers. 

Fig. lb 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 I-B. The length of an oval outlet should be at least 

* Numbers in brack~ts designate references listed on page 5. 
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R 

three times its width. The maximum slope angles (measured from the 

vertical) are given 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. Ledges 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 [7J. 

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 2a, 2b and lc. 

Funnel flow occurs when the hopper is not sufficiently steep and smooth 

to allow material to slide along the walls or when the outlet of a mass­

flow bin is not fully effective (see '~eedersn below). In these bins, 

solid flows toward the outlet through 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 
I 

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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A 

Such a large outlet may preclude the use of a rotary valve. These bins 

also cause segregation of solids [1,3J 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. 2c defines the outlet dimension for circular outlets. 

The minimum dimensions are listed in Sections I-A and I-B. The 

length of a slot sho~ld be either not less than Of' Fig. 2a, or equal 

to the full diameter of the bin, Fig. 2b. Usu~lly Of is much larger 

than B
f 

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 ~rratic 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 

outlet 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 Of' 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 [1,2J. 

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 out let [8J 

is usually sufficient to satisfy the requirements of the process. The 

situation is different with powders. Dens ity 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 

critically affect the 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 solido 

If the flow rate tests have been run, conservative estimates of 

the maximum rate for 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 application 

of air permeation are given in references [4,5,61. 
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· Calculation of effective consoli.dilting head h 
e 

The critical rathole diame~er D
f 

(Section I), bulk density (Section 

II), wall friction angle Cpl (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 r<lte, this pressure is specified by the 

effective head of solid in the bin h <IS follows: 
e 

or h 
e 

2 R whichever is larger 

where 

R == hydraulic radius of the cylinder (cross-sectional 

area/circumference) 

R D/4 for a circular cylinder of diameter D 

R W/2 for a long rectangular cylinder of width W 

I-L coefficient of friction on the cylinder walls 

I-L == tan ¢ I 
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 transition hopper 
e p 

B /2 for conical hopper 
c 
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Glossary of tenns and symbols 

Arching 

Bin 

- a no-flow condition in which material forms a stable 

dome (or arch) across the 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 flow pattern which is a combination of mass flow and 

funnel flow 

Feeder 

Flow channel 

Funnel flow 

Hopper 

Mass flow 

Piping 

Ratholing 

B 
c 

B 
P 

H 

h 

h 

L 

e 

- 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 

- converging part of a bin 

flow pattern in which all solid in a bin is in motion 

whenever any of it is withdrawn 

- a no-flow condition in which material forms a stable 

vertical hole within the bin 

- same as piping 

- minimum diameter of a circular outlet in a mass-flow 

bin to prevent arching, ft 

minimum width of a rectangular outlet in a funnel-flow 

bin to prevent arching, ft 

minimum width of an oval outlet in a mass-flow bin 

to prevent arching, ft 

- critical piping or ratholing dimension, ft 

- unconfined compressive force, Ib; equal to 1/13 times 

the unconfined compressive strength, psf 

- total height of bin, ft 

- height of cylinder, ft 

- effective consolidating head, ft 

- length of hopper outlet, ft 
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Glossary (cont.) 

s 
V 

1 

V 

/>' 

- shearing force applied to a shear cell, Ib 

- major consolidating force, Ib; equal to 1/13 times 

the major consolidating pressure, psf 

- normal force applied to a shear cell, lb 

- effective angle of internal friction of a solid during 

flow, degree 

- maximum recommended angle (from vertical) of conical 

hoppers and end walls of transition hoppers for mass 

flow, deg ree 

- 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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EXPANDED-FLOW BINS 

FIG. 3 

(a) 
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RESULTS OF FLOW TJ::STS 

Material(s) tested: Retorted Oil Shale 

For each material, results arc presented in the following order: 

Section I Minimum outlet dimensions for dependable flow 

A. Gravity flow 

B. With vibrating equipment 

Section II 

Section III 

Section IV 

Bulk density as a function of head of solid 

Max imum a llowable hopper slope ang les 

Maximum solids flow rate (if tested) 
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Material Retorted Oil Shale 

Section I. Minimum outlet dimensions for dependable flow 

A. Gravity flow 

Mass-flow Funnel-flow 

Storage Water Temper- Circular Oval Rectangular Critical 
time content, ature, outlet outlet outlet rathole 

at rest % wet of diameter width width diameter 
weight B ft B ft Bf , ft h D 

c' p' e f 

Continuous 100 1.3 0.6 0.6 5' 5 
flow 10 11 

20 24 
40 49 

0.4 

4 Days 100 1.3 0.6 0.6 5 
I 

6 
to 10 12 
Amb. ;w 25 

40 50 
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Material Retorted Oil Shale 

~ 
~ 
~ 

:~ 

.. 

B. With vibrating equipment 

[] Material not suited to vibration 

Water 
content, 
% wet 

weight 

0.4 

. 
::J 
o 

.......... 
,.Q 
.-I 

II. 

Mass-flow Funnel-flow 

Temperature, Circular Oval Rectangular Critical 
outlet outlet outlet rathole Ref. 

o F diameter width width diameter Fig. 
B c' 

ft B p' 
ft B

f
, ft h D

f e 

100 1.3 0.6 0.7 5' 6 4 - 6 
10 12 
lO 25 
40 50 

Bulk density as a, function of effective consolidating head of solid 
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Material Retorted Oil Shale 

Section III 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 Bp of oval outlet, ft 0.25 0.5 1.0 2.0 4.0 5.0 

iHa. B of Circular outlet, ft 0.5 1.0 2.0 4.0 8.0 . 10.0 c 

Wall material Angle 
deg. 
pi 31 1.6 24 23 23 21. 

-
Carbon steel e 8 15 c 18 19 19 20 

ep 18 25 28 29 30 30 

p' 31 26 24 23 23 22 

Carbon steel e 8 15 18 19 19 20 
'4 day time test 

c 

e 
p 18 25 28 29 30 30 

p' 18 18 18 18 18 18 

304 - 2B finish ec 25 25 25 25 1.5 25 
stainless steel 

ep 36 36 36 36 36 36 
-

~, 18 18 18 18 18 18 

304 - 2B finish e 25 25 25 25 25 25 
stainless steel 

c 

4 day time test e 36 36 36 36 36 36 
p 

pi , 

" e 
c 

.9 
.' p . 
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Material Retorted Oil Shale 

Section IV. Maximum solids flow rate onto a belt 'feeder without air permeation 
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B. From a transition mass-flow hopper with an effective consolidating head h 
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ALLIS-CHALMERS 

STANSTEEL CORPORATION 
5001 SOUTH BOYLE AVENUE. LOS ANGELES, CALIFORNIA 90058 /213-585-1231 

June 27, 1977 

The Cleveland Cliffs Iron Company 
P.O. Box 1211 
Rifle, CO 81650 

Attention: Mr. R. A. Heisler 

Reference: Your P. O. 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. 

I believe yqu will find the enclosures to 
be self-~lanatory, but please let me know 
if further data are required. 

RRJ:ae 
Enclosures 

Rober 
Con a aministration 
Heat Transfer Equipment 

AN ALLIS-CHALMERS SUBSIDIARY 
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APPENDIX F 

RETORTED 
OIL SHALE -

INVESTIGATION OF COOI,ING 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 BY ROBERT A. HEISLER OF CLEVELAND­
CLIFFS IRON COMPANY 

ABSTRACT 

Laboratory tests conducted in Stanstee1'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-l500°F as it passes downward through rotating horizontal­
grates. The oil and gas extracted are then sent to a conde-nser. 

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 & CONCLUSIONS 

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 if/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" f/J indirect fired heater, see 
graph 2 for particle size. 

4. In test 1 the feed rate was·l if/min and the gas velocity was 655 ft/min. 
Dust carryover to cyclone was 59% of product. Fillage was low. 

- 339 -



SUMMARY & CONCLUSIONS (continued) 

5. In test 2 the feed rate was increased to 3#/min to increase fi11age. The 
gas velocity was decreased to 359 ft/min to decrease dust carryover to cyclone. 
Fillage was adequate. Dust carryover was 26% of product. 

6. 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. Ibis indicated that the pitch of the cooler was not high 
enough for this feed rate. 

7. In test 3, the cooler pitch was increased from 1/16 to 1/4 in/ft, which 
eliminated the backspi11 problem at the feed hood. Attendant to this was a de­
crease in the retention time to 7 minutes and hence lower fil1age, 5.3%. Gas 
velocity was 331 ft/min. and dust carryover was 7.2%. 

8. 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 fi1lage was 6.1%. 

9. 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)." 

10. 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. 

11. 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%. 

12. 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. Fil1age was adequate - 9.7%. 

13. For our heat balance calculations and at the request of Cleveland-Cliffs' Mr. 
Robert A. Heisler, we had a sample of the feed material analyzed to find its 
heat capacity between 400 0 y and lOO°F. Heat capacity ranged from .269 to .290 
BTU/ffo°F. (See Exhibit A). 

EXPERIMENTAL DETAILS 

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 cyclone, scrubber and an I. D. fan. (See Figure 1). 
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EXPERIMENTAL DETAILS (continued) 

Material was heated in our 8" f/J 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 lOO°F. 

Retention time: 
Air ve locity at 
Heat capacity: 

about 8 minutes 
cooler exit: about 500 ft/min. 

.28 BTUNI of 

An enlarged feed hood should be used as a settling chamber to collect most of the 
fines. 
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STANSTEEL CORPORATRON 
AWS·CHALMlAS 

SOOI.aOUTH BQYLE AVENUe. • LOS ANGELI:". CALIFORNIA 800:58 1213-'85.1231 

PROCESS LABORATORY DATA SHEET 

JOB NO. t 813 .' CUSTor-mRCL(vELI1r411 (uffs: IDENTIFICAT!l:ON'-__ _ 
TEST NO._...,:.I ___ .,--_,.,-. ___ DATE 6-1 ~77 ' MATERIAL',..;i.:.:.:\lL:::...S:.:..:;~.:..:;I\;..:;L.::..!'> __ _ 
INVESTIGATOR GLfl JR, OBSERVER.--.:t;..,:+ ,,_________ CR£To£.1tp) 

UNIT CHARACTERISTICS, 

PILOT COOLER SIZE, 'rs f
• 4Y )(6' 

I FLOW CoI'l'rT["Q.(,JP0r:tr-r 
. DISCHARGE END DAM HEIGHT, In. "101'1 E 

'.,.''lftT fli.~ 

Time 14lj lOS 
Feed Rate, # Imin. I 'j 

Moisture, wt% (in/out) 
Material Temp, OF (in/out) /Sli 
Air Temp, OF (in/out) "Vc v ... as 

Pitot Temperature, OF <f9 
PitotTube, In. W.C. .80 .50 
ACFM at Pitot .~~v 

ACFMleaving Cooler 7Cfo., 
LFrA leaving Cooler ~I=:I 

Cyclone {)., p. In. W.C. 't-,~ 4.3 
Scrubber oAP. In. W.C. 

Quantity Fed, Ibs. 00 
Cooler Product, Ibs. S.l 
Cyclone Product, Ibs. 4.8 
Cooler Retention, Ibs. 27 •. "L 
Cyclone Retention, Ibs. l.b 
Total Raco·tered, Ibs. 37.7 

Bulk Density, #/ft~ 
Angle of Repose 

SHELL SPEED, RPM~'~O:.....-______ _ 
PITCH, In./Ft.~Y~lh __________________ _ 
OTHER I)~ 'ir G <t,.P~ 0 !J.r. (<Ii"': 1.'1-

)7-0 
·>lrlJ.'..I":I~q 

~ -) 1) > i.:;, t i;:; 
,1-1-) 1-) 25D ""2-55 

I 1-/3 }/ ... -"13 7-13 • 

" 

boX'). bb~/a-; bH~ , 76 ';6~/77 ''':'';7 'r:>. 1 

ayq<! 'o-.!.Ao 7;;/81 "]/'00 1;'< 
II) 2 

~ I 90 8CJ I\)3 q7 

,50 .6 '.fin ·SI 
l·'}-:t '" -n-$. -, ~l ~ OO~) 

lCJj 7i1, -01 ~ ~ 

I,~ ~ ~ t).) 

PIs 'J~ G~R {~r,r; 

4.4- LJ '" -. :> 
,,, 1 
~-."'l 4.4 

-



. I 

STAN STEEL CORPORATION 

PROCESS LABORATORY DATA SHEET 

JOB NO. \81'3 '. CUSTOMER(l~iJq(!NJ) CpFFs 
TEST NO'~.;..;;L~_-:-___ DATE /z-2 -77 
INVESTIGATOR /,.-L" I:) V OBSERVER t:{l~ 4'f!St Cf .... 

IDENTIFICAT[ON . ....".. __ _ 
. MATERIAL..;? E:TuG:Tf: /? (lIt,... 

S H~('S 

UNIT CHARACTERISTICS, 

PILOT COOLER; SIZE',...;.'~)~'~:...;;Y.....:~..:....' ____ SHELL SPEED, RPM~}I...,D _______ _ 
• FLOW «(hj iVT fIt (. 'J IHJ:;yy- PITCH, In. 1Ft .~.../.;P;:....wo.l,_-::--______ _ 
; DISCHARGE END DAM HEIGHT, In. No,'\J~ OTHER t;f.']'(O <:., t =':" (lP,\l ' g 

, -
Time 

.!i T/lr.:r tt!:1> 

tAO 810 830 e40 
Feed Rate, #/min. 3 

.., 
3 3 ~ 

Moisture, wt% (in/out) • 
Material Temp. op (in/out) 6~c; S'l.hs C!37';:,S ! 

Air Temp. 0p (in/out) 7) / 75/Jo?' 7':ijw? 7'>1. 
" 

, !:lS:!, . 
Pitot Temperature, OF 110 rIg 1'2.n . 
Pi t·ot Tube, In. W.C. .-L.~. .1.'!> . '2.-3 
AOFM' at Pitot H?I 436 4'l,q . 

I -
ACFM leaving Cooler 11'10 ll.'l r~ LL~i I 

t ~f) I .... l). j • i 

LFM leaving Cooler 3-1'1 ~!f9 1"3,0 
Cyclone a P, In. W.C. - \.4· I.S' 1,4· 
Scrubber llP. In. W.C. I 

Quantity Ped, lbs. Ib0 
Cooler Product t lbs. 40.?> 
Cyclone Product, lbs. 10.1 
Cooler Retention, lbs. 4-9.7 
Cyclone Retention, lbs. 4-.1 
Total Recovered. Ibs. 10$,3 
j\1.~TI.. (.) rEfu \.\00" FOOM If<;1''S j{'2 ~GjO*l' 

Bulk Density, #/ft~ UJotU\, (lRb~(T -= ~1.'l· 1\ 
Angle of Repose - I 

'J : 1)~nQ~ Al1~ f:\!IL 

IlIYlV/fNT AIR- TffY)P b%s -= 7516<:j 
: , 
'> ~-

:'; 
~~~~ /:",\, ,rll~ ... i1 141"\": 3J'/'I"", 

;~ '. ." .""' •• CM .. " .. & ... ." •• 'D' .... ., ~..5~ 1-
l~; - - - --
~ 

~~: 



, 

. . A STAN STEEL CORPORATION 
","IS-CHALMERS 

5001 .OUTH .OYLE AveNUE. LOS ANGELES. CALlrOlt"' .. • OO~IIJ /2'3.585 .. 1231 

PROCESS LABORATORY DATA SHEET 

JOB NO. 1.2, I~ CUSTOMER U[VRA~JD C.Lrrf<; IDENTIFICAT[ON. __ _ 
TEST NO •. ___ --3~-____ - DATE (, -2-77 . MATERIAL [<'F1<l(!H~ O'L Sl-lr..U: 
INVESTIGATOR (:.!~, i1 (l o BSERVER_--o.!?_Il ______ _ 

UNIT CHARACTERISTICS, 

PILOT COOLER SIZE'-'-'IIJ"-~'"""th_'J-.8'_' ____ SHELL SPEED, RPM~I_D _______ _ 
FLOW CoVrJTfJ'l... (I]'f) PF~d PITCH, In./Ft._ ..... Y.~'t"'--_______ _ 
DISCHARGE END DAM HEIGHT, In. e"N~ OTHER, _______________ _ 

\ 

STI\~TH<V 

101-5 \04S 1101) til') Time iOIl) ., OS!) 
Feed Rate, #/min. 3 3 3 3 3 3 
Moisture, wt% (in/out) 
Material Temp, OF (in/out) <J-3Y17 +-tY-;q +o5,{'4 / <.... +aY27_ -Po,J., COr 

Air Temp, OF (in/out) 77/ 77/'1f:> 7 7/)n 77Ji3 771i1~' 77 /;'~4 

Pitot Temperature, ~F ~& lo~ " 1 Il1- \1-:) 

Pltot Tube, In. W.C. ·ll, .7-1 .1.1 ',;..0 ,10 
ACFM at Pitot 4-13 1 .. ,;} }.-d- .. ; ,~·S -.. • C f f; l 

ACFM leaving Cooler .. 4,5 41 (J 4:')~ :)- Cb -LF'M leaving Cooler j1~ -:,,)'1 "\~, ~:;: r 
Cyclone D. Pt In. W.C. 104- IS 1-4~ I,4S 
Scrubber APt In. W.C. 

Quantity Fed, lbs. IG8 
Cooler Product, lbs. lOb:] . .,. 

Cyclone Product, lbs. 7.1 
Cooler Retention, lbs. 29.8 
Cyclone Retention. lbs. \.l. 
Total Recoyered, lbs. Ib4.cr 

fEED H(D[)~Uc,-r. L8S 1'1.15 
Bulk Density, #/ft~ 
Angle of Repose 

. 

. 



STAN STEEL CORPORATION 

PROCESS LABORATORY DATA SHEET 

1 ~I '1) 
. ' 

JOB NO. " CUSTOMER C.l£~H.\NP tllFt<; IDENTIFICATI[oN 
TEST NO. ; : DATE b -"2-11 ' MATERIALfcT[)RHO \),. (u,qt~ 
INVESTIGATOR,LtI, JR OBSERVER tlH 

.. 
UNIT CHARACTERISTICS. 

PILOT 'COOLER SIZE. ,r;'i X8' SHELL SPEED. RPM rO 
! FLOW (PVN1(-: p~ (vg~t"J 1 ' PITCH, In./Ft. /4-. DISCHARGE END DAM HEIGHT, In. ClONIC OTHER t;lh!~B <:' ;,(l,: , 3/~ fe": ~ 

, -
Wi'ti. 

. 

I Ti,me .. ', ... t-~ 3 JJo Iz..Q ' :1"30 I!tl rSo 
Feed Rate, #/min. , 

~ 3 3 3 :; 
J 

Moisture, wt % (in/out) , I 
Material Temp, of (in/out) ~'1y~, 1"1-l.-1; +11-/p" +7Y{7 +4YS7 -I ' . 
Air Temp, OF (in/o~t) &Gf i.6/nt) i:V I 36AI'l ':'y,) i v il'-, .\) n , 
Pitot Temperature, 

".,," 

~F 114 

I 
110 no lB 

Pitot Tube, In. W.C. .\1 .l'L .11 ·U 
ACFM at Pitot ')~oo 

, 
~J3 10:) I 

--~ ACFMleaving Cooler '~\R ~ I);'. :.>, o~- • 
I 

LFM leaving Cooler 1.<;1.1 'UVT 1 i !·G 1 
Cyclone b. P, In. w.e. 1.1- /."1. 1.1-- 1.1 /".- I 
Sorubber }. p. In. W.C. I 

• I 
Quantity Fed, lbs. lb~ 

_ .. , 
Cooler Product, lbs. 106.8 ! 

-.-~ 

Cyclone Product, lbs. 7,7 • ! 
Cooler Retention. Ibs. I.?S i 

I 

Cyclone Retention, lbs. .4- I 
Total Recovered, lbs. lEA A- i 

F('£D'l-\oOD. ll>s. I B ,'0 DR'j~A. R:. IT. '" /CI.Lfl' f 
Bulk Density. #/ft:.l (oolfn Pf2.o!)vcr -:: ('1.. .fa 
Angle of Repose 

A £~W LAgc·f. rjO(fI.s .AS H !(.,.H AS 14'Q'f 
AN ALLIS.CNALMERS SU.SIOIAAY 

- 353 -



STAN STEEL CORPORATiON 

PROCESS LABORATORY DATA SHEET 

JOB NO. '613 CUSTor'iER:"Jk\J~,\..AI')~ Cl.lt<'t=S IDENTIFICAT[ON 
--~~------------ --------TEST NO. ':0 DATE ~~ - -" --n . MATERIAL Rt:-Topm)()'L <;ll",t; 

INVESTIGATOR C::'L3, T &- OBSERVER._ .... i?;.,.;1.:.,.1 __ -...:. __ _ 

UNIT CHARACTERISTICS, 

PILOT COOLER SIZE, Is"d )l.q' SHELL SPEED, RPM ~O 
--~~----------- ~~------------------FLOW ()'nl'f((I[vt:l:-.i"i PITCH, In./Ft.r-'I ..... ! __________ _ 

DISCHARGE END DAM HEIGHT, In. ,.\ 'Jt\r- O'llHER I,ll/'Cit< s~~r.(, % Pr"" 10 

• 

Time :-(4£"_ 800 

Feed Rate, #/min. C f:~ 
.. 

Moisture. wt% (in/out) 
Material Temp, OF~~in/ out) I.>f/ :;oY70 

(in/out) 1°/70 7''./rr'C. -Air Temp, OF 

Pitot Temperature, OF 70 ~6 ! 
Pitot Tube, In. W.C. .1..~ • "1-') 
ACFM at Pitot 41(1 t,2, " i - I ACFM leaving Cooler +1'6 

f. .... _ 

'I J.."> 

LFM leaving Cooler ~4o J.U i: 
_~ I J 

Cyclone t:. P, In. W.C. \ r 4- \.')" 

Scrubber !:l'P' In. W.C. 

I 
Quantity Fed, . Ibs. 75 
Cooler Froduct, Ibs. ~~q.S 

Cyclone Product, lbs. 10.4-
Cooler Retention, lbs. ( "13.7 (INc:.wll£c, fEn H()<>D' 
Cyclone Retention, lbs. 
Total Recovered, lbs. 73.b 

- Bulk DenSity, #/ft:J 
Angle of Repose -
c:~.~) (/, "i'· ("" ""7'\"~:i'1t:t; 
r.. ,l (" -'- . 1 .". ,. TJ'L')- 0 '''lwA 

. 
!'. "'.'<' Il-t r:OO 

, ~. J 
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STANSTEEL CORPORATION 
800' SOUlH BO"'LE: AY£'NU!; • t.OS ANCELES. CAUf'ORHIA _Q058 I aUI .. SeS .. 1Z3' 

PROCESS LABORATORY DATA SHEET 

JOB NO. 1813 CUSTor.mR rIUlcr;,\lI!) 'VH(, IDENTIFICAT[ON, ___ _ 
TEST NO._....;l.:...:.,'., ___ -..,-..,..-__ DATE /, .:~..:n . MATERIALgf:&~,:n::p On. (~At.E' 
INVESTIGATOR CY( r, 1 It.. OBSERVER'--"B~H;...' ______ _ 

UNIT CHARACTERISTICS, 

PILOT COOLER SIZE. lsrl@ "18 1 

FLOW C01J!'IT~{U ... "liUl,:; rn i 

DISCHARGE END DAM HEIGHT, In. ~)I){Vf 

Time B~5 910 
Feed Rate, #/min. 4- 4 
Moisture. wt % (in/out) 
Material Temp, OF (in/out) 3-i-?/ :,;°1--71 

" 

Air Temp, 01<' (in/out) '1 or,; 
10'1. 

Pitot Temperature, 9F 14-
Pitot Tube. In. W.C. .'ll ,1-7-
ACFM at Pitot .. 

11~ 

SHELL SPEED" RPM:-..;..;(O~, ______ _ 
PITCH, In./Ft._l~,~~ ________________ ___ 
OTHER,QJ(YHI <loP.: "e Pf,))"- In 

9'iO :930 <140 Q50 
4 4- 4- 4-

'}t;S'6, 3QO/7J !)ooa'· if,... t}brl , 

:J.1i IlB Y-',lt:: -Iy;,' 
/ )\3 il/\li 

III Ii il 114. ' , In 
.T1- ·'27_ ,22 ',7-7", 

+'].<1- ihe;- 42C, +-::~ 

0 

-, 
ACFM l~a.ving Cooler 4,,:1, 4-1 (J J ~ !-~ .!t,,),,!. :1 ) t, n ,'" Ii ,. , , ' ~ 

LFM leaving Cooler 7,!~ r; ,S'o ~I.Jq :, ''is :;..:n _'1' 

Cyclone {).. P, In. W.C. IS 1.1]" \, S- I,t;' 1,-5 IS 
, 
; 

Sorubber APt In. W.C. t ! . -, 
I 

Quantity Fed, Ibs. :LIb 0' I 
Cooler Product, Ibs. f')f).7 i 
Cyclone Product. lbs. 8,2 
Cooler Retention, lbs. 7)! , f\ I 
CyClone Retention, lbs. (I 

.'0 
Total Recovered, lbs. lOT). 

reEV ).\(109 , lhs :<-3, Y')lt..{l. RIOT -- -2.0,'0 

Bulk Density. #/ft~ (001(0 9~'i;llC.T :: bo,n \' Y elM\ ~ =:: r,/'l.(.., 

Angle of Repose -
gJ~ 'II IlMp.,rN.,. f.\11l -rt"/'t)P Oil '(\I~' c J{.r; 

PRt'l1'1}(1 IN P,~\l I~ r\-,>'F f' 9:1)0 

PI70nV(T Tc Mr' nF (HV . ..JK<; Il 1"1) (I Ili} ( 4 IO!n-

AN ALLI.oCHALMC". aU ••• OIA"., 

- 355 -
- .. 



STAN STEEL CORPORATD01\! 
.00t ftOUTH 80'11..1;. AVlHUIt • LOS "'HG!,U:C~ CALfFOnNfA 100'.' at ... ~ •••• t2.'" 

PROCESS LABORATORY DATA SHEET 
f , " 

JOB NO. I B 11 .' CUSTOMER CU:IIU""P (Llff~ IDENTIFICATa::ON. ___ _ 
TEST NO.~7 ________ DATE (..-7,-77 . MATERIAL pno!I:T(ll Ol~ SUAt{ 

INVESTIGATOR GLP. )n OBSERVER. __ n_l~~. ____________ _ 

UNIT CHARACTERISTICS. 

PILOT COOLER' SIZEI...;f...!.t;-r."rb::.-;;.;X~~/ ____ SHELL SPEED, RPM,!-..:.I_O_..;.... ____ _ 
FLOW (nUnT('"P-r:;(l;{.c;·,T I PITCH, In./Ft.-+Y'r.,:..' _________ _ 
DISCHARGE END' DAM HEIGHT, In. N:).'V(? OTHER.r{!·/(R:)tcp~~ 3/? p:;; .. \O 

, 

lnW ·lloD 1/10 Time 10'"30 10170 
Peed Rate. #/min. 4- 4- 4- 4- 4-
Moisture, wt% (in/out) 
"1aterial Temp, of (in/out) ~3~7 3r;y,q '~cy-

v 77 4-J~i) 

Air Temp, OF (in/out) 'yqh T?,/aD -{J'{:;o 11/'fY''3 

Pitot Temperature, OF q~ 95" I ~ D llO 
Pitot Tube, In. W.C. .53 S(., .)"J, . --ACFM at Pitot ~tjo ~,h S7 
ACPIll leaving Cooler . tAB i" 6-' :~ So:: 
LFM leaving Cooler ~.'lR 5 l q 5j~ 

. Cyclone b- P, In. \'l.C • 7.,) 3,~ 3.3 
. Scrubber 1:1 p. In. \'i.C • 

-
. , 

Quantity Fed, Ibs. , f.J~ 
Cooler Product, Ibs. . ~~b,j 

Cyclone Product, Ibs. f'I"') , .. 
Cooler Retention, lbs. :;O,p, 
Cyclone Retention, Its. 1.0 

Total Recovered, Ibs. I sq .1_ 

Fff" 14(101'. ~::~. ':n,4- 1'\1',( rl (.~..., .,;: 2t; S 
Bulk Density, #/~t~ 
Angle of Repose' 

. \; 

pH~;;IO AN 

. ~, 

- 356 -
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TnERNOCOUPLE LOChT!ON::i 

1 • 
2. 
3. 
4. 
5. 
6, 

AIR IN DUCT ABOVE FEED HOOD 
AIR IN COOL'ER AT EXIT 
NATERIAL AT DISCllAr:GE OF COOLER 
AIR IN DUCT AT PITOT 
~fATERIAL AT DISCHARGE OF HEATER 
AMBIENT AIR 

STANSTEEL CORPORATION 
JOn 1813 
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AIR IN DUC'! ABOVE FEED HOOD 
AIR IN COOLER AT EXIT 
MATERIAL AT DISCHARGE OF COOLER 
AIR IN DUCT AT PITOT 
~1ATERIAL AT DISCHARGE OF HEATER 
AMBIENT AIR 

STANSTEEL CORPORATION 
Jon 1813 
6/14/77, GLB 
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E)(I-\ \0\1 A 
Report ~ 

Prepared For WEST 
COAST 
TECHNICAL 
SERVICE 
INC. 

Mr. Ed Simonian 
Stanstee1 Corporation 
5001 South Boyle Avenue 
Vernon, CA 90058 

Date Job No. 

PoO.No. 
June 17, 1977 

28702 

13003 17605 Fabrica Way. Suite 0 
Cerritos. California 90701 
213/921-9831 
714/523-9200 

Your sample of extracted oil shale was received in our 
laboratory on June 3, 1977 for the determination of heat 
capacity from 100 - 4000 F. 

The sample was analyzed by differential scanni~g calorimetry 
with the followi~g results. 

T (<>J?) 

100 
150. 
200 
250 
300 
350 
400 

0.269 
0.280 
0,286 
0.290 
0.289 
0,,287 

. 0.290 

.. 

If we can be of any further service, please do not hesitate 
. to contact us. 

Respectfully submitted, 

HDF/kd 
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This roport porlnln5 only to tho samples investigotod and does not necessarily opply 10 olhm apparontly klenticIlI or similar materillis. This report Is submitted tor tho ax­
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EXHIBIT B 
r== 

RETORTED OIL SHALE DATA 
SUPPLIED BY CLEVELAND CLLFF~ 

.. 

CHEMICAL COMPOSITION: 

Approx 

SPECIFIC REAT: .2 ... 

Particle distribution -

39% Si02 

()% 812°3 

3% Fe2 03 

14% Ca a 

9% 11g ° 

~3% S04 

2% Na ° . 2 

1% K20 

~% Ca 

20% Unknown 

.. 26 
BTU 
ifo°F 

100% minus 
96% " 
76% " 
53% II 

40% 
36% 
35% 
30% 
25% 
20% 
1.7% 
15% 

2-1/2" 
1-1/211 

3/4" 
. 3/8" 

/1 4 
/1 8 
1116 
/130 
/150 

If100· 
/1200 
/1325 
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t:.X H H:wr (.., 
PURCHASE OlWER 0 

., .... ·u.·, ... ''''' 
••••• ., .,." ...... "", ,.. H· .-.t .. I, -' •• 

• ".·· ••• 1 ........... ,., ............. · ••• t •• t. 

TilE CLEVELAND-CLIFFS IRON COnlPANY <€9 ORDEn NO. WD-77149 

. D SHIP TO 

. r.:-1INVOICE 
~ TO 

'Stanstccl Corporation 
.5001 Doyle Avenue 
. Los Angeles, California 90058 
AnN: Jorge Geraldos 

DATE 

REO. NO. 

VENDOR 
NO. 

May 16, 1977 

f ~'~!I·; ... ~2··,.. '(~f~;~:-, ',~~::~'-~,~~~;'(~'~~.-' ---
! !--4'J ;":l't'ifW~ 'tG n~:;" iO ..... Ir. CLE.,,[ 
I I. ~t':1 (:l.a FS :~:~Jrl co. PUr1r.r-44,',iwr 

j ;.·~·"I\..,r~·f'" r. :~~ h>f~:CAiTt. f.£t.OW' 

.-----':0 1460 UNION COMME RCE BLDG . 
CLEVELAND. OHIO 4411S 

1--__ ..::.:n=IIL@~m_-_cg~_~~Lt;QNPANY i 0 
ISHPEMING, MICH. 49849 

P.O. Bo.x 1~11~___ D 
.-------- TACONITE. MINN. 55786 

__ Jlifle, .J:01orado _.81650 _ _ _ .. _. _____ . ____ , X Box 1211, Rifle. Co. 816. 
==P=l=E=A=S=E=F=U'=R::!N=ls=H=r=H=E=F=O=L=L=O=W"'"'=H""C=SUBJECT TO "CONDrrJONS" ON BACK HEREOF WHICH ARE A PART OF THIS 'ORDER -.-

OUANTI:r'l' 492-02-014 
eel co. 

PRICE CODE NO • 

. Determine coo1fug characteristics of retorted 
oil shale and recOOIIEnd equipuUlt for cooling 
material. . . 

Estimate five (5) to six (6) days at $350/day 
not to exceed seven (7) days or $2,45G 
(Includes set up and take down expenses) 

> -~ .' ' ~-' 

, 
- ., 

. 
Jo61 It 13 

~/M~: .. 

. ~. b~cP..' 
f,,- ~ .. ~ 

.. 

. 
-'.0. B. TERMS VIA 

. 
~E.TI"'ATlO'" o SHIPP''''CI PT NET 30 nws I Reproduced from C 

- best available copy. 
.. .. . .. , . I ••• .. •• ~., It ''''V' .... f ... t .. ,t O'H'" ~.I.:u. 'h' •• ·"'ht ... I ....... • ,. ... ,to '\'\,t .• ,."." 

t'.~ .'- ,.'It .... • .... f. • • 

AI If.~!LON: PricC''r. ,.f""wn on .1",. orJ.·, UfC' ·~oo~l1,h!'L.d 
I"IIlM. I ... oic". wilt. "riCl'" Co,I"" '''on '''o~e lh""" .. ill 
7· btl ftt't'fIlrtt..,d. If " ... t h" ann·· ... mtc·"'. y:1"',,,se (ontur.' 0\:. 

'ufch. DC"'~f .. t"'"h,.fiah,I'I far .",-nn! '~""""'f1 I ••. :-t'''"'l'tu. 
- 361 -

TheClevcland.CIiH,s I~' Company A .;. 

C::>~;;~-;r~~ . 
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APPENDIX G 

SIEVE ANALYSES 
CHEN & ASSOCIATES 

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

c S L G E GiNEERS 

"'<",I!tlOA1IO!';l 96 S. ZUNI DENVER, COLORADO Bon3 303/744-7105 

R 11>1 G 1924 EAST FIRST STREET • CASPER, WYOMING 82S01 • 307/234·11;25 

tky 13, 1977 

Subject: Agsregate Testing, Retorted Oil 
Shale from Anvil Points, Garfield 
County, Colorado. 

The Cleveland-Cliffs Iron Company 
P.O.. Box 12 1 1 
Rifle t Colorado 81650 

Attention: Mr. Robert A. Heisler 

Gentlemen: 

Job No. 14,583 

As requested. we tested a sample of retorted 011 shale on Hay lOt 
1977. One approximately lOO-pound sample was submitted to our office 
on May 3, 1977. The sample was split with one-half returned to your 
office. The remaining sample was divided into 6 samples~ of which 
3 were tested for gradation and hydrometer analysts in accordance wIth 
flSTt1 procedures. The resul ts are as fo 1 lows ; < 

% Passing % Passing % Passing 
Sieve Size S}lm~ IiI ~~aE£.l e #l. ~'!!T'P I e #1. 

3 100,0 100,0 100.0 
H 92.2 96.8 93.7 
3/4 62.6 75.6 55.9 
3/8 42.2 511.2 35.9 

#4 33.5 44.4 26.7 
#8 33,,3 l;ll, 0 26.5 
#16 32.5 43.5 26.0 
#30 31.5 42.6 25.4 
#50 30.2 40.8 24.4 
11100 28.6 38.5 23.4 
#200 26.7 36.0 22.2 
.005 mm 2.7 3.7 1.8 
.002 iill'! 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 p lotted the test resu I ts as sho\'i!1 011 the attached 1'1 gures 
to allow detelilltnatiol1 of percentage passing different sfeve sizes. 
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The Cleveland-Cliffs Iron Company 
May 13, 1977 
Page 2 

\.Je will be avaIlable for testing of the remaining samples upon 
notification. 

If you have any further questions $ please call. 

Very truly yours# 

CHEN AND ASSO. St INC. 
,'- 1. /J 
.~~~e-&~ 

Froesch 1 e 
By 
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P. 

and associates, ~ 
CONSULTiNG ENGINEERS 

DENVER, COLORADO 80223 

G 1924 EAST FIRST STREET • CASPER, WYOMING 82601 • 30//234·2126 

Subject: Gradation Tests, Rator 011 

COMpany 

Shale from Anvil Points. Gar­
field County, Colorado. 

Job'io. 14,583 

ifle. Colorado 31650 

tent!on: Mr. Robert A. Heisler 

tleMen: 

\Je are forwarding tne test result.s for the sieve ;;nd hydri'!ulic ana'vses 
r specimens of retorted all shale flos. 4 and 5. We previously stibnltted 

th,;;)' test resuJ ts for Soecimens t,lo. 1. 2: and 3 In our letter dated 13. 
The results for Specimens 4 5 are as follOWS: 

Sieve Size Specimen #4 -----
)" 100% 
H'I 911% 
3/4 il 66% 
3/3!1 46% 

37% 
37% 

1116 3"'''' 0", 

#30 3i.% 
#50 31% 
#100 29% 
1/200 265'; 

MM 2% 
.002 mm O. 

100;;; 

53% 
3(>% 

27% 

23% 
20Z 
18% 

2% 

Calculation of the percentage passing the No. 200 screen was based 
on an average specific gravity of 2.65. 

\/e have plotted the test results and Included a copy on the attached 
figures. 
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chen alld· associ c. 
CONSULTING ENGINEERS 

SOil' ~OUfmATlOH 96 S. ZUNI ". DENVER, COLORADO 80223 303/744-7105 

ENG I NEE R I N G 1924 EAST FIRST STREET • CASPER, WYOMING 82601 • 307/234-2126 

The Cleveland-Cliffs Iron Company 
P . O. Box 1 211 
Rifle, Colorado 81650 

Attention: Mr. Robert A. Heisler 

Gentlemen: 

June 22, 1977 

Subject: Aggregate Testing,' Retorted Oil 
Shale from Anvil Points, Garfield 
County, Colorado~ 

Job No. 14,583 

As requested, we performed gradation analysis on three samples of 
Retorted 011 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 
Run #3 

Sieve Size Cooler Product 

3 100.0 
It 92.0 
3/4 63.0 
3/8 41.0 
#4 28.0 
#3 22.0 
#16 11.0 
#30 4.0 
#50 2.4 
#100 1.9 
#200 1.7 
.005 mm 
.002 mm 

% Passing 
Run #4 
Product 

100.0 
96.0 
64.0 
40.0 
27.0 
22.0 
19.0 
11.0 
9.0 
9.0 
9.0 

% Passing 
Sample #3 
Cyclone Product 

95 
84.0 
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 figures 
to allow determination of percen-t,age passing different sieve sizes. 
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The Cleveland-Cliffs, Iron Company 
June 22, 1977 
Page 2 

HF/as 
Rev. By: D.E.B. 
Enclosures 

SincerelYt 

CHEN AND ASSOCIATES, INC. 
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CHEN AND ASSOCiATES 
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