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FOREWCRD

This report was prepared by Cameron Lngineers, Inc., 1315 Scuth
Ciarkson Street, Denver, Colorado, 80210, under U.S. Bureau of Mines
Contract Number SO 241G74. The contract was initiated under the Bureau
of Mines Program for Advancing Mining Technology--0i1 Shale. It was
administered under the technical direction of Denver Mining Research
Center with Mr. Robert L. Bolmer acting as the Technical Project Officer.
Mr. B. G. Horton was the contract administrator for the Bureau of Mines.

This report is a summary of the work recently completed as part of
this contract during the period July 1974 te July 1975. This report was

submitted by the authors on 11 July 1975.

The curyent deciine in the domestic resarves of easily obtained
crude 0il, coupled with a drastic increase in the price of imported oil,
has spurred the evaluation of all possible sources of oil. The 1600~
square mile Piceance Creek Basin in Colorade contains the Targest single
known hydrocarbon resource in the world. This resource occurs in the
Parachute Creek Member of the Green River Formation as kerogenetic
maristone or, as it is commonly termed, oil shale. Although this potential
source of 0i?! could not feasibly replace America's current six miliien
barrel-per-day oil deficit, it is possible that shale oil could replace
up to one-thira of this amount.

Current American 011 shale mining technology is based on operations
at three prototype room and piilar mines and a prototype modified in
situ reccvery project. In an effort to evaluate the economics of mining
0il shale and to develop further technclogy, the USBM has initiated
three independent contract studies to evaluate underground, open pit,
and modified in situ mining systems.

The subject contract study involves the evaluation of all potentially
feasible systems for large scale mining of the thicker oil shale deposits
in the deeper central portion of the Piceance Creek Basin. The study is
divided into two phases: (1) an initial investigation and subsequent
engineering evaluation of all potential underground mining systems for
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SRACUTIVE SUMMARY

The objgctiv@ of the Phase ! study was to evaluate the technical
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eok Basin.,  The study was givided into three invesiigative

o

rai review of the geology, hydroiogy, and resources of a

Gen

ﬁepreﬁgﬁiatév mine site in the central nortion of the Basin.

Evatuation of underground rock mechanics design techniques and
synthasic of enginesring physical properties of Green River
b

g1t shale.

2]

Selection, preyiminary design and costing, and evaluation of
candidate mining systems.

3

A resource evalustion ¢f four potential representative mine sites
in the central Piceance (reek Basin resulted in the selecticon of an area
aear the confluence oFf Rvarn Gulch and Piceance Creek, Rioc Blanco County,
Colorado. Approximataly 1,700 Teet ot ©i1 shale, averaging 20 gpt and
ander an average of 1,000 feet of gverburden, is projected over most of
Significant auantities of dawsonite and

ssent. An oevaluation of the groundwater hydrology

groundwater inflow from 4,000 to 9,000 gpm for a

four anuare mite mined out area.

that the most important chysical properties for design purposes are
compressive strength, tensile strength, deformation modulus, interral
friction, cohesion, ard PFoisson's ratio. A synthesis of the availabie

data on Green River ¢il shaie indicates that as Fischer assay increases,
strength decreases. fuantitatively, es Fischer assay increases, compressive
and tensile strength, deformation mndulus, and internal friction decrease,

whila cohesion and Peisson's vatic increase. These quantitative data

were used in tho preliminary design of pillare and roof beams.
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In the selection and adaptation of mining systems to deep, thick
01l shale deposits the following constraints were considered:

Mining systems must be capable of a minimum of 85,000 tpd and
be easily expandable to twice that amount.

Mining systems must be well within the health and safety
standards of todays mining codes.

Tre possibility of the presence of methane gas must be con-
sidered.

The mining system must be capable of handling large quantities
of water inflow.

The underground disposal of spent shale may be considered.
Resource recovery must be as high as possible.
Ervironmental impact should be minimized.

Equipment used in the designs should be currently available or
technically feasible for near future development.

The mining systems evaluated for adaptability to large scale mining of
0il shale were: square set stoping, shrinkage stoping, cut and fill
stoping, sublevel caving, longwall mining, sublevel stoping, room and
villar mining, and block caving. The systems selected as the most
proved and adaptable were sublevel stoping, room and pillar mining, and
block caving. Sublevel stoping was modified to include a caving system
having a 95% resource recovery and a spent shale backfill design having
55% recovery with the ability to dispose 70% of the spent shale under-
ground. Room and pillar mining was also modified into two designs,
advance entry and pillar and chamber and pillar mining. The chamber and
pillar mining design had the highest resource recovery of the two and is
also specially designed for spent shale backfill. Standard block caving
systems, having 300-foot square by 550-foot high blocks were evaluated
using both sTushers and LHD's and also considering the cost of inducing
caving. Production costs, including manpower, capital investment,
depreciation, interest, power and water, and preproduction development
costs, rangad from $1.04 per ton for chamber and pillar mining to $1.35
per ton for block caving with slushers.
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A orenicing analysis using the DARD system was conducted corsidering

iy oailiy

the following major categeries: tachnical feasibility, mining costs,

1

respurce recovery, raciamation, environmental impact, and health and
i The results of the ranking analysis are as follows with the

ranking system {irst:

1. Chamber ond pillar mining

’ Sublevei ztoning with srent shale bhackfill
3. Sublaved steping with full subsidence

U
4, Block caving using LHD eauipment
Toeck caving using stusher equipment

6.  Advance entry ard piilar wining

SUMMERY OF COMCLUSIONS AND RECOMMENDATIONS

The Targe scale mipring of 011 shale by underground methods is
technically teasible. The mining systems ranked and selected as most
nromising ara: chamber and viliar mining, sublevel stoping with spent

zhale beck?iii, sublevel steping with full subsidence, and block caving

Recommendations are made to de a more detailed technical analysis
and perfern an economic evaluacion of the four most promising mining
systens wsing data Tvom the representative mine site.

The ~aserves of 017 shale in the general area of the petential mine

site not orly are mere than adeguate for the contemplated rates of
mining by any oF the seiectad systems, but alsc contain appreciable
amounts of the asscciated saline minerals nahcelite andg dawsonite, which

couvid significantly Improve the overall economics of such mining.
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SECTION 1

INTRODUCTION

The subject of this report is a technical and economic evaluaticr
¢f candidate underground mining systems for deep, thick ¢i1 shale deposi:
phase T. This study was awarded by the U.S. Bureau of Mines, under ine
direction of the Denver Mining Research Center, to Cameron Enginszers ir
July, 1974,

The apparent decline in this nation's proved reserves of easiiy
obtainable hydrocarbons has resulted in a search for aiternative fuz!
sources. A dramatic increase in the cost per barvel ¢f iwpertad o]
also changed the economic ciimate, resulting in the possicilivy of
recovering higher cost hydrocarbons. One such source of hydrocarboo:
found in a sedimentary rock termed kerogenetic marlstone, or commonly,
cil shale. The Piceance Creek Basin in Colorado contains the worid's
targest single known reserve of oil shale that is located within an zre
of approximately 1,600 square miles. Tne depth of this resource heiow
1oyt

[o)]

the surface ranges from zero to as much as 1,200 feet. It is estim
that if the oil produced from this resource were mined and processed 2!
a rate of 2,000,000 barrels per day, the resource would Jast move than

400 years.

In an effort to determine the best methods of exploiting this
potentially valuable and needed resource the U.S. Bureau of Mines recer-
funded three research contracts. These contracts involved individua’
studies on the technical and economic feasibility of mining 0il shaie b
in situ rubblization, open pit, and underground methods. This repcrt

concerns the latter contract.

[ SCOPE

This contract study is divided into two phases, the second contings:.
cr the results obtained from the first. The first phase (12 months!
involves the initial investigation and subsequent engineering avaluztio:
¢t all potentially feasible systems for large scale, underground mii n:
of the thicker 0il shale deposits. The second phase, of & to 12 pwenti-




duration, will Le a more detailed technical and economic analysis of the most
promising mining system or systems as determined under the initial phase.

The general approach used to achieve the objectives of the phase I
study included the following steps:

A geological, hydrological. and resource evaluation of the
Piceance Creek Basin 0il shale deposits.

A review and synthesis of the engineering physical properties
of Green River oil shale.

A review of possible candidate mining systems and selection of
the most feasible.

The preliminary design and costing of the most feasible candi-
date mining systems.

A ranking analysis and selection of the most promising mining
- systems.

Three of the several candidate systems investigated showed sufficient
promise for further evaluation by preliminary design and costing. Final
selection and ranking was made on the following modifications of these
three general systems:

Sublevel stoping -
Sublevel stoping with full subsidence -
Sublevel stoping with spent shale backfill

Room and Pillar Mining -
Advance entry and pillar mining
Chamber and pillar mining

Block raving -
Block caving using slushers
Block caving using LHD's




The data used in this study come from pubiiciy availahle sources
and in most cases are insufficient to provide the hasis for detailed
designs. The majority of the published data is from the U.S. Bureau of
Mines, U.S. Geological Survey, and the prototype oil shale mines located
near Rifle, Colorado. The 1imitations of this study are a result of

insufficient data on oround water hydrology, structural geoclogy (jointing

3

and faulting), in situ stressas, and the physical properties of oi}
shale and asscciated minerals in the central portion of the Piceance

reek Basin.

1.2 CONTENT

This report includes a discussion of the geology and hydrology of
the Piceance Creek Sasin, a resource evaluation of a potential mine
site, and the synthesis of published data on the engineering physical
properties of Green River ¢il shale. Following these sections are the
contrect studies, inci ng the review, selection, design and costing of
the candidate mining systems. The report closes with a ranking analysis
¢t the mining designs, ihe conclusions and recommendations, a phase II

outline, appendices, ard references cited.
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SECTION 2

GENERAL GEOLOGY AND HYDROLOGY OF THE OIL SHALE DEPOSITS
IN THE CENTRAL PICEANCE CREEX BASIN

The Piceance Creek Basin inciudes about 1600 square miles in Garfield
and Rio Blance counties in northwestern Colorado, Figure 2.1. It is a
northwest trending structural basin which ranges topographicaily from
1000 to 4000 feet above tha surrounding lowlands. Elevations in the
basin are from about 6000 to 9400 feet avove sea level with parts of the
bBasin margin being defined by pracipitous escarpments. The land surface
within the basin consists of a series of steep sided ridges and valleys
that slope down from the margins toward the basin interior.

Precipitatiovn, as measured in smali towns in the surrcunding lowlands,
averages about ten inches annually and from 15 tc 25 inches at elevations

abeove 7000 feet.

Yhe Roan Plateau, an east-west frending structure in the southern
part of the basin, Torms a drainage divide bhetween tributaries of the
Colorado River te the south and the White River to the north. The
northern drainage system is the larger of the two and the principal
streams in this drainage are Piceance Creek and Yellow Creek. Principal
streams in the southern drainage system are Parachute Creek and Roan

tad .
Creak,

Yegetation over most of the interior of the basin is sparse and
consists of sage, pinon, and juniper. On the north and east margin of
the basin, north-facing slopes and other isolated patches are covered by

heavy growths of scrub oak and buck bush. There are some scattered
heavy stands of aspen, lodge-pele pine, and blue spruce on the Roan

Plateau.

Major towns in the vicinity include Grand Junction, Rifle, Meeker,

and Rangely, Colorado.
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Figure 2.7 Leccation Map of Ficeance Creek Basin, Northwest Colorado
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STRATIGRAPHY

"

Strata expesed in the Piceance Creek Basin range in age from Late
cretaceous to Tertiary. Thre oidest rocks are the Late Cretaceous Mesaverde
aroup which 1s cemposec of sandsteones, shales, and some coai beds. These
rocks are resistant to erosion and form a series of prominent benches
which outcrop continuously around the southern and eastern margin of the
asin.,  Fossil content indicates that deposition occurred near strand-

y—pn

tines in fresh, brackish, and saitwater environments. Overlying *he

Mesaverde 15 the Paleocene Series, consisting of the Chio Creek Conglom-

erate and an unnamed unit composed of feldspathic sandstones, shales, and

thin coalbeds which are considered Fort Union Formation equivalents. Above
the unnemed unit is the Wasatch Formation which forms the lowlands between

tre more resistant strata of the Mesaverde and the overlying Green River
Formation. The Wasatch Formation consists of a thick sequence of lenticular
sandstones and red, purple, uray, green, and yellow shales with some coal
beds. Numercous fossils indicate that the Wasatch strata were deposited in

a fluviatile envircnment. Above the Wasatch Formation is the Green River
Formation, depositac during the middle Eocene Epoch of the Tertiary Period. A
more detailed descripiion of the Green River Formation and the overlying Uinta

Formation is shown in Figure 2.2.
2.1.1 Green River Formatio

ne Green River Formation is compesed of kercgenetic maristores,
maristones, shales, sandstones, siltstones, and limestones which have been
dividged into three distinct members based on lithology. The Towermost,

cr basal unit, is designated as the Douglas Creek Member and is composed
vredominantly of sandstone, limestonz, and shale. Above the basal unit

is the Garden Gulch Membsr which s composed of dark, finely laminated
shale. The upper unit, the Parachute Creek Member, is compcsed largely

of kercgenaceous dolomitic marlstones, or commonly, oil shale.

In the eastern and southeastern part of the basin a clastic facies

equivalent to the Douglas Creek, Gardan Gulch, and lower Parachute Creek

te
members has been designated the Anvil Point Member by Donnell {1961).

2-3
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Figure 2.2 Generalized Description of Green River Formation and Overlying Uinta Formation,
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dverlying the Creen River raztion 5 the Uinta Formation ftnast in-

cludes sandst res amd s114s which were Tarmerly designated as the

Fvacuyation Creek Momber., With the excention of 3 few ‘ozat struct
disconformities onserved by Donnell {1967), these formations rzpre

continuous derositional sequerce,

A I Doungias Creek Mairber

he Dougies Creek Member 1s composed of sandsiones, shalies, and

Timastonas that conformabty overlie the variegated shales and sandstone

uitits of the wWasatch Formacion., This member has been reccgnized only in

tne southern. wastern, and central narts of the basin., In the eastern

part o7 the hasin ire Clestic facies of the Douglas Creek Member are
d

T the northwest, the Douglas (reek

the overiying carden Guich Member.

Dougias Creek Member s about 890
Teatl In the soutnwestern navt of the basin. Resistart strata »f the
souglas Creek Momber Torm & seyies of beanches aleng the base of the

5
f

e color of the outcrop comnionly ranges from

O I Garden Gulch Hembar
The Garden Gulch Merber is womunsed of dark, finelv laminated

snales and marisions, some of which contain kerogen. With the exception

Gf the eastern navt of Toe beitn where equivalent sandy heds are assigned
to the Anvil Point Memher @ Garden Gulch Nevuu 15 present throughout

]

tra basin. The thickest sequence of the Garden Culch Member s 900 feet
in the ncrthwesterr part of the hasin, where it comformab}y avariias the
lasatch Fermation.  [Foom tneve southward, the member thins. The Garden
Gulcn outcrops as a ¢ray, steen slope between the white ciiffs of the
‘arachute Creek Member and tre brown and buff benches of the Douglas
Creek Member. Both tha upper and Tower contacts of the Garder Guleh

are wa'l definsd on resistivity icgs. The

Member in the

fower contact, astined as the bLassz of the Tow resistivity zore is known

. the Uvﬂ1q Marker (Reehler, 19747, A similar low resiziivity zone,

5
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Sower ULl Shale “one. The lower 011 shale zone extends from the top of
the Garden Gulch Member to the base of the Mahogany 7Zone. In the south-
eastern part of the basin the lower zone is interfingered with, and in
some instances replaced by, the Anvil Point Member. In the northwest
part of the hasin the Tower zone is absent and the upper oil shale zone
rests conformably on the Garden Gulch Member, Donnell (1961). Elsewhere the
thickness of the lower zone ranges from a minimum of 20 feet in the southwect to
over 1300 feat in the north-central part of the basin. The thickening
toward the center of the basin is attributed in part to increased
organic contant and the cccurrance of bedded and disseminated evaporites.

Cashion and Donnell (1972) subdivided the lower oil shale zone into
a series of alternating lean and rich zones. This designation is based
on shale 0il yields from the modified Fischer assay. The lower zone can
also be subdivided into two zones, leached and unleached, cn the basis
of removal by dissolution or Teaching of the water soluble minerals nahcolite
and/or halite. Although Teaching is not confined to any one area of the
basin, the characteristic low resistivity zone produced on electric Togs
in the leached section is confinad to the central part of the basin in the
area of meximum evaporite deposition. The unleached or saline zone is
the lower of the two. This zone contains possible economic deposits of
nahcolite and dawsonite. The thickness of the unleached zone in the

central part of the basin ranges from about 500 to over 1100 feet.

The interface of the leached and unleached zone is a somewhat poorly
defined plane termed the dissclution surface. In reality, it is probably
& dissoluticn zone, as numerous cores have shown nahcolite to be present
above the dissolution surface while vugs and cavities are found below.

At best, any designated dissolution surface is an approximation.

Above tne dissolution surface is the Teached zone which is charac-
terized by cavities, vugs, and collapse breccia. The thickness of the
Teached zone in the central pert of the basin varies from about 400 to
over 1130 feet. Leaching of the evaporites from the Tower zone has up-
graded t'ie 011 shale, produced an aquifer, and reduced the bulk strength
of the rock,




sene s variable in

ko yoneyr 011

feet Tn the south to 400 feet in the

cee basin. From the soyithern margin novthward,

tne gverlying thinta Formaticn and dacreases

desidnater

: r: Jany
subsurface is a readily idsntifiabie unit (Bradisy, 1931). The very

resistant nature of tho Mahogany Zone resulis in a precipitous outcrop.
The Mahcagany Zone 15 alze oounced on the Lop 2nd bottom by barrer zones
2y These kbarren zones are

both the 'A' and

ce
y iogs (the red and black

t
the Mahcgany Zone varies from

anpproximately 100 feat rgas the margin of the basin to about 200 feet in
the norith central part of tre basin,  The thickening i1s Targely due to
an increase tn <lasitic content, Generally. the grade of 011 shale in
the Mabhogeny Zove excesds 20 got with the richest sequence comprising

500 faet of leaner oil shale.
arp cart of the basin, and due to
Fovination, thins to less than 300

2.1.7 Jinta rormation
e’ vt T PN TV B Kiymevionta ~ - 2 L ]
The Jinta formaticn, formerity The kvacuation Creek Member, consists

of barven marlstonas, snales, siltstones, anc sandstones gverlying mest
t The outcrop ¢f the tinta Formation forms a buff to Tight

browr rounded cap receeding Trom the white ¢11ffs of the Parachute (reek

The marimuy thicknoss of the dinta Formatior 1S unknown because the

L

top has been removed by erosion: however, from subsurface information it



is known to exceed 1200 feet. Because of the lenticular nature of the
siltstones and sandstones, the lower boundary varies from location to location.
With the exception of a few local disconformities the Unita Formation rests

conformably on the Parachute Creek Member of the Green River Formation.

.2 STRUCTURE

|

The Piceance Creek Basin is a large, assymetrical, northwest trendina,
structural downwarp. Beds that dip into the basir range from less than three
decrees on the soutnern margin to 27 degrees on the northern rim, Fiqure 2.4.
The basin s bordered on the east and the northwest by the White River Uplift
and tre Axial Basin anticlines, respectively. On the northwest edge, the
basin axis is a syncline located between the Massadona Anticline and the
Rangely Anzicline, extending south from the western boundary of the Piceance
Lreek Basin. The southern boundary is formed by the Uncompaghre Uplift
southeast of Grand Junction, not shown in Figure 2.4.

Withir the basin i1tself there are a number of small, parallel, north-
west trending anticlines. Among these local structures, the most promi-
nent is thz Piceance Creek Dome located in the northeastern part of the
basin.

dumerous northwest trending. high angle normal faults of small dis-
nlacement are present northwest of the Piceance Creek Dome. The faults
common'y occur in pairs and usua'ly bound downthrown blocks or grabens.
Fauiting on the crest and flan<s of plunging anticlines are probahly a
result of failure due to tensional stress exerted by folding of the
strata after deposition and lithification. A series of these faults
form er echeleon and parallel grahen systems.

2.3 GEOLOGIC HISTORY

Tne ceologic history of the Ficeance Creek Basin is reflected in
the cross sections shown in Figures 2.5 and 2.6 (Roehler, 1974). The
Piceance (reek Basin was a center of deposition at the beaginning of the
period of deposition of the Green River Formation. This is reflected
in the basinward thickening of the underlying tasatch Formation. About
50 million years aqo in the Eocene Epoch drainage outlets for the basin
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were effectively blocked, possibly by subsidence of the basin, uplift of
the adjacent areas, or a combination of both. During early Douglas

Creek time crainage into the tasin produced fluviatile and paludal
conditions as reflected in the strata in the lower part of the Douglas
Creek Yeinber. These strata consist of fresh water limestones, gray and
brown carboraceous shales, thin beds of coal, and some gray lenticular
sandstones. The drainage into the basin was from the east and southeast.
This condition continued throughout most of the depositional history of
the Green River formation and is reflected in the clastic facies of the
Douglas Lreek, Garden Gulch, and Tower Parachute Creek Members, designated
as the Anvi' Point Member. Eventually the numerous small ponds coalesced
to form a large fresh water lake calied Lake Uinta. This lake continued
to expand throughout the remaincer of the period of deposition for the
Douglas Creek Member. The upper part of the Douglas Creek Member is
composed of strata that were deposited in a fresh water lake. These
strata are usually Tight brown, varved, papery, kercgenaceous shale with
the high crganic content derived from the seasonal mertality of blue-green

algae.

At the beginning of Garden Gulch time the climate altered and the
lake changed from freshwater to saline. Sediments deposited in the
saline conditions were Timey organic muds. This change is recorded in
the organic content of the shale in the Garden Gulch Hember, which is
generally higher than the organic content of the freshwater shale of
the Dougtas Creek Member. Brines settled to the deeper part of the lake
during extramely quiescent conditions. Ouring Garden Gulch time the
carbonate content of the lake waters also increased, setting the stage

for the deposition of the Parachute Creek Member.

Deposition during Parachute Creek time was characterized by vast
quantities of kerogen-rich, dclomitic to calcareous marlstone with
bedded evaporites toward the center of the basin. During this time the
lake expanded to its maximum size as indicated by the widespread ilahogany

Zone.

A5 a resulo of widespread volcanic activity to the northwest,

climatic conditions changed and a decrease in precipitation and temper-

2-14




ature resatted In the dicagpearance of lake Uinte. This is recorded hy

Ene numercus turfacsous yocks present in tne upoer part of the Parachute
Cresek demper and 1r the overiying UYinta Formation. Subsequent post-
depositional tectonics and evecion has produced the topographic features
e Picegance Creex Dasin as seen today.

~ =,

2.4 ECCHOMIT RESOURCES OF ThE PICEANCE CREE

{ BASIN

The three ecoroiic resources or interest in the Greer River Formation

ot

of the Ficeance Crool 2z339n are shale oil, nahcelite, and cawsonite.

ATT trnrez of these are foura in significant guantities in the Parachute

HE <

Crech Membey.

AL Shale 211

Shale oil is the vrceduct of the desiructive distiliation of the
kerogen in ¢it shals.  In the central part of the basin the thickest and
richest o1l snate ceausnce is Touna in the lower part of the Parachute
ystem of classification for total resources
1SG5. Key criteria for this classification

tedge of the resource and the economic
An estimate Tor the total shale oil resource
sin is 1,700 Billion barvels {Netional Petroleum

ii1ion barrels ars contained in favorably

i

al
0 35 galions per ton over a

ot

1ts averaging 30
continuous interval of 30 feet or more. lLess favorably situeted and not
as wall defipad depacite of the same grade and thickness are thought to

centain anorher 167 billion barrels of oit. Poorly defined deposits of

1

Tower grade, rancing dovn to 15 gallons of oil per ton constitute the

L

remaining i€ niilion darrels.

Nahcolite Rescurces

-

iaily valuabie by-product

«1-

ite {MaH{0s) is considered a potent

m

of 011 shaie processing due Lo the large quantities thet exist in the

the basirn and its postulated use in emission control
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nahcolite is found elsewhere in the basin, the significant deposits are
restricted ©o the Tower part of the Parachute Creek !Member in the central
part of the basin. Nahcolite occurs as: (1) fine crystals disseminated
in the 011 shale matrix or in fractures, (2) as roughly spherical masses
called rosettes, or (3) as coarse to microcrystalline, bedded deposits.
The coarsely crystalline, bedded variety is associated with halite
(NaCl). Peard, Tait and Smith (1974) estimate about 29 billion tons of
nahcolite are present in the center of the basin.

.53 Dawsonite Resources

Dawsonite (NasAT(CO3)-2A1(3H)3) resources of the Parachute Creek
Member of the Green River Formation have been estimated by Beard et al,
{(1974) to be 19 biliion tons (6.5 billion tons of alumina). Dawsonite
could be produced as a by-prcduct in the 0il shale retorting process as
envisioned by Weichman (1974). In light of recent price increases by
the major bauxite producing countries, the development of dawsonite

resources riay be economically attractive.

Dawsonite occurs finely disseminated in the o0il shale matrix.
Significant dawsonite deposits are apparently confined to the north-
central part of tne basin ana are restricted to an interval ranging from
1000 to a 1ittle Tess than 30C feet. Reserve estimates range from more
than 1¢0 million to less than 20 million tons per square mile.

.5 RESOURCE EVALUATION OF PROPOSED MINE SITE

fo resource evaluation of four potential mine sites, proposed by the
USBM, was made to determine the most favorable location for a representative mine
site. figare 2.7 is a map showing the Tocaticn of the proposed sites
Each site was evaluated for shale 01l content, nahcolite and dawsonite
content, overburden thickness, o0il shale thickness, and leached and
unleached zone thickness. On the basis of these evaluations, the
Bureau of Mines selected site 2 “or nore detailed evaluation. The

following discussior covers the detailed evaluation of site 2 only.
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2.5 Site 7 Evaluation

Site 2, as originelly selected includes about five square miles in
partions of T1S and T2S, and R97W and R98YW, Figure 2.5. Corehole data are
available from Shell 0i1 Company coreholes 22x and 23x, {(Tables 2.7 and
¢.2), Pan Aperican Saterdal No. 1. and Sinclair Skyline Ho. 2. The USBM
has since dasignated this site as the primary area of interest and it
has been expanded to include about 30 square miles in portions of the

previously rientioned townships.

Figure 2.9 is an overburden thickness map to the top of the Mahogany
Zone. The overburden thickness ranges from over 1400 feet in the northwest
to less than 600 feet in the southeast with the minimum thickness along

Piceance Creek. The overburden consists of the 0il shales in the upper
part of the Parachute Creek Member, and sandstone, siltstones, and

mavlstones of the overlying Uinta Formation.

The structural contours on top of the Mahogany Zone, Figure 2.10,
indicate the soutnern boundary of the area is delineated by a system of
grabens. #Another graben is shown in the northeast portion of the area.
This graben is a northwest extension of the same graben found on the
Piceance Creek Dome, located to the east of site 2. The dip of the
strata is generally about onez degree tc the north with local variations
due to folding and faulting.

Figurza 2.11 shows that the thickness of the total oil shale interval
Trom the base of 'R' Groove to the top of the Blue Marker varies fron
cver 1,500 feet in the north to ess than 1,100 feet near the southern
boundary. The thinning is only partially a depositional feature as
removal of the saline minerals by dissolution and subsequent collapse of
former saline rich zones, has decreased the thickness as shown in Figure
2.12. The effects of leaching on the total o0il shale interval can be
seen in Figures 2.13 and 2.14 which show a relatively rapid thickening
and thinning of the leached and urleacned zone, respectively, away from

the north central part of the area.
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ST Sheil 011 Company Corehnle Humber Z3x-1,
Pio Blanco County, Colcvado, Sec. 1, 725, R9AOU

Depth Below Flevation
Surface of Top Thickness Grade

lene At (fe) o ft) {apt)
Biabingany Q77 5,043 175 27.7
R Gyooye 1,183 h,25h8 17 4.7

bt 1,169 5,240 171 20,7
Lo 1,339 5,071 155 1.6
o 1,491 4,01% 344 19.7

| 1,838 4,571 142 18.2

fo-2 2,141 4,268 23 16.7

o liarker 2,413 3,806 e -




Table 2.2

Depth Beiow Elevation
Surface of Top Thickness Grade
Zone ot _ift) _(ft (gpt)
Mahogany 1,040 5,492 178 27.5

'8' Groceve 1,21¢ 5,314 21 5.7

R-5 1,239 5,293 167 24.1

Blue Marker 2,490 4,543 - -—-
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Fioure 2.15 is a contour map of the base of the leached zone. The
anomalous domal feature may be a result of an extension of the Piceance
Creek Dome graben. The fault plane has been reported to contain travertine
deposits which may effectively reduce or block water flow in the leached
zone, resulting in the accumulation of supersaturated solutions. This
would account for a relatively low rate of leaching compared with the

surrounding area and produce a demal feature as illustrated in Fiqgure 2.15.

The general resource figure for this area was calculated usinag data
from the Svell 23x drill holae. Approximately 2.4 million barrels of oil
per acre are contained in a 1452-foot oil shale interval. Other resources
figures modified from Beard et al (1974) indicate about 625,000 tons of
nahicclite per acre in a 950-foot interval. The total resource figure
for site 2 (not the expanded site 2) is 7.7 billion barrels of shale
oil, ¢ biliion tons of nahcolite and 550 million tons of dawsonite.
Insufficient data is available to sufficiently estimate the total resources
of expanded site 2.

N

.6 HYDROLOGY OF PICEANCE CREEK BASIN

Tne rreliminary design of an underground mining system in the
Piceance (reek Basin is 1in part affected by the hydrologic conditions.
The amount of water inflow into the mine could affect total mining costs
enough to make mining too ccstly. In order to provide a reasonable
estimate of water conditions and pumping costs, the geohydroloqy of the
central P-ceance Creek Basin is investigated. The following discussion
covers a review of the availabie groundwater literature in the Piceance
Basir area, a description 0¥ the general hydrogeologic system and a
hydrologic evaluaticn of proposed mine site 2.

2.6.1 Review of Literature

A sunmary of hydrologic information of the Piceance Creek structurel
basin between the White and Cnlorado Rivers (Coffin, Welder, and Glanzman,
1971) is presented in the form of two large maps printed by the USGS.

The maps show the Piceance Creek Basin area and include a potentiometric

map and a structure contour map on the base of the Mahogany Zone. Also
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included are a stratigraphic section, a diagrammatic section across the
Basin, gechydraulic cross sections, chemical character graphs of selected

Streams, and water quaijity bar Jrapns.

(v the Rocky Mountain Association of 5eologists (RMAG) 1974 quidebook.
Weeks (1974) presents a review of the water resources in the Piceance
Creek Basin. Annual runoff from the Piceance Creek watershed is estimated
at 13,930 acre-feet with its principal use being irrigation. Water
quality was found to be poor during periods of low runoff, probably
reflecting the poor quality cf the groundwater. The groundwater resource

is estimated as large with some wa2lls producing as much as 1,000 gpm.

USGS Frofessional Paper 908 (Weeks, Leavelsey, Welder, and S=ulnier,
1974) is a comprenensive evaluation of the hydrologic effects of o1l
shale mining on Colorado leasec tracts C-a and C-b. In the paper, a
mathematical simulation of an open area four miles square on each tract
was made to estimate mine discharge. Kesults indicate that on tract C-a
tne total discharge ranges from 4,000 gpm after one year to 3,000 gpm
after 30 y=zars. The majority of the discharge is supplied by a lower
aquifer. Jn tract C-b the discharge varies from 13,000 gpm after cne year to
9,300 gpm after 30 years with about two-thirds supplied by an upper

aquiter,

A report written by the USGS (1974) for the USBM evaluates the
hydrogeology of four proposed 0171 shale mine sites. The evaluation of
the sites was done using the digital model presented by \leeks et al
(1974) and resulted in the selection of site 2 as previously described
in the resource evaluations.

Wymore (1974) computed a water balance for Yellow and Piceance
Creek drawnages. Precipitation, evapotranspiration, and runoff plus
deep percolation amounts were computed for various elevation-vegetation
tvpe combinations.

Striffier (1272) presents some excellent quidelines for surface
disposal of spent shale. Characteristics of mountain hydrology and the
erosion potential of spent shale disposal areas were discussed in con-

siderable detail. Revegetation techniques were also reviewed.




Botn dolorado <11 spale leases are administered by the USAS and as
a resuit @il data ave vads public. Cuvrently a2 hydrologic drilling pro-
gram 1$ underway to provide more comprehansive data on groundwater
conditions in lecalized areas. It will be nossible to estimete nore

accurately the anticipated mine discharge as trese data become public.

2062 Physicst Setting
2.6.2.1 Physiography

The Piceance Creek watershed drains 2 629 scuare mile area within
the javger White River drainage, « major tributary of the Colorado
Kiver. FEievations within the Piceance (reek drainage range from near
5,000 feet to over 2,000 feet, with 86% of the watershed lying hetween
6,000 and 8,000 feat {Wymore, 13/4). The landform is well developed
ridge and valiey topography with Jocal relief trom 200 to 600 feet (Weeks
et al, 1974). Drainaga davelopment is weil advanced and appears to be
structurally controlied vitth drainage patterns rangina from trellis to

The major physiograpnic feature of the region is a rolling,
dissected piateau which forms the south and west porticns of the drainage
divide and averages cver 8,000 fest in elevation. his platean is a
vary important feature from a hydrologic standpoint since it receives

lq

inches of precipitation annually and contains the Basin's major

~
§

over 20

aroundwater racharge areas,

N
™o

e
Crimate

The Piceance Lreel Zasin 1ies in a region generally classified as
semi-arid. However, the higher elevation areas, with their attendant
higher precipitatior and lower evaporative demands, could be classified
as sub~humid. Tnis region also lies 1n the path of several major storm
tracks. Storm systems originating in the Gulf of Mexico. in the Pacific
coastal region, and in the Gulf of Alaska all have the potential for
delivering moisture to wastern Colorado. [Unfortunately, several major
mourtein systems Tie between the Piceance Creek Basin and the storm

source arees, with these barriars acting to raduce the amount of moisture



available for precipitation. In addition, the relatively low elevation
of the Piceance (reek watershed results in only minor orographic lifting
as compared to that which occurs on the western slope of the Continental
Divice. Annual precipitaticn averages 17.4 inches and ranges from 12
inches in the valley bottoms tc over 25 inches on top of the plateau.
Selected sites on the plateau may receive in excess of 30 inches of
effective precipitation annually because of snow redistribution by wind.
Precipitation is very evenly distributed over the year with month-to-
month variations generally less than one inch for the long-term norm.
Rainfall i~tensities are generally Tight, although intensities exceeding
two inches per hour for durations Tess than 30 minutes occasionally

occur at tnae Tower elevations.

tvaporative demand is high at all elevations within the Piceance
Creek Basin and probably exceeds precipitation throughout most of the

year. Average evapotranspiration is estimated at 17 inches.
2.6.3 Hydrology

2.6.3.1 Surface-Water Hydrology

Streanflow in the Piceancs Creek Basin is derived principally from
spring sncwmelt. Baseflow, however, is derived almost exclusively from
groundwater discharge. The mean annual flcod event for most drainages
within the basin is also derived from snowmelt with the extreme flood
events cacsed by summer convective rainstorms. Although very Tittle
peak flow data exist for this region, estimates have been made using
computational procedures based upon design storms and watershed char-
acteristics for small drainages (Weeks et al, 1974). Based upon these
estimates, it is likely that small drainages of iess than five square
miles would experience 100-year peak flows exceeding 30 ft® per second
per square mile (cfsm). Peak flows having recurrence intervals of 100
years or less probably do not exceed 10 cfsm for drainages greater than

five squa-e miles.

Snew is perhaps the most important aspect of the hydrologic regime
cf the Piceance Creek Basin. HNearly all the streamflow and groundwater

2-32
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Fracturing, therefore, is a major cause of permeability in the
aguifers as they are today. This also holds true for the overlying
Yinta Formation that serves as a mantle over most of the Piceance Creek
Basin. The Uinta Formation consists of silty, dirty sandstone, clavs,
and raristones that are also barren of primary permeability. As a
resuit of the tectonic activity and surface deposition of alluvium the
present aquifer system is composed of three systems: (1) alluvial aquifer,

{0

(2) upper aquifer, and (3) Tower aquifer.

The alluvial aquifers, ra~ging in thickness from zero to 140 feet, are
confined to stream bottoms and restricted in width to generally Tless
than /2 nile. The permeability of these aquifers depends upon the
source material and increases downstream, being greatest in the main
streams approaching the White River. The upper aquifer consists of
saturated material from the bottom of the alluvium to the top of the
Manogany one. Weeks et al (1974, using data from 26 wells, reports
that the transmissivity of the upper aquifer varies from eight to 1000
ft per day.

The Mahogany Zone is generally considered to be an impermeable zone
sanarating the upper and lower =quifers. Howaver, vertical permeability
between the two aquifers exists due to fracturing and faulting. Extensive
leaching nas occurred in the lower aguifer, with its Timits extending
trom the nase of the Mahogany Zone to the base of the leached zone.

The basz of the Teached zone is alsc referred to as the dissclution

surface. Below this surface, referred to as the unieached zone, very

Tittle permeability exists except that due to minor faulting and fracturing.
The transmissivity of the Tower aquifer, using data from 20 wells, is
approximately 1,940 ft? per day.

The potentiometric map, Figure 2.16 (Weeks et al, 1974) indicates that
the general water movement is from recharge around the margins of the
pasin to discharge in the Piceance Creek valley and finally out into the
White River. Thne contours shown are the combined heads of the upper and
Tower aquifers. There are insufficient data to contour the potentiometric
surfaces of each aquifer,
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2.6.3.3 Water Quality

Surface water quality, in general, varies with volume and source of
flow. Spring runoff provides the best quality of water in terms of
dissolved solids, but in this same period the sediment load is the
greatest. In late summer and fall, the streamflow is primarily due to
groundwater discharge, which causes the water to be high in dissolved
solids, but with very little sediment load. Concentrations of dissolved
solids in the surface water vary from that contained in rain water and
snowmelt in the upper elevations of the basin, to over 5000 milligrams
per liter (ing/1) in Piceance (Creek at the White River, For the 1973
water year, the greatest sediment load occurred during the peak snowmelt
period in May. During this period the sediment load varied from one to

four grams per liter.

The zoncentration of dissolved solids in the aquifers varies with
its nearnsss to recharge, discharge, and the dissolution surface. Table
2.3 gives examples of the minimum, mean, and maximum concentrations of
dissolved solids in a number of samples taken from each aquifer. The
alluvial and upper aquifers are primar:ly sodium-bicarbonate waters,

with the lower aquifer containing sodium-bicarhonate-chloride water.

2.6.4 Hydrologic Evaluation of Site 2
2.6.4.1 Surface-Water Hydrology

The location of proposed mine site 2, approximately two miles above
the mouth of Ryan Gulch, is in the general area of groundwater discharge.
About 41 square miles are drained by Ryan Gulch above the site. All of
the streams near the site flow only intermittently except for Piceance
Creek, which flows perennially. Ciimate of the area is semi-arid, with
precipitation varying from 12 to 15.5 inches. From November through
March, precipitation generally occurs as snow and during the remainder
of the year as rain. Potential evapotranspiration for a horizortal
surface in the area is approximately 43 to 46 inches annually, exceed-
ing precipitation nearly every month of the year. On the average, most
of the annual precipitation goes toward satisfying soil water storage
deficiencies and eventually is lost through evapotranspiration. Occasionally,
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Table 2.3 Dissolved Solids in Water Samples from the Alluvial,
Upper, and Lower Aguifers®-- from Weeks et al, 15874

Aquifer Minimum Mean Maximurs
Alluvial? 469 1,750 6,720
Upper? 345 960 2,180
Lower? 497 9,400 33,900

' Based on 27 samples.
Rased on 17 samples.
Based on 27 sampies.

* in mg/l
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under summer convective storm conditions, the rainfall intensity will
exceed the soil water infiltration rate and surface runoff will occur.

For some years where winter snowfall is well above normal, some groundwater
recharge may occur. At the general elevation of the site, 6,270 to

5,800 feet, snowcover is not persistent and mid-winter melt is a common
occurrence. Such conditions reduce the probability of significant

runoff fron snowmelt.

The USGS (1974) computed the 100-year, one hour runoff event as 0./
inches total runoff for the drainages within and adjacent to all of the
proposed mine sites. The USGS also reported that the Soil Conservation
Service runoff estimate for a probable maximum six-hour storm was 6.5

inches for the same general area.

2.6.4.2 Groundwater Hydrology

The USGS (1974) reports that the upper aquifer at site 2 is 700
feet thick and has a transmissivity of about 140 ft* per day. The
Tower aquifer is 550 feet thick and has a transmissivity near 400 ft”
per day. The storage coefficients are estimated to be 10" % and 10 * for the
upper and lower aquifers, respectively. Under dewatering conditions the
storage coefficient for the upper aquifer was assumed to be 107! (USGS,
1974).

2.6.4.3 Water Quality

Based upon water quality data from various locations within the
Piceance Creek Basin, it can be stated in general terms that surface
water quality is expected to be high, with Tow dissolved solids con-
centrations. During periods of storm runoff, however, suspended sediment
concentrations will be high, particularly where contributing areas have
experienced surface disturbance. Groundwater discharge on proposed
mine site 2 is likely to contain relatively low quality water in terms
of dissolved solids concen*ration.

AT1 wastewater and storm runoff produced on site 2 would have to be
contained in well sealed detention ponds to prevent degradation of




surface waters below the site. Spent shale disposal sites should be selected
and designed to minimize surface and subsurface runoff. The concentration of
dissolved solids in the water produced from an oil shale mine on site 2 is
estimated by the USGS (1974) to be 1,000 mg/1 for the upper aquifer and

5,000 to 10,000 my/1 from the lower aquifer.

2.6.4.4 Estimated Water Inflow

The USGS used a digital model of the ¢grcocundwater system of the Piceance
Creek Basin (Veeks et al, 1974) to estimate the dewatering requirements of
the federal lease tracts C-a and C-b. The mcdel assuined the groundwater flow
between the upper and lower aquifers was unimpeded and that the upper aguifer
was drained. From these assumptions, the USGS simulation model computed the
discharge from C-a and C-b to be approximately 9 ft* per second {4,000 qpm)
and 20 ft? per second (9,000 gpm), respectively, after a period of orie year.
Due to the large amount of assumptions made in predicting these values, a
figure of 10,000 gpm 1s assumed for the representative mine site (site 2).
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ECTION 3

(Vg

ENGINEERING PROPERTIES OF GREEN RIVER OIL SHALE

Green River Formation 011 shale, an organic-bearing marlstone, i5 a
relatively complex rock with highly variable strength characteristics.
The two factors that affect the elastic and dynamic properties most
significantly are Fischer assay grade and bedding. In common with all
bedded rocks, the physica! properties of 01l shale measured in the piane
of bedding diffar from those measured perpendicular to bedding. The
relaticnship of engineering groperties to Fischer assay is peculiar to
the thyee 017 rich members of the Green River Formation: the Paracliute
Creek, the wbarden Gulch, and the Dougias Creek.

The design of underground openings in o0il shale must consider the
abtiity of the rock mass to resist the stress concentrations resulting
from the interacticn of the original stress state and excavaticn geometry.
Parameters essential to rock mechanics ergineering, such as deformation
modulus, Poisson's ratio, compressive strength, tensile strength, fracture
frequency, internal frictional resistance, and cohesion, must be obtained
prior to ary realistic engineering design program. Any mine design in
011 shale must consider the variations in kerogen content and, consequently,
the engineering properties associated with the 0il shale deposit.

In the discussicn that fcllows, a review of pertinent published
data on engineering physical properties is presented followed by a
review of design methods and parameters needed for the design of under-
ground excavations in oil shale. A synthesis of ail physical property
data on 0il shale is presented and is foliowed by the conclusions.

3.1 REVIEW OF LITERATUREZ

Published research and physical testing data on engineering pro-
perties for oil shale ers quite Timited. The USBM started an experi-
mental oi1 shale mining project in 1945 on a naval oil shale reserve 10
miles west of Rifle, Colorado. The majority of physical testing of o1l
shale has been done on sampies from this mine (Anvil Points) which is



now operated by Development Engineering, Incorporated, a subsidiary of
the Paraho Development Corporation.

Merrill (1954) in RI 5089 reported the results of an extensive
testing program performed for the Anvil Points o0il shale experimental
mine. Unconfined compressive strength, Young's modulus, Poisson's
ratio, modulus of rigidity, and sonic velocities were determined at
three separate laboratories. In general, it was found oil shale could
be classed as a moderately strong rock depending on o0il content. As oil
content increased, the rock became more plastic and generally weaker.

Tesch (1961), at the Denver Mining Research Center, performed
physical property determinations fer Young's modulus, unconfined com-
pressive strength, Poisson's ratio, and modulus of rupture on six bulk
0i1 shale <amples from Anvil Points. The samples tested ranged in
Fischer assay from five to 60 gpt with testing performed both parallel
with and perpendicular to the bedding. As expected, the results of the
testing program showed the effect of kerogen content on sample strength
and an increase in compressive strength when the principal stress was
parallel to bedding.

Raju '1961) examined the effects of layering on the elastic,
static, and dynamic behavior of o0il shale. Tests performed on specimens
with a cross section of one by one inch by two inches long showed higher
compressivz and tensile strengths with Toads applied along the bedding.
Raju also described a rough relationship between projectile impact
energy, depth of penetration, and excavated volume for three degrees of
0il shale richness.

At a test mine operated by Mobil Qi1 Company, adjacent to the Anvil
Points operation, Sellers, Haworth, and Zambas (1972) performed physical
testing for uniaxial compressive strengths, elastic moduli, and specific
gravity with respect to Fischer assay. In addition, measurements of the
in situ stress field indicated that the maximum principal stress was in
the horizontal plane. Finite element analysis, photo-elastic stress
meter monitoring, and displacement and convergence monitoring were
performed to examine the effects of excavation in 0il shale.
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Additional ata have been derived Trom published and unpubiished
vaports by Chamberlain {19701, Hielmsted (1574), Podio, Gregory, and

Gray (1068), and the Colorade School of Mines.

3.2 REVIEW OF DESIGN METHODS FOR UNIERGROUND OPENINGS

Numerous methods and concepts are presently available for designing
stable undergroung openings in rock. All of these methods generally
raguire some comnon basic engineering properties as input. Pillar designs,
for exampie, require knowiedge of the maximwn theoretical load carrying

capacity of the rocl. In vootf beam design, the tensile and compressive
strength s needed; and in subsidence the elastic moduli must generally

be known,

Most dasign methcds have been deveioped for application in specific
lacalities or types of rock. The falicwing review of analytic methods
in piliar design, roet beam analysis, and subsidence estimation is
concernad oniy with thosa methods appiicable to bedded formations. The
purpose of this vreview is to isoliate an¢ identify those parameters most

important to the desian of safe underground openings in 0il shale.

The current methods for designinag cpenings in underground excavations
are numerous and generalty apnly only to special lecel conditions. In
the foilowing sections, some of the basic methods are ana

important engineering parameters ncted.

3.2.17 Piilar Design Parameters

The simpiest approach to piliar design is presented in USBM Bulletin
- S IR Y

587 (Obert, Duvail, and Merrill, 1950). This method involves setting up
a physicai testing program to determine the unconfinad compresiive

w
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strength of competent specimens. The maximum design pillar stress is

then determined by dividing tae specimen strength by a factor between

two to four. However, the shape of the specimens tested nust be identical
to the shape of the design pillar or a modification of the specimen

compressive strength must be nade [equation 3.1).

0.773 + 0.222(%1)
_ 1

€y
Co

(3.1)
0.773 ~ 0.222(22)
2

The Timitations for the above equation are diameter-to-height
ratios from 1:4 to 4:1. Many of the planned oil shale pillars exceed
this 1Timitation. In addition, the planned pillars may not be cylin-
drical: however, a conservative assumption is that a square pillar is
equal to a circular pillar if the diameter equals the side Tength of the
square piliar. It can also be conservatively assumed that a rectangular
strip piilar has an average strength equal to that of a circular piliar

with a diameter equal to the narrow dimension of the strip pillar.

An assumption fundamental to this method is that the strength of
the rock mass be roughly identical to the strength of the rock specimen
measured in the laboratory. Every size effect study performed on rock

has shown ~=his assumption to be false.

Several empirical equations for pillar strength have been developed
for particular coal seams. Salamon and Munro (1967), Holland (1973),
and Greenwald, Howarth, and Hartmann (1941) developed some of the more

useful ones. These equations take the form:

z
Strength = o (L (3.
04,4
w.

The derivation of the constants ¢ and £ is possible only after
acquiring extensive experience in a particular geologic environment. HNo
attempt has been made (nor should it be) to transfer these equations
directly to another district, another seam, or another material without
an in situ testing program. Extensive experience in o0il shale will be
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needed before this method car be used. [t wouid also be hazardous %o
extranoiate the Timited experiznce of rocm and piliar mining 1n oii

shale near the Anvil Peoints outcrop to the greater depths of the centrai
o]

The design of piliars based on the assumption that an average
stress acts across an entire piliar has been demonstrated to be un-
realistic. Measuraments of stress on pillars have repeatedly shown that
the stress Jevel increasss from the adge toward the center of the pil-
lar, Figure 3. 1. Wide pillars reach a maximum (peak) stress (8v) at

(Y) in from the edge of the pillar. The central core c¢f a
u

wide pillar 15 subject to a stress less than or egual to the peak stress.

some distance

Wiison (1972) presents & rationale for determining the magritude
and location of the peak stress in a pillar. The peak stress is defined
as that atvess which can be carried by the rock mass under the con-
finement offercd by trhe harizontal stress acting in the roof and floor.
This in sity korizontal stress can be measured; however, at this point
in the design of piilars in oii shale i1t must be estimated.

Some reported in situ strass measurements in 01l shale indicate a
ratio of rorizental to veriical in situ stresses that vary from 0.16 to
16, Availabie in sity stress measurements at Anvil Points are pro-
bably not representative of the major portion of 0il shale which occurs
at greater depth and is remote from any lateral stress-releasing outcrop.
The best current estimate is £0 equate the horizontal cenfining stress

to a value near that of the overburden stress.,

The maximum failure stress, op, in a piilar is determined by Sum-
ming the uniaxial compressive strength ¢f the pillar rock and the effect

of confining stress on compressive Stmngth,mh tans:
tang . . . ... o .. L (3.3)

The passive pressure coefficient, tang, is determined by two
methods. The first involves assuming & velue for the internal fricticnal
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resistance {o) of the rock and calculating tans from the foliowing

equation deve?oped by Terzaghi and Peck {1948):

, l +sine . . . . ... ... . .(3.4)
tang = e (3.4)

The second invoives gerforming triaxial tests on the rock, plotting
the data with respect te fajilure stress and confining stress, and find-
ing the equation cf the best Tit Tine through the data points. Figure 3.2
presents a set of triaxial test resujts on 0il shale sampies from the
Green River Formation. The pas:zive pressure coefficient in this case is
2.720. When triaxial test results are available this method provides

movre reliable values of tanB.

Wilson has derived an equation for the location of the peak pillar

[72]

stres
. . 8,
]
L In —
Vtang (tens - 1) o

(2.5)

As Toad is appliad to the pillar, the stress in the confined central
core increases until the entire central ccre carries the peak stress.
At this time the piliar begins tc fail, either from the outside or from
the weakest part of the pillar.
Before using equation (3.5) the cohesion of the rock mass must be

datermined {derived from triaxial testing)

\

} Co e e e (306)

Il = -

2 ytang

A narrow piliar, that is, a piliar whose height is so much greater
than its width trhat nc confined centrai core develops, has no reserve
Toad carrying capacicy. This piliar would be prone to sudden failure as
soon as its load carrying capacity is reached. Such a narrow pillar
never reaches the peak stress (SV) because the confinement offered by
the horizontal stresses in roof and floor are never fully effective at

the center of the piilar.



wilsor's method can alsc te used to evaluate the increased strength
of the piliar when the laterel confinement is increased. Backfilling
around the pillar, cabling, or bolting the pillar increases the lateral

confinemens,.

3.2.2 Roof Beam Design Parameters

The design of safe and efficient widths for rooms in oil shale may
require the use of roof bolts or dowels. The high probability of thin
beds, with minimal bed-to-bed strength being present in the immediate
roof above a room, will require a positive method of defining the thick-
ness of the roof beam. Roof bolting can provide the needed positive

assurence 0f adequate roof beam thickness.

Coates and Cochrane (1970) present a method derived from laboratory
tests and field observations for roof bolt design in Canadian coal and
metal mines. The required input consists of rock bolt tensile strength,
anchorage capacity of the bolt, joint or fracture spacing, and the unit
weight of roof rock. This metnod is used in areas of highly jointed and
fractured rock where the roof is not considered to have a significant
norizontal stress component or any load carrying capacity. The rel-
atively large average Jjoint spacing in o1l shale, approximately seven
feet, indicates a spacing of 20 feet is possible with 21-foot long
bolts. The weight of such a massive block, approximately 1,180,000
pounds, would require five-incn diameter bolts to carry the design Toad,
which 1s unrealistic. Bolts of such Tength are unnecessary because the
roof beam need be only thick enough to carry the loosened rock above the
room to the pillars. The height or thickness of this zone cannot elastic-
ally exceed one-third of the width of the opening below.

The strength of an o0il shale roof beam, due to the presence of
Jjoints, should not be calculated from the tensile strength of o0il shale
specimens. The strength of the roof beam is exceeded when the tension

developed from bending, at the center of the roof span, exceeds the in
situ horizontal compression ir the roof. A minimum safe value of tensile
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strength, =.. is selected which in this case is actually minimum aliowable

COmpression:

T

e caiculated bolting Tength is then: (maximum beam load is 15
»l

93 [~ ¢
Uﬁz L (38)
V(o - o]

h

It is then necessary to verify that the compressive strength of the

rock subjected to an upper fiber compressive stress is not exceeded. The
maximury compressive stress, T is equal to: (GC must be less than CO)

T (3.9)

The compressive strength of 011 shale is the only engineering property
that effects the design of the reof member.

5.2.3 Subsidence

Surface subsidence above underground room and pillar mining is a
function of the percentage extraction, the elastic constants of the
piliars, and the width of the mining area with respect to the depth
below surface. When the minimum mining width exceeds the depth by
approximately 1.4 times, maximum vertical subsidence occurs in the
center of the mining area. The shape of the subsidence curve is 1n—A
dependent of the overlying rock. The magnitude of the vertical sub-
sidence is dependent on the average vertical stress added to the pil-
lars, the horizontal stress remcved from the pillars, and the elastic
constants of the pillar. A compatability equation will yield an estimate
of the vertical strain in the pillar. The vertical shortening of the
piliar is equal to the pillar strain times the pillar height.

The thieoretical determination of stresses in a piliar due to mining

are calculated from the following equations:




The shortening of the pillar, not considering time effects, due to

mining then becomes:
Y O (< KD

Provided that the depth of mining and roof span are adequate to
ensure excessive deflection does not occur between pillars, equation
(3.13) will give a reasonable estimation of subsidence. The subsidence
that will aopear at the surface, in the case of pillar failure or full
extraction and backfilling, is independent of the rock properties but
dependent on the properties of any backfill and the thickness of the
mining horizon.

3.2.4 Summary of Design Parameters

From the preceeding discussion, the physical properties necessary
to design safe underground openings in 0il shale have been described. In
summary, the physical parameters needed for an adequate initial design
of a deep underground 0il shale mine are: (1) unconfined compressive and
tensile strength, (2) passive pressure coefficient, (3) deformation or
Young's modulus, (4) Poisson's ratio, and (5) cohesion. A1l of the
above properties can be obtained from uniaxial and triaxial testing.

3.3 DATA SUMMARY OF OIL SHALE ENGINEERING PROPERTIES

Early studies on the physical properties of o0il shale conducted in
the 1930's reported only those chemical properties necessary for pro-
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cessing development. More recent tests focus on those physical pro-

perties of oil shale which are needed Tor enginsering design.

The majority of studies reporting engineering properties also
include densivy. With Sellsrs® work correiating density to Fischer
assay, it bacomes possible to relate engineering properties to Fischer
assay through the density. HMost investigators have stated, or impiied,

2 gualitative reiationship batween a given physical property and Fischer

asseys nowever, there is Tittle or no pubiished guantitative evajuation

of these relationships. Oy correlating all the studies to reported
arues for density, an attennt is made to show the dependence of engineer-

ing properties on Fischer assay.

.

Figure 3.3 (Seilers et al, 1972) presents the correlation of
specific gravity to rischer assay. On the basis of this relationship,
the Fischor assay can be estimated where spec%fic gravity was reported,
but the actual cssay was not obtained.

3.3.1 Strength Properties

ressive strength perpendicular to the bedding of

[}
Oy
c
=3
ko]

The unconfine
071 shale specimens has been measured by several investigators. The
results of an extersive compression testing program were presented
graphically by sellers. Figure 3.4 presents these data, plus adaitional
data related to Fischer assay, 1liustrating both the natural variability
of 01l shale cowpressive strenctn along with the effect of increasing
Ficcher assay. Notice that the compressive strength reaches a minimum

at about 50 apt.

The relationship cof tensile strength to Fischer assay is presented
in Figure 3.5. Notice that the tensile strength is greater parallel to
bedding. Three metheds of measuring tensile strength were reported:
axial load {pure) tension, mocdulus of rupture, and induced tension. The
measured values were convarted Lo approximete axial Joad values by the
following relationships: modiius of rupture divided by 3.5 equals pure
tension, and induced tension divided by 1.6 equals pure tension.
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There is a close correlation between tensile strength and Fischer
assay. This is obvious despite the inherent inaccuracy of estimating
both Fischer assay from density and pure tensjon from other cheaper and
faster tension testing methods. The correlation coefficient, r, obtained
from the data is 0.796 for the 36 sets of reported values. The cal-
culated "Studert t" statistic is 7.660 which exceeds that needed for a
99 percent confidence level for interrelationship.

3.3.2 Elastic Properties

The elastic deformation of pillars depends on the stress applied,
the stiffness of the pillar (elastic modulus), and deformability (Poissoen's
ratic). Both of these properties are related to the Fischer assay of
the specimen baing tested. Sellers et al, (1972) developed approximate rela-
tionships which are presented in Figures 3.6 and 3.7. Data from other in-
vestigators have also been added to Sellers' curves. These results also have
obvious application to the design of permanent pillars and to the predic-
tion of subsidence at the surface.

The degree of elastic anisotropy perpendicular and parallel to
bedding appears to be minor. The elastic properties of a single o1l
shale layer are approximately the same in all directions.

3.3.3 Stability Parameters

The design of pillars using the load carrying capacity of a con-
fined central core requires the determination of the angle of internal
friction (¢) and cohesion (c). Figure 3.8 presents the limited data
available on the relationship between angle of internal friction of
intact oil shale and Fischer assay. Figure 3.9 presents the available
data on cohesion of intact oil shale with respect to Fischer assay.

The correlation between the intact ¢ for o0il shale and Fischer
assay is phenomenally close, r = 0.998. The confidence level exceeds 99
percent for this interrelationship. This high confidence is unusual for
so few sets of samples, five in this case.
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The correlaticn between cohesion and Fischer assay is low, v = +
0.4%12. The confidence level 1is only 65 percent the*t a relationship
actuaily exists between these two properties of 011 shale. This pro-
bably results from cchesion being calculated from the angle of internsl
friction as well as from triaxial tests. There is no direct method for

tne measurement of cohesion.

The angie of surface friction and syrface cohssion variation with
resnect to Fischer assay cannot be zstimated from available data. These
properties are needed to evalvate the active nressuyre of raw broken
shale or spent shale on the walls of an active stope. Spent shale would
be 3 natural backfill for exhausted stoves. The active pressure of
spent shale would load and restrain any permanent pillars. Active
pressure against the pillars will increase their load carrying capacity.
The only measurements the angle of surface friction and surface

conesion are from Agapito {1974) for 30 gpt oil shale.

(V%)

.34 Compressional (P) Wave Velocity

Ths P-wave velocity of 01l shale has been investigated by several

researchers. Their results demonstrate a wide scatter in P-wave veloci-

(-0-

es, which neariy masks tne effect ¢f Fischer assay. Figurs 3-10 shows
the P-wave velocity perpendicular to bedding with respect to Fischer

say; and Figure 3,71 shows P-wave velocity parallel to bedding. These
figures demonstrate the greater cunsistency of FP-wave velocity as
measured parallel to bedding against those measured perpendicular to
bedding.

The correlation coefficient for the relationship between the P-wave
velocities measured perpendicular to bhedding and Fischer assay is
-0.210. The correlation cecefficient between P-wave velocities measured
carailel to bedding and the Fischer assay is -0.414. The 22 measurements
perpendicular to bedding yield only an 85 percent confidence that
Fischer assay relationship exists: where as, the 11 measurements parallel

to bedding yield an 88 percent confidenc

14

in the Fischer assay relationship.



Figures 3.10 and 3.17 also demonstrate the relationship reported by
Merrill (1954), Podio et al (1968, and Raju (1961) that the P-wave
velocity parallel to the bedding excee:s the P-wave velocity perpen-
“icilar to bedding. These figures also imply that this velocity dif-
ference increases with increasing Fischer assay. The compressional
stress wave generated by blasting or crushing will probably be more
effective in inducing fracturing parallel to bedding because compres-
sional wave energy will be trapped between beds, or layers. This factor
will become slightly more important to rock breakage by blasting at
higher o1l yields.

Raju's (1961) projectiie impact studies on o0il shale demonstrated
that high grade 0il shale is5 more readily removed by projectile impact
than low 2rade oil shale. The maximum volume of shale removed by any
given projectile impact occurred when the 0il shale was thin bedded.
Rapid altzrations in the grade of ¢il between thin beds will produce
the most zfficient blasting rasults.

3.3.5 Creep Characteristics

The study of long term creep (plastic) deformation of oil shale by
sellers et al {1972), indicated that no creep occurred below 2000 psi
uniaxial compression. Fischer assay became a factor in creep above
2000 psi uniaxial compression. Specimens with Fischer assay abhove 30
gpt underwent permanent deformation when subjected to uniaxial compres-
sive stress above 2000 psi. At stress levels below 6000 psi, the creep
rate decreased to zero in a few days. Above 8000 psi, 30 gpt shale
creeped to failure.

Triaxially confined compression test specimens of oil shale undergo
massive plastic deformatior while still carrying load. Confipirg
pressures of 1500 psi permit at Teast 257 shortening to occur without
brittle failure. High grade layers of 0il shale extrude out of the
specimen. The Timiting strain of confined o0il shale is unknown

because the triaxial test chembers did not permit carrying such an
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Experiment o an end point. The 1oad cerrying capacity of a triaxially
confined o1l shaie specimen decreases progressively as creep deformation
proceeds.

This vhenomenon iz importani to the response of the confined
central core of any averioaded pillar. Such an overloaded pillar would
De expected to undergo measuvabie progressive deformation until it

either shed its overload to adjacent 2iilars or failed.

N CONCLUSTONS

(€5

The engineering properties of Green River 01l shale near the edges
of the Piceance Creek Bacin, ave directly related to organic content or

Fischer assay. Tue strength and competency of the oil shale decreases

with increasing Fischer gssay. This study of the engineering properties
of 01} shale is incomplete. Additicnal triaxiai and divect shear tests on

011 shele are necessary tc quentify the relationship between Fischer aszay

£

and those physical properties needed Tor rational design of an oij shale
mine. The effects of d aline minerals, present in the thicker,
central Gresn River oil shale deposits, must also be evaluated to determine

their effects on toral strength.
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The objective of the phase [ study 15 to svaluate all fteasiblie systems

for mining the thicker ¢il shate depcsits 1n the deener central part of the
Piceance Creek Basin. Several basic criteria weve used to select the most
oromising systems tor evaluation.  These included the extent of technical
deveinopment of gach syster az well as its porentia! for high volume mecha-

KR e e e P | PN P TN A TR S SN - - ,
nized production =T oreiarively iow labor intensiiy and cost. Overa
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resource recovery. innerent safety, and environmental acceptance also were
et Factars N s ,"5@r¥‘,gs-\-z‘t—v;'t d 1El valighie merform C
pertinent Tactsrs.  Only demonstrated systems witn veliabie performance

data coutd be effactively appraised.

asic criteria and seiescted tor more de-
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The systems hest mecting tne
tailed enginseripg and c¢ost evaruation include block caving mining, two varia-
tions of rcom and piilar mining. snd two variaticns of sublevel stoping.
Several other possible candidate systems were investigated but rejected as

not sufticieniiy meeting tre basic criteria.

This suction briefiy reviews past and present 0il shale mining as well
ate systems initiaily investigated, bul rejected for further
evaluation. It inciudes the design and analysis of common mine access and

underground crushing ang conciudes with the design, costing, environmental,

and safet v cach selected mining system.

.1 REVIEW OF LITERATURE Qi UNDZRGROUND CIL SHALE MINING

The orincipal cericd of development of urnderground 211 shale mining

was from 1945 to 1956, East and Sardner (]9643. During these vears the

practicality ot mining the 72-1cot thick Mahogany Zone by a room and

pillar meithod was demonstrated by the Bureau of Mines at Anvil Pointc
Cotorado. A demonstretion ming was originaily planned for three levels,

a 2/7-feot top heading and two 25-foot benches. However, mining of the low-
er bencih was never atiermnpted. A

heading and 34-fToct bench was also plonned but not dimplement



mine was laid out with pillars £0-foot square in staggered rows 60

feet apart. Most of the equipment for drilling, blasting, and scaling
the top heading and the benches wes unique and was developed and built
specifically for the project and later adopted by the mining industry.
An electric shovel with a three yd? bucket was used to load the blasted
011 shale into 18 yd? diesel %rucks. The Bureau made three test runs at
the Anvil Points mine to determine direct operating costs. The direct
mining costs ranged from $0.46 per ton during August 1948 to $0.27 per
ton during September 1949. Reductions in cost per ton for the later
test runs reflected equipment changes and improvements in mining techniques.
The average labor cost in those days was $1.81 per hour so the above
costs are now obsolete. However, the costs were based on percussion
drilling and with dynamite as tne blasting agent, both of which were high
cost items.

Experiments on rotary drilling were started early during the program
because it was realized that lower mining costs could not be attained if
the cost of drilling was not drastically reduced. The drilling rate
with the percussion drills averaged 20 inches per minute with the cost
of drill rcds due to breakage at two cents per foot of hoie. The early
experiments with rotary drills proved that penetration rates of at Teast
€0 inches per minute could be attained and that the cost of drill rods
per foot drilled would be negligible. During the later years of the
Bureau operation, great progress was made in developing better bits and
in determining cptimum operating conditions for rotary drilling. |

Much rock mechanics research was done by the Bureau particularly
during the early days of the program. The room spans and pillar dimensions
of the demonstretion mine were based on rock mechanics studies which
indicated that 60-foot wide rooms and 60-foot square piliars on a
staggered pattern should be safe. Shorter spans were used within 200
feet of the closest surface exposed to weathering because weakening of
the rock by weathering had been measured within this distance. Two roof
falls Tate~ occurred in the demorstration mine and both falls were in
areas wherz 60-foot spans had been mined within 200 feet of an exposed




cliff fa The first fail ccocurred wmora than 4-1/2 years aftey the
roon had bean mined. The entirve mine roof was holted thereafter. The
second fall occurred iwo years after mirang a room SO fzef wide without
staggering the pillars., It is believed that weaithering, pius joiating,

which is much more cpen and interze closz to the 21iff face in this

area, ware the major causes of the roof falis. Thavre have been ne more
falls in the mine to the pressnt time., Vast and Gardner corcluded that

the working areas o7 ¢ commercial mine probebly would not require reof
poitina. dowever, areas such as haulageways that would remain in use for

severat years should be roof boifed as scon as possinie.

From 1967 to April 1968 the Anvil Points Oil1 Shale Research Program
was conducted by the Colorade Sencei of Mines as research contractor for
a consortium of six narticipatine petralesum companies. The Mobii 011
Corporation was the project manager. A number of techniaues and various
types of mining equipment were tested, and an extensive rcck mechanics
study was undertaken (7anbas, Hawcrth, Brakenbusch, and Sellers, 1972, and
Seilers, Haworth, and Zambas, 1372). A new mine ciose to the old Bureau
of Mines mine was developed with rooms 60 feet wide and pillars 40 feet
square. The top heading waes 40 feet nigh with the benches 38 feet high.
The piliars, as first minzd, were 40 teet wide and very long with the
extraction szyuence planned so that most of the crosscuts connecting the
rooms could Le minzd on the retyreet. Driiling research was done with a rotary
percussicn dril? that drilled holas a maximum of 30 feet long and up to five
inches in diameter. A comprzhensive experimental drilling program
showed that the best resuits couic be cbtained with four ta 4-1/2-
inch drag pits that had a clearance angle of 17 to i8 degrees using tne
maximum thrust availadbie to the dril! jumbo (20,000 pounds;. Penetration
rates for a 4-1/2~inch bit were found 10 range from slightiy over five
feet per minute in 20 gpt shaie, seven feot per minute in 30 gpt shale,
and ten feet per minute in 50 gpt shaie. A standard 28-hole heading vound
was developed for a face 40 fest high and 60 feet wide with holes 27
and 29 feet long. Tha averages roura oulied 25 feet and broke 4000
tons of 011 shale per blast. The drill holes were pnewnaticall ty Jeaded
)

with ammonivm nitrate/fuel ¢il prills (ANFO) with a powder factor



between 0.6 and 0.7 pcunds per torn. It was later found during benching
operations that excessive speliing occurred on the ribs of pillars mined
with the suandard heading rounds. Another heading round was designed
incovporating 25 blast holes ard 20 pre-spliting holes. Experimentation
with benching rouncds also indicated that presplitting would be desirable
to minimiz2 spalling. On bench rcunds the powder factor was 0.30 pounds
of explosive per ton of rock broken. The project was terminated before
conplete data on presplitting was collected, however, it was felt that
the beneficial effects of presplitting would outweigh its higher cost.

3

As a result of tests on a threee yd° Caterpiilar front end loader and a
Koehring S-cooper with a 6.7 and a 3.7 vd?® bucket, it was concluded that
a rubber tired front end loader would be more suitable for o1l shele
mining. Otter recommendations resulting from the study were that dril-
1ing jumbos and roof bolting rigs could well be adapted to electric

operation reducing ventilation proolems.

Suring 1971 and 1972, considerable mining research was conducted at
the experivental mine of the Colony Development Operation, Agapito
(197473, In the mining method a top heading 29 feet high was mined first
snd then benched tc a full height of 60 feet. Pillars were planned to
he bl feet square on a regular pettern with room spans of 60 feet. Plan
waps of the minec areas show that some of the pillars were much less
than €0 feet square and that some of the roof spans were considerably in
excess of 60 feet. The irreqular outlines of the pillars indicate some
rather heavy blasting. One pillar, and later another, partially failed
and subsequent Stress measuraments by overcoring showed a ten-foot deep
Blast damage zone in the pillars.

M

A paper presented by P. W. Marshall (1974) describes the mining
plan of the Colony Development Operation for a commercial mine producing
6,000 tors of 01l shale per day. Entry into the mine is by 30 by 30-
toot adite, which are then widened to 50-foot haulageways inside the
mire. The 60-foot thick section of c¢il shale is mined by a top heading

30 feet wide and not more thar 60 feet wide. Drilling is with two boom




retary driit ijumbos ard rounds are biasted with ANFO pr%med with dyramite

ard non-electiic blastine caps. Broken rock is leaded by 10 to 15 yd®,
front-end leadaers nto 20-ton trucks, which haul to a primary crusher on

the portal nench.

4.2 CAMDIDATE UNDERGROUNL: MINING SYSTEMS

The Toilowing aiscussions are reviews of candidate mining systems
that could be usad te mire oil shale underground. In each discussicn,
the mining method s investigated as to its capability for large scale
producticn, mechanizatior, low preoduction cest, and impact on tne local
o ¢

ervironment. The mining systems that were selected for further study

are presented in succeed?ng sections.

4.2 Sguare Set Steping

Square setting, Heffner and hoskins (1973}, Dravo Corporation
{(1974), and Weodruff (]@66), is a method of mine timbering in which
2avy timbers are framed together in rectangularv sats, six or seven feet

=

high and four tc six feet square, to nold heavy ground. In square set
stoping, & small block cf ore is blasted, extracted, and timbered with a
timber set before the next block 1s mined. The method is flexible,

selective, ant i3 & safe meihod of extracting weak ore confined by weak

fo3

walls., It is most commorly employed as ar auxiliary methed, or in
combination with some other method, tc mine remnants of ore such as
piliars between fililed stopes. Productivity with this method is low, and
cost per ton i3 very nigh. In addition, consumption of timber is
extremely high, this fact in itself precluding the adoption of square

set mining for the urderground mining of ¢il shale.

4.2.2 Shrinkage Stoping

Shrinkage stoping is a modificaticn of overhand stoping in which
broken ore is used as a working platform and to support the walls of a
stope, Hoover (1973), Dravo Corporation (1974), and Woodruff (1966).
Mining proceeds by breasting or back stopina to the level above, with
the miners standing on the brokan ore 1n the stope. As broken rock



occupies more volume than solid rock, about 407 of the ore is

drawn off during the stoping operation. Shrinkage stoping is applicable
to regularly shaped, tabular deposits that dip more than 50 deqgrees, and to
wide ore bcdies which can be mined by transverse shrinkage stopes
separated ty pillars. The ore must be strong because the men work under
an unsupported back or roof extending the full width of the stope. To
minimize diiution of the ore ard olockage of draw holes, the walls must
be sufficiently strong to stand with very 1ittle support. A shrinkage
stoping method in 011 shale would have to use stopes separated by 01l
shale pillars because there is no physical difference between wall rock
and "ore.” Thus shrinkage stoping would be applicable only to relatively
strong, corpetent ¢il shale.

The principatl advantages of shrinkage stoping as it might be applied
in 01l sha e mining are:

1. Stope backs and walls are readily accessible for inspection
and scaling,
. Stopes can be well ventilated without much difficulty,

2
)

Jevelopment costs are relatively Tow.

Disadvantages of shrinkage stoping are:
1. Only the "swell" rock can be removed while stoping is in

arogress (this amounts to about 407 of the ore, so the

~emaining 607 cannot be drawn until stoping is completed),
2. Jraw control to provide an even working floor is difficult,
3. The method does not Terd itself readily to mechanization.
The Test disadvantage is critical and in itself overrides the advantages
because there are other methods for mining strong, competent oil shale,
such as sublevel stoping or room and piilar mining, that do lend themselves
to mecnanization, high productivity, arnd low production costs.

A

4.2.3 Cut and Fill Stoping

Horizontal cut and fill stopes are overhand excavations in which
the ore i< mined by a series of horizontal cuts. After all the ore from
one tut 1s removed, an equal depzh of fi11 is introduced for support of
the walis and as a base for mining the next cut (Rausch and Stitzer, 1973

b6




Crave Corporaticon, 1974, and Yoodruft, T986). Miners work urder an
evertanging back; ther=zfore, the ore must be fairly strong and competent
altioush Toose sections of back can be supperted by timber stulls if
necessary., Wall rock may be weak becausa it is soon supported by fill
material

in metal mines, fiil material may be waste rock or classified mill
tailings, sometimes combined with alluviai sand. Hydraulic fill is
taken undergroung and distributed threough a pipeline system that may
become a major expense izam. Filil for the top few inches of each pour
75 usually mixed with cement to form a geed working flcor. For oi]
shaie mining, the i11 material would mest likely be spent shale from
the surface retorting process. Spent shale performance as a fill
naterial, or the amount of classification or other treatment necessary
to make it a suitable fi117 material, must be investigated further and is
depencdent upon the reteoriing process.

One very importani advantage of cut and fill stoping is that it
Tencs itself tc mechanization. With ramp access te the stopes, loading
and transportation can be accomplished by more efficient LHD units with
drill jumbos used for stope driiling.

The cisadvantages of the method are: (1) the cost of operation and
maintenance of the fil11 system, {2) the fact that stopes are nonproductive
during the fili cycle, and, (3) the larcge number of stopes required to

naintain production.

Cut and fil1 stoping could be used to mine ¢il shale %hat is
retatively strong and competent, but as a filled stope method 1in relatively
competent shale, it would he more expensive than sublevel stoping with
filling. Consequently it has not been investigated further as a viable

method for mining 03l shale.
4.2.4 Sublevel Zaving

In sublevel caving the ore is mined downward from a series of
sublevels, using fan hlasts to break the ore (Havcocks, 1973, Dravo
Corporation, 1974, and Woadruff, 19€£). Sublevels have a vertical




spacing from 30 to 50 feet and are driven from ramps between haulage
levels. The method is represerted diagramatically in Fiqures 4.1 and
4.2 (Haycocks, 1973).

Sublevel caving is appliceble to massive and medium width ore
bodies. 17 can be used to mine cre that ranges from weak to strong.
Capping should cave easily but should not break fine in comparison to
the ore or excessive dilution will result. Under optimum conditions a
recovery 0f 85 to 90» of the ore with 15 to 20% dilution can be ex-
pected (Just, 1972, Cox, 1967, and Janelid and Kvapil, 1966). As a
method for mining oil shale, it would appear to be suited to mining

zones of snale that range from weak to moderately strong.

The advantages of sublevel caving in 0il shale are:

1. The method lends itself to a high degree of mechanization with
_HD's used for loading and transportation in the stopes and
jumbos used for drilling,

l. The method is safe because miners work in drifts rather than
uander Targe spans of unsupported back,

3. Subtevel caving ranks arong the lower cost, large scale mining
methods.

The disadvartages of sublevel caving in 01l shale are:

I If the capping does not cave readily a potential for air
hlasts results,

2. The Targe number of dead-end sublevels must be ventilated with
tubing. presenting a major ventilation problem when considering
gassy conditions,

3. A relatively high consurption of explosives and a low tonnage per
foot of drill hole.

Sublevel caving is a possible method of mining weak, jointed zones
of o1l shale because of the high productivity attainable through
mechanization. However, for c¢il shale mining it must be compared to a
caving or an induced caving method of mining. 1In view of the relatively

high cost per ton for explosives, drilling supplies, and the problems
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associatec with ventilating sublevel caving stopes, a caving or induced
caving metnod is a better first croice for detailed study of a method

suitable for mining weak zornes of oil shale.
4.2.5 Longwall Mining

The “ongwall mining method is most successful in mining extensive,
fairly flat-lying, thin to rocerately thick sedimentary deposits,
principaliy coal seams (Laird, 1973, and Woodruff, 1966). It is applied
most readily to regular deposits that are not subject to sudden changes
in dip, tnickness, or elevation. The deposits must also be overlain by
a series of beds several times the thickness of the deposit that cave
readily without cantilevering tco far beyond the face supports. In this
system, liarge areas or paneis of coal are completely extracted in a
single, continuous operation. Fanel dimensions vary considerably from
mine to nine. A panel length of 5000 feet is common in the U.S. with
the widtn of the panels at least 300 feet and commonly about 600 feet.
The Tongwall mining method consists essentially of three systems that
interact with each other: (1) the roof support system, (2) the extraction-
loading system, and (3) the transportation system.

The transportation system consists of a chain face conveyor, a
"motherline" or stage loader, and a parel entry belt conveyor. Coal is
extracted or broken from the face and loaded onto the chain conveyor by
either a plow or a shearer. A plow is a cutter loader with picks or
blades that are mounted on the face conveyor and pulled along the face
by a chain. A shearer is also mounted on the conveyor but has a rotating
druni armed with picks or cutter bits for mining the coal.

Tre roof support system is probably the most important of the three
svstems. This system can in turn be divided into three problem areas:
the face area, the tailgate area, and the headgate area. The support
problems in the three areas are somewhat different and call for different
solutions. The principal or critical area of concern is the face area,
inscfar as the practicality of jongwall mining is concerned. Support

problems ave especially important with regard to applying the longwall
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methed to mining ofl shale. The trapsportation sysiem wouid present

mw

some design problems to achiave the capacity desived for o0il shale
mining, but could be resolved without mych difficulty. The problem of
designing an extraction-loading system appears more difficult but also
not insurmountable. 0i1 shale can be drilied with rotary driils using
drag
mine the richer zcenes of ¢il shale seems within the Timits of avaiiable

Dits; therefore, designing a shearer lcader or similar machine to

CJ

technelogy and materials. This is indicated by the fact that a boring-
t
]
proposed and preliminary engineering studies indicate possible feasibility.

pe machine, the Alkirk Ci1 Shale Miner (Ham1lton, 1962, and Carver,

b

el
(6]

€5) for mining 30-foot diameter drifts in oil shals has already been

In moderr longwall cperations, the face area can he supported by
any one of various types of self-advancing, hydraulic jack units. These
units hold up a sufficiernt area of exposed roof rock te protect the men
and the piow or shearer, but allow the roof benind the support units to
cave. The height of this caved zone is important and can vary con-

siderably depending upon the structure and physical characteristics of
the roof rock and on the thickness (height) of the seam that is being
extracted. The main roof has to be self-supporting even though the roof

is nighly jointed as well as bedded. The face suppeorts, therefore, must
be capebie of supporting a dead load of rock having a coiumn equal to
the heiaght of tne caved zone, times the length ¢f the face, times the
wicth of the face area supported by the chocks, pius the maximum distance

the roof strata will cantilever bevond the suprort units before cav1n

e

The reguired capacity for longwall support units thus depends
10

primarily on the following parameters: the face =rea that each unit is

required to support or the distance back from the fac
protected, the maximum distance that roof stra will cantilever hefore

failing, and the height of the caved zone. The height of the caved zone

ce that must be

in turn depends primarily upon the height of material mined and the
swell factor for the roof rock. Althouah the values of these parameters

with respect to mining 011 shale are not known, indications are that oil

Lo
H
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shale would have a marked tendency to cantilever and probably would have
a lTow swel” factor in the cavec zone. Thus very nigh capacity, and con-
sequently very expensive support units will probably be reguired for

mining relatively thin beds of o1l shale five to six feet thick.

Two novel metrods for mininc 011 shale by the longwall method have
heen suggested. Johns {1974} has a patent on a method and apparatus for
mining oil shale and other "friable mineral deposits" that employs an

arch shield

concept for support. The arch shield support resembles

one half an arch with its top resting against the top of the face. The
propecsed method for mining a thick zone of oil shale is to start at the
bottom of the zore and mine a cut 10 to 12 feet high over a long distance.
A subsequent cut would be made through the caved zone in the same area.
Cuts woulc be repeated until tne entire thickness had been mined. One of
the problems occasionally encounzered in conventional longwall mining is
that of a vold area forming in the roof so that a fully extended jack
cannot reach the roof. This can happen when there has been a roof fall
between tre face and the cartilever canopy of the support units on a
previous cJt. The void area presents a dangerous situation and delays
production if it 1s necessary to place timber between the top of the
void anc the top of the support unit. 7This situaticn may never occur on
the first cut using this method. but would be a common occurrence on
subsequent cuts. Voids wouid aiso occur near the top of the face and
thereby remove the necessary abutment for the top of the arch shield.
For this reason it is felt thet this method has not been developed
enouch to warrant its invesiigation as a prime method for mining

o1l shale.

Anoter longwall method for wmininy thick beds of 0il shale was
proposed 2y Waltch and Rausch (1956). This method is based on a system
first introduced at Warwickshire, England for mining coal seams 18 to 24
feet thick at a depth of 2,250 feet. At Warwickshire coal was extracted
in panels approximately 900 feet by 2100 feet by first mining the bottom
six to eight feet of coal. As the face retreated, pack walls of waste

material were duilt wnich prevented the roof from caving but allowed it




to subside gradually until complete closure tock place. The next six to

foat of ¢

re then mined under a rocf thot had subsided but
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oal
nad net caved. The same method is proposed for mining the 72-foct tnick
Mahcgany Zone with panels 1000 feet wide by cne mile long and with

1ifts eight feet thick. The method alsc requires mining 01l shale

conventionally by drilling, blasting, loading, and conveying and using a
rortion of the broken shale to build pack walls. This mining system
presents intriguing possibilities and it is not too difficult to visualize
how large thicknesses of 0il1 shaie may be mined by this method without
causing the roof to cave. However, mining must be dcne over a large
enougn area to permit reducing the mined thickness at the boundaries.

Pack walls could be built with spent shale placed pnesumatically and the
mining done with longwall units. Under these conditions tne support

units act more as safety canonies than as actual support units, making

pessible tighter and Tess expensive supports.

Lonawal! mining of ¢i!1 shale 15 a distinct possibility: however, a

—t

arge amount of development werk must be completed and it is believed

that other methods offer better premise of being economic in the near

future.

4.3 MINE ACCESS AND UNDERGROUND CRUSHIMG FOR CANDIDATE MINE DESIGNS
fnalyses of the mina desians in the following sections all have two

areas in common: mine access and crushing. The phase I investigation

impeses the Timitation that all initial concepts must consider an core

16]

body and overburden depth that is average for the deep deposits of the
Piceance Creek Basin. The major differences in design dmong the various
systems being investigated occurs oniy in the mining method. Therefore,
it becomes converient to evaluate the design and cost of various access
hoisting, and crushing systems in this section and use tha data in
individual analyses.

The majority of data used for determining system capabilities and
costs were developed from current vendor data and a report by Dravo

Corporation (1974).



400 riine Pecess and Hoisting

Fstimazes of construction tire and costs for the various systems
investigated are based on the followinc assumptions: (1) vertical pro-
duction and service shafts are surk to the 3000-foot Tevel of the mine
hefore mine development starts, (Z) around conditions are considered to
be average, (3) a minimum of £5,00C tpd must be hoisted to the surface,

7

and 4} the systems must be capable of multilevel operaticn. A1l con-

verticnal shafts have steel reinforced concrete Pinira.

"line access is broken into three basic areas: ventilation, service,
and sroduction. The requirements for each system are different and,

therefore, are investigated separately.

3.2.71.1 VYentilation

The large ventilation requirements of the candidate mining systems
due to potentially gassy conditions and underground diesel equipment
will probatly reqguire separate exhaust shafts. The size of the shafts can
be reduced 2y not including any service or production equipment to im-
pede airflew. Two methods of shaft sinking, conventicnal and boring,
are evaluated for shaft diameters up to 20 feet. Shafts up to 28 feet
in cianeter are sunk using conventional methods only. Table 4.1 is a
breakdown of the estimated censtruction costs for vertical shafts on a

per Toot basis.

fccess for men, materials, supplies, and intake ventilation niust
not interfere with production hcisting. For this reason, a separate
service shaft is provided that has the capacity to Tower necessary equip-
ment into the mine. Dimensions and weight of some of the large production
items recessitate using a minimum shaft diameter of 28 feet. The hoist system
used 1n this shaft is a double drum because of the multilevel nature of
mining. Tzble 4.2 Tists the estimated cost of a double drum service hoist.

Another system of service access tc the mining levels is an incline
from whe surface. The incline, approximately -15°, would serve a dual
role as both service and production access. If the incline is to be used for

y
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service and production, care nmust be taken to ensure the producticn belt is
isolated from the intake air. Table 1.3 Tists the estimated costs for a -15

degree incline, 18 by £C feet in cross section.
4.3.1.3 “roduction

The design of shafts for hoisting ore depends primariiy on the rate of
production desirec through each shaft. Initial production levels will be
85,000 tpd with capability for expansion up to 170,000 tpd. For this
reason it is cesirable to consider havino two or three shafts devoted
entirely t¢ production. Hoisting capacity per shaft would then be 42,500
or 29,000 tpd, respectively. Evaluation of current hoisting systems and
designs incicates a 28-foot ciameter shaft (Table 4.1) and an automated
productior noist /Table 4.7) are zapable of handling the total tonnage in

either two or three shafts.

An alternative system of hoisting production ore is an inclined shaft
and conveyor system. Table 4.3 shows the estimated construction costs,
inciuding the conveyor belt instailation. An advantage tc the conveyor
system 15 ir. the large production capability. A significant increase in
daily production can be accomplished by simply increasing belt speed.
Maintenancs and power costs for a conveyor system are high and may offset

any advantiges.
4.3.2 Underground Crusher

Efficient hancdling and loading of ore on conveyor belts or in hoist
skips is enhanced if the ore is crushed prior to hoisting. Underqground
i

crushers aliow larger fracments of ore to be present in the muck, thereby

reducing blasting costs.

G171 shaie 1s most efficiently crushed using gyratory crushers over
impact crushers. The costing in Table 4.4 is based on gyratory crushers
with varicbie output rates and maximun: Tump size. The number of crushers
depends on desired output rate and production shaft configuration. It may
be possible tc use one crusher for 25,000 tpd if all shaft pockets can be
fed from one location. The more desirable plan would be two or more
crushers. Also included in Table 4.4 are the costs of crusher room ex-

cavation and suvrge pocket construction.

4-16




Table 4.3 Fstimated Construction Cost for a -15 Degree
Production Inclire (18-ft ¥ 20-ft)

Description Cost per Foot
Labor $23E
Construction materials

and equipment expense $224
Lontractor overhead
and profit £100
Total 8559
Excavation time 186 weeks
(11,600-71)
Belt and structure $3,774,000
cost (5,000 tph)
Power required 16.200 KW/H
Table 4.4 Fstimated Cost for a Primary Crusher
Room, Crushers, and Surge Bins
Power

Description Cost {Ku/H)
Crusher room construction (20 ft X 50 ft X &0 ft)

lLabor $300,C00

Construciion materials £7,000

Contract overhead 128,000

and profit o
Total $495,000
Excavaticen, finished construction
anc crusher installation time 30 davs
Crushers and rotary dump cost
&6G" ayratory ¢rusher
{2900 tph capacity) £1,300,000 522
72" ayratory crusher
(5500 tph capacity) 2,289,000 746
Rotary dump
(80-ton cars) 266,000
Total $3,849,000

Surge bin construction (3,300 tons)

Labor $190,000
Construction materials 29,000
Contractor overhead and profit 76,000
Tota $795,000
Excavation and finished
constructicn time 45 days
4-17



a4 DESIGH AND ANALYSIS OF SUBLEVEL STOPING I OIL SHALE

Sublevel stoping is a hign-production, low-cost, open stoping
method gernerally used in minas with competent ore and country rock. Ore
bodies ivined by this technique are usually tabular vein types that are
fairly uniform and anywhere from 20 to 200 feet or greater in width.

The sublevel stoping technicue inherentiy requires a high development-to-
production ratio that is partialiy offset if the preproduction develop-
merit is in ore. QOpen stope production is characterized by longhcle fan
drilling from pre-developed sublevels from which the ore is blasted down
in slices. A high degree of mechanization 1s required to handle the

large tonnages of ore produced by this method.

A major disadvantage tc sublevel stoping is the large initiel
cavital expenditure needed betore full production is realized. UOnce
full nroduction is reached, however, the ccst per ton of ore prcduced by

this method is one of the lowest of underground mining techniques.

In tne sections that follow, a review of the pertinent literature
on sublevel stoping and the constraints and limitations on the proposed
dezign fer sublevel stoping in ©il shale is discussed. Twec sublevel
steping designs are then presented; the first has full resource recovery
with all pillars pulled and tne surface allowed to subside, and the
second is designed to leave all pillars and fill mined-out stopes with
spent shale. Each design is explained in detail from preproduction
through production and costing.

4.4.1 Review of Literzture

A g-neral description of sublevel ~toping techniques is given
by Haycocks, 1973, in the current edition of the SME Mining Engineering
Handbook. Haycocks describes several sublevel stoping techniques and
modificazions including the Farallel-hole (Noranda) and Cascade (Mu-
fulira) nethods. He reports the average cost per ton of sublevel
steping as $2.37, compared to $4.97 for sublevel caving, $6.69 for cut-

and-fi11 and $3.92 for shrinkace stoping. Some of the major advanrtages




the cover of sublevel drifts, {2) a hign degree of mechanization is
possibte, (3) ring driiiing dozs not reauire blasting on shift therefore

veritilation is improved, {4} draw contvel is geod, and {5) total re-

covery can be auite high. Two major disadvantages ere: (1) initial
capital cutlay for prenroduction is hiah, ana (?) flat 4ipping ore
bugies are very difficuit te mine by this technique.

A USBY research report by Dravo Carpovation, 1874, titied, "Analysis

t

of Large Scale, Non-Ceal Underground Mining Methods,” inciudes a review
of subievel stoping and descriptions of several systems now in use.
Total ore recovery is described as being cicse to 100% depending on the
difficuity of piliar recovery. Severa! different mining operations are
escribed in the report. Cost distributions for one trackless sublevel
stoping cperation vere divided as follows: development - 30%, load and
haul -20%, steping - 11%. hoisting - 57, supervision and service - 147,
C

rushing and conveying - 10%, power - 3%, stopefill - 1%, general - 6%.

Graham (1968} describes the vhaieshack Mine in Newfoundland and
quotes a mining and willing cost of $3.02 per ton of ore. Figure 4.3
shows the mine and stope ‘ayout in use during that time. The author
describes this metnod as longhole stoping, a term commonly synonymous
with sublevel stoping. Although the Whaleshack ore is relatively soft
the sublevel stoping technigue works quite successfully. The ore body
is about 1200 feet long, varias in width from 10 to 130 feet, and dips
at about 70 degrees. Level intervals are about 200 feet and crosscuts
are driven on 200-fcot centers. QOperating costs were broken down as
foilows: development - 87, stoping -~ 143, mine indirect - 26%, milling -
16%, services - 217, and gereral cverhead - 16%.

The Algoma Mine in Canada (Beck, 1957} reported nearly 1007 ex-
traction ¢f an ore body by mining the pillarz in conjunction with
sublevel stoping. The ore hody was 200 feet wide, 700 feet long, and 300
feet high. Stopes were 60 feet wide going across the ore body and 200
feet high. Pillars were 80 fest wide and 70 feet thick. Sublevels were
pesitioned at 65-foot vertical intervals. Longhole blasting intc the
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stope was done in a seguence that al'owed the waste to subside with the
draw. Piliars were biasted inte tne finished stopes as mining pro-

gressad from one end of the ore body to the other.

The Strassa Mine in Swaden (Mamen, 1969, and Drave Corporation, 1974)
also emplovs pillar mining in conjunction with sublevel stoping. Fiqure
4.4 s an isomatric drawing showing the development, stoping, and naulage
network. QOre mucking is by rail hbound 23 fts muckers dumping inte five yd3
rail cars. When a stope has been fully mined, the roof and rib pillars
are blasted into the onen stope with the trianqular piliar blasted last.
Cost distributions for the Strasse Mine are outlined as follows (Dravo
Corperation, 1974): haulage, crushing and hoisting - 13.1%, development
ana production - 61.47, and generai riine services - 25.5%. Production

at the time these figures were calculated was 1.73 miilion mtpy.

Other mines with stoping technicues similtar to the Strassa Mine are
the Sullivan Mine, Canada (Staff, 1957) and the Madeline Mine, Canada

(Drave Corporation, 1974).

Cirvect comparison of cost distributiozns among the mines described
above is difficult because of differences in cost analysis techniques.
However, it is apparent that development costs are approximateiy ore-
fourth the totai cost of mining. It is obvious that if ail deveicpment
is done in ore a more favorable cesh flow is realized and development

s are reduced.

cos

[

T

4.4.2 Sublievel Stoping Design witn Full Subsidence

As previously discussed, underground mining by sublevel stoping is
generally 1imited to steeply dipping, tabular cre bodies that have
definite waste cut-off boundaries. The o0il shale deposit of the Central
Piceance Creek EBasin covers appreximately 883,000 acres where the ore
horizon varies in thickness from 53 to 2000 feet, averaging approxi-
mately 1000 feet. As a consequence the lateral extent of the o1l shale
deposit could be considered infinite in relation to the size of the

mining operation.
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The average coverburden thickress being considered for this design

cve
18 approximately 1000 feel and is the only waste rock through which

-

development will heve to be done. Once level development has started
o1l mining 1¢ in 01t shaie and development costs are significantly

reduced.

The possibilities of large inflows of water have been previously
discussed in the section on geoloqy and mey have a critical impact on
subievel stonping. An overall wmiring plan with full pillar recovery
requires that the coverburden cave as oil shale is extracted. Large
stopes wiil cben a considerable area for water inflow which must be
pumped back to the surface. Insufficient data exist to determine an
accurate rate of intiow, consequently, a figure of 1C,00C gpm 15
assumed,

Disposal of spent shale by two methods is considered. The first
involves disposing of the spent shale in the surface subsidence depres-
sien as 1t {5 formed., This method is considered dangerous from the
standpoint of possible InTlew into working areas underground. However,
it is felt thar if the spent shale were depesited in & dry or relatively

dry condition and water were nct allowed tc pond in the disposal area

the danger of sucden iafiow could be eiiminated. The second invclves
disposing of the spent shale in large ponding aveas on the surface away

from the subsidence zones.

Tne mine dimensions used in the anelysis of sublevel stoping methods
are estimates used to determine approrimate production costs. A more de-
tailed anaiysis, not in the scope of this study. is required to determine

optimum dimenisons.

Fa
RN
o

Preproduction Developnrent

Once the shaft and pocket deveicpment has been completed,
undercut level is started above the first stope level. This undercut
level i1s nacessary to start the overpurden caving above the sublevel

14

stopes. The mining method used on the undercut level will be room and

pillar with approximately 75% recovery. Pillars and rooms will be 60 by



€5 by 30 feet high. Initially two, 30 by 20-foot mair haulage drifts
111 be driven a total c<istance of zbour 7000 feet to two 1€-foot exhaust
ventilaticn shaft sites (Figure 4.2 . The cxbaust ventileticn shafts

will te raise-bored from the T00C0-fool level to tne surface. The undercut
miring will start at a desired distance frowm ithe shaft pillar (3040 feet
in this analysis) and an area 5300 feet long by 540 feet wide minec out.
[o20C-foot arrier pillar is then lett and the intermediate pillers are
blasted to initiate caving. This procedure is repeated, retreating
towards the shaf*t pillar, as required by mining proaress on the level

below.

Urilling on the undercut level will be with two-hocii jumbos in the
main headings and rooms. lucking will Le done using 12 yd? front end
loacders (FEL's) in the main headincs and the rooms. A1l rmuck will be
durpec intc 0-ton rail cars and hauled by 40-ton trolley locomctives to

the primary crusher at the shaft or incline station.

vevelcpment on the first stoping level (30 feet below first undercut
fevel) will start approximately three months after develonment las started
or the undercut level. The same tvre of drillinc and mucking eouinrment
will be used to drive the 30 by 2C-fecot main haulace drifts. Prirary
concern vwi' 1 be to drive the moain haulace drifts out to the exhaust
ventiletion shafts as was done on the undercut level. iowever, at the
same time rail haulage cross-cuts anc stope development will start when-
ever possitle. Table 4.5 is a time schedule of preproduction tc full

production planning, not includire chaft development. [stimated con-
struction time for shafts, skip iocwets, surge bins, and crusher rooms
is 2.5 vears. Total time to full production is estimated to be 3.5 to

four years.

4.4.2.2 lain Haulage Layout

A1l development and production ore is loaded by FEL's irtc 80-ton
rail cars and hauled by trolley lucorctive to a crushing and ore transfer
pocket. Fail haulage drifts are 3C by 20 feet with each haulage loop servic-

ing four c<topes (Figure 4.6). The Zesign used in this analysis has five
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loops on each side of the wmain line haulage to the ore transfer pockets.
Stope developnment and producticn starts at the outer boundaries and
proceeds irward. The general mining plan is retreat with the first
stopes coming into productior located at a predetermined distance from
the access area. The actual size of the mine Tayout will be determined
by the desired 1ife of each operating level.

As stopes are mined out {one every 37 days) the rail haulage is
developed for the next stope. At any one time, six stopes are operating
and producing 12,000+ tpd. One 40-ton Tocomotive can service three
stopes in an hour, nauling ten, 80-ton cars per stope per iour. As 60
cars are being loaded by the FEL's, the locomotives are hauling and
dumping 20 cars. An additional 20 cars per shift are required for
developmen= ore and can be handled by the available locomotives.

4.4.2.3 Open Stope Production

When full production has been reached on the first Tevel below the
undercutting level, six stopes will be producing 12,000+ tpd for a total
of 72,000+ tpd. Approximately 13,000 tpd will come from development and
provide a total of 85,000+ tpd. Figures 4.7, 4.3, and 4.9 are plan and
cross section views showing the proposed stope layout. Initial de-
velopment of the first stopes would involve driving rail haulage loops,
FEL cross-cuts, stope floor drifts, and a ramp up to the sublevel. A
raise at the end of the stope (Figure 4.8) is bored and widened to &0
feet, the full stope width. When driving sublevels, these raises are used
to drop broken rock to the haulage level. Longhole fan drilling trom
the 20 by 20-foct stope floor drift and the sublevel drift is done
during development and production with automatic rotary drills using three-
inch drag bits (Figure 4.9). Full production requires that at least cne
fan per stope be blasted each shift. A total of six fan drill jumbos

are required for ail stopes.

Wher a stope has been fully mined and the broken shale removed, the
crown piliar, one end pillar, and one rib pillar are blasted intc the
open stope (Appendix A). The broken shale from the blasted pillars is

4-28
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then recovered using the same stope drawpoints. The rail haulage
drifts and FEL cross-cuts remain open during the entire life of the
level and become the crown pillars for the stopes on the succeeding
level (Figure 4.10).

4.4.2.4 Ventitation

The fullowing discussiorn is based on rough estimates assuming gassy
mining conditions and approximating the diesel horsepower output of
wechanized equipment. Air circuit quantities and velocities will be
investigated at a later phase if this method of mining is selected for

more detai’ed analysis.

Colorado mining laws (Colorado Bureau of Mines, 1971 and State of
Colorado, 1966) require 75 cfm of free air for each brake horsepower of
diesel equipment used underground. The calculations for estimated mine
ventilation requirements are shown in Appendix A. Results of the calculations
indicate a need for about 2,000,000 <fm of free air, which includes an
estimated 45 % leakage loss. A proposed fan arrangement would be to have
axial-vane fans at the top of “he raise-bored exhaust shafts sucking air.
The intake shafts will be the production hoisting and auxiliary
shafts.

Air flow will be controllad by conventional air doors and stoppings.
Once a stope has been mined to completion, a permanent stopping is
erected tc reduce leakage into the caved area. Ventilation on the caving
level will be limited only to the inmediate working heading once full
productior 1is reached.

Auxiliary fans are needed on a temporary basis for development work
on main hauiage and sublevel stope drifts. Two 100,000 cfm axial-vane
fans will be installed near the base of each sublevel ramp system to
provide full sublevel ventilation. Additional 36,00C cfm fans will be

used to provide ventilation for main line haulage development drifts.

4-32
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4.4.2.5 Production Equipment Selection

Appendix A contains the calculations that were used to estimate
equipment size, quantities, and cycle times for major equipment items.
The capital expenditure tables in the following section on cost analysis

summarize ~he equipment selections.

Evaiuation of capital equipment for this large tonnage operation
has been done relying almost exclusively on current vendor data.
Wherever pnssibie, only that equipment currently manufactured, whether

as a full oroduction item or as a prototype, was selected for analysis.

For tais initial evaluation operator efficiencies and minor equip-
ment set up times were approximated by considering only five hours of
working time per eight-hour shift. The mine is designed on a three-
shift, seven-days per week work <chedule. For the purpose of including
holidays and unexpected work stoppages, a work-year was considered to be
355 days. Equibment availabilities are estimated and range from 65

to 907, depending on use and past performance of similar models.

4.4.2.6 Production Cost

The method of production costing for sublevel stoping with full
subsidence is similar to the fornat used by the USBV (Staff, 1972,
Katell and Hemingway, 1974). This costing method necessarily assumes
that the ¢il shale mine is the only income source to the corporation;
therefore, development costs (including mine access and hoisting) are
capitilized. In reality, these costs would most likely be charged to
productior and deducted as necative cash flow in the overall corporate
cash flow determination. Excludec in tnis analysis are rovalty payments,
welfare peyments, and surface trarsportation costs. A1l costs were
collected during first quarter, 1G7C.

Table 4.6 lists the superviscry and hourly personnel needed for the
operation of an 85,000 tpd mire. An additional 12% of the hourly

manpoweYr requirements are inc uded to account for absenteeism. Fiqure

IS
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9,600
8,000
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16,500
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13,200
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fnmual Cost
(2 63 Workdays)

¢€33,000
25,000
27,000
Z2¢,000
60,000
08,000
21.000
57,000
108,000
21,000
57,000
25.000
100,000
32,400
27.,00C
18,2006
15,000
19,200
49,500
28,800
7,500
14,400
13,200
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Table 4.6

Personnel
Urderground

Drilling operator
Drilling operator helper
FEL operator

Scaling and rock bolt operator

Powderman

Truck driver

Trackman

Laborer

Locomotive ¢perator
Mechanic, first class
Mechanic, second class
Electrician, first class
Etectrician, second class
Master machinist
Machinist

Welder
Subtotal
Jutside
Holistman
Cage tender
Lampinan
Subtotal

Contingency for
absenteeism {12%)

Total Tabor and supervision

Manning Table, 30.175 MM tpy
(Sublevel Stoping with Full Subsidence) con't

Total

Wages per
Day

$51.81
49.96
50.88
52.81
52.8]
50.88
50.42
50.88
51.81
56.58
52.90
56.58
52.90
56.58
51.80
51.80

$51.70
49.77
47.15

Annual Cost
(260 Workdays)

$579,200
558,600
307,000
1,180,800
79€,400
291,000
380,200
291,000
188,600
161,800
398,900
58,800
96,300
58,800
188,600
94,300

$6,130,300

$53,800
51,800
49,000

£154,600

$754,200

$7,995,100




1.11 s an exanipie of the anticipated management flow chart for the
underground mine only. Table 4.7 is the capital investment summary that
includes contingencies, mobilization of capitalized equipment to mine
site, consulting, environmental impact statement, mine access, and
preproduction development. The total capital investment is estimated to
be $112,500,000, excluding the value of 0il in the developuent cre

{ostimated to be worth $52,500,000).

Tabie 4.5 is the straiqght-line depreciation schedule for the equipment
Tisted in Table 4.7. Table 4.9 is the estimated yearly interest cost on
the money borrowed to finance the capital equipment. In this table,
interest rates from eight to ten percent are assumed; however a rate of
nine percent is used in the cost suimary. MNotice that the mine development

osts are capitalized over a period of 30 years. Power and water con-
sumption, Table 4.10, is estimated from vendor data, and the electric

rate as gijoted by a locai Colorado public utility for the Central Piceance
Basin. Water cost is neglected because it is assumed more than enough
water will be available from the mine itself. Table 4.11 is the estimated
cost of preproduction, inciuding the cost of interest on capitai. The
cost per ton figure is determined by dividing the total cost by the

amount of preproduction development ore (10,216,000 tons).

Tabla 4,72 is a summary of the estimated annual production cost for
35,000 tpd mining operation. It must be understood that this cost
on]y includes mining costs and no processing costs. Also included are

vearly interest, reclamation, exploration, and environmental monitoring

costs. The total estimated cost per ton is $1.15.
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Table 4.7 Capital Investment Summary, 30.175 MM tpy
(Sublevel Stoping with Full Subsidence)
Cost per
ITEM Quantity Unit
Two boom hydraulic drill jumbo 8 $310,000
Two boom hydraulic fan drill 7 300,000
4G-ton trolley Tocomotive 3 228,500
30-ton trolley Tocomotive 2 189,500
FEL (12 yd®) 24 280,000
60~ton rail car (air brakes) 120 23,000
Two drill rock bolt machine 14 150,000
Primary ventilation fan 4 115,000
Secondary (100,000 cfm) fan 2 8,600
Secondary (36,000 cfm) fan 4 7,500
Powder and ANFO Toading truck 8 28,000
Water truck 2 30,000
Lubrication and fuel truck 4 30,000
Personnel carrier 6 41,500
Fire chemical truck 3 25,000
First aid kit 20 30
Lamp (including accessories) 430 85
Self rescuer 450 43
Stretcher set 9 235
Telephone (page phones) 9 450
Underground machine shop 1 1,000,000
Bathhouse, office and lamphouse 1 2,000,000
Warehouse and supply yard 1 130,000
Substation and distribution 1 900,000
Forklift 1 25,000
Exhaust fan (machine shop) 1 8,000
Rectifier (250 KW) 15 6,112
Water pumps (10,000 gpm total) 16 33,000
Track (115-1b) 70,000 ft. $4.8/foot
Trolley wire 35,000 ft.  $0.68/foot
Track plates 1,800 £2.15
Treated ties 12,000 $6.64
Methane detector 20 235
Port. fire extinguisher (20-1b.) 20 45
High voltage cable (8KV-4°) 10,000 ft.  $7.2/foot
Track maintenance machine 1 50,000
Underground crusher 2 2,700,000
4-inch diameter pipe 20,000 ft. $2/foot
Total direct cOSt. . . « « v « o 4 v o e e e e e e
4-39
N NoOOE B

Total Cost

2,106,000
460,000
17,200
36,000
226 000

O, U
T
SR VINY

249,060
75,000
600
36,600
19,400
2,100
4,100
1,000,000
2,000,000
130,000
900,000
25,000
8,000
91,700
528,009
336,000
23,800
3,900
79,8C0
5,000

900
72,000
50,0600
5,400,009
40,000

. $29,216,600



Table 4.7 Capital Investment Sunmary, 30.175 MM tpy
(Sublevel Stoping with Full Subsidence) con't

ITEM Total Cost
Contingencies (9% of total direct cost). . . . . . .. . . .$2,629,500
Subtotal . . . . . . . .. e e e e e e e e e e e e e 31,846,100
Mobilization charge (2% of line above) . . . . . . . . . . 637,000
Total Construction . . . . . . . . v v v v « o v o coe 32,438,100
Consulting engineering fees, overhead

and administration (6% of line above). . . . . . . . . . 1,949,000
Subtotal . . . . . . . . ... e e e e e e e e e e e 34,432,100
Environmental impact statement . . . . . . . . . . . . .. 2,000,000

*Mine Access (included are ventilation
production, and service shafts, three double
drum production hoists, and one double drum

service hoist) . . . . . . . . .. e e e e e e e e 47,000,000
*Preproduction cost. . . . . . . . 30,067,000

Met capital investment . . . . + . . . . v s n www . . . $713.507.000
Value of 01l in 10,216,000 tons of 20 gpt oil shale stockpiled

or retorted during preproduction development
(assumes $11/bb1.) . . . . . . . . . . . . . . . . <. . $53,512,000

* Assumes capitalization
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Table 4.9 [stimated Yearly Interest Cost on Capitalized Items, 30.175 MM tpy
(Sublevel Stoping with Full Subsidence)

Depreciable
Life (yrs) 5 8 10 15 30 Total
Capital
Required 144,000 11,300,000 5,585,000 1,734,000 94,638,000 113,401,000
Interest
Charge
10% 6,640 635,600 307,200 92,500 4,889,600 5,993,540
9.5% 8,200 603,800 291,800 87,900 4,645,100 5,636,800
9" 7,780 572,000 276,500 83,200 4,400,700 5,340,180
8. 5% 7,340 540,500 261,700 78,600 4,156,200 5,044,340
8" 6,900 508,500 245,700 74,0600 3,911,700 4,746,800




-t

fable 4,10 Power and Water Cost, 30.175 MM tpy (Sublevel Stoping with Full Subsiderce)

Number i.P. H.P. Hr. per Kl Total KWH Total*
of per total day, full totali Requiremant Water
Units Gperation Unit Load Load Load {gpd)
6 Two boom hydraulic
drill jumbo 135 810 15 604 9,060 81,000
6 Two boom hydrauiic
fan drill 135 810 15 604 9,060 81,000
iz Rock pbolting machine 150 1,800 18 1,343 24,170 £5,000

4 Primary ventilation fan 1,350 5,400 24 4,030 96,680 --

2 Secondary ventilation

fan V55 310 24 231 5,550 --
4 Secondary ventilation

Tan 45 180 24 134 3,220 --
1 Auxiliary fan 105 105 24 78 1,880 --
2 40-ton trolley

focomotive 600 1,200 15 895 13,430 --
2 30-ton trolley

Tocomotive 380 760 15 567 8,500 --
12 Water pumps 425 5,100 24 3,800 91,300 --
3 Double drum hoists,

production 10,000 30,000 20 22,380 447,600 --
i Double drum hoist,

service 5,000 5,000 20 3,730 74,600 --

2 Underground crusher 700 1,4CC 20 1,050 21,000 18,000
Miscellaneous underground -- -- -- 1,000 12,000 12,000
Miscellaneous surface  -- -- - 1,000 12,000 6,000

830,050 263,000

Electric power cost/year = 30.013 X 830,050 X 355 = §$3,851,400
* Water assumed to be provided by site wells.



Table 4.11 Estimated Preproduction Cost
(Sublevel Stoping with Full Subsidence)

ITEM Total Cost Cost/Ton*
Total labor and supervision. . . . . . . . $8,395,000 $0.82
Operating supplies
Drill bits. . . . .« . . . . . . . .. 147,000
Rockbolts, shells, and plates . . . . 645,000
Fuel and lubrication. . . . . . . . . 1,009,000
ANFC, wire, and caps. . . . . . .. 710,000
Drill steel and couplings . . . . . . 150,000
Mackine parts . . . . . . . . . . . . 800,000
Rail ties, plates, etc. . . . . . . . 75,000
Operating contingencies (8%). . . 275,000
Interest on capitalized equipment
(380 days). . . . . . .. . . .« . . 3,957,000
Subtotal . . . . . . . 7,762,000 0.76
Power . . . . . . e e e e e e e e e e e 3,700,000 0.36
Payroll overhead (35%). . . . . . . . . . . 2,938,000 0.29
Indirect costs (10% of labor, supervision,
and operating supplies. . . . . . . . . . 1,220,000 0.12
Fixed Costs
Depreciation (380 days) . . . . . . . 4,411,000 0.43
Taxes and insurance (3% of
52,539,00 for 380 days). . . . . . . 1,641,000 0.16
Total . . . . . . $30,067,000 2.94

* Total tons = 10,216,000
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4.4.3 Sublevel Stoping Design with Spent Shale Backfill

A sublevel stoping design with spent shale backfiil is being in-
vestigated because of three major advantages over a full subsidence
design. Thase advantages are: (1) minimization or prevention of fracturing
of overlying strata above the stopes, (2) minimization of surface sub-
sidence, and (3) a significant reduction in the amount of spent shale
disposal on the surface. The majcr disadvantage of sublevel stoping
Wwith spent shale backfill is the reduced total resource recovery due
to lTeaving pillars.

The design Timitations for this are the same as those described in
the previous section. Mine access and hoisting has been discussed in a
separate section, therefore, the discussions that follow will deal only
with the design of the mininc metncd. Initially, the preproduction
cevelopment, rail haulage layout and stope production are describec,
followed by subsections on ventilation, stope filling, equipment selection,
and costing. A later section will cover conclusions and recommendations

of subleve’ stoping with spert shale backfill.

4.4.2.1 i'repreducticn Development

After the hoisting and access installations are completed, develop-
ment is started simultaneously on the first stoping level and on a top
tevel from which the first level stopes are filled.

On tha first stoping leve!, two 30 by 20-foot main haulage drifts
are driven from the shaft through a 920-foot shaft pillar. Then two 30
by 20-foot crosscuts are driven to two ventilation shafts on each side
of the mining area. While these crosscuts to the ventilation shafts are
being driven, development of stopes adjacent to the shaft pillar is
started.

A 20 by 20-fcot drift (on the top fill level) is driven through the
shaft pillar, then single 20 by 20-foot crosscuts are driven to the two
exhaust ventilation shafts. CDuring this development, a ramp is driven
from the first stoping level to the upper fill level. This ramp is

4-46
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Schedule of Preproduction York for Sublevel Ctoging with Spent Shale Sackfill

L Days Ore Production
Description of  Task 60 90 20 150 180 210 240 270 300 330 (tons)
pedo o Lol | |7 N N N N U N U WY G S 1 g 41
First level haulage drifts 2! .
thru shaft pillar 84,000
30" x 20 drifts and . 88
ventilation shafts T % : 364,000
Top level 20 x 20 drift 21
thru shaft pillar ' 56,000
Top levei 20' x 20 &rift to ) 88 ‘ e
ventilation shaft ' 1 232,500
Raise bore ventilation shafts 60
P
from surface
o Fuli
Raise bore ventilation shafts 3 .
from 1000 to 1350 level ' ' Production
. 36
Ramp system construction i 100,000
_ 37
Preparation of stopes | & 2 A 308,000
. 37
Preparation of stopes 3 & 4 — 308,000
|
Preparation of stopes 5 & 6 }——-3—7——1 ' 308,000
- 7!
Production from stopes | & 2 - a 990,000
. 71
Production from stopes 3 & 4 - { 502,000
. 71
Production from stopes 5 & 6 —
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Figure 4.14

Plan View of Haulage Level, Sublevel Stoping with Spent Shale Backfill
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expected at a depth of 3,000 feer considering the caved overburden and fill

above and adjacent to the stopes.

4.4,3.4 Stope Filling

Except for the first level, stopes will be filled frem the 20 by
20-foot drifts previously used as FEL haulageways for the mined out
stopes abcve. One drift car be used for filling two lower stopes by drilling
eight-incl diameter holes, inclined downward from the drift, through the
crown pillar to the stope belcw. Three holes for each stope are sufficient.
Stopes are prepared for filling by lowering slotted, six-inch PVC drainage
tubes, covered with burlap or similar filtering medium, through the inclined
holes to the floor of the stope. From there the pipe goes out through a
crosscut to a box surp in the FEL haulageway. The number of drainace
tubes reauired in each stope cepends upon the drainage characteristics
of the fi"1 material.

Three concrete bulkheads are installed in every opening leading
into the stope on the haulage level and on the sublevel. The drainage
tubes go through the bulkheads and, in addition, each bulkhead has a
bleec-off pipe and valve to reduce high hydrostatic pressures. FEach
stope requires eight bulkheads c¢n the haulage level designed to withstand
280 feet of head of fill material and four bulkheads on the sublevel to
withstand &5 feet of head.

4.4,3.5 Ventilation

The ventilation circuitry and air requirements are almost jdentical
to those described in the previous sublevel stoping design. The primary
exception is that lower initial total air volumes are needed in the first
stages of production. Exhaust ventilation shafts are Tocated immediately
adjacent to the shaft pillar.




4.4.3.6 Production Cost

The method of producticn costing for sublevel stoping with spent
shale backfiil is similar to the format used by the USBM (Staff, 1372,
Katell and Hemingway, 1974). This costing method necessarily assumes
that the 011 shala mine is the only income source tc the corporation;
therefore, development costs (including mine access and hoisting) are
capitilized. In reality, these costs would most likely be charged to
oroduction and deducted as negative cash flow in the overall corporate

h flow determinavion. Excluded in this analysis are royalty payments,
ana surface transprotation costs. A1l costs were collected during first

p—
(N8

7
/!

(G2}

quarter,

Table 4.14 lists the supervisory and hourly personnel needed for
the cperation of an 85,000 tod mine. An additional 12% of the hourly
manpower requivements are included to account for absenteeism. Figure
4.17 is an example o7 the anticipated management flow chart for the
underground mine only. Table 4.15 is the capital investment summary that
includes contingencies, mobilization of capitalized equipment to mine site,
consuiting, envivonmental impact statement, mine access, and preproduction
development. The total canital investment is estimated to be $96,500,000C,

not including the value of 011 in development ore {estimated to be

o]

worth $17,100,000).

Table 4.1¢ is the straight-line depreciation schedule for ‘the
4,17 is the estimated yearly

equipment Tisted in Teble 4.7E. Table

interest cost on thz money borrowed to finance the capital equipment.

In this table, interest rates from eight to ten percent arve assumed; how-

ever a rate of nina percent is used in the cost summary. Notice that the

mine development costs are capitalized over a period of 30 years. Power and

water consumption, Table 4.18, are estimated from vandor data, and the electric

rate as quoted by a local Colorado public utility for the Centra] Piceance

Basin. Water cost is neglacted because it is assumed more than enough

water will be avaiiable from the mine itself. Table 4.19 is the estimated

cost of preproduction, including the cost of interest on capital. The

cost par won Tigure is determined by dividing the tot ost by the
to

al
amount of prenroduction development ore (5,262,000 tons).
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Table 4.14 Manning Table, 30.175 MM tpy _
(Sublevel Stoping with Spent Shale Backfill)

Personnel Annual Cost Annual Cost

Salary Total per Employee (260 Workdays)
Superintendent 1 $33,000 $33,000
Technical superintendent 1 25,000 25,000
General mine foreman ] 27,000 27,000
Mine foreman 1 22,000 22,000
Shift foreman 3 20,000 60,000
Fill foreman 1 22,000 22,000
Section foreman g 18,000 144,000
Chief mechanical foreman 1 21,000 21,000
Shift mechanic 3 19,000 57,000
Section mechanic 6 18,000 108,000
Chief electrical foreman 1 21,000 21,000
Shift electrician 3 19,000 57,000
Chief engineer 1 25,000 25,000
Mining engineer 5 20,000 100,000
Surveyor 3 10,800 32,400
Surveyor helper 3 9,000 27,000
Draftsman ? 9,600 19,200
Mine geologist 1 18,000 18,000
Safety director 1 19,000 19,000
Safety man 3 16,500 49,500
Accountant 3 9,600 28,800
Bookkeeper 1 7,500 7,500
Purchasing agent 1 14,400 14,400
Warehouse supervisor 1 13,200 13,200
Warehouseman 3 7,200 21,600
Watchman 3 6,000 18,000
Secretary 3 7,800 23,400

Subtotal 64 $1,014,000




Tabhie 4,74 Manning Tabie,
TSubievel Stoping with
Personne|
Underground

operator

ing operator helper
@ratO”
.c&!]nh and
i1 crewman
awderman
ruck driver
TrACcKman
Laborer
Locomotive opevator
techanic, first ciass
Mechanzc, second class
Elactrician, first class
Flectrician, Second ciass
Master machinist
Machinist

Welder

Driiling
Drili
Fryooo

>
F
D
T

Subtotal

Jut§1GL

Holstmen
Cage tender
Laingman

N
+
)

untotal

jes for
sim (129

;

Tovzt labor and supervision

rock bolit cperator

10,175

ra
tpy
Spent Shale Backfiil) con't

Total

43
43
61
1§
14
58

56

602

Wiage per

Day

50.42
50.88
51.81
56.58
52.90
56.58
52.90
56.58
51.80
51.80

51.70
49.77
47.15

Annual Cost
{260 Workdays)

$579,200
558,600
807,000
1,182,800
185,200
796,400
291,000
380,200
291,000
188,600
161,800
398,900
58,800
96,300
58,300
188,600
94,300
$6,315,500

$53,800
51,800
49,000
~§154,600

$776,400

$8,260,500
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Tahie 415 Capital Investment Summary, 30.175 M¥ tpy
(Sublevel Stoping with Spent Shale Backfill)

ITEM Quantity
Two Zoom hydraulic drild jumbo 8
Two boom Bydraulic fan drill 7
1a-oon tro]?ey locomotive 3
30 -ton r031e» Jocometive 2
§'E !" /u} 24
&0-ton rail car (air brakes) 120
Two drill rock holt machine 14
Primary vantilation fan 4
Secendary fan (100,000 cfm) 2
S ary fan (36,000 cfm) 4
, and ANFO 1nad1ng truck 3
W Ctruck Z
ibrication and fuel truck 4
" crie ]l carrier 6
Sive chenical truck 3
Fivst aid kit 20
iamp (including accessories) 430
325 rescuer 450
Stratchar set 9
ielephone (page phones) 9
Underground machine shop 1
Bathhouse, office, and Tamphouse 1
Warehoyse and supply yard 1
Substation and distribution 1
?ﬂr ift 1
£xbaust fan (machine shop) 1
RD tifier (250 KYW) 15
Water pumps {10, ;OO gpm total) 16
Track (1io~ 1b) 50,000 ft.
Traotlaey wire 25,000 ft.
Track plates and ties 13,000
Methane detector 20
Forteble fire extinguishers 20
Hiol vnitage cable (8KV-4°) 10,000 ft.
Track maintenance machine 1
tndsrground crusher 3
Ceomant mixers 3
1-inch diameter pipe 20,000 ft.
Q.inoh diameter pipe 15,000 ft.
Saent erWP disposal
equiLment 1
intal divagt cost .
4-59
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t per
U11t

$31C,000
300,000
228,500
189,500
280,000
23,000
150,000
175,000
8,600
7,500
28,000
30,000
30,000
41,500
25,000
30
85
43
235
450
1,000,000
2,000,000
130,000
900,000
25,000
8,000
6,120
33,000
$4. 8/ft
$0.68/ft.
$8.80/unit
235
41.48
$7.20/ft.
50,000
750,000
20,000
$2/ft.
S4/ft.

500,000

Total Cost

$2,480,000
2,100,000
685,500
379,000
6,720,000
2,760,000
2,100,000
460,000
17,200
34,000
224,000
60,000
120,000
243,000
75,000
600

1,000,000
2,000,000
130,000
900,000
25,000
2,000
91,800
523,900
240,000
17,000
114,400
4,700

800
72,000
50,000
2,250,000
60,000
40,000
60,000

500,003

. $26,614,300



Table 4.15 Capital Investment Summary, 30.175 MM tpy

(Sublevel Stoping with Spent Shale Backfill) con't

ITEM

Contingencies (9% of total direct cost).. .
Subtotal.

Mobilization charge (2% of line above) .
Total construction .

Consulting engineering fees, overhedd and
administration (6% of line above). .
Subtota]

Environmental Impact Statement

*Mine access (included are venti 1at1on, product1on,

and service shafts, three double drum production
and service hoists, and one double drum service
hoist) . . . . . . . ..

*Preproduction cost.

Net capital investment .

Value of ¢il in 3,262,000 tons of 20 gpt oil shale
stockpiled or retorted during preproduction
development (assumes $11/bb1). . . . . . . .

* Assumes capitalization

Total Cost
$ 2,396,000
29,010,300
581,000
29,597,300
1,776,000
31,367,300
2,000,000

47,000,000
15,430,000

$95,797,300

$17,087,000







lable 4.17  Estimated Yearly interest Cost on Capitalized Items, 30.175 M1 tpy
(Sublevel Stoping with Spent Shale Backfill)

Depreciable

Lite (yrs) 5 8 10 15 30 Total
Capital
Required 317,500 11,375,200 6,004,000 1,735,500 76,394,400 95,826,000
Interest
Charge
107 19,000 639,900 330,200 92,600 3,978,900 5,060,600
9.5% 18,100 607,900 313,700 87,900 3,779,900 4,807,500
9% 17,100 575,300 297,200 83,300 3,581,000 4,554,500
8.5% 16,200 543,900 280,700 78,700 3,382,000 4,301,500
8 15,200 511,900 264,200 74,000 3,183,100 4,048.
4-62
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Number

of

fabie 4000

Units

6

4

—
W NS MNP -

rn —

e

dperation

Two boom hydraulic

drill jumbo

Two boom hydraulic

fan drill

Rock boiting machine
Primary ventilation

fan

Secondary ventilation

fan

Secondary ventilation

fan
Auxillary fan

40-ton trolley lecomotive
30-ton trolley locomotive

Water pumps

Double drum hoist,

production

Double drum hoist,

service

Underground crusher

Miscellaneous
underground

Miscellaneocus
surface

Spent shale pumps

Electric power cost/year

....

ig? .
.......

1,350
155

45
105
600
380
425

10,000

5,000
700

120

= $0.013 X 839,000 X 355

-----

tnad

810

810
1,800

5,400
310
180
1C5

1,200
760

5,100

30,000

5,000
1,400

-

600

Hr/Day
1 fuil
Yoad

ih

15
15

24
24
24
24
15
15
24
20

20
20

20

Water assumed to be provided by site wells.

567
3,800

22,380

3,730
1,050

1,000
1,000
408

Total

NS B
oty )L

Total <WH

requirement

12,000

12,000
8,950

539,000

U0

Total*
Hater

fgpd)
81,000

81,000
65,000

12,000

6,000

360,000

623,000



Table 4.19 Estimated Preproduction Cost
(Sublevel Stoping with Spent Shale Backfill)

IT:=M Total Cost Cost/Ton*
Total labor and supervision. . . . . . . $3,729,000 $1.14
Operating supplies
Drill bits . . . s e e e e 51,000
Rock bolts, she]ls p]ates e e 187,000
Fuel and lubrication . . . . . . . 515,000
ANFO, wire, and caps . . . . . . . 228,000
Drill steel and couplings. . . . . 49,000
Machine parts. . . C e e 440,000
Operating cont1ngenc1es ( %) ... 118,000
Interest on capitaiized equ1pment
(2¢0 days) . . . . .. e 2,463,000
Subtotal . . . . . . .. . ... 4,051,000 1.24
Power. . . . . . . .. .00 e e 2,013,000 0.62
Payroll overhead (35%) . . . . . . . .. 1,305,000 0.40
Indirect costs (10% of labor, supervision,
and operating supplies). . . . . . . . 532,000 0.16
Fixed costs
Depraciation {240 days). . . . . . 2,768,000 0.85
Taxes and insurance (3%
of 52,333,000 for 240 days) . . . 1,032,000 0.32
Total . . . . $15,430,000 $4.73

* Total tons = 3,262,000




1.20 is a summary of the estimated annual production cest for

Table 4.20
an 85,000 tpd mining operation. It must be understood that this cost in-
Alsao

ciudes only mining costs and does not include processing costs.
included are yearly interest, reclanation, exploration, and environmental

monitoring costs. The tctal estimated cost per ton is $1.12.



Table 4.20 Estimated Annual Production Cost, 30.175 MM tpy
(Subleve1 Stoping with Spent Shale Backfi]])

ITEM Annual Cost Cost/Ton
Direct Cost
Labor and supervision. . . . . . . . $8,261,000 ¢0.27
Operating supplies
Machine parts. . . e e e 872,000
Lubrication and fueW e v« v . . 1,057,009
Rock bolts , shells, and plates. 159,000
Drill bits . . . . . . o . . .. 127,000
ANFO, caps, and wire . . . . . . 1,622,000
Drill steel. . . .. 116,000
Ventilation tub1ng, bu]kheads. . 500,000
Cement, aggregate, lumber. . . . 200,000
Rail, ties, plates, etc. . . . . 111,000
Subtotal . . . . . . . . . 4,762,000
Operating contingencies(5” of
line above). . . . . . . . . . 238,000
Yearly interest cost . . . . . . 4,555,000
Subtotal. . . . . . . . . $9,555,000 0.32
Power . . . . . . . . . . . . . . . 3,872,000 0.13
Reclamation. . . . . . . « . . . . . 1,000,000 0.03
Payroll overhead (35%) . . . . . . . 2,891,000 0.10
Exploration. . . . e e e 500,000 0.02
Environnental m0n1tor1ng e e e 300,000 0.01

Indirect ccsts {10% of Tlabor, supervision,
and operating supplies, not inciuding
yearly irterest cost). . . . . . . . . . 1,326,000 0.04

Fixed costs
Taxes and insurance (3% of

mine cost, $52,333,000). . . . . . 1,570,000 0.05
Deprecwat1on C e e .. . . . &,759,000 .15
Total . . . . . .$34,034,060 $1.12
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4.t DESTGH AND ANALYSTS OF ROOM AND PILLAR MINING IN OIL SHALE

Room and piliar mining is being evaluated in this contract study
hecause of its high degree of fiexibility in conforming to changing
mining conditions and eguipment modifications. The stratiform character
and inherent strength of 0il shale also make room and piilar mining

o

attractive. 7o date, all underground mining of oii shale has been done

using room and pillar metheods.

Although room and piliar methods are highly flexible, they do
have some disadvantages when compared to other methods. The cost of
room and pillar mining is generally hicher because of the larger number
cf headings needed for production. Ventilation and roof control become
significant factors because large areas are open for a much longer

period.

Two room and piilar variations for mining 011 chale are investigated:

-

1) advance entry and pillar and (2) chamber and pillar. These two

—

systems ave gquite similar to room and pillar mining in that large
underground openings are excavated and intermediate pillars left for
support. Systems of mining on the advance and retreat were investigated
for both methods. Preliminary results showed that retreat mining is not a
favcrable approach, and consequently, all designs are for advance mining
{mining away from the shaft area). The mine dimensions used in the

analyses are approximate and ave Tor production costing only.

The tollowing sections contain a review o7 the pertinent literature
on room and piiiar mining and the constraints and limitations on the
preposed designs for pitlar mining in o1l shale. The two room and
5illar variations are then presented in ceparate sections that include

designs from preproduction through costing.

4.5.1 Review of Literatursa

Ir the 1973 edition of the SME Minirg Engineering Handbook, Given

(1573) describes the basic approach tc rcom and pillar mining systems.



Some of the major advantages of room and piliar mining mentioned are its
flexibility and mining selectivity. Some major disadvantages are: (1)
higher costs for ventilation and roof support, (2) a large number of
production areas are needed, (3) suppliec and power must be delivered to

more working areas, and (4) supervision is more aifficult.

East and Gardner (1964) present an in-depth study of room and
piilar mining in 0il shale in USBM Bulletir 611. The room and pillar
method of 1mining was selectec¢ aftar extensive physical testing of oil
shale had teen completed. Their design takes advantage of the strcng
and competent character of the 0il shale. In the design of the mine,
60-foot square by 60-foot high pillars were used under an overburden
varyina from 300 to 700 feet. Results of the pilot mine study showed an
average production of 148 tons per man-shift for direct underground
tabor, and 116 tons per man-sh®ft for total labor. These figures in-
dicate that the cost on a commerical basis at that time for mining oil
shale at the Rifle mine (28 gpn) was less than $1.00 per barrel of oil

recovered.

Dravo Corporation (1974) published a report that includes a review
of rocm and pillar mining and describes several systems now in use. As
the most common underground mining method in the United States, non-coal
rcom and pillar mining accounts for over 757 of all the mines producing
over 1200 tpd. Rooms from five tc 100 feet high rave been mined. The
deepest room and pillar mines in North America are about 3200 feet below
the surface. Extraction rates vary from 357 at depths below 3000 feet
to over 90Y% at shallow depths (if the piilars are recovered).

A USBM report (Staff, 1965) presents a simplified design for the
mining of a 60-foot tnick bed of cil shale, containing nacholite and
dawsonite, by a modified rocm and pillar system within a panel. The
report assumes that the orebody is at a depth of 2,530 feet and the
mining is limited tc a 45% overall extraction. The report is primarily
an economic evaluation of deep mining of 0il shale.

In 1964 a number of petrcleum companies, realizing the potential of
011 shale as a possible source of synthetic fuels, invested time and
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Peints Ui Shale Research Program at Rifle, Colorado

972). The purpose c¢f this program was to further

develop the gas comoustion vetort and to oparate an experimental mine.

The mine design consisted of a room and pillar method for mining the 78-
K Mahoaany Zone. An estimated 80% extraction within the

miqing zone was obtained. The headings incorporated 60-foot wide

cooms, a 40-foot full face heading, and a 38-foot vertical bench.

illars 40 feet squere were left that withsiooed blasting damage and

oy T T us s e AT e [
sately maintained the roof,

vatelle and Wellman {1674) vreviews two opiions for syncrude pro-
duction of 50,000 and 100,000 barrels per calendar day with an inte-
greted szystem of underground mining, above ground processing, and waste
nandling.,  The underarvound mining system uctilizes a panel and pitiar
system with panel! headings advanced by a 33-Toot high heading round and
28-foot high bencn round., The headings are designed 60 feet wide with

60-feot reguiarly spaced squave pillars left for support.

4.5.7 Advancs Entry and Pillar Mine Design

Advance entry and pillar mining is & method in which multiple
headings on evenly spaced centers are advanced (mining away from the

shaft area) in one direction. Crosscuts are driven perpendicular to the

neadings resulting in square pillars left to separate headings and
crosscuts. This method is similar Lo room and pillar mining except that

entries or headings become moditTied rooms and are advanced until a level

has resched 1ts economic Timits.

The entry and pillar system is muiti-level with each level separated
by sill pillars, Figure 4,12. Vertical shafts are used for access,
hoisting, and ventilation. Overall rescurce recovery, assuming a 40-
foot siil pillar, is approximately 45 with pillars left, or 55 to 607
with partial pillar recovery.

unce the shafts are completed, preproduction development begins.

Piliar recovery is started when a level has been mined out to its

economic Timits. During pillar recovery on an upper level, the next
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evel becine production.  Spent shele can be raturned to the minina
evel dwing the production prase and vowed to Ti11 mined out crosscuts.
Pitlav size and roof bolt tercth were determined using the princi-

in Section 3. Enuipwent selection, ventilation reguire-

ading round desians are presented in Appendix B,

a.5,2.1 Prevroduction Development

o nda Ea e

fooraouction Yevel consists of four oroduction sections divided by
a 0 by s0-Toot conveyor belf entry, Ficure 4.719. Initial develcpment
begins by driving five, 30 by 30-foot entries a distance of 900 feet to
the boundary of the shaft pillar. The middie entry is used for belt
hauiage and the two adjacent entries used for intake aiv and access for
men and cupniies. The 400 outer enlries z2re used for return air and are
iocated shout 1490 fest from the intave entries. Once the return air
entyrizs are comniesed, a 30-foot wiue by 10C-foot high crosscut entry is
driven gbout 1840 fee? s2ast to west. CZevep 90 by 100-foot entries, on
307-foet centers. are then started and are the source of the production
ove. Grosscuts 90 feaf wide on 307-foot centers are driven east to west
providing eccess Lo oroduction entriss and aiding in ventiiation. Once
started, full aroduction is achieved with approxi-

Bio 4.27 45 ¢ scheduyie of the estimated time to

ceveienment. It 13 estimated that it will take

J2 odays to oveach tull oreoduction, assuming 180 feet per day advance in

the LR0-Toot entrhas and SO feel oev day advance in the 90 by 1060-
foot crosscut eatries,  Totel time to production, including the mine

access ang ventilaticn shafts, is astimated at 2.5 to three years.

4,5 2.2 Production

The mining operation is highly mechanized with equioment and men

[#5)

assigned to specific nhases of the cperation, such as ariiling, blasting,
t
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—
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=
s
—
D

toadina, nauling, scaling, or rock belting., As
specific job in one heading 1t moves on 1o another and performs the sane

ioh again. Sufficient headings are zvaiiable so all shases run
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Woiking From Both Ends

Tabie 4.27 Schedule of Praoproduction Vork for ddvance Fntry an ar Mining
. . . uays
Description of Tosk 20 y i - Ore Produchon
I D S S A ‘;'g (tons)
Development of Belt 15 i . .
. Cen " ! 208000
Entry and Crosseufs i
i & [l
Return Entri s ol e 125,000
meturn Entrigs b2 - .
o s e s 2% 25,000
O]
i 15 ;g ! }g
igke Enir UL L A—, gl e 28,000
intcke Eniries ! -y O
N e e e & 128,000
oy g
I A H ,'3.: ~y
- : £340,000
Development of Crossoud 595?% Js »-"
. . o {» 4 1,340,000
Entrv East ond Weet ~ i
T i
:
i

T 1

wesiy
L

Production 32 Day

Y

1,540,000
1,340,000

Total

it el

6,068,000




continualiy without interruption. Approximately 409 of the daily pro-
duction is provided from full-face neadings with the remaining 607
coning from tenching operations. Uevelopment of a full-face heading
4170 feet ahesd of the benches is necessary to provide production work-

ing areas in advance.

iiining “n the crosscuts ard entries is done by advancing a 40 by 90-
foot full-face heading atiead of two 30-foot vertical benches, Figure 4.20.
naips provide access to ecquipment. on the upper face and benches. The
villars are ¢17 feet sqguare on an evenly spaced pattern with the entries
ond crosscuts 20 feet wide. Sil11 pillars between levels are pre-

bolted from above depending upon piilar thickness.

A crosscut or entry is driven by first advancing a 290-foot wide by
4C-foot high heading. The headina is driven using a four-boom hydraulic
drilling jumbo capable of driliinc tne entire round in one setup. \While
the round is being drilled, the rocf is rock bolted using aerial rocf
tolting machines placing bolts on five-foct centers. Upon completion of
roof bolting, the round is charged with truck mounted, pneumatic ANFQ
lcading machine carrying about 3000 nounds of AMFC. The round is mucked
using 12 yd3 LHD s dumping into 100C tph capacity portable impact crush-
ers.  The crusners feed minus eicght-inch material onto 2€-inch section
belts that converce to a sinale 60-inch main 1ine conveyor belt. The
remaining €0 feet is mined in two 30-foot benches, the topmost approximately
400 feet berind the entry headings. The Towermost is maintained approxi-
metely 4CC feet behind the top bench. The benches are drilled using two
bcom, vertical hydraulic-eiectric drilling jumbos. The vertical hcles are
charged using the same equipment used for the heading rounds. Blasted muck
from the top bench is pushed with tulldozers to the bottom of the seccnd

sench where it 1s nucked, along with the ore blasted from the second bench.

fo14st of all the production and miscellaneous equipment is nresented
in a cost analysis section that fcllows. The capital equipment used
for preproduction development and production mininog is, for the ncst

part, curreatly being produced or i1 the davelopment stage. A
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later section describes tne calculations used to determine the size and

quantity of equipment used in this design.

4.5.2.5 Ventilation

The following discussion is hased on rough estimates assuming gassy
mining conditions and approximating the diesel horsepower output of

mechanized equipment.

Primary ventilation is provided by exhaust fans mounted near the
return shafts, Figure 4.21.  Air is pulled down the service and intake
air shafts. circulated through the mine, and exhausted through two
exhaust shafts. Colorado mining laws (Colorado Bureau of lMines, 1371 and
State of Colorado, 196€) require 75 cfin of free air for each brake
horsepower of diesel equipmernt and 100 c¢fm for each man underground. The
calculations of the estimated &ir requirements are presented in Appendix
5. A total of 3,500,000 cfm of air is exhausted by three Tlarce axial

vane fans.

Air flow direction is contrelied by fabricated regulators and
bulkheads. Ventilation to the development headings is provided by 30,000
cfm auxiliary fans and ventilazion tubing. Air flow control within a
section is shown in Figure 4.22. Each section has 481,000 cfm of regulated
air having a minimum velocity of 120 feet per minute or 1.36 miles per
nhour. A 450 leakage of fresh air is assumed. A1l fans used underground

are permissible.

bust created by mining and haulage operations is partially controlled

using the following procedures:

1. het drilling is employed on upper and Tower bench
driliing jumbos,

2

2. Muck piles are wetted several times before and
during mucking operations,

3. Haulage ways are watered to suppress traffic

generated dust.

4-76




e L

xhaust

£
¢ Shaft

)

NN

KEY

|| e Fresh A

-Return A
equiator
~Bulkhead

intoke and—,||

Service Shaft

—
|
L
b

I
T
by
i
-——
N

]
W | S0 W

Plan View of Ventilation Network, Advance Entry and Pililar

4.21

igure

£

677

M

W



Z

SL-h

KEY

~-——— -Fresh Air

. N R ~-e— -Raturn Air
N 1 “R_ -Regulator
‘ ‘ —— -Bulkhead
i Tl —
| R
Py 1 ,
1 1
| |
: t ] it
! L] -

—

Figure 4,22

SR—

— - 1932’

Plan View of Section Ventilation Network, Advance Entry and Pillar Mining



4,3.2.4 Production Ecquipment Seliection

Appendix £ contains the calculations used to estimate size, quantities,
and cvele times for major equipment items. The capital expenditure tables

in a following section an cost ana?ysis summarize the equipment selections.

Evaluation of czapital ecuivment for this large tonnage cperation has
been done by relying almest exclusively on current vendor cdata. \Vherever
rossible. onily that equipment currently manufactured, whether as a full
preduction item or as a rrototype, was se’ected for analysis.

3

For this initial avaluation onsrater efficiencies and minor equipment
set up times are approximetad by considering five hours of working time

sy
1
i

sey eight-hour shift. he irine nhas been designed on a three-shift, seven-
days per week work schedule. For the purpose of includina holidays, week-
ends and time off, a work-vear is considered to be 355 days. ZIZquipment
availabilities are estimated and ranae from 6% to 30%, depencing on use

and past performance of similar models

4.5.2.5 Pillar Recovery and Spent “hale Disposal
Once a section or level has been wined, it 1s possible to begin pillar
recovery. Pillar slabbino starts at the outermost limits of the mine,

retreatine towards the shaft area. Wher slabbing has proceeded far

¢ are filied with spent shale.

crily «tvor a section has heen mined out

auz to ventilation and tulkhead construction probiems.
A omore deteiled evaluation and design of a spent spale disposal svstem
for niitar and entry wining 7s difficuit bLecause of the lack of informa-
tion on spent shalas properties. A knowledge of the specific retorting

orocess is needed hefore more work can be done.
Several systewrs of getting the spent snaie underground must be
tried before an optinal system is selected. One such system is to

drill borehojes from %the surface into the mineu out zone and pump either



a slurry or air entrained fill into the excavated area. Another system
involves pumping a slurry through a pipeline from the surface, through
the shaft or access area, and into the mined out areas. It is estimated
that once spent shale disposal starts, fill will be put back underground
at a rate of about 20,000 tons per shift.

4.5.2.6 Production Cost

The method of production costing for advance entry and pillar
mining is similar to the format used by the USBM (Staff, 1972 and
Katell and Hemingway, 1974). This costing method necessarily assumes
that the oil shale mine is the only income source to the corporation;
therefore, development costs [including mine access and hoisting) are
capitalized. In reality, these costs would most Tikely be charged to
production and deducted as negative cash flow in the overall corporate
cash flow determination. Excluded in this analysis are royalty pay-
ments, welfare payments, and surface transportation costs. All costs

were collected during first quarter, 1975.

Table 4.22 lists the supervisory and hourly personnel needed for the
operation of an 85,000 tpd mine, An additional 12% of the hourly manpower
requirements is included to account for absenteeism. Fiqure 4.23 is
an example of the anticipated management flow chart for the underground
mine only. Table 4.23 is the capital investment summarv that includes
contingencies, mobilization of capitalized equipment to mine site,
consulting, environmental impact statement, mine access, and preproduction
development. The total capital investment is estimated at $84,200,000,
not including the value of o0il in the development ore (estimated to be
worth $31,500,000).

Table 4.24 is the straight-line depreciation schedule for the equipment
Tisted in Table 4.23. Table 4.25 is the estimated yearly interest cost
on the money borrowed to finance the capital equipment. In this table,
interest rates from eight to ten percent were assumed; however a rate of nine

percent was used in the cost summary. HMotice that the mine develcpment costs
are capitalized over a period of 30 years. Power and water consumption,
Table 4.26 are estimated from vendor data, with the electric rate as
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1,20 Manning Table,

30.175 MM tpy

{Advance Entry and Pillar Mining)

Personnel

Salary

Suyperintendent

Technical superintendent

General mine foreman
Mine foreman

Shift Toreman

Assistant shift foreman
Driiling foreman
Production toreman
Chief wechanical foreman
Shift mechanic foreman
Chief electricai foreman
Shift electrical foreman
Secviun mechanic forasman
Chief mine engineer
Mining engineer

Surveyor

Surveyor helper
Drattsman

Safety director

Safety foveman

Business manager
Accountant

Stanograpner

Payroll agent

Purchasing supervisor
Warehouse suypervisor
Warehouseman

Mine gecicgist

Watochman

Executive secretary
Secretary

} section

Total

—

Annual Cost
per Empioyee

$33,000
25,000
27,000
22,000
20,000
19,000
18,000
18,000
21,000
19,000
21,000
1,000
16,000
25,000
20,000
10,8600
9,000
9,600
19,000
16,500
12,000
9,600
6,600
7,500
14,400
13,200
7,200
18,000
6,000
9,000
7,800

Annuat (¢
(260 Workde

$33,000
25,000
27,000
22,000
60,000
57,000
216,000
216,000
21,000
57,000
21,600
57,000
108,000
2%,000
10C, 000
32,400
27,000
19,200
16,000
49,500
18,000

9,600
13,200
15,000
14,400
13,200
21,600
18,000
18,000

9,090

7,800

(.A_‘AI—-‘--'(A)—-l(.»J——J-—-J:‘\)!\)—‘--'u)——'T‘\Jw«‘_uLﬁ—‘m(A)—-i(A)n-‘f‘Jf\)(.x)f.A.}a—l——!——-‘—l

$7,349,900

ool

Subtotal



Table 4.22 Manning Table, 20.175 MM tpy
(Advance Entry and Pillar Mining) con't

Wages Annual Cost
Personnel Total per Day (260 Workdays)
Underground
Drilling operator 29 $52.81 ¢ 398,200
Orilling operator helper 29 49,96 376,700
LHD operator 100 50.88 1,322,900
Bulldozer operator 29 50.88 383,600
Truck drivers 43 50.88 568,800
Powderman 58 52.81 796,400
Scaling & rock bolter 29 52.81 398,200
Crusherman 14 50.23 182,800
Laborer and slurryman 29 50.23 378,700
Carpenter 19 50.88 251,300
Conveyor be’ tman 22 50.23 287,300
Mechanic, first class 43 56.58 632,600
Mechanic, second class 43 52.90 591,400
Electrician, first class 14 56.58 206,000
tElectrician, second class 14 52.90 152,600
Machinist 14 57.80 188,600
Welder 7 51.80 94,300
Master machinist 4 56.58 58,800
Subtotal 540 $7,309,200
Outside
Hoistman 4 $51.70 $53,800
Cage tender 4 49.77 51,800
Lampman 4 47.15 49,000
Subtotal 12 $154,600

Contingencies for

absenteeism (12%) 66 $395,700

Total labor and supervision 701 $9,709,400
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Table 4.23 Capital Investment Summary, 30.175 MM tpy
(Advance Entry and Pillar Mining)

Cost per Total
ITEM Quantity Unit Cost

Four boom hydraulic heading jumbo 5 $500,000 $2,500,000
Two boom hydraulic vertical drill 6 170,000 1,020,000
Two drill rock bo}t machine 5 200,000 1,000,000
LHD machine (12yd~) 38 180,000 6,840,000
Bulldozer 8 192,500 1,540,000
Primary ventilation fan 3 164,000 492,000
Portable impact crusher 10 250,000 2,500,000
36" floor mounted belt conveyor 11,840 ft  $52/ft 615,000
60" floor mounted belt conveyor 10,560 ft  $90/ft 955,000
Auxiliary fan (production) 10 7,400 74,000
Exhaust fan (machine shop) 1 8,000 8,000
Telephone (page phones) 10 450 5,000
Self rescuer 478 43 21,000
Stretcher set 10 235 2,400
First aid kits 20 30 600
Lamp {including accessories) 458 85 39,000
Fire chemical truck 4 25,000 100,000
Water truck 4 30,000 120,000
tubrication and fuel truck 4 30,000 120,000
Personnel carriers 8 47,500 332,000
Powder and ANFO loading truck 8 28,000 224,000
Bathhouse, office and lamphouse ] 2,000,009 2,000,000
Underground machine shop 1 1,000,000 1,000,000
Warehouse and supply yard 1 130,000 130,000
Forklift 1 25,000 25,000
Substation and distributor 1 900,000 900,000
Rectifier (250 KW) 24 6,000 144,000
Rectifier (150 KW) 12 4,900 58,000
High voltage cable (8KV-4°) 10,000 ft. $7/ft. 70,000
Methane detector 40 235 10,000
Portable fire extinguisher (201b) 20 42 1,000
Fire suppression system

for belt drive 6 600 4,000
Water pumps (10,000 gpm tota’) 16 33,000 523,000
Spent shale disposal equipment 1 500,009 500,000
8-inch dianeter pipe 3,200 ft.  $4/ft. 13,000
J-inch diameter pipe 7,000 ft.  $2/ft. 14,000
Total direct cost . . . . . . . . ... ... v e .o« . . $23,905,000
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Capital Investment Summary, 30.175 MM tpy
(Advance Entry and Pillar Mining) con't

Contigencies (9%
of total direct cost)
Subtotal. . .
Mobilization charge (2%
of Vine above).
iotal cunsrrucf1on
Consulting engineering +ee<
overhead and adm1n1>trat1on
(6% of line above).
Subtotal. . .
Environmental pract Jtatement.
*Mine access (included are
ventilation, production and
service shafts, three double
drum pyeduction hoists, one
double drum service hoist and surge bins)
* Preproduction cost. .
Ket capital investment estwmate .

Value of 6,068,000 tons of 20 gpt oii shale
stockpiled or retorted during preproduction
development (assumes $17/barrel).

* Assumes capitalization

Total
Cost

.$ 2,195,000
. 26,057,000

521,000

. 75578000

1,595,000

. 78.173.000

2,000,000

. 45,000,000

8,975,000

. $B4.748.000

.$31,785,000



Table 4.24 Depreciation Schedule, 10.175 MM tpy

(Advance Entry and Pillar Mining)

Straight-line

ITEM depreciation (years) VYearly charge

Four boom hydraulic heading jumbo 8 $ 312,500
Two boom hydraulic vertical dril’ 8 127,500
Two drill gock bolt machine 10 100,000
LHD (12 yd”) 8 855,000
Bulldozer 10 154,000
Primary ventilation fan 30 16,400
Portable impact crusher 10 250,000
36" floor mounted belt conveyor 10 61,500
60" floor mounted belt conveyor 10 95,500
Auxiliary fan (production) 10 7,400
Exhaust fan (machine shop) 30 300
Mine safety equipment 5 36,200
Water truck 10 12,000
Lubrication and fuel truck 10 12,000
Personnel carrier 10 33,200
Powder anc¢ ANFO lcading truck 10 22,400
Bathhouse, cffice and Tamphouse 30 66,700
Underground machine shop 30 33,300
Warehouse and supply yard 30 4,400
Forklift 10 2,500
Substation 30 30,000
Rectifier (250 KW) 15 9,800
Rectifier (150 KW) 15 3,900
High voltage cable (8KV-4°) 30 2,400
8-inch pipe (waterline) 15 900
4-inch pipe (waterline) 15 1,000
Shaft access and ventilation 30 1,500,000
Water pumps (10,000 gpm total) 15 35,200
Spent shale equipment 10 50,000
Preproduction development 30 299,200
Environmental impact statement 30 66,700
Contingencies, mobilization, and

engineering 30 142,300
Total $4,344,290
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ahle 4,25

Capitail
required
Interest
charge
10¢

9.5%

nos
g9

o
(O3]
a’

Estimated Yearly Interest Cost on Capitilized [tems.

181,000

10,900
10,300
9,800

(Advance Entry and Pillar Mining)

10

10,360,000 7,005,000

532,800
553,600
524,500
465,300
466,200

385,300
366,000
346,700
327,500
308,200

b

762,000

40,600
38,600
35.600
34,500
32,500

30

64,849,000

3,350,500
3,183,000
3,015,500
2,848,000
2,680,400

30.175 MM tpy

Total

852,157,000

4,370,100
4,151,500
3,933,100
3,714,500
3,496,000



Table 4.26 Power and Water Cost, 30.175 MM tpy (Advance Entry and Pillar Mining)

Number H.P. H.P. Hr. per KW Total KWH Total*
of per per day, full total Requirement Water

Units Operation unit Toad Toad Toad (gpd)
- 4 Four boom heading jumbo 300 1,200 15 895 13,428 86,400
» 4 Two boom vertical drill 150 600 15 448 6,714 43,200
z 2 60" conveyor belt drive 400 800 18 597 10,742 10,800
m 4 36" conveyor belt drive 75 300 18 224 4,028 21,600
o 8 Portable impact crushers 600 4,800 15 3,581 53,712 7,200
- 10 Auxiliary fans 40 400 15 298 4,476 --
= 3 Primary ventilation fans 2,000 6,000 24 4,476 107,424 --

4 Rock bolt machines 150 600 18 448 8,057 30,240

Tor 1 Auxiliary exhaust 105 105 24 78 1,872 -
z @ fan (machine shop)
© Miscelilaneous (underground) -- - -- -- 1,000 --
h Miscellaneous (surface) -- -- -- -- 1,000 10,000
‘ 3 Shaft hoist 10,000 30,000 20 22,380 447 ,600 --
m (production)
m 1 Shaft hoist (service) 5,000 5,000 20 3,730 74,600 --
g 2 Spent shale disposal 100 200 20 150 3,000 360,000
) Total B28,853 569,440

Electric power cost/yr = $0.013 X 828,853 X 355 = $3,825,000

* Water assumed to be proVided by site wells.




quoted by a tocal C{oiovade public utility for the Central Ficeance Basin.
Water cost is neclected because it ¢ assumed that more than enough water
will be available from the mine itself. Tahle 4.27 is the estimated cost of
preproduction, inciuding the cost of interest on capital. The cost per

ton figure is determined by dividing the total cost by the amount of

preproduction development ore (6,068,000 tons).

Table 4.28 is a summary of the escimated annual production costs for
an 85,000 tpd mining cperation. Note that this cost includes only mining
costs and no processing costs. Also Included are yearly reclamation,
exploraticn and environmental menitoring costs. The total estimated

cost per ton is $1.27.

§.5.3 Chamber and Pillar Mine Design

Chamber and piliar mining is a modification of room and pillar
mining in which cresscuts, driven perpendicuiar to mairn entries, are
enlarged into chambers by fan drilling, Figure 4.24. This method has

for

bean designed especiaily underground disposal of spent shale.

The chamber and pillar mining design is quite flexible in that
variable mining heights, chamber lengths, and the mining distance away
from the shaft or access area can vary according to geologic or economic
conditions., In this analysis, a ninirg height of 60 feet and a chamber
Tength of 450 feet weve sSelected simply as a basis for costing. Pillar

designs are also based on the 60-foot mining height.

The overall mire plan is muitilevel with the distance between
levels detarmined by either oil shale grade or a minimum safe sill
pillar thickness. A high degres of mechanization is possible in this
method, producing approximately 140 tons per man-shift. A1l designs and
equipment selections &re based on the assumption that the mine is gassy.

Preproduction development will not begin until the mine access,
hoisting, and surface facilities are completed. The foljowing discussions
describe the mine desicn from preproduction through costing. The appendices
at the end of the report contain some of the calculations used in the

mine design.



Table 4.27 Estimated Preproduction Cost, 30.175 MM tpy
(Advance Entry and Pillar Mining)

ITEM Total Cost Cost/Ton*
Total labor and supervision . . . . . . . . $3,435,000 $0.57
Operating supplies
BitS. v v v v e e e e e e e e e e 10,000
Rock bolts, shells, plate . . . . . . . 106,000
Fuel and lubrication. . . . . . . . . . 148,000
ANFO, wire, and caps. . . . . . . . . . 341,000
Drill steel and couplings . . . . . . . 46,000
Contingencies (8%). . . . . . . . . 52,000
Interest on capitalized equiopment
(three months). . . . . . . . . . .. 370,000
Subtotal. . . . . . 1,573,000 0.26
Power . . « v v o e e e e e e e e e 969,000 N.16
Payroll overhead (35%). . . . . . . . . . . 1,202,000 0.20
Indirect costs (10% labor, supervision,
operating supplies). . . . . . . . . .. 414,000 0.07
Fixed costs
Depreciation (three months) . . . . . . 1,011,000 0.17
Taxes and insurance (3% of
49,380,000 for three months) . . . . . 371,000 0.06
Total . . $8,975,000 $1.48

* Total tons = 6,068,000



Table 4.28 Estimated Annual Production Cost, 30.175 MM tpy
(Advance Entry and Pillar Mining)
ITEM Annual Cost
Direct costs
Labor and supervision. . . . . . . . . $ 9,769,000
Operating supplies:
Machine parts . . . . . . . . . . . 1,084,000
Lubrication and fuel. . . . . . . . 654,000
Rock bolts, shells, and plates. . . 286,000
Drill bits. . . . . . . . . . . .. 80,000
ANFO, caps, wire. . . . . . . . .. 1,920,000
Drill steel . . . . . . . . . . .. 1,070,000
Ventilation tubing, bulkheacs . . . 1,810,000
Spent shale disposal. . . . . . . . 550,000
Subtotal. . . . . .. 7,454,000
Operating contingencies (5%
of line above). . . . . . . . . . 373,000
Yearly interest cost. . . . . . . . 3,933,000
Subtotal. . . . . . . 11,760,000
POWEr. . & v v v v e e e e e e e e 3,825,000
Reclamation. . . . . . . . . . . ... 1,000,000
Payroll overhead (35%) . . . . . . . . 3,398,000
Exploration. . . . . . . . . . .. 500,000
Environmental monitoring . . . . . . . 300,000
Indirect costs (10% of labor, supervision,
and operating supplies, not including
yearly interest) . . . . . . . . . .. 1,754,000
Fixed costs
Taxes and insurance (3%
of 49,380,000) . . . . . . . . . .. 1,482,000
Depreciation . . . . . . . . . . . .. 4,344,000

Total $38,072,000
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N Preproduction Levelooment

Development begirs by driving five 30 by 30-foot entries a distance
0f 900 feet to the shafyv pillar boundaries. Three of these entries are
on 32-foot centers with crosscuts staggered on 140-foot centers, forming

o)

52 by 110-fcot chain piilers. The middle entry is used for belt haulage
with the two adiacent entries used for intake air and access for men and
suppiies. The two return air entriss are located 540 feet from either
side of the intake eniries and are used for exhaust air return. At thne
shaft pillar boundary, 20 by 30-foot chamber crosscuts are driven east

and wes*t from the intake 3ir entries to the return air entries. The
crosscuts are on 140-7Toot centers and 540 feet Tong. A total of

12 ¢ amber crosscuts are developed during preproduction. It is
estimated that preproduction development will take about 39 days to
complete, assuming 60 feet advance per shift in the devel :pment head-~

ings (Tahle 4.29).

4.5.3.2 Production

iats

Full oroduction of 85,000 tpd is derived from the simultaneous
mining of 12 chambers, six on each side of the shaft (76%), and the
deveiopment ¢f an additional 12 chamber crosscuts (24%). Chambers are
initially driven 20 feet h1gh and 30 feet wide from intake to return air
entries. When & chamber crosscut is completed, fan drilling is started,
eniarging the drift to 100 feet wide by 60 feet high, Figure 4.25. A 100-
foot barrier piliar is jeft on the intake entry side and a 30-foot
pillar on the return air side.

Fan driliing of the entire chamber crosscut is completed before
loading and blasting. Once blasting begins, a minimum of two fans are
blasted at once with mucking done using 12 yd3 LHD diesel eauipmert
The LAD's dump the broken muck into 1000-tph capacity portable impact
crushers, producing minus eight-inch ore. The crushed ore is fed onte

GO-inch conveyor belt, conveyed to the shaft storage pocket and
hoisted to the surtace. A total of 21 days is needed to mine 12 chambers

at the rate of about &100 tpd per chaiber.
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Table 4.29

Scheduie of Preproduction Work for Chamber and Pillar Minina

) Days
Description of Task 30 60 Ore Production
! . i ; ; L (tons)
35 '
Be!t Entry Crosscuts 4 : 293,00C
i
. 35 |
East Side Return Entry - i 197,000
i
. 34 l
West Side Return Entry | b - I 189,000
§le
Sis
Development of East 32 . 813 1810
Side Intake Entry I Rt
|
' th
Development of West 32 ) _—Full Production on 39>~ Day 75000
Side Intake Entry - !
Fan Drilling I
N :'/5 . I Production . 290,000
Development of Chamber - y g ) 280,000
. __////,, — 172,000
Crosscuts, Fan Drilling Development of ' . | — 172,000
and Production Chamber Crosscuts - 9 } 20 < 53,000
} 53,000
9 5
— — 88,000
Development of Next —_ I — 88:OOO
Set of Chambers — + ‘ 88,000
p— + 88,000
- 88,000
- | - 88,000
1

Total

2,590,000
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Roof bolting and scaling is done only in the development stages of
the entry drifts and chamber crosscuts. Roof bolting patterns are eight-
foot bolts cn seven-foot centers in the entry drifts and five-foot bolts
on five-foot centers in the chamber crosscuts.

Erntry éend chamber development drilling is done using six, two-boom
rotary hydraulic drilling jumbos. Roof bolting and scaling are done
simultaneously using six machines having two hvdraulic drills per
machine. Mucking of ore, for both development and chamber mining, is
accomplished using 28, 12 yd® LHD's. A total of eight portable crushers
is used to crush all ore before it reaches the 60-inch conveyor belt.

4.5.3.3 spent Shale Backfiiling

Spent shale backfilling is started when a chamber is completely
mined out. The physical properties of the spent shale are assumed to
be similar to thos- of a coarse sand. Facilities on the surface mix
the water and spent shale to a desired pulp density and pump the mixture
down a shaft, or through boreholes from the surface, in rubber
lined pipe. As a chamber 1s widened, a backfill crew installs fill
and drain piping along the length of the chamber. Porous bulkheads
are constructed at the neck ¢f the 20 by 30-foot chamber crosscut
drift, pricr to filling, to retain the fill material. Sumps in the chamber
crosscuts collect the drainisg water and puwp it to the surface for re-
cycling. It is estimated that it will take less than 21 days to fill a
chamber with spent shale.

4.5.2.4 Ventilation

The following discussion is based on rough estimates, assuming
gassy mining conditions and approrimations of the diesel horsepower

output of mechanized equipment.

Primary ventilation is provided by exhaust fans mounted near the
return air shafts, Figure 4.26. Air is pulled down the service and
intake air shafts, circulated through the mine, and exits through the two
exhaust shafts. Colorado mining laws (Colorado Bureau of Mines, 1971



AN Do iyl o '
1.2.3.6 Production Cost

The metnod of production costing Tor advance entry and rillar minina
is simiiar to the format used by the USEH (Staff, 1972 and Katell and
Hemingwayv, 1974). This costing metrod recessarily assumes that the o1l
shale mine is the only income source to the corporation; therefore,
development costs (ivcivding mine access and hoisting) are capitalized.
In reality, these costs weuld most 1ikely be charoed to preduction and
deducted as nejative cash flow in the overal! corporate cash flow deter-
mination. Excluded in this analysis are royalty payments, welfare payments,

end surface transportation costs.

ble 4.30 lists the supervisory and hourly perscnnel needed for

o

Ta
the operation of ar 85,000 tpd mine. An additional 12% of the hourly
manpowver requﬁvements is included tc account for absenteeism. Fiqure
4,26 is an exampie of the anticipated manaqement flow chart for the
underground rine unly, Table 4.31 is the capital investment summary
that includes contingencies, mobiiization of capitalized equipment to
mine site, consulting, environmental impact statement, mine access, and
preproduction development. The total capital investment is estimated to
be 377.200,00%, not including the value of 0il in the development ore
{estimated to be worth $13,570,000).

!,
30

4

e 4.32 is the straight-line depreciation schedule for the equip-

—t

-

ed in Teble 4.31. Table 4.33 is the estimated yearly interest

P

2

—F

ment 1
cost on the rmeney borrowed to firance the capital equipment. In this table,
interest rates from eighli to ten percent were assumed; however a rate
of nine parcent was used in the cost summary. Notice that the mine dev-
elopment costs are capitalized over a period of 30 years. Power and water
consumption, Table 4.34, are estimated from vendor data, with the electric
rate as estinated by a local Coiorads public urility for the Central

nce basin. Water cost is neglectaed because it is assumed more than
nough water will be available frum the mine itself. Table 4.2%5 s the
imated cost of preprcduction, includirg the cost of interest on

3y

rital. The cost per ton figure is determined by dividing the total
st by the amount c¢f wmreoroduction development ore (2,596,000 tons).



Teble 4.30 Manning Table, 30.175 MM tpy
(Charber and Pillar Mining)

Annual Cost Anrual Cost
Personnel Total per Employee (260 Yorkdays)

calary

Superintendent 1 $33,000 $33,000
Technical superintendent 1 25,000 25,000
General mine foreman 1 27,000 27,000
tine foreman ] 22,000 22,000
Saift foreman 3 20,000 60,000
Assistant shift foreman 3 19,000 57,000
Drilling foreman section 12 18,000 216,000
Production foreman- ' 12 18,000 216,000
Cnief mechanical foreman 1 21,000 21,700
Snift mechasic foreman 3 19,000 57,000
Chief electrical foreman 1 21,000 21,000
Shift electrical foreman 3 19,000 57,000
Sectiocn mecnanical foreman G 13,000 108,000
Chief mine engineer 1 25,000 25,000
Mining engineer 5 20,000 100,900
surveyor 3 10,800 32,400
Surveyor helper 3 9,000 27,000
Draftsman 2 9,600 19,200
Safety director 1 19,000 19,000
Saftety foreman 3 16,500 49,500
Business manager 1 13,000 18,009
Accountant 1 9,600 9,600
Stenographer 2 6,600 13,200
Fayroll agent 2 7,500 15,000
Purchasing supervisor 1 14,400 14,400
Warehouse supervisor 1 13,200 13,200
Warehouseman 2 7,200 21,600
Tine geologist 1 18,000 18,000
Watchman 3 &,000 &,000
Executive tecretary 1 9,000 9,000
Secretary B 7,800 7,800

(8]
)

“l

Subtotal £1,349,900
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and State of Colorado, 1966) require 75 cfm of free air for each brake
norsepower of diesel equipment and 100 cfm for each man. The calculations
fer esiimated air requirements are presented in Appendix B. A total

of 2,400,000 cfm of air is exhausted by two large axial-vane fans.

Air flow direction is controlled by regulators and bulkheads. Ventilation
to the entry and chamber crosscut headings are provided by 30,000 cfm
auxiliary fans and ventilation tubing. Each chamber has about 110,000

cfm of regulated air, having a minimum velocity of 150 feet per minute.

A 457 leakage loss of fresh air is assumed. A1l fans used underground

are permissible.

Dust created by mining and haulage operations is partially controlled
using the fcllowing procedures:
1. Wet drilling is employed on all drilling jumbos,
2. Muck piles are wetted several times before and during mucking
operations,
3. Haulage ways are watcred to suppress traffic generated dust.

4.5.3.5 Production Equipment Selection

fppendix B contains the calcu’ations used to estimate equipment
size, quantities, and cycle times for major equipment items. The capital
expenditure tables in the following section on cost analysis summarize

the equipment selections.

Evaluation of capital equipment for this large tonnage operation
has been done relying almost exclusively on current vendor data. Wherever
possible, cnly that equipment currently manufactured, whether as a full
production item or as a prototype, was selected for analysis.

For this initial evaluation, operator efficiencies and minor equip-
ment set-up times were approximated by considering only five hours of
working time per eight-hour shift. The mine has been designed on a three-
shift, seven-day per week work schedule. For the purpose of including
qolidays and vacations, a work-year is considered to be 355 days. Equip-
ment availablities are estimated and range from 65 to 80%, depending
on use and past performance of similar nodels.

N.08




Tabie 4.30 Manning Table, 30.175 MM tcv
Qxham)cr and Piliar Minira) con't

oy

Wages Annuai Cost
Pevsonnel Total per day (260 Workdays)

Underground

22 $51.81 $ 296,400
u 22 45.96 265,800
L' 28 50.88 1,137,700
5 43 57.81 596,400
T 29 50.88 363,600
P 53 h¢.8 796,400
Crush 14 50.23 192,u0u
La‘rwﬂv & sturryman 28 B0 20 378,700
Conveyor beiiman 18 50.23 235,100
Car 10 50.88 ?3?,J“U
Mec B ctass 25 56.58 426,600
Mecnanic, second class 79 52.90 398,900
:ﬁpc*rlL.An, first ciass 14 56.58 206,000
Flectrician, second class 14 52.90 192,600
Master machinist 4 56.58 58,300
Machinist 14 51.80 188,600
Helder 7 51.80 94,300

Subtotal L7 $5,985,000

Yutside

4 $51.70 ¢ 53,800

4 49,77 51,800

4 47.15 49,000

——
~3
9,
—
o
~
w
N
(@)
D

.95 § 736,752
592 $8,2256,300
4-1M
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investment Summary,
and Pillar Mining)

Table &, %0

Capital
(Chamber

[TEM Quantity

Two bUOh ry':au11c drill jumbo 8
LHD machire {12vd”) 38
Two urel‘ rack bolt machine 8
Pramary ventiiation fan 2
Portable impact crusher 10
5¢" floor mounted belt conveyor 21,120 ft
Auxitiary farn (production) 10
Exhaust fon {machine shop) 1

Telephone 2 NG i0
Se1f rescyer 463
Stretcher sei 10
Lamn (inclu 440
First aid 2%
Fersopne] 6
Weter trug 2
hu srication and fuel frucgk 4

Fira chamical truck 4
Powder and ANFQ §)dﬁarq truck 8
Rathhouse, oifice and 1amphous 1
Underground machine shop 1
Warehouse and supply vard 1
Foriiift 1
Substation and distribution 1
Rectifier (250 KW) 14
Rﬂcsz,L (150 KW) 1

ectifier {75 KW) 4

SO Cﬁ'ta]) 16

jf‘v
Hig [8Yy-4°) 20,000 ft
40
(20 1h) 29
11- :uporesk ch system
for belt drive fa
8" pipe (water Vine 3,200 ft

AY

I
4" nive ‘water ling) 11,000 ft
Spent shale disposal
equipment

Total

500,000

direct cost « . . . . o ...

30,175 MM toy

$310,000
180,000
200,000
164,000
250,000
5126/ft
7,400
2,000
450

43

235

85

30
41,500
30,000
30,000
25,000
28,000
2,000,000
1,000,000
130,000
25,000
900,000
6,000
4, 00
3,000
33,000
87/t
235

42
500

S&/ft
§2/Ft

(-

+

Total Cost

$2,480,000
0,840,000
1,600,000
328,000
2,500,000
L,66? aco
74,000
8,000
5,000
20,000
3,000
38,000
1,000
249,000
60,000
120,000
100,000
224,000
2,000,000
1,000,000
130,000
25,000
900,000
84,000
5,000
12,000
528,000
140,000
10,000

1,000

1,000

3,000

22,000

500,000

.$22,683,000



Table 4.31
(Chamber and Pillar Mining) con't

ITEM

Contingencies (9% of total direct cost).
Subtotal e e e e e e

Mobilization charge (2% of line above) .

Total construction . . e e e e e e e

Consulting engineering fees overhead, and
administration (6% of 11ne above).
Subtota’

Env1ronmenfd1 1mpact stafemen1 .

* Mine access (included are vens 11a11on,
production, and service shafts, three
double drum production hoists, one
double drum service hoist and surge bins).

* Preproduction cost .
Net capital investment e9f1male

Value of 0il in 2,590,000 tons of 20 gpt oil shale

stockpiled or retorted during preproduction
development (assumes $11/BBL).

* Assumes capitalization

Capital Investment Summary, 30.175 MM tpy

Total Cost

$ 2,042,000
24.725,000
495,000
25,220,000

1,513,000
26,733,000
2,000,000

45,000,000
3,469,000

§77,200,000

$13,570,000




30.175 MM tpy

Table 4,32 Depreciation 5chedu36,
(Chasber and Piliar Mining)
Straight-line
TTEM depreciation (years) Yearly charge

Two hooin hydrnu11c3dri11 Jumbc
LHD machine (12 yd”)

Two dril’ rcck bolt machine
Primary ventiiation fan
Portabie impact crusher

63" fioor mounted belt conveyor

Auxiiiary fan {production)
Exhaust fan ('u‘kwr shop)
Mine satety equipment

Water truck

Lubrication and fuel truzk
Persornei carvier

Powder and ANFC Toading truck

Bathhouse, cffice and ;umph0use
Underground machine shop
Warehouse and supply yard

.Orki lf!.

Su'@teti;n

Udter pvmﬂf 10,080 gpm total)
High vo1' se Cébée (& KV-49)
8" pine r iine

4" pipa
Spent sha
Shaft aczes
Preproducti

equipmant
and ventilation

r development

Enxaro"“e 1 impact statement

Contingen «s, mob.n1zaﬁion,
and engij ing

_.J("‘

8
3
16

)
3C

10
10

n
U

30

5
10
10
10
10

(Y

30

4-105

Total

$ 310,000
855,000
160,000

11,000
250,000
266,000

7,400
300
35,200
6,000

12,000

24,900

22,400

66,700

33,300

4,300
2,500
30,000
5,700
300

300
35,200
4,700
G600
1,600
50,C00
1,500,000
115,600
66,700

135,000
$4,013,700



Table 4.33

Depreciable

Life {yrs)
Capital
required

Interest
charge
10%

9. 5%

Estimated Yearly Interest Cost on Capitalized Items, 30.175 MM tpy

176,000

10,600
10,000
9,500
9,000

8,500

9,320,000

524,300
498,100
471,800
445,600
419,400

e

(Chamber and Pillar Mining)

10

15

3,014,000 668,000

440,700
418,700
396,700
374,700
352,600

4-106

35,600
33,800
32,100
30,300
28,500

30

59,028,000

3,049,800
2,897,300
2,897,300
2,592,300
2,439,800

Total

77,206,000

4,061,000
3,857,900
3,654,900
3,451,900
3,248,800




G
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Table 4.34 Powsr and Water Cost, 30.175 MM tpy (Chamber and Pillar iliring)

Number H.P. H.P. Hr. per Ky Total*
of Lev total day full total Total KwH Water
Lnits Operation Unit Load tL.oad Load Requirement (apd)
) Two boom driliing Jjumbo 135 810 ih £04 5,064 51,000
2 60" conveyar belt drive 407 500 1 597 10,742 §,070
3 Fortable impact crusher 600 4,800 15 3.581 53,712 7,000
2 Primary ventilation fan 2,000 4,000 24 Z,984 71,616 --
10 Auxiliary fan 40 450 15 298 4,476 -~
1 Auxiliary exhaust
fan {machine shop) 105 105 24 78 1,877 -
6 Rock bolt machine 159 800 18 671 12.078 --
Miscellaneous (underground) -- o - - - 1,000 -
Miscellaneous {surface) - -- - - 1,000 10,000
3 Snaft hoist (producticn) 10,000 30,000 20 22,380 447,600 -
1 Shaft hoist (service) 5,006 5,900 20 2,739 74,650 --
2 Spent shale disposal 100 200 20 150 3,000 360,000
12 water pumps 425 5,100 24 3,800 _91.2560 =
Total 781,960 467,000

tlectric power cost/yr = $0.013 X 781,960 X 355 = $3,609,000

*  Water assumed to be provided by site wells.



Table 4.35 Estimated Preproduction Tost, 30.175 MM tpy
(Chamber and Pillar Mining)

ITEM Total Cost Cost/Ton*
Total labor and supervision . . . . . . . $1,234,000 $0.47
Operating supplies
Bits . . v v v e e e e e . 14,000
Rock bolts, shells and plates. . . . 34,000
Fuel and lubrication . . . . . . . . 63,000
ANFO, wire and caps. . . . . . . . . 146,000
Drill steel and couplings. . . . . . 27,000
Contingencies (8%) . . . . . . . .. 23,000
Interest on capitalized
equipment. (39 days) . . . . . . . 374,000
Subtotal . . . . . . 681,000 0.26
POWEY & . v v v e e e e e e e e e e 397,000 0.15
Payroll overhead (35%). . . . . . . . . . . 432,000 0.17
Indirect costs (10% labor, supervision,
operating supplies) . . . . . . . . .. 154,000 0.06
Fixed costs
Depreciation (39 days) . . . . . . . . 417,000 0.16
Taxes and insurance (3% of
48,048,000 for 39 days) . . . . . . . 154,000 0.07
Total. . . . . . . . . $3,469,000 $1.34

* Total tons = 2,590,000




Tabie 4.36 is a surmary of the estimated annual production cost for
an 85,000 tpd mining operation. MNote that this cost ircludes enly mining
cests and ne processing costs. Also included are yearly interest,
reclamation, expleration, and environmental monitoring costs. The total

ectinated cost per ton is $1.04.



Table 4.30 Estimated Annua'l Production Cost, 30.175

(Chamber and Pillar Mining)

ITEM

Direct costs
Labor and supervision .
Operating supplies
Machine parts. . .
Lubrication and fuel .

Rock bolts, shells and plates. .

bDrill bits . ..
ANFO, caps, and wire .
Drill steel.

Ventilation (tubing, bulkheads).

Spent shale disposal . .
Subtotal . .

Opercting contingencies
(5% of line above) .
Yeariy interest cost .

Subtotal .
Power .
Reclamation . .
Payroll overhead (35%).
Exploration .

Environmental monitoring.

Indirect costs (10% of labor, supervision,
and operating supplies, not including

yearly interast cost) . .

Fixed costs
Taxes and insurance (3% of
$43,048,000) .

Depreciation .
Total .

4-119

Annual cost

$ 8,226,000

627,000
653,000
82,000
235,000
1,920,000
273,000
123,000
289,000

4,193,000

210,000
3,655,000

8,058,000
3,609,000
1,000,000
2,379,000
500,000
300,000

1,263,000

1,442,000
4,014,000

. $31,291,000

MM tpy

Cost/Ton

$0.27

.24

o]
. LG

.03
10

o]
« UL

.01

o O O O O O

o O
— O

w 1

$1.04




4.¢ DE

m/}

LGN AND ARALYSIS OF BELGCK CAVING SYSTEMS IN CFL SHALE

Block caving is considered tn be one of the Towest cost underground
mining metheds for mining large, thick ore bodies. For block caving
to be successful, the are must be weak or fractured enough so that
the ore does not arch or cave catestrophically. As mentioned in Secticn
2, thare are several areas where extensive leaching has occurred, result-

ing in fracturing ana reduced rock mass strength. These areas may be

readily adaptable te biock caving technigues.
Curvent block caving methods, as used in the United States, can be

readily identified hy their respective systems of ore transfer and haulage.
The two most common techniques are siusher Tcading and LHD loading. In

the designs presented here, beth systems are investigated to determine the
Towest cust systen, Also included vor each analysis are estimates of

the cost of inducing cavirg (commoniy termed boundary wcakening) should

the ore be difficult to cave.

The fo]]owing ~ections cover a review of Titerature and the designs
of block caving systems using slushers and LHD machines. FEach analysis
cludes a descriptxon of the mine design from preproduction through

roduction costing,

4.6.7 Peview of Literature

A comprehensive discussion of block caving is presented by Julin

and Tobie {1973) in the SME Mininc Enginesring Handbook. The paper in-

cludes a genera) description of biock caving together with pertinent

4

case studies he listed advantages of block caving include: (1) higher

degree of safety, 2} tow cost mining, {3) high degree of mechanization,

and (4) better supervision due to a more centralized operation. The

aisadvantages menticnad are (1) much longer preprcduction development

period, (2) drift maintenance costs are high, (3) drift support costs

S
are high, (4) system is not fiexible, and (5) ore dilution is necessary

i

and can be excessive



Uravo Corporation (1974) has compiled a Targe amount of data from
several block caving operations throughout the world. Resource recovery
rates are reported to vary from 67 to 1007 with dilution varying from
10 to 157, Mining costs were found to vary from $0.75 to $1.92 per ton

of ore.

Retardo (1972) discusses a olock caving system at the Philex Mine,
Philippine Islands, that ises the slusher system for primary ore haulage.
Ore is scraped into ore passes using 25 to 35 hp slushers and then loaded
into ore cars. The distance between the slusher and haulage levels is
approximately 30 feet. Total daily production is approximately 21,000
tpd with a 48 to 55 tons per manshift factor for development and pro-

ducticn, respectively.

A niodified induced block caving system (Kenedo and Higashi, 1972)
has been adapted by the Kamioka Mine in Japan. The mine previously
operated for eight years using sublevel caving %“ehcniques. After changing
to induced block caving the labcr efficiency increased from five to 21
tons per manshift, resulting in a decrease in production costs from $6.56
te $1.96 per ton.

Allsman (1964) suggests minirg oil shale by block caving and includes
a system for restoring the subsidence cavity using spent shale. The
design incl.udes 600-foot square by 300-foot high blocks having a draw
hole spacing of 80 by 80 feet. Other ideas include having a primary
crusher underground and using a 7,000 tph capacity belt conveyor to trans-
port ore to the surface. Mining production costs are estimated at $1.19

ney ton.,

4.6.2 Block Caving Design Using Slusher Transport

The block caving system presented here is designed to mine a 2000-
foot thick ore body under 1000 feet of cover. The ore body is mined 1in
three successive 1ifts starting at the top. The cavint system is retreat
in nature and starts within an economic distance from the access area,

estimated "o this aralysis to be 4,100 feet (Fioure 4.28), including

4-112
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1100 feet for a shaft pillar. Each panel contains nine blocks, 300 by
300 feet square and 550 feet high. OUre is loaded directly into ore cars
on the main haulage level from the slusher dashes above and transported
by trolley locomotive to a primary crusher at the shaft station. OQOre

is crushed 17 a €0-inch gyratory crusher and loaded irnto skips to be
hoisted to tne surface. The mina access consists of two 285-foot diameter
produc ;ior shafts, one 23-foot diameter development shaft, one 25-foot
diameter service shaft, and two 16-foot diameter exhaust ventilation

shafts.

Preproduction development starts after the shafts are sunk to the
desired depth and the primary crusning facilities are corpleted. In-
cluded in preproduction develepment is driving the main haulage level
to the outer boundary, and driving the necessary footages of ventilation
sub-drifts, slusher dashes, and urdercutting drifts needed to produce

£5,000 tpd.

4.6.2.1 Preproduction Development

Sty Hawlage Level.  The primary functions of the 20 by 30-foot
haulage level are rail haulage transport of ore from the panels and blocks
and fresh air ventilation. Drifts are driven using two boom hydraulic
drilt Jjunbos, 8 yd3 FEL's, 80-ton rail cars, rock bolting and scaling
machines, and truck mountea ANF) “oading machines. /fverage heading
rounds are 15 feet long with an estimated 45 feet pner day advance rate.
Rock bolting provides primary back support and consists of 6-foot bolts
orn five-foot centers. Double track is laid in the panel drifts to facil-

itate cer loading and increase track usage.

An 85,000 tpd production rate requires that the main haulage drifts
be driven around the boundary of the panels, and five panel drifts be
completed. As the main haualge drifts are advanced, work also beains
on the ventilation levels, Table 4.37.

T/ -

Vertilatiov Level. Fiqure 4.29 is an isometric drawing of a sinale
biock in a panel showing the relationship between the haulage, production,

and cevelopment levels. The primary functions of the ventilation level
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are to provide a raturn air system that has no working areas in which air

i reused and to contrel ventilaticn in the slusher dashes. Fiqure 4.30
shows the overall ventilation Tayout. The primary ventilation drifts are

a0 hy 20 feet and 20 feet below the main haulage Tevel. Access to the
ventilation Jevel 1s from the main hauiage level down a ten percent incline.
Ventilation crosscuts {15 by 15 feet) are driven parallel to the panels at

right angles to the siusher dashes. As each crosscut pesses under the end

¢f a slusher dasn, & small diameter vaise is driven to connect the two
and comniete the ventilation civeyit. Two 16-foot diameter shafts as

shown 1n Figure £.30, are used for exhaust ventilation only and have no
hoisting or service Tacitities. Equipment used to develop the ventil-

ation ilevel 1is simiiar to thet used cn the main hauiage level.

-
L

Slusher Dachesz.  The floor of a siusher dash, at the intersection

with a panet drift, ic even with the vroof of the panel drift. The slusher
adashes are driver perpendicuiar to the panel drifts at a plus five percent
grade alternately going east and west, Figure 4.31. The dashes are on
50-foot centers and completely concreted, having a finished inside dimension
cf 10 by 10 feet. Access to the slusher level is by incline from the
hauiage level. Ore trom development and production is Toaded directly

io*to ore cars without going through grizzlies or transfer raises, Fioure

Yager Hodges.  Finger raises, shown in cross section in Figure 4,33,

are the ore transter raises from the undercut or caving level to the

stusher level. The raises are spaced on 20-foot centers under the caving
zong so that an even drawdown of the ore is possible. To reduce wear,
the raises are concreted twe-thirds of their lenith. Driving the raises

is accomplished using a combination ¢f drilling Jurbos and stepers. The
initial dimension of & raise is 10 by 10 feet at the junction of the slusher

dash with the top belled tc produce an inverted cona,

Undercut Drijts. Undercut drifts arve 10 by 10 feet in cross section,
or 50-foot centers, and connect all of the finger raise drawpoints, Figure
4.33. Access to the under cut level is by an extension of the incline from
t

3
he haulage level to the slusher level. Small-boom jumbos and 5 yd LHD
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equipment is used to develop the level. Development niuck is dumped down

the finger raises. As develcpment proceeds, the pillars over the slusher
dash are fan drilled to form a peaked piilar and tlasted to remove support
from the overlying rock. The fan ¢rill holes are three inches in diameter
and average 20 to 30 feet in length. Pillar blastinc starts in one corner

and retreats toward the shaft, as illustrated in Figure 4.31.

4.,6.2.2 Production

At full production 18 blocks or 108 slusher dashes are needed, having
an average draw rate of 9 inches per day. The 9-inch draw rate, including
slusher down-time and operator efficiencies, gives an average block life of
two years. The siusher dashes are manned by 54 slusher operators with each
man responsible for two slusher cashes. HNine blocks are developed each year
to ensure adequate production s maintained. The ore flows by aravity down
the finger raises and is drawn by a 15C0-hp slusher, with 84-inch scraper,
along the slusher dash and dropped directly intc 80-ton cars. Fifty-ton
trolley locomctives then pull ter-car trains to the primary crusher, usina

a one-way traffic pattern.

tihen development is completed on the first level, a second level
is started. Men and equipment are gradually moved to the Tower Tlevel so
that there is no interruption in minimum daily prcoauction. Development
ore is hoisted up a shaft used specifically for development hoisting.
Increased production above 85,300 tpd i¢ possible by starting a similar
caving operation on tne east side of the shaft area. The mining system,
as it is designed here, has a capacity, with some men and equipment
additions, to produce up to 170,0CC tpd.

4.6€.2.3 Ventilation

Air cuality requirements are computed considering a gassy mine, usina
diesel eqguipment undergrounc, and using only permissible and explosion
proof machinery. Colorado mining laws (Colorado Bureau of Mines, 1971
and State of Colorado, 1966) require an additional 75 cfm of free air for
each brake horsepower of diesel equipment used underground. Preliminary




calculations for estimated mine ventilation requirements are presented

in Anpendis

At comes into the mine through the service and production shafts
to the main hauiage level at the rate of approximately 1,500,000 cfm,
The air is then requiated through the various panel drifts into the

nes and out the ventilation level. Two large axial-vane

.
e
&
-3
)
v

fars 1n each of two exhaust shafte, Figure 4,30, are used to develop the
reayived air flow, A 50 to 707 air Toss iz assumed through the caved

zone and regulaters.

Alr aquantity in the vndevcut and slusher levels during development is
maintained throuch the use of zecondary fans. Twe exhauyst fans are used
to ventilata the maintenance shop area. Dust suppression is accomplished

DY uSing water sprays end wetting muck piltes before mucking.

4.6,2.4 Procduction Equipment Selection

Eopendix © contains the calculations used to estimate eguipment size,
quantities, and 2ycle times for major equipment items. The capital ex-
penditure tables in the following section on cost analysis summarize

the equipment selections.

cvatuation of capital equipment for this larce tonnage operation has
peen done relving eimost exclusively on current vendor data. Wherever
ressible, opdy that equipment curvently manufactured, whether as a

itew oy a3 2 prototype, was selected for analysis.

full production

rev this initial evaluation operator efficiencies and miner
equinment set up times were approximated by considering only five hours
of werking time per eight-hour shift. The mine has been designed on a
three-shitt, sever-day per week work schedule. For the purpose of includ-
ing holidays and unexpected work stoppages, a work year was considered
to be 355 days. tauipment availabilities are estimated and range from

65 to 90%, depending on use and pasi parformance of similar models.

MoOoER L H £ onN0 N
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4.6.72.5 Froduction Cost

The method of production costing for block caving using slushers 1is
similar to the format presented in the USBM (Staff, 1972, Katell and
Hemingway, ~974). This costing method necessarily assumes that the oil
shale wmine s the only income source to the corporation; therefore,
development costs (including mine access and hoisting) are capitilized.
Irn reality, these costs would most Tikely be charged to production and
deducted as negative cash flow in the overall corporate cash flow deter-
mination. Excluded in this anaiysis are royalty payments, welfare payments,
and surface transportation costs. All costs were collected during first
quarter, 1975.

Table 4.38 lists the supervisory and hourly personnel needed for
the operation of an 85,000 tpd nine. An additional 127 cof the hourly
manpower requirements are included to account for absenteeism. Figure
4.34 1s an example of the anticipated management flow chart for the
underground mine only. Table 4.39 is the capital investment summary
that includes contingencies, mobiiization of capitalized equipment to
mine site, consulting, environmental impact staterent, mine access, anrd
preproduction developinent. The total capital investment is estimated at
$128,700,0C2, not including the value of oil in the development ore
(estimated to be worth $72,000,000).

Table 4.40 is a straignt-Tine depreciation schedule for the equip-
ment listed in Table 4.39. Table £.41 is the estimated yearly interest
cost on the money borrowed tc¢ finarce the capital equipment. In this
table, interest rates from eight to ten percent are assumed; however a
rate of nine percent is used in the cost summary. Notice that the mine
develupment costs are capitalized over a period of 30 years. Power and
water consumption, Table 4.47 are estimated from vendor data, and the
electric rate as quoted by a local Colorado public utility for the
Central Piceance Creek Basin. Water cost is neglected because it is
assured more than enough water will be available from the mine itself.
Table 4.43 1is the estimated cost of preproduction, including the cost of
interest on capital. The cost per ton figure is determined by dividing
the total cost by the amount of preproducticn development ore ($13,750,000
tons).
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Faysonne’ Total

Salary
—- af -

Superintandent 1
Administrative superintendent 1
: mine foreman kK

= TOYRenan 1

it foroman 3
tant :fi Torenan 3
rpiment foreman 1=

tion *uﬂ?xan 77

mec Pdwar“1 foreman H

1

{ groct Ch i Torenan
.'”€ mecha r*u foreman
duction mechanic foreman
oprent mechanic foreman
eiectrical foreman

»f engirear

ing engineer

ayor helper

: leP"LU;
r foramar
Bus1ﬂch manager
Accountant
Purchasing supervisor
Warehouse supervicor
Watchman

Payrsii
Warenous
Stencgraphoy
Secrztary

Executive secretary
Mine geoTcgist

!—4«-'—a~Jmm::‘-—1»4—4-—-(u~4<,o(ur\:m——awco(u;o

)
™

Subtotal

Tatle 4,30 HQannq kcb]_, 30.175 ji t“v
(Bicck Cavinag with Stushers

Annyal
Per Employee

33,000
25,000

B Yate
27,000

22 . G
20,0600
19,000
18,000
18,000
21,000
21,000
19,000
18,000
12,000
19 ,QUU
25,000
20,500
9,600
10,800
9,000
19,000
16,500
18,009
2.600
14,400
13,200
6,000
7,500
7,200
6,600
7,800
9.}'_}(\:(\?

1{23\’ }U

Annual
ﬁ?u') Wo

m

$33,000
25,000
27,5300
22,000
60,000
57,000
270,000
486,000
21,000
L.,OOO
57,000
54,000
«,OOO
57,000
25,000
100,000
19,200
37,400
27,000
19,000
49,500
18,000
3,660
14,40
13,200
24,500
15,000
282,800
6,600
7,800
§,000

-

18,009
$7,6€0,500



Table 2£.3¢ Manning Table. 30.175 MM tpy
(Block Caving with Slusners) cont'd.

kages Per Annual Cost
Personne] Total Day (260 Workdays)

Lnderground
Driiler 53 551.81 $781,300
Oriller helpar 58 49.96 753,400
FEL operator 15 50.88 198,400
LHD operator 29 50.83 383,600
Slusher operator 196 51.81 2,640,200
Locomotive operator 18 50.88 238,100
Scaler and rock bolter 43 57.81 590,400
Powderman 43 52.8]7 580,400
Trackman 22 50.88 291,000
Ventilation man 7 50.8%& 92,600
Clactrician, first class 14 56.583 206,000
ifectrician, second class 14 52.90 162,600
Pipefitter 7 56.58 103,000
Pipefitter helper 7 52.90 96,300
Mechanic, first class 24 56.58 353,100
Mechanic, second class 24 52.90 330,100
Warehousemar 4 49,96 52,000
Concrete nar 22 49,96 285,800
Form man 2 49,96 285,300
Suppiyman 29 49.96 376,700
Grader operator 4 50.88 52,900
Laborer 14 4G, 3¢ 181,900
Crusher operator 4 52.90 55,000
Batch olant operator 7 49,96 90,910
Truck driver 8 50.88 105,300
Master mechanic 4 56.58 58,800
Dispatcher 4 50.88 52,900
Hanaup man 44 56.58 £47,300
Welder 4 51.81 53,3800

Subtotal 740 10,140,200
Outside
Mechanic 1 $54.76 §14,200
Mechanic helper 1 50.8¢ 13,200
Forklift cparator 4 49.96 52,000
Lamprar 4 47.15 49,000
Hoistran 8 51.70 107,500
Janitor 4 47.1% 4¢,000
Cagerian 4 40.77 £1,800

Subtotal 26 S 336,700
Contingency for

absenteeism (127) 33
Total labor and supervision 970 ﬁ%i%%%%%%%%
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Table 4.3% Capital Investment Surmary, 30.175 MM tpy

(Block Cavirg with Slushers)

Cost “er

ITEM Quantity Unit Total Cost
Two boom hydrauiic drill jumbo 5 $310,000 $1,860,000
Two boom medium drill jumbo ) 62,000 372,000
Two boom small drill jumbo 6 38,000 228,000
Two boom fan drill 6 300,000 1,800,000
FEL (8 ,d7) 6 1€0,000 960,000
LHD (8 yd 12 140,000 1,680,000
Stushers (150 hp) T0R 40,000 4,320,000
Scrapers (84") 103 6,100 659,000
b0-ton trolley Tocomotive 6 250,000 1,500,000
30-ton cars {air brakes) 60 23,000 1,380,000
30-ton trolley locomotive 5 190,000 950,000
$--on battery locomotive 2 75,000 150,000
Filatcars and supply car 20 10,000 200,000
concrete vat 20 20,000 450,000
Two drill rock bolt machine 8 150,000 1,200,000
Personnel carrier 6 41,500 249,000
Powder and ANFC Toading truck 4 28,000 112,000
Lubrication and fuel truck 4 30,000 120,000
Service vehicle 10 30,000 300,000
Underground machine shop ] 1,000,000 1,000,000
Mine rail (115 1b) 260,000 $4.81/7t 1,251,000
First aid kit 30 30 1,000
irack clates 65,000 $2.15 140,000
Treated ties 65,000 $6.64 432,000
Battery charging equipment 2 10,000 20,000
Reoad grader 2 €0,000 120,000
Lainp {inciucing accessories) 300 85 68,000
Fire chemical truck 4 25,000 100,000
Water truck 2 30,000 60,000
Bathhouse, office and lamphouse 1 2,000,000 2,000,000
Warehouse ard supply yard 1 130,000 130,000
ForkTift 1 25,000 25,000
Substation end distribution 1 900,000 900,000
fransformers and rectifiers 200,000
Hign voitage cable (8KV-4°) 30,000 ft $7/ft 210,000
Methane detector 40 435 10,000
Portibile five extinguisher (20 1b) 20 42 1,000
Primary ventilation fan 4 115,000 450,000
Ausitiary fans 10 7,400 74,000
Exhaust fans (for machine shop) 2 8,000 16,000
Self rescuer 300 43 35,000
telepnone {,age phcnes) i 450 5,000
Stretcher set 10 235 3,000
Pumps {10,000 gpm total) 16 33,000 528,000
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Table 4.40 Depreciation Schedule, 30.175 MM tpy
(Block Caving with Slushers)

Straight-line
ITEM depreciation (years) Yearly charge

Two toom hydrautic drill jumbo $232,500

8
Two boon medium drill jumbo 8 46,500
Twe booim smeit drill jumbo 3 26,500
Tvic boom fan drili e 225,000
FEL (8-yd™) 3 120,000
LHD (€ tu 8-yd’) e 210,000
Stusher (150 hp) 15 228,000
Scrapers (84") 10 65,900
50-ton trolley locomotive 15 100,000
80-ton car (air brakes) 10 138,000
30-ton trolley locomotive 15 63,300
SZ-ton battery locomotive 15 10,000
Flatcar and supply car 10 20,000
coricrete vat 10 40,000
Two ¢ri0 ] rock bolt machine 10 120,000
Ferscnnel carriers 10 24,900
Fowder and ANFO loading truck 10 11,200
Lubrication and fuel truck 10 12,000
Service veh cle 10 30,000
Urdercround machine shop 3 33,300
Mine rat1l (715 1b) 3 41,700
Track piates 30 4,700
Treated ties 30 14,400
cattery charging equipment 10 2,000
koad grader 8 15,000
Water truck 10 €,000
catnhoyse, office and Tamphouse 30 66,700
varerouse and supply yard 3 4,300
Forkiift 10 2,500
Supstation and distributor 30 30,000
Transformers and rectifiers 15 13,300
High voltage cable 30 7,000
Frimary venziiation fan 30 15,300
Auxiliary fan 10 7,400
fsnaust fan {for machine shop: 30 500
Mine safety equipment 5 44,600
Pumps (10,000 gpm total) 15 35,200
Alr compressor 10 10,000
Tow Truck 10 3,000
Gyratory crusher 30 86,700
Trac« maintenance machine 15 3,300
Shaft access, ventilation, rotary dump 30 1,684,600
Environmentat impact stataement 30 66,700
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Table 4.40 Depreciation Schedule, 20.175 MM tpy
(Block Caving with Slushers) cont'd.

Straight-line
ITEM depreciation (years)

Contingencies, mobilization,

and engineering 30
Concrete pliant 30
Trelley wire 30
Preproduction developmernt 30
Total
4-131

Yearly charge

$ 165,400
8,300
2,900

1,385,700

$5,546,300



Table 4.41 Estimated Yearly Interest Cost on Capitilized Items, 30.175 MM tpy
(Block Caving with Slushers)

Depreciable

Life (yrs) 5 8 10 15 30 Total
Capital
Required 223,000 7,020,000 4,829,000 7,696,500 105,561,000 125,329,500
Interest
Charge
107% 13,380 394,880 265,600 410,480 5,454,000 6,538,340
9.5 12,700 375,130 252,300 389,960 5,181,300 6,211,390
9% 12,040 355,390 239,000 369,430 4,908,600 5,884,460
8.5% 11,370 335,640 225,800 348,910 4,635,900 5,557,620
8% 10,700 315,900 212,500 328,380 4,363,200 5,230,680
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Power and YWater

Operation

Two boom hydrauiic dwif’
Two hoom hydraulic fan
Two boom medium drill j
Two beom small

drill
Rock U”!L1ng machineg
Primary ventilation fan

Auxitiary fan

'Z' \fr~auc + fan

S0-ton trolley iocomotive
30-ton troliey iocomotive
Double druin hoist
{(production)

Double drum heist
(service, development)
dnderground crusher
Stusher

Compressors (1,000 ctm)
Pumps
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Miscellaneous {surface)
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Jumbo 135 540
it 135 sS40
180 230
2,,70 5,400
150 1,560
105 2?0
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* Water assumed to be provided by site wells
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Table 4.43 Estimated Preproduction Cost, 30.175 MM tpy
(Block Caving with Slushers)

ITEM Total cost Cost/Ton*
Total labor and supervision. . . . . . . $12,631,00 $0.97
Operating supplies
Machine parts. . . . . . . . . . . 714,000
Bits . . . . . . . . . ... 103,000
Rock bolts, shells, and plates . . 268,000
Lubrication and fuel . . . . . . . 900,000
ANFO, caps and wire. . . . . . . . 333,000
Drill steel and couplings. . . . . 88,000
Concrete . . . . . . . . . . . .. 809,000
Operating contingencies (&%) . . . 257,000
Interest on capitilized equipment
(635 days). . . . . . . . . .. 7,048,000
Subtotal. . . . . 10,519,000 0.76
POWEY. . & v v v e e e e e e e e 2,428,000 0.18
Payroll overhead (35%) . . . . . . . . . 4,421,000 0.32
Indirect costs (10% of labor,
supervision and operating supplies) . . 1,610,000 0.12
Fixed cost:
Depreciation (635 days). . . . . . 7,238,000 0.52
Taxes and insurance (3% of
52,214,000 for 635 days). . . . . 2,725,000 0.20
Total . . . $41,572,000 $3.02

* Total tons = 13,750,030
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Tabie 4.44 is a summary cf the estimated annual production cost for
an 85,000 tpd mining operation. It must be understood that this cost
inciudes only mining costs and does not include precessing costs. Alse
included are yearly interest, reclamation, exploration, and environmental
monitoring costs. The total estimated cost per ton is $1.35.



Table 4.44  Estimated Annual Production Cost, 30.175 MM tpy
(Block Caving with Slushers)

ITEM Annual cost Cost/Ton
Direct costs

Labor and supervision. . . . . . . . . $13,415,000 $0.44
Operating supplies

Machine parts . . . . . . . . . . 733,000

Drill bits. . . . . . . . . . .. 61,000

Rock bolts, shells and plates . . 152,000

Fuel and lubrication. . . . . . . 520,000

ANFO, wire and caps . . . . . . . 200,000

Drill steel and couplings . . . . 81,000

Concrete cost . . . . . . . . . . 415,000

Subtotal. . . 2,162,000

Operating contingencies (5%

of line above). . . . . . . .. 108,000

Yearly interest cost (9%) . . . . 5,884,000
Subtotal. . . 8,154,000 0.27
Power . . . . . . . . . . .. .. 4,133,000 0.14
Reclamation . . . . . . . . . . . 1,000,000 0.03
Payroll overhead (35%). 4,695,000 0.16
Exploration . . . . . . . . . .. 500,000 0.02
Environmental monitcring. . . . . 300,000 0.01

Indirect costs (10% of labor,

supervision and operating supplies

not including yearly interest cost). . 1,569,000 0.05
Fixed costs

Taxes &nd insurance (3% of mine

cost, $52,214,000). . . . . . . . . . 1,566,000 0.05
Depreciation 5,546,000 0.18
Total . . . . . . . . . $40,878,000 $1.35
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4.¢.3 slock Caving Destign Using LHD Cquipment

The plock caving syster presented here is in many respects, simiiar
to tne one discussed in Section 4.6.2. The major difference lies in the
method of ore handting. Ore is ioaded into ore cars through transfer
raises using LHD eguipment. Tne main advantages of LHD's over slushers
are: (1Y LHD's have greater mobility ard can be easily moved to different
foading voints in the svent of production intervuption, and (2) LHD's

can handle larger pieces of hroken ore, thereby reducing secondary
blasting and drawpuint repaiy costs {(Young, 1973).

rautage, ventilation, and undercut levels are similar in both LHD
and slusher designs. 1In the design using LHD's the haulage level is
beiow the prcduction level witn the ventilaticn level between the two,
Figure 4.35, In the discussion that follows, preproduction development,
production, ventilation, equipment selection, and production costing are
;

expiained in detail except for parts that are identical to the previous

daesian.

A

4.6.3.1 Preproduction Davelopment

Preprodbcﬁimn development on the main haulage levei for block
caving ysing LHD's 1s identical fo the previocus design. Drifts are
driven using the same equipment with the same cycle times., Differences
occur in the development of production and ventilation levels. The main
haulage Tevel laycut s identical to that of the previous block caving
design, Figure 4.28, and requires the same development time, Table 4.45.

Production [evel. The production level for the LHD design is 40
feet above the main haulage Jevel. Inclines are driven from the haulage
ievael at each panel location to the production level. The incline to
the production level also serves as the intake ventilation access for an
entire panel. Five producticn crosscuts, 14 by 12 feet, are driven
parallel to, and directly ebove the panel drifts, Figure 4.36. Pro-
duction lines 12 by 12 feeat are driven perpendicular to production
crosscuts on 100-foot centers, Figure 4.37. Each block has three
production lines for a tctal of 28 finger raises. At the end of each
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Plan View of Production Level, Block Caving with LHD's

Figure 4.36
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production Tine a ventilation raise is bored 15 feet down to an exhaust
ventilation crosscut. For full production of 85,000 tpd a total of 12
blocks (432 finger raises) must be developed.

Ore transfer raises (10 by 10 feet) are then driven from the haul-
age level to the production level, Figure 4.38. Each block has three
transfer raises, for a total of six dumping points. Rail mounted, two-
boom, pneumatic jumbos are used to drill the ten by ten-foot raises 22
feet high. Then two, eight by eight-foot branches in the raises are
drilled using stopers. Each transfer raise is concreted to reduce wear
and hang-ups and holds approximately 300 tons of ore. This storage
capacity allows the LHD operator to work continually without having to

wait for empty ore cars.

Ventilation Level. The ventilation level layout is identical to
that shown in Figure 4.30 for the previous block caving design. The
major difference is that the ventilation level 1is abcve rather than
below the main haulage level. Development starts by driving a 30 by 20-
foot incline up to the ventilation level and out to panel number one
ventilation crosscut. Six, 5 by 15-foot ventilation crosscuts are
driven to complete the ventijation circuit necessary for full production.
Ventilation drifts are also driven to connect the 16-foot diameter
exhaust ventilation shafts.

Indercut Level. Access to the undercut level is by a ten by ten-
foot incline from the main haulage Tevel near the shaft pillar. The
undercut drift is driven out to the first panel where a room and pillar
undercut is started. Crosscuts ten by ten-feet, are then driven on 50~
foot centers, leaving 40-foot square pillars, Figure 4.38. Finger raises
are holed through and muck dumped to the production level below. When a
section has been undercut sufficiently, the finger raises are completed
and the pillars drilled and blasted. Development is accomplished using
four two-boom jumbos and five cubic yard LHD's.
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4,027 Production

!

Full production requirements for each biock are iderticatl to that
of biuck caving using slushers., [ total of 27, eiqht cubic vard LHD's
per shote hauwl ruck from finger reices and dump into fransicr raises.
Ure in the transfer raises i¢ then loeded intc SC-ton rail cars throuuh
hydravtically operated chute gates. Fifty-ton trolley locomotives
then haul the ore to the gyrato~y crushers at the shaft station. Five,
50-ten trolley locomotives must dump ten, ten-car strings per hour.
Develenment muck is hauled usina 30-ton locomotives. The drawing
Tife of one block is approximatalv one year with nine new blocks brouaht
into mroduction each year. Blocks are brought into rroduction retreatino

towards the shaft area along a 45 dearee cave line.

4.6.3.3 Ventilation

v guantity requirements are computed considering a nassy mine with
2iesel equipment underground ard using only permissible and explosicn
proof machines. Colorado mirirg laws (Colorado Bureau of Mines, 1971 and
State of Cciorado, 196€) require an additional 75 cfm of free air for
each brake horsepower of diesel equipment used underaround. Preliminary
calcuietions for estimated mine ventilation requirements are presented
in Appendix C.

[ntake air enters the mine through the production and service shafts
ancd 1s directed to the prcduction level through inclines at each panel.
The air is then circulated through the procduction crosscuts, reaulated
through each operating production Tine, and exits down a vertical raise
to the ventilation level. Two 12-foot, axial-vane exhaust fans lccated

in each ventitation shaft, are used to draw the air out of the mine.

nic ventilation network is designed so that air 1s not reused once

it reaches the production level.
4.5.72.4 Production Equipment Selection

Appendix C contains the calculations used to estimate equinment

size, gquantities, and cycle times for major equipment items. The capital
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A

expenditure tablies in the foilowing zection on cost analysis summarize the

tvaluation of capital eguipment for this large tonnage cperation has

een dore re1yfn9 ptmast exciusively on current vendor data. Wherever

pessible, only that aquipment currently manufactured, whether as a full
production dtem or as a prototype, wos selected Tor analvsis.

5]

tor ¢

i

[»Y)
(

For this initial evaluyation oper fictencies and minor eauipment

set up times weve approximated by considering only five hours of working
time per eicht hour shifi,  The mine has been designed on a three-shift,
seven-days per week wovrk schedule.  For the purpoze of inciuding holidays

and unexpecied work stoppages, @ work year was coinsidered to he 355 days.

Eouroment availebitities are estinated and range from 6% to 90%, depending
on use and past performance of similar models.
4.0.3.5 Produciien Cost

The method of pry tion costing for block caving using LHD's is
(Staff, 1972, Katell and

Hemingway, 1974). This costing method necessarily assumes that the o1l

simitar to the fcrmat presented in the USEM

shale mine is the Qn%y income souvce to thz corporation; therefore,
cevelooment coots {inciuding mine access and hoisting) are capitalized.
It veality, these costs wouid most Tikely be charged to production and
deductad as negative cash “low in the overall corporate cash flow deter-
mination. Excluded in ihis analysis are royaity payments, welfere
ravients, and surface transnortation ceosts. AT cosis wera collected

during first guartar, 19/5

Taple 4.46 1ists the supervisory and houriy personnel nseded for the
operaticn ot an 53,000 tpd mine. An additional 12% of the hourly manpower
requirements are included to account for ahsenteeism. Figure 4.32 is an
example of the anticipated management flow chart for the underground mine
oniy. Tabie 4.47 is [re capital investment summary that includes con-
tingencies, mobilization of capitalized eguipment to mine site, consulting,

1

envirommental impach ot

wnt, iine access, and preproduction develop-

ment.  Gne tetal capital dnvestment is estimated at $122,800,000 not
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Table 4.46  Manning Table 30.175 MM tEy
(Block Caving with _HD's

Personnel

Salary

Superintendent
Administrative Superintendent
Geneval Mine foreman
Mine foreman
Shift foreman
Assistant shift foreman
Development foreman
Production foreman
Chief mechanical foreman
Chief electrical foreman
Shift mechanic foreman
Froduction mechanic foreman
Development mechanic foreman
Shift electrical foreman
Chief engineer
Mining engineer
Draftsmar
Surveyor
Surveyor helper
Safety director
safety foreman
Business manager
Accountant
Purchasing supervisaor
Warehouse supervisor
Watchman
Fayroll agent
Warehouseman
Stenographer
Secretary
EFxecutive secretary
Mine geologist

Subtotal

To

-

~o
m~2

WOl

l-—d--s>r\3~t>—4—d—4—xw—xwwr\>w-—‘wwww—-a—J

tal

B O W W

Nej

Annual Cost
Per Employee

$33,000
25,000
27,000
22,000
20,000
19,000
18,000
18,000
21,000
21,000
19,000
18,000
18,000
19,000
25,000
20,000
9,600
10,800
9,000
19,000
16,500
18,000
9,600
14,400
13,200
6,000
7,500
7,200
6,600
7,800
9,000
18,000

Annual Cost
(260 Workdays)

$33,000
25,000
27,000
22,000
60,000
57,000
270,000
432,000
21,000
21,000
57,000
54,000
54,000
57,000
25,000
100,000
19,200
32,400
27.000
19,000
49,500
18,000
9,600
14,400
13,200
24,000
15,000
28,800
6,600
7,800
9,000
18,000
$1,626,500




Table 4.46 Manning Table 30.175 MM tpy
(Block Caving with LHD's) con't

Wages Per Annual Cost
Personnel Total Day (260 Workdays)

Underground
Driller 62 $51.81 $835,200
Driller helper 62 49.96 805,400
FEL operator 15 50.88 198,400
LHD operator 126 . 50.88 1,666,800
Car loader 18 49.96 233,800
Locomotive operator 18 50.88 238,100
Scaling and rock bolter 43 52.81 590,400
Powderman 43 52.81 590,400
Trackman 22 50.88 291,000
Ventilation man 7 50.88 92,600
Electrician, first class 7 56.58 103,000
Electrician, second class 7 52.90 96,300
Pipefitter 7 56.58 103,000
Pipefitter helper 7 52.90 96,300
Mechanic, first class 30 56.58 441,300
Mechanic, second class 30 52.90 412,600
Warehouseman 4 52.90 55,000
Concrete man 22 49.96 285,800
Form man 25 49.96 324,7C0
Supplyman 29 49.96 376,700
Grader operator 4 50.88 52,900
Laborer 14 49,96 181,900
Crusher operator 4 52.90 55,000
Concrete mixer 7 49.96 90,900
Truck driver 8 50.88 105,800
Master mechanic 4 56.58 53,300
Dispatcher 4 50.88 52,900
Hipacker 22 56.58 323,600
Welder _4 51.81 53,900

Subtotal 655 $8,812,500
Qutside
Mechanic 1 $54.76 $14,200
Mechanic helper 1 50.88 13,200
Forklift operator 4 49.96 52,000
Lampman 4 47.15 49,000
Hoistman 8 51.70 107,500
Janitor 4 49.15 49,000
Cageman 4 49.77 51,800

Subtotal 26 ~$336,700
Contingency for

absenteeism (12%) 82 $1,098,000
Total labor and supervision 862 $17,873,700
4-147
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Summary.,

[Block Caving with LHD's)
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Two hoom hydraulic dritld
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160,000
75,000
10,000
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150,000
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10.000
60,000
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$2.15
$6.64
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960,000
630,000
5,673,000
11,000
1,500,000
1,380,000
950,000
150,000
200,900
400,000
1,200,000
249,000
112,000
120,600
300,060
20,000
720,000
100,000
1,000,000
1,248,000
140,000
432,000
73,000
£0.060
2,000,000
130,000
25,000
900,000
148,000
216,000
17,000
1,000
450,000
74,000
16,000
35,000
5,000
3,000
1,000



Table 4.47 Capital Investment Summary 30.175 MM tpy
(Block Caving with LHD's) con't
[TEM Quantity
60-inch gyratcry crusher 2
Track maintenance machine 1
Trolley wire 130,000 ft
Two boomn fan arill 2
Compressor (350 hp) 1

Total direct cost . e e e e e e
Contingencies (9% of total direct cost) .

Subtotal

Mobilization charge (2% of line aktove)
Total Construction

Consulting engineering fees, overfead
and administration (6% of line above) .
Subtotal

Environmental Impact Statement . . . . . . . . . . .
* Mine access (included are ventilation, production,
and service shafts, two production shaft double
drum hoist, one service shaft double drum hoist,
one development double drum hoist, two crusher

rooms and two rotary car dumps, two surge bins) .
Subtotal

* Preproduction cost
Net capital investment

Value of oil in 10,419,000 tons of ¢il shale
stockpiled or retorted during preproduction
development (assumes 511/&51)

* Assumes capitalization.

4-150

Cost Per
Unit
1,300,000

50,000
50.68/foot
73,200
50,000

Total Cost

2,600,000
50,000
88,000

146,000
50,000

$28,911,000
2,602,000

31,513,000

630,000
32,143,000

1,929,000
34,072,000

2,000,000

50,538,000
86,610,000

. 36,262,000
. $122,872,000

$54,576,000
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fable 40~ Depreciation Schedule, 30.175 MM tpy
(Blcok Caving with LHD's)

Straight-line
ITEM cepreciation {years) Yearly charge

Cwo hoom bvdrzulic drill jumbo IS8 $232.500
a0 rpodin drilt jumbo 8 46,500
Two oo snal b deilt Jumbo 8 28,500
S0 Biock nvdrantic fan drill 3 225,000
TLois ) S 120,000
i v 3 78,800
ey vl 8 709,100

Steper 8 1,400

SO-ton trolley locomotive 15 100,000
Ch-Lon teciiey lTocomotive 15 63,300
4-Lon Lattery Toconotive 15 ' 10,000
£0-ton rail cor ‘air brakes) 10 138,000
Flatoay and Supply car 10 20,000
Covcrete vats 10 40,000
iwo o drill rock bolt machine 10 120,000
Mine safety equipment 5 9,200
Powder ena ANFO loading truck 10 11,200

Labrication and fuel truck 10 12,000
Service vehicle 10 30,000

Underground machine shop 30 33,090
Track ora trolley meterial 30 63,700

Batzery charging equipment 10 Z2.000
voad grader 8 15,000
Water “ruck 10 6,000
Lathhouse office and lamphouse 30 66,700
ravehguce and supply yard 30 4,300
LA I 0 2,500
Labcrnatior and distribution 30 30,000
Sion voitoge cable (8?(\‘/—40) 30 7,000
Pravary ventilation fan 30 15,400
Cobause fan (machine shen) 30 500
g ltary fan 10 7,400
vates oump (12,000 gpi total) 15 25,200
BT COnrass0r 10 10,000
& 10 3,000
G tory crusher 30 86,700
cack pataTenance machine 15 3,300
transtormor and rectifier 15 9,900
Lo Poor fan drild 8 18,300
Lrvivonmental impact statement 30 66,700
Fire chemical truck 10 10,000
Mine ooiess 30 1,684,600
Prep ;ovion develcoment 30 1,207,900
Compressor (350 hp) 10 5,000
Poatingencies. mobilization and
engiceering 30 172,000
Total $5,561,600

4-152




Table 4,49 Ssttiveted Yeariy Cost on Capitatized Ttems, 30.17% MM tpy

slock Cavinag o

4,171,000 3,325,5C0 103,155,008 122.498,300

0 A 653,600 225,400 177,400 5,329,700 6,403,100
SN <. 66l £30,6C0 217,900 168,500 5,063,200 5,082,800
g 7,500 h97 400 206,500 129,800 4,796,7CC 5,762,700

e

G 2 530U 564,200 165,000 150,800 4,530,200 5,442,500

(O]

00

[&2]

122,

% 2,200 531,000 183,500 141,900 4,263,700
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T s PO . FaN I T~ R . o I Py
=L OU Jowey ana water Cost 30. 0% MM Ty LooCK LAaving woth ownlos

Number 1P i Hrs. per A Total fotai*
of 9 Total day full total K water
Unites Operation Unit 1oad tToad load requirements “gpd,
- 4 Two boom hydraulic driil jumbo 35 540 15 403 6.050 54,000
4 Two boom hydraulic fan drilil 135 540 15 4032 6,050 54,000
> 4 Two boom medium drill jumbo - - 15 - - 40,000
z 4 Two boom small dvill jumb - - 15 - - 30,000
. o Rock bolting machine - - 18 - - 33,000
4 Primary ventilation fan 1,350 5,400 24 4,027 96,650
= 10 Auxiliary fan 150 1.500 24 1,120 26,880
? Fan [machine shop) 105 210 24 157 3,770
5 h0-ton trolley Tocomotive 7120 3.600 15 2.685 4¢,280
< 4 30-ton trolley locomotive 380 1,520 15 7,133 77,000
? NDouble drum hoist, production 10.000 23,0006 20 14,274 208,280
~ - 2 Double drum hoist., service and
L production 5,000 10.000 20 7.457 149,140
o 2 6C-inch gyratory crusher 700 1,400 20 1,044 20,880 17,000
3 Compressors {1000 cfm) 100 3800 15 597/ 8,960
17 Pumps 4725 5,100 24 3,805 91.320
Z Rotary dump 50 120 20 30 1,800
x 1 Compressor 350 350 15 261 3,920
v Miscellanegus .uUnderground) - - - 1,000 12,000
™ Miscellaneous «Surface) - - - 1,000 )
o
Sower ost o= 20.013 x 794,980 < 3Bn = 33,547,300
* Nater assumea o te oreovided Sy sits wells
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able 4.57 Estimated Annual Production Cost. 30.175 MM tpy
(Block Caving with LHD's)

ITEM Annual Cost Cost/Ton
Direct costs
Labor and supervision . . . . . . . . $11,874.000 $0.39
Operating supplies . e e e

Machine parts . . . . . . . . . . . 950,000
Lubrication, fuel and tires . . . . 1,413,000
Rock bolts, shells and plates . . . 202,000
Drill bits . . . . Coe e e e 70,000
ANFO, caps and wire . . . . . . . . 250,000
Orill steet and couplincs . . . . . 85,000
Concrete Lo oL Lo L0 L 420,000
Subtotal . . 3,390,000

Operating contingencies (5% of

line abhove) Coe 170,000

Yearly interest cost (9%) . . . 5,763,000
Subtotal 9,323,000 0.31
Power . . . o e e s e e e 3,687,000 0.12
rReclamation . . 1,000,000 0.03
Payroll overfead (35%) . . . . . . . . . . 4,156,000 0.14
prWOrat1on .. e e e e 500,000 0.02
Fnvironmental mon1tor1ng .. Ce e 300,000 0.01

Indirect costs (10% of labor, super—

vision and operating supplies not

including yearly interest cost) . . . . . 1,543,000 0.05
Fixed costs

Taxes and insurance (3% of mine cost,

$52,508,000). o 1,575,000 0.05
Depreciation . . . o . o .00 5,562,000 0.19
Total . . . . . . . . . $39.520,000 $1.31
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16, three-inch diameter holes “n a vertical plane paraiilel t¢ the block
boundarv. ot is assumed that when ftwo sides of a hlock are fan drilled
and blasted, together with undercutting, caving is induced. Boundary

weakening is provided for all peripheral blocks.

Additional costs include $75C,000 for drilling equipment, $500,000
per year for additional personnel, and $75,000 per year for operating
supplies. The total additional production cost for this method is

approximately $0.04 per ton.
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corologe arl Mescorolog . Precipitation in the study area has
not been measured but is probably about 15 to 17 inches annually (Harbert
and DLerq, 19743, about half of which is believed to occur as snow.
Occasional thunderstorns durinrg Jate summuer can be severe enough to
cause flash flooding along the major drainages, such as Ryan Gulch. Air
temperatures arve characterized by extremes varying from over T00°F

during tne sumrer montns, to -40°F, or lower, during winter.

AMrfiow 15 strongly influerced by th2 topography. Local valley
flow circulaticon patterns are dependent on diurnal variations typically
resulting in upslope breezes during the daytime and downsiope drainage
winds at night. However, in the presence of significant upper airflow,
these valley flow patterns can be complex and difficuit to predict. In
the broader valley bottoms, temperature inversions may be expected,

especially during the winter moriths.

Curgace Water,  Surface wazney 1s scarce in the study area, as it is
in the rest of the Ficeance Creek Basin. Ryan Sulch displays only
internittens surface flow, primarily during spring runoff. However, as
mentioned previously, occasional severe thunderstorms can produce significant
tlows for short periods of tine during late summer. Although no data on
Ryan Culch flows have been found, the erratic nature of stream flow
under such conditions is inferred by data on Piceance Creek flow.
According to Coffin, Welder, and Clanzman (1971), the Piceance Creek
(below Ryan Gulch) had an average flow of 12.5 cfs with extremes of 0.80
to 400 cfs.

4.7.1.7 Biological Envirornent

cretaiZon,  Vegetation in the area consists of pinyon-juniper

woodland, (°inus edulis, Juniperus Jsteosperma) mixed mountain shrub

commur:ities, and grassland in some of the primary drainage bottoms.
of cites, may alsc occur as the characteristic species, especially where
overgrazing has historically occurred. As in most semi-arid ecosystems,

vegetation distribucion is strong y influenced by slope and aspect.
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Categery 2 - Areas whers vecy limiced air quaiity degradation

will be permitoed,

Categury 3 - Urban a~eas where existing pollution is less than
the secnncary standard, allowing emissions up to the

standary.

A uresent, the Colorado 011 shale ~ecgion is Tikely to be placed in
category 2, it that designation wi!l not ~mpede 031 shale development.
If tris categery proves too restriztive, the region will probably be
classitied into caregory 3. These categories will be concerned only

#ith particuiates andg oxides levels.

0F most dmportarce to the winirg, considered in this report, is the
Timitation ¢n particulate mattay, since this constraint covers atmospheric
dust which may be expected from shile hauling and handling. The only
other poliutant cateqories pertineat to mining are nitrogen oxides and
hydrcearoons which may be produced by blasting. Although probably
insufficient te corstitute vicletions, the gases produced by underground
Slasting should be consigered in the design of mine ventilation systems.
drErcus oxices and hydrecarvors could also be a problen along haul
roade f truck nauling or other heavy vehicular traffic is anticipated.

The possibility of natural gas release by mining must also be
considered, Depenaing on the amouats released, such gaseous hydro-
carbens could be subject to control under federal or state emissions

regulations.,

O hater Juality Regulation

(A

The Colorado Water Luality Coatrol Commission, by autnority of the
Coinrado Vater Quality Control Act of 1973, has issued standards for
water quality and classifications of state water bodies according to the
specitic aictoric uses and future desired uses of each classified stream
Or léke. The Comirssion's requlations also carry federal authority by
vivtue of EF4 aporoval of Colerado’s water quality program, under the

Federai sater Policticon Zontred Amzrndmenzs of 1972.

4-164



Tne fomnission hae not classified P
of the study area considered in this rep

iceance Creek,

ori; nowaver,

“’

the White River into which Ficeance Creek 7lows. Above the White River

contluence with Piceance (reak it is ¢lassified as Bi, helow as 3.
designate waters as "suyitable for all purposss
customarity ysed, except primary contact recreziion,
Ter skiing, The cniy differences betwesn classes

By and 2, are in tha water temperature changes rvesulting from effiuent

dischargs and in ntiy Tower dissolived oxyger content reauired for

Bo.  In ccaition, sre nasico standards applicable to a1t state

weters, whether classified or not. Among these is the Commission's

progesition MLL.te maintain salinity concentrations &t or below present

levels ' until such e as sufiicient data and salinity-reduction
technoloyy are availlable to permit the establishment of quantitative
standards

in applying the Colerade regulations, the state has authority to
iscuz dischargs permits fo private developments where the discharge is

in compliance with both state and

which do net comply with the Taw,

The EPA way also veto permits which will
water quaiiiy in another state. In

anly the FPA can issus poymits,

.3 Mational Dnvivonmental Policy

4 z |
Any rederal ection of the magnitude
ment will, of course, be subject to prov
Pelicy Act (HEPA). Tharefore, public
ptans and Submissioﬂ of an envivormental
reguired. Although NEPA aione does not constitute physical,

constraints on develooment, it does prov

§ '!(2\\)’

federal agencies, state agenc

nublic can object to or otherwise exert

federal law.
trey are subiect to veto by the

the case of Federal

environmental

It permits are issued
EPA,
result in adverse effects on

developments,

Act

of the proposed oil shale develop-

-

isions of the National Environmental

disclosure of the general development

S

impact statement will likely be
statutory
t1de legal means by which other
groups and the general

influence on project design,



timing, and even its existence. Considering the magnitude of the mining
effort ervisioned and its potential for ecological disturbance, siani-

ficant public opposition tc its commencement should be expected.

4.7.2.4 Minerals Leasing

Whetnher the proposed miring operations are conducted by private
industry alone, or in combination with government agencies, the land
area invclved is public anc will therefore be subject to leasing by the
Interior Department, under the 1920 Mineral Leasing Act. If the Proto-
type 011 Shale Leasing Program and announced U.S.D.I. intentions in
regard tc new coal leasing pclicies are indicative, substantial environ-
mental stipulations will be a part of any such instrument. Therefore,
such requirements should be anticipated.

4.7.3 Mining Impacts

Under the broad heading "environmental impacts” are included many
diverse effects, both positive and negative. The degree of some impacts
is directly related to the mining method while some will be of equal
magnitude for all methods. Due to the preliminary nature of this
report, only general categories of impact are identified. Quantification
and detail must await more comprehensive evaluation of the particular
mining method selected.

As far as environmental impacts are concerned, the major difference
between the mining methods considered in this report is the amount of
land subsidence involved and the time period over which it will occur.
Since bHoth these factors relate to mining method and technology, as-
sociated environmental impacts will be discussed in the category,
"technology-dependent" impacts. "Techrology-independent" impacts are
those which will be essentially the same, regardless of the underground
mining approach.
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per square mile, average winter carrying capacity, the amount of forage Toss
would be equivalent to 14 to 54 animals. Assuming the mined area falls in
the most critical winter rang2 area, the true amount of range loss would
probably fall somewhere between these two extremes. For a total herd size
astimated to be 30,000 to 100,030 head (dJohnson and Alden, 1974), such
potential losses should not be significant. Under conditions of severe
subsidence, the loss of habitat could total almost 1,500 acres.

Under light subsidence, otner terrestrial wildlife besides deer

would probably not suffer seriousiy. Although some reduction in habitat

would 1ikely occur, it would not be potentially critical to population
survival. Most species are expected to reestablish in areas adjacent
to disturbed land where the habitat would remain available. Although
individuals of some Tess mobile species may well be exterminated, such
losses would not be detrimental to the species in general, except where
rare or endangered species are threatened.

Severe subsidence would result in a general loss of wildlife habi-
tat for most species which formarly inhabited the disturbed area.

Lune Usze. The impact of the proposed program on land use in the
study area would be profound under conditions of severe subsidence. Not
only would the recreational resources be destroyed, grazing could also
be lost for a long period, well beyond the end of mining. However, under
tight subsidence, neither of these land uses would necessarily be lost
in the long term.

4.7.3.2 Mining Technology Independent Impacts

oowality. The major detrimental influence on air quality will
be dust. Since dust is an air contaminant regulated by law, mine and
associated “acilities should be designed to comply with state and
federal regulations in this regerd.
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Acsuiming adequate technology for establishing vegetation on spent
shale disposal piles can be developed, the question of where such
disposal areas should be located must be considered. At present, two
opposite approaches are being considered by companies developing o0il
shate. Une company envisions placing the material in ¢ natural drain-
age, siowty fi1ling it from one end, and establishing vegetation stepwise,
in a longitudinal manner down the valley as it is filled. A shale/water
retention dan is constructed at the foot of the gulch with permanent
drainage tunnels constructed underneath the shale pile. This approach
permits ratural, uncontaminated runoff to pass under the disposal area
inte the natural drainage below the dam. Shale contaminated (salty)
water draining over and through the shale pile will be held by the dam.
The other approach, being considered for prototype lease tract C-a by
the Rio Blanco Project, considers piting the spent chale on a mesa.

The wethods fcr centrolling contaminated runcoff and leach water have
not yet been determined. Both project approaches may involve placement
of soil over the spent shale tc provide a better plant growth medium.

For the project discussed in this report, either of the approaches
discussed above may be feasible. However, there is another possibility
vresented by the land subsidence which will occur: placement of spent
shale in the subsided area. Depending on the degree of subsidence, a
disposal cavity estimated at 200 to 800 feet deep over a one square mile
area would be created by mining one subsidence unit, as previously defined.
fo return this disposal cavity to ground level would require 200 to 800 mil-
tion cubic yerds of material. For a daily spent shale production rate
of 35,000 yd® assuming ne backfilling underground, 16 years of spent
shale production would be required to fill the 800-foot deep cavity.

For a 200-foot depth, with maximum mine backfilling, and excess spent
shale production of 10,500 yd® per day, approximately 52 years of
croduction would fi11 the cavity. Although attractive at first con-
~ideration, such a scheme suffers some practical shortcomings. ‘“Jnless
~ sulsidence unit was prepared in advance by disposal of spent shale
cisewhere, no disposal cavity would be ready as it was needed during
mining. The problem might be solved by systematic programming of the
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srororacton ond Uelliey dersiore, The land area required for

power transmission, pipeline, anc rnad corridors will be at least

temporarily removed from production as wildlife habitat. However, with

the excevntion of roads, these corridors can be rehabilitated following
construction and pose no long-term impact threat. Electric power transmission
Tines built eccording to BLM specifications for minimizing electrocution

hazard to birds will not create an impact on eagles or other large birds.

Lolore Sebes tlon ane Cranerort Svructurec. 1T water-holding or
tailings ponds which contain toxic materials are constructed, they may
constitute hazards to waterfowi which seasonally frequent the Piceance
Creek Basin. Such ponds will also displace a small area of terrestrial
wildlife habitat but the Yoss probably will not be significant. Construc-
tion of all such structures should be adequate to virtually eliminate
any reasonable possibility of failure, whether or not the retained

material is =Zoxic.

of

ale Stoeipdle.  Raw 01 shale stored prior to retorting will
require a certain amount of land. However, the crushed shale will not
create a hazard to water quality through erosion as would retorted
shale. Therefore, it should not be necessary to stabilize its surface
with vegetation or covering of any kind from an envirormental stanc-
point. After mining is finishad, the area can be revegetated without

serious difficulty, since no soil will have been removed.

Vevelopment loek Dispoeal.  The volume of rock extracted from the
development of four mine shafts is estimated at 274,000 yd®. Since this
material will not have been subjected to weathering like exposed surface
rock, it may constitute a source of pollution to surface waters, depend-
ing on its composition. Pre-development core drilling should provide
data on this guestion. However, i¥ it is found to bear unstable compounds
which ©ould break down to create acid drainage or other hazards to the
envivonment, it may he necessary to build some type of containment
structure. Tre amount of material involved is not so large as to preclude
such an approach. Other alternatives inciude using the rock as concrete
aggregate, road base, or fill mate-~iail.

4-17¢




Cur[aon Machinery ond Comstruetion. At least three types of
envirennental impact will bz created by construction of head frames,
crushers, conveyors, and re’jated faciiities. Noise generated in the

head frame assembly and by crushers can be a significant impact, depend-

-~

ing on tho design of these facilities the primary crusher is located
uncderground as expected, its surface noise contribution will be non-
existent. dowever, secondary crushing, movement of shale to the sur-
Tace, dumping, and transport to the stockpile would generate consider-
anle noise f uncontroiled. High noise Tevels would be expected to have
significant effects on wiidlife especially those species known to be
relatively intolierant of human activity such as bear, mountain lion, and
eagies. In effect, human activity decreases the amount of habitat
avallable to these species because they tend to move out of the area as
human activity increases.

Ancther potentially significant impact is degradation of air
quality from dust in the imnediate area of these installations. As
discussed previously, dust suppression systems and procedures will
orobaply Le reguired.

Finally, the impact on aesthetics should be considered. Although

it prcobatily is impossible to completely eliminate this impact, it is

quite possibile To reduce 12 significantiy. Some controis and restrictions
on developnent related o aesthetics will probably be required by taw,

as they aee in the Prototype 011 Shale Leasing Program. Examples of such
measures ave restricting road and corridor widths to a minimum, aesthetic
consiceration of sites selectad {or construction, and the compatible de-

signs, including color, of ali huildings.

4.7.4 Cost Estimates for Environmental Programs

The following cost estimates are preliminary and are intended only

a9
v

broad guidelines. A1l estimates are based cn the previous experiences

simiiar work, except for the environmental damage mitigation category.

O
)

tegory includes toc many variables to be precise. The figure of
G,OOO is intended to include only the cests of structures and
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“acilities accessory to the mine, and not hasic modification or design

changes which may be necessary.

1.7.4.7 Baseline Data Collection
Proyram objective: Conduct field and laboratory studies in all
envircnmental disciplines pertaining to ecology,
meteorology, and hydrology specifically of the
selectec¢ tract of land.

Program duration:  Two years (minimum)
Program cost: 52,000,000
4.7.4.2 Environmental Monitoring

Frogram objective: Conduct continuous monitoring of air and water
quality (surface and ground) and selected

ecological parameters.

Program duration: Life of project
Program cost: £300,000 per year
4.7.4.3 Erivironmental Damage Mitigation

Programm objective: IMinimize serious environmental impacts during
both construction and operation c¢f mine by
incorporating certain design modifications and
operating procedures.

Program duration: Irregular - design inputs early; intermittent
specific measures for life of project.

Program cost: $6,000,C00

-7 A |

L0404 Hesearch on Spent Shale Disposal

Program objective: Develop the technology for establishing permanent,
beneficial vegetation on spent shale disposal

area.
Frogram duration: Five veers
F'rogram cost: £1,500,00C
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4.8.3 Working Area Safety

The labor structure is sot up so that wherever possible, no one man
is working alone in a productior or development area. This feature is
cenerally standard in highly nechanized operations and helps to reduce
serious or fatal injuries. Page phones are also located near working
areas and belt drives. As mining advances, permanent phones are in-
<talled in strategic locations for emergency use and outside communications.
First aid kits and stretcher sets are provided at all phone stations.
A11 underground employees are required to carry MESA approved self
rescuers and dust respirators. Methane detectors are issued to all
underground supervisors. Emergency escape ways are provided in all

shafts along with safety rooms at most phone locations.

4.3.4 Equipment Safety Features

The equipment used in the candidate mining systems are all classified
as pernmissible and have roll over and impact resistant protective
canopies. All diesel equipment have exhaust scrubbers and mufflers to
reduce hydrocarbon emissions and noise levels. Adequate standby equip-
ment is provided so that preventative maintenance can be performed
reqgularly, thus reducing the possibility of equipment fires, explosions,

and injuries.

4.8.5 Cost of Health é&nc Safety Program

Table 4.53 is a breakdown of costs for various phases of the health
and safety program for each mining system. The largest item contri-
buting to increased production zosts is the additional manpower required
for working area safety. The cost of having permissible equipment 1is
less than 207 of the total additional cost. The total health and safety
program cost is estimated to range from $0.02 to $0.04 per ton of pro-
duction (30.175 MM tpy), depending on the mining system.
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Costs Tur Candidate Mining Syshums

Subievel s 1]
with spent shale
backfiii

Advance entry
and piliar 119,989 182,000 497,000 5,000 797,000

Cramber and

oiltar 100,090 497%,000 &, 000 740,500
Block caving

3 o SleRATAT fsts ; IaYaYa { 1100 AN
with slushers 93,000 103,000 534810, 001 4,000 1,180,000
Biock caving

i1 it Yala! AN N 1 o) N - 5o .'
with LHD's 94,000 PHE,000 1,705,200 4,00 1,261,000

* for underground equinment that must be permissible by law
suppression system)
** (55t of increasing ventilation requivements for gas dilution.
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4.9 CCST SUMMARY OF MININC SYSTEMS

A summary of all cost data for each mining design is presented in
Table 4.54. This table includes net capital investment, preproduction
cost, value of development ore, annual costs and total annual production
cost. incluced in operating costs are operating supplies necessary for
mine operaticn, contingencies, and yearly interest cost on capital items
(97.). Payroll overhead is assumec to be 357%. Indirect costs are 10% of
labor, supervision, and operating supplies. Fixed costs include taxes,

insurance and depreciation.

Included in depreciation costs are preproduction costs that would
not generally appear if a corporation had other income against which
development costs could be charged. For example, if mine development
were not charged to net capital investment the annual production cost of
sublevel stoping with full subsidence would decrease by $0.08 per ton.

Not inc uded in the analyses are royalty payments, welfare pay-
ments, and surface transportation costs. All data were computed from
costs collec=zed during the first quarter, 1975.
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Table 4.54 Summary of Candidate Mining System Costs

Labor & S AmMrwual Losts - Total
Net Capital Super- Reclama- Payroll Explora-  Environ- Annual Preprod. Est.Value

Mining  Investment vision Operating Power tion Overhead tion mental Indirect Fixed Cost Cost of Devel
Method*  (5) (s/ron)  (S/zon)  [S/ton) [S/ton) - (S/ton)  (S/ton;  (S/ton)  (S/ton)  (S/ton) ($/ton)  __(5) Ore (3]

1 113,434,100 0.26 0.33 0.13 8.03 0.09 0.02 0.m 0.04 0.23 1.15 30,067,000 53,512,000

2 95.797 300 0.27 0.732 0.13 0.03 0.10 0.02 0.0 0.04 0.20 112 15,430,000 17,087,000

3 84,148,000 0.32 0.39 g.1¢ 0.03 5011 0.02 ¢.0 0.06 G.19 1.27 8,975,000 31,785,000

4 77,200,000 0.27 0.24 0.12 0.03 0.10 0.02 0.01 0.04 0.18 1.04 3,469,000 13,570,000

5 125,710,000 0.44 .27 n.14 0.03 0.16 n.02 0.01 n.n5 0.23 1.35 41,572,000 72,024,0C0

3 122,872,000 0.39 0.31 0.12 0.03 0.14 0.02 0.01 0.05 0.24 1.31 36,262,000 54,576,000

* ] Sublevel stoping with full subsidence
2 Sublevel stoping with spent shale backfill
3 Advance entry and pillar
4  Chamber and piliar
5 Block caving with slushers

6 Block caving with LHD's






SECTION 5

ANKING OF MINING S5YSTEMS

Selecticn of a techinicaliy and economicaily suitable mining method

]

convidering tre many alternatives, becomes a compiex probiem because of

the interact of the many variabies. The problem would be simple 1f
the decision was based unon only one criteria or factor. For example,
if the cecision criteria setectzd is production cest, the mining method
with the fowest production cost is selected. The complexity of the
problem may increase ceopsiderably with an increase in decision criteria.
In reality ranking anajyses generally invelve many criteria having

different weignis.

In ranking analyses the most difficult part is to determine the

We-;lj

-
¥
i

nt of each criteria affecting the cverall selection. A method called

DARE (Decision Aiternative Ration Evaluation) is used for the ranking

1

analysis of the candideta wining systems (Klee, 1979).

5.1 DESCRIPTION GF METHOD

o

The DARE method was developed by the U.S. Bureau of Solid Waste

Management as an offsnoot of the conplicated problems encountered in

1)

et ;
SOV W

she research, It is ysed to provide a rational choice among

e

alternative: mining metheods? based oo carefully selected criteria.
Criteria are deternined by a greoup of professionais, who cenerate a
w2ighted index oF focters and fhen score the alternatives using the
weighted Tactors. Tie zvelvation factors are cleariy expressed and the
values assigned by each professional are readi1y identifiabie. The
method inceorpovrate:s both cualitative data and guantitative factors. The
use of qua?itative data introguces subjectivity into the final score.
This subjectivity, however, 1s only as positive in the results as is the
technical ability of the professional performing the ranking analysis.

Quantitative data, where gvaitable, are incorporated in the form of

ratios which automaticaliy preducs the reauired weights.



‘n general, a list of major factors and subfactors which can be
used to evaluate alterantives is established. The evaluators then make a
comparison between factors taking them two at a time and assign a value
as to the relative importance of one over the other. The 1ist is then
rearranged by a random selection and re-evaluated. By doing this
several times biased responses can be reduced. Mean values are then
used for the weights and scores.

Obviously, the effectiveness of the DARE method is a function of
the proper selection of the evaluation factors, whether or not they are
qualitative or guantitative, and the qualifications of the evaluators.

.2 SELECTION AND WEIGHING OF FACTORS AND SUBFACTORS

(Sa)
~

Factors and their subfactors affecting the mining systems are
identified and listed in Table 5.1. Minor factors are either excluded
from the analysis or included indirectly in other factors. Weighing of
the factors and subfactors has been done by four of the principle in-
vestigators by the methods previously discussed. Each investigator
conducted pairwise comparison and weighing four separate times. An
average for all four investigators was obtained for each factor resulting
in reasonably unbiased factor weights. The weights obtained for each
factor and subfactor are also listed in Table 5.1.

5.3 “ACTOR SUBSCORES

The ne«t step in the ranking analysis is to obtain subscores for
each factor for each mining method under consideration. Tables 5.2
through 5.7 include computations for the factor subscores. The order of
listing of the mining methods is arbitrary and is the same in all sub-
sequent tables. Values assigned to the mining methods for each factor
are based o1 either the investigators judgement, in cases where factors
have no fixed value, or linear interpolation, for cases where factors
have known values. For example, in health and safety, where no fixed
value is availabie for a particular mining method, investigators used
their own judgement. On the other hand, for production cost, which
varied from $1.04 to $1.35 per torn, the best score was assigned to the
method having the lowest cost.



T i 3 P
rechnica

o

'
")

jas]

v

Cn s
FaCtoy

Feasi

i b~
o

i

ot

1

1 Eauipment

Mining Cost

\
(B3] ! !
{

C, Mininyg
Co Percent

£, Locio-

Lo Wiid Wf
£ Land us
£ Under:
noang sarvety

60
ab

1tal

or and Superyi
o

[}

4 (RARVATIN |'->‘n

)De 'A\ ‘llx‘)

I
b

Y
A dp
A Prepruouubﬁ
5, Stage of wel
Ay Productivicy

ca

f‘lﬂ

ent

feinm

shale
& O M

sed 1n Ranking Analysis

disposal

Total

We

23
27

19
31

I
L0 O

LD N2

o o
™ O

34
23
25

l

_;
)

24

22

20

~-J

16



Table 5.2 Subfactor Scores and Weights for Technical Feasibility
Subfactors Ay A, VA3 | Ay Analysis
Subfactor Subscores
Weight 23 127 |19 | 31 Total Ratio K S
Mining*
Method
1 11 19 | 11 o 41 1.07 | 1.32 0.18
2 18 | 12 | 13 1 44 0.39 | 1.23 0.16
3 23 5 6 5 39 0.90 | 1.39 0.19
4 5 2 {14 1 35 1.51 1.54 0.21
5 10 | 27 4 1 1z 53 1.02 | 1.02 0.14
6 10 | 27 7110 54 - 1.00 0.13
7.50 1.01
* Method 1 - Sublevel stoping with full subsidence
Method 2 - Sublevel stoping with spent shale backfill
Method 3 - Advarnce entry and pillar
Method 4 - Chamber and pillar
Method 5 - Biock caving with slushers
Method 6 - Block caving with LHD's
5-4
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Subfactor Scores and Weights for Mining Costs

B T
Subfactors B, 8- Bs Analysis
| T
' Subfactor | Subscores
Weight 4G | 28 | 33 Total Ratio K 5
E Mining
[ Method
§ ! 36 1 17 28 82 0.94 1.05 0.16
i ’ 31 P8t 27 76 1.07 1.13 1.18
: |
L3 27 21 33 81 0.81 | 1.06 { 0.16
4 25 418, 23 65 1.35 1.31 0.20
5 40 1 28t 21 89 0.97 0.97 0.14
6 37 7231 26 36 - 1.00 0.16
5.52 1.00
L i
Tabie 5.4 Subfactor Scores and Welghts for Resource Recovery
SubTactors ' C: C2 Analysis
Subfactor Subscores
Weight 34 67 Trtal Ratio K S
N iy
Mathod
i 20 5 25 2.00 1.40 0.2¢4
2 20 30 50 1.00 0.70 0.12
3 10 40 50 0.76 0.70 0.12
4 13 25 38 0.97 0.92 0.16
5 30 5 35 1.00 1.00 0.17
6 30 5 35 - 1.00 17
5.72 .58
5-5
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Table 5.5  Subfactor Scores and Weights for Reclamation
Subfactcer D, Analysis
] Subscores
Subfactcr Weight 7 Tctal Ratio K S
Mining Method
] 6 b g9.17 1.01 0.06
2 1 1 3.00 5.94 0.35
3 3 3 0.33 1.98 0.12
4 1 1 6.00 6.00 .35
5 6 6 1.00 1.00 0.06
6 6 6 -- 1.00 0.06
16.93 1.00
Table 5.6 Subfactor Scores and Weights for Environmental impact
Subfactor E- E, | E4 E. | Analysis
Subfactor | Subscores
Weights 3 1 23| 25| 18 Total Ratio K S
Mining
Method
] P2V [ 20 25 | 13 84 0.40 0.93 0.1
2 181 10 n 1 34 1.82 2.33 0.26
3 17 | 181 13 3 62 0.55 1.28 g.14
4 20 8 3 3 34 2.38 2.33 0.26
5 151 237 25| 13 31 0.98 0.98 0.11
6 16 | 20 | 25| 18 79 -- 1.00 0.11
8.85 €.99
Table 5.7  Subfactor Scores and Weights for Health and Safety
Subfactor Fi Analysis
Subfactor Weight 16 Total Ratio K Subscores
Mining Method
1 7 7 0.86 0.56 0.15
2 6 6 2.17 0.65 0.17
3 13 13 0.92 0.30 0.08
4 12 1?2 0.33 0.33 0.09
5 4 4 1.00 1.00 0.26
6 ; 4 -- 1.00 0.26
3.15 1.01
5-6
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4 RANIING

(G

Jeigbts for eacn factovy are multiplied by the subscores for each
mining method. Final scores for each mining method are obtained by
summing the weiohed scores for all the factors. The mining method having
the highest score is considered to be the best mining method. Table 5.8
ic a2 summary of the ranking anaivsis. Listed below are the candidate
mining systems with the nighest ranking first and lcowesi ranking last.

. Chamber and riliar

Sublevel stoping with spent shale backfill
Sublevel stoping with fuil subsidernce
Rlock caving uzing LHD's

Block caving using slushers

Advance entry and nitlar



Table 5.8 Summary of Ranking Analysis Scores

Sublevel Stuping Sublevel Stoping Advance Entry Chamber and Block Caving
Full Subsidence Backfili and Piiiar Pillar with Stushers
bact el deignied  Face. weiotod P ract.
Factor Subsco Se 0. Scores Sabeoc, Scores Subst Subs<o
o Technical Fea. 24 .18 .38 S0 0.79 .50 0.21 .04 .14 3.30 0.13 3
b 2. Mining Costs 010 150 G 3.74 .16 3.5C 4,40 0.%4 3,08 G.16 3.52
3. Resource Recovery N : LD 2 ey 0.2 L0 0.6 ) V17 3 0.17 TAD
z . PR ~ ~ N e A .
4. Reclamation 7 0.06 e ’ J.0e 0. ol B LIRALS 0.06 22
m 5. Environmental o i o .
Impact 11 0.1 1.21 0.6 2.86 0.14 1.54 0.26 7.36 a.n 1.21 G. 11 i
bl
6. Health and ‘ ) L
Satety 16 C.15 2.40 G6.17 2.7? 0.08 1.28 0619 2.04 0.26 4.6 0.26 43¢
O
- iutal SCore - 16.65 -- 10,01 -- 14 12 -- 20.99 -- 15.63 -- B
Rank -~ 3 -- ? -- 6 -- 1 -- 5 -- i
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CONCLUSIONS AND RECOMMENDATIONS

An analysis of the technicsl feasibility and cost evaluation
of candidate mining systems for mining the deap oil shale deposits of
the Piceance Creek Basin has been conducted. The following conclusions

and recommendations are made.

6.1 CONCLUSTONS

scale, underaround mining of the central Piceance Creek oil

(>

1. large

(

shale deposits is technicaily feasible and of low cost. Four of the six
mining systems evaiuated were selected as being the most promising for
furthier evaluation. These mining systems are:

Chamber and piilar
Sublevel stoping with spent shale backfill
Subievel stoping with full subsidence

Block caving using LHD's

The first two methods have the lowest production cost and environmental
impact. Mining selectivity is greatest in chamber and piilar and

block caving. However, if mining is conducted in the leached

Towest

(o]
jon}

t

ck caving may be the most desirable method. Resource recovery

O

2one, bl
is highest in block caving end sublevel stoping with full subsidence and
Towest in sublevel stoping with spent shale backfill.

2. Adecuatz 01l shale resources, averaging at least 20 gpt, are
present in proposed mine site 2 and mineable by either selective or bulk
mining methods. Enocugh recoverable reserves of dawsonite and nahcolite
are also present that may significantly add to the total resource value
and increase the final product value.

3. Projecting from available hydrologic data, water inflow from the
three aquifer systems will not significantly impede 011 shale mining on
site 2. An expected flow rate of 10,000 gpm can be adeguately handied with

present technology.

6-1



4. Tre rcck mechanics data on Green River oil shale in the central
portion of the Piceance Creek Basin is insufficicnt to determine design
safety factors or fajlure probabilities. A physical testing program is
needed to provide nore accurate and reliable design data.

5. The mining costs, as calculated in section four, assume no
corporate structure and no product value. In a complete economic evalua-
tion, the mining costs may be lower because development costs can be
charged against corporate cash flow. In addition, some early cash flow
is generated by the sale of significant quantities of development ore. A
major factor that was not considered in the cost evaluations were the
government lease or royalty payments.

6. The environmental impact of underground 01l shale mining, from
both a socio-economic and ecological standpoint, will be significant.
However, an 0il shale mining industry can create long term, good paying
Jobs and serve to create strong and Tong lasting communities. Signifi-
cant areas of Tand will be affected by spent shale disposal and land
subsidence: however, the ecological impact can be reduced through land
reclamation and controlled subsidence.

6.2 RECOMMENDATIONS

1. It is recommended that more refined design and cost evaluation
studies cn the four most promising mining methods be initiated. These
methods are:

Chamber and pillar

SubTevel stoping with spent shale backfill
Sublevel stoping with full subsidence
Block caving using LHD's

The prelim*nary program outline is presented in Section 7.

2. Evaluation of the structural geology, hydrology, and resource
of selected site 2 should be updated and re-evaluated. It is also
recommended that the more detailed mine designs be performed considering
site 2 as & possible prototype mine site.

£-2




3. An estimate of the socio-economic and ecological impact of each

mining method should be conducted.
4. Additional rock mechanics data on the Green River Formation oil

shale neay the centra: reriian of Ficeance Creek should be made available
or obtained through a dri ling program.

7J1

fn econoimic avaiuvation of oii shale mining by underground methods
should be conducted that includes the estimated cost of processing and a

market value of the shale oil and sssociated recoveranle minerals.






As required in s=ction 1-3, Article I in the contract award, an

outiine of the phace IT report is presented.
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HIADING RCUND DESIGN
The foullowing heading round designs have been determined by reviewing
partinent literaterature {Fast and Gardner, 1964 and Zambas et al, 1972)
and visiting the Anvil Points mine (Paraho Project). The rounds are
basic V-cuts, loaded and blasted with ANFO. Figures A.1 and A.2 are
the dngigns used 'n thic analvsis to estimate drilling cycle times and
heading round advance per shift. Holes are drilled 2-1/2 to three inches
in diameter, 17 feet deep, giving an estimated average advance of 15 feet
ney blast. Zambas et al {1972 used a powder factor between 0.6 and 0.7
pounds of ANFO per ton of 0il shale to produce satisfactory fragmentation

J

in a 47 by 60-fact, 25-font deep round. For this analysis a powder

factor of 0.25 was considared to be satisfactory.

A two-boom drill Jumbo, assuming an average driliing rate of five
feret per minute, can drill a 30 by 20-foot round in abcut 32 minutes from

one set up. Actual drilling rates for rotary hydraulic drills are eight

to ten feet per minute; however, t¢ include down time, bit change, and
unexpected stoppages 2 rate of five feet per minute is used. A 20 by

20-foot round 15 drilied in 28 minutes. When moving end set-up times
are inciuded, a round [20 hy 30-foot and 29 by 20-foot) can be drilled

in approximsteiy two hours.

A2 PILLAR DRILLIUG AND BLASTING

Once Tull open stope production has been completed and the stope area
is drawn empty the three exterior pillars are blasted into the stope.
During the period of open stope production the three pillars are drilled
and prepared for blasting a total of 62,650 feet of fan drilling must be
compieted before the piliars are ready for blasting. With an averaqe
drilling rate of five Te=t per minute over a periond of 27 days it will
teke approximately threa2 hours paer shift for one two-boom drilling jumboe
0 preparve two stopes. Zambas et al (1972) estimates that a powder
factor {PF) of 0.30 pounds of NFC per ton of ore broken will produce
satisfactory fragmentation. In the summary of calculations presented
in Tabie A.T a PF of (.35 has bzepn uszed.
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Figure A.1 Heading Round Design for 30 by 20-foot Drifts

Tota! Feet = 276

No. Holes = 16

Tons Broken = 4|5

Ibs.- ANFO = 230

Drilling Time = 28 min {5 fpm /drill)

Figure A.?2 Heading Round Design for 20 by 20-foot Drifts

A-2



CLooare scaie drawings of proposed fan driil layouts

Curden of ten feet has been assumed to be the

most reascrable to use in this initial analysis. In rea?ity it is believed

g is sonservalive: however, more research
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Table A.1

Description

Rib Pillar
Fan Drills

Crown Pillar
Fan Drills

End Pillar
Fan Drills

TOTAL

Summary of Farn Drilling Designs

No. Feet NG. Drilling ANFO
Fans Footage Day Holes Tonnage time (hrs) (lbs)
14 27,790 751 252 566,670 93 198,340
46 27,370 740 588 456,000 92 160,000
7 6,440 175 98 70,580 22 24,700
67 61,60C 1,656 948 1,093,250 207 383,040
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A4 WAJOR EQUIPMENT SELECTION
Tha O rininations for majov iiens
are bas=d 2n best estimates of eguipment avai1abi?ityﬁ aperator efficiency

of eguipment varies
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the type of work end hangdling % ceives during duty cyciss,  In general,
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the number of standby m
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have baen made to taks wnto ancourt special mining conditions.
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High pene ion es in 011 shele can be achieved using retary-
hyarauiic drills with crag bits., Fast and Gardner (1864) puyblished

the resylts of driliing tests al the Anvil Points Mine ard veport
that rotary drilling r2tes were as much as three fimes that of 2ar-
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cussion drilling. A major manufacturer of drilling Jumbos has a proto-
type two boom jumbo currently bsing tested at the Occidental 011 Shale
pilot mine near Grand Junction, Colorado. Performance data from this

prototype machine has been used to determine heading cycle times.

The estimated drilling rate “n 20 gpt oil shale is at least eight fpm
per drill or 16 fpm per jumbo for twc to three inch holes. A drilling
efficiency of 659 has been assumned and includes bit changes, steel changes,
and minor mechanical problens (10 fpm per jumbo). The heading rounds
are desicnated so that an entire round can be drilled from one initial
jumbo 5.l The 30 by 20-foot drift has a total drill length of 314 feet,
producing a total drilling time of about 32 minutes. A total drilling
time of about 28 minutes is needed for the 20 by 20-feoot FEL and sublevel
drifts. Table A.2 shows the estimated rcle of the drilling jumbo in
the full heading cycle,

Fach jumbo can realistically drill cut three headings per shift.

Buring full production the total number of jumbos needed are:

1. Level and main haulace development . 3

2.  Stope developrent. . 3
Subtotal. . b

3. tandby (70% availability) .2
Totai . 8

ALG.2 Fan Drills

At the present time a two-boom, rotary-hydraulic fan drill jumbo
capable of drilling a 360 deqgree arc has not been developed. However,
manufacturers of drilling equipment have indicated that this type of

machine is feasible at a reasonable cost.

A total cf 61,600 feet of ring drillina is needed for the pillar
drilling of cne stope and 73,110 feet for angle stope production ring
drilling. Although a large footage is drilled from one fan drill
set un and the noving distance 1s much shorter, drill steel changes
are a much larger factor than for heading jumbos. A drilling rate of

eight-fpm per jumbo is therefore assumed to determine the quantity of
rachines needed.

jot
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sble A7 Cycte Time far ¢ 30 by 20-foot Heading Round

(O I N

Eey

~! Oy
. . .

[op]
s

Uescription Time {min)  Total Time

Set up Jumbo for drilling {20° x 20%) 30 0-30
Drill round 32 30-62
Keof bolt pravious round 70 0-70
Broakaown jumbo for next set up 10 62-72

Charging crew set up 20 72-5

Move jumbo o next heading 45 72-117
Charging crew i0ad round 60 G2-152
Charging crew prepares Tor blast 10 152-162
Elast and clear dust 30 162-192
Muck round s 192252
Advarce track, pipe, ventilation, etc. 50 252-312



1.  Stope floor fan drills. 2
2. Sublevel stope fan drills . 2
3. Pillar fan drills . 2
Subtotal 6
4. Standby (857 availability). . . 1
Total. 7

A.4.3 “rain Locomotives

The ca culations used to determine tne size and quantity of locomctives
needed to adequately haul the required tonnages were simplified in this
analysis. A maximum round trip Tength of 12,120 feet has been used and
should be quite a conservative estimation. Track grade is estimated
between 1/4 and 1/2% with the shaft area at the tow point. Loaded trains
will have the grade in their favor and haul ten cars per trip. The
following data was used to estimate the weight of Tocomotive needed:

1. Trailing load . . . . . . . . . . . . .. . ... .1000 tons
2 Rolling resistance ¢f mine cars . . . . . . . . . . 8-1b/ton
3 Frictional resistance of locomotive . . . . . . . .15-Tb/ton
4.  Grade resistance (0.35%). . . . . . . . . . . .. . 7-1b/ton
5 Acceleration rate . . . . . . . . . . . . . . . . .0.15mps?
6 Coefficient of adhesion . . . . . . . . . . . . .. 0.25
7 Locomotive weight for grades in favor
of Toads (loaded). . . . . 32 tons
8. Locomotive weight for grades in favor
of loads (unloaded). . . . 13 tons
9. Lacomotive weight for grades in favor
of loads (braking) . . . . 37 tons
10. Select a 40-ton locomotive.

Two, ten-car trains must bhe dumped every 20 minutes to produce the
required tornage. Therefore, two 40-ton Tocomotives will be needed for
full production plus one standby 1ocomotive. For development work on
additional Tevels, two 30-ton locomotives will be used.
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Stope praduction will be approximately 12,000 tpd per stope or 800
tons pey snift.  The broken voiume of 800 tons of oil shale is approxi-

mately 570 yd®. Rail cars with an inside volume of 60 vd® and 80-ton

capacity will it easily witnin the 30 by 20-foot drifts and where needed,

can he double tracked. The anproximate size of a car is nine feet wide

by six feet high by 20 feet tong. Cars are dumped by rotary dump machines
a

at the shaftt station ALY cars wili have pneumatic air brakes.

W
two trains are being hauled ard dumped, a1l gix stopes will be ioading
empty cars. A total of 20 extra cars wiil be needed to haul develcpment

ore. The total amourt of rail cars reeded are:

1. Cars being foaded. . . . . . . . . . . . . .68
2. fars being hauled., . o . . o . . o o . o .. .20
3. Development hatiagse. . . . . . . . . . . . . . 20

Subtotal. . . . . . .100
4.  Standby (80% availability) . . . . ... . . . .20

Total . . . . . . . .120

A4.5 svont Tnd Loaders

FEL size is Timited to the dimensions ot the hatilage drifts and the
ke FEL used in these calculations has a pay]oad'
23,000 pounds (16,5 tons or 12 vd*), a height of 16-1/2 feet,
d a turning radius 3f £8 feet, It is also capable

negotiating 12 %o 10% urades white leaded. To produce rersorable muck-

ad
bon?

U3
ot
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mes, two FEL's ave used to 17ad cars and will take approximately
one nour to foad 3 totel of 200 tops. The total amount of ©7L's needed
for full production ic:

1. WMucking stopes. . . . . . . . . . 12

2. Sublevel development. . . . . . . .2

3. Hauloge Tevel development . . . . . 3
Subtotal . . . . L 17
4, Standby (60% avaijabiiity). . . . . 7

tat. . . . ... .24

ne serviced every 20 minutes by twe lecomotives. While



A time-motion analysis of a FEL mucking a 30 by 20-foot heading round
is given below. The heading round produces approximately 450 yd® of
broken ore and the haulage track will be a maximum of 50 feet from the
face. The average haulage distance will be about 280 feet total.

1. Fill bucket. . . . . . . . . . . . . .. . .10 sec
2.  Back to rail car (average 4 mph) . . . . . . 24 sec
3. Turn and crowd one car . . . . . . . . . . . 10 sec
4. Dump . . . . . . . . . . .o e o e b osec
5. Turn . . . . . . . . . . . . .. . o .. .. besec
6. Forward to face (average 5 mph). . . . . . . 20 sec

Svbtotal. . . . . . 74 sec
7.  Time to muck round (40 trips). . . . . . . . 50 min
3. Clean up time. Coe . 10 min

Total . . . . . . . 60 min

The mucking cycle time of the "EL on a Z0 by 20-foot heading will be
approximately the same as that of 30 by 30-foot headings, due to a Tonger
hauling distance. The mucking time of the FEL is included in Table
A.2, and it is anticipated that three FEL's will support the development
drill jumbos.

A.4.6 <o00f Bolting and Scaling Machines

Combining roof bolting and scaling machines into one unit should
produce a mire efficient operation and heading cycle time. Roof '01ts are
sraced 5.4 feet center-to-center (side bolts 1-1/2 feet from ribs) with
an averade of 15 bolts installed per round. With an installation time
of five minutes per bolt it will take two machines approyimately
40 minutes to set the bolts. A total of 79 minutes is used in Table
A.2 to include additional time for scaling although both operations are
simultaneous.

Two roof bolting and scaling machines will be needed for each
drilling jumbo in use or a sudtotal of 12 machines. Availability

is estimated at 85%; therefore, a total of 14 machines are needed.




n

i
Ial

J AN
~4

Underground Crusners

Section 4.3.2 describes the selection and calculation of various
sizes of gyratory crusher< and their installation costs. For both
subtevel stoping methods two, 60-inch gyvatory crushers having a capacity
of 2,900 tph are used. Two iotary dump mechanisms for unloading rail

cars and two surge bin3 are aisc instalied for each crusher installation.

A.4.8 AKFU Loading Trucks

Heading and fan driil rounds are loaded with 5,000 pound capacity,
oruck mounted, pneumatic charging machines. Bulk ANFO (prilled) is

usea to charge the holes and can be lcaded at a rate of approximately

[%2]

1600 pounds per hour. Three machines arsz reguired for development,
three for fan drilis, and two for standby for a total of eight.
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B.1 HEADING, BENCH AND FAN DRILLING DESIGNS

Heading round designs for both the entry and pillar and the chamber
and pillar mining methods have been based on the work by East and Gardner,
(1964) and Zambas et al (1972). The rounds are basic V-cuts, primed
with electric caps and dynamite, and charged with ANFO. Figures B.1 and
B.2 illustrate the rcund designs used in the analysis to determine
driiling cycle times and neading rcund advance. The heading round for
entry and pillar mining is drilled 27 feet deep with an expected average
advance rate of 20 fest per blast. Bench blasting holes average 30 feet
of vertical pull per blast with @ 15 foct burden. Chamber and pillar
heading rounds are designed to get an average advance rate of 30 feet
per blast. Fan drilling in the chamber drifts averages 220 feet of
three~-inch diameter holes having ten feet of burden. A powder factor of
0.55 was usad for the heading round designs and 0.35 for the fan drill

rounds.

The 90 by 40G-foot neading rounds are drilied from a single set up
tsing a four-boom hivdraulic drilling jumbo. The 30 by 20-foot heading
rounds use a conventional two-boom hydrauiic drili jumbo. The drilling

rate is assumed to be approximately six fpm per drill.

B.2 VENTILATION REGUIREMENTS

Tne ventilation resuirements for the advance entry and piilar and
the chamber and piilar systems are different due to the variation in
mining tecninique. [ach system 1is nnq1yzed separately; however, both
consider gassy mining conditions and comply with Colorado mining laws
(Colorado Bureau of Mines, 1971 and State of Colorado, 1966).

[87]

B.2.1 Advance Entry and Pillar Design

The Taw requires that 3,231,000 cfm of air be present to ventilate
the mine. To insure the safety of men, control dus*t, and to maintain
sufficient air to ventilate the working faces 3,500,000 cfm of air is
regulated through the mine. Two large 12-foot diameter, axial-vane fans
in two 16-foot diameter shafts are used to exhaust air out of tne mine.
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Entry and Pillar Round Designs

Total Feet = 2684

No. Holes = 40

Tons Broken = 4000
Ibs. ANFO = 2200
Drilling Time = 1.9 hrs.

[ ]
.‘L\~—4" Dia Holes

Total Feet = 448

No. Holes = |4

Tons Broken = 4500
Ibs. ANFQO = I575
Drilling Time = O5 hrs.
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Description Quantity HP/Unit Total HP Air Reg'd (cfm)

LHD (12 yd?) 38 394 15,000 1,125,000
Four-Boom Drill Jumbo 5 150 750 56,000
Two-Boom Vertical Drill 100 600 45,000
Bulldozer 8 500 4,000 300,000
Miscellaneous Equipment 5,000 375,000
Subtotal. 1,901,000
Contingency (15%) . . 286,000
Subtotal. e e e e 2,187,000
350 men/shift 6 100 cfm each. 35,000
Contingency (15%) 6,000
Subtotal. 2,228,000
Leakage (45%) . . . . . 1,003,000
Total. . 3,231,000

B.2.2 Chamber and Pillar Design

Description Quantity HP/Unit Total HP Air Req'd (-fm)

LHD (12 yd?) 38 394 15,000 1,125,000
Two-Boom Jumbo 8 100 800 60,000
Two-Becor Rock Bolter 8 100 800 60,000
Miscellaneous Equipment 2,000 150,000
Subtotal. 1,395,000
Contingency (15%) . 210,000
Subtotal. e e e 1,605,000
350 men/shift @ 100 cfm each. 35,009
Contingency (15%) . 6,000
Subtotal. . 1,646,000
Leakage (45%) . 741,000
Total. 2,387,000

The law requives that 2,387,000 cfm of air is present.

To insure the

safety of men, control dust, and to maintain a sufficient quantity of air,

2,400,000 cfm is regulated through the mine.

Two large 12-foot axial-

vane fans in two 16-foot diameter shafts are used to exhaust air out of the

mine.



B.3 FAJOR EQUIPMENT SFLECTION

> foilowing equipient selection determisations for major items are

At

Th

based on best estimates of equipment availapiliiv, operator efficiency,

£

and equipment performence.  Availability of eguioment veries depending
on the tyne of work ana haﬁd?iﬂq it receives during duty cycles.  In
generai, avatlabilitiss betwweren 55 and 807 have been applied to various

types of equipment in order to determine tha aumber of standby machines
=

Uperator efficiency has heen assumed constant for all eauipment and
is estimated bv considering a five-hour work shift (75% effiziency with
ere Lour lurch period). A workday consists of three, etght-hour shiftis,

ven deys per weei, Louipment performance data has been taken from

I

vendor data publication., Where necessaryv, modifications have been made

to take into scoourt spagial mining condition:s,

§

B.2.1 Crilling Equipment

For use in advance entry and piitar wining, a drilling jumbo had to
be selecied that coule dril? a 40 by 83-foot face with only one set up.
After nersonal communication with a maier manufacturer a prototype drill-
ing Jumbo was selecied, This Jumbo is an automatic four-hoom rotary

hydraulic dritling Jumbo that can effiziently drill out the 40 by 90-foot

i!:

using four-inch diameter drag bits. The

round.  Ho
estimated time to complately drill a round is 1.9 nours assuming

an average penetration vate of six feet per minute. A total of five,
four-boom drilling juwbos w311 be maintained with an estimated overall

availlability of 809 (four in use at any one time).

Benches drilied in the advance eniry and pitlar mining will be
accomplished using two-hboom vertical hydraulic driiling Jumbos. This
piece of equipment is presently available. Holes are drilled using
four-inch diametsr drag bits with a penetration rate of about eight fpm.
The estimated time to drili out a 3C0-foot high by 90-foot wide bench is
0.5 hour. Tnere are six vertical drill jumbos maintained with an es-

imated overall availacility of 707 (four in use at any cne time).



The cramber and pillar mire design will make use of a two-boom rotary
hydraulic c¢rilling jumbo simiiar to the one currently operating in a
test mine rear Grand Junction, Colcrado. The drilling jumbo is used
for heading round drilling and fan drilling of the chambers. Holes
are drillec using three-inch diameter drag bits. The estimated time to
drill a 30 by 20-foot heading round is 0.5 hour assuming an average
penetratior rate of six feet per minute. A chamber crosscut 30 by 20 by
450 feet long, is estimated to be completely fan drilled in four days. A
total of eight ¢rilling jumbos will be maintained with an estimated overall
availability of 80% (six in use at any one time).

B.3.2 Haulage Equipment Selection

In selecting a primary underground haulage system to be used in
both the advance entry and piltar and chamber and pillar mining, two
systems were investigated: truck and conveyor belt. To help decide
which of these systems would be most efficient, the advantages, dis-
advantages and cost were compared. As a result of the initial evalu-
ation, a 60-inch floor mounted conveyor system was chosen because of
the production requirements and the ability to easily handle large
tonnages.

A secondary haulage system then was selected. The aquipment
evaiuated were front end loaders and load-haul-dump machines (LHD).
Because the maximum haulage distance was estimated to be more than 1000
feet in both mining systems, the LHD's were chosen. LHD's size is
Timited to the dimensions of the haulage entries and the travel speed.
An LHD with a payload capacizy of 33,000 pounds (12 yd®), 6.5 feet
high and ten feet wide wac chcsen, The 12 yd® LHD can haul up to
15 mph with a fully loaded bucket. To protect the operator from any
material that may come lose from the roof, canopies are built on all
LHD"s. As another safety feature all LHDs are permissible and contain a

fire suppression system.

The LHD cycle time for mucking a 90 by 100-foot heading round is
shown below:



1. loading., . . . . . . . . . . .. . .. ..20sec
2. Turs ..o . L. e e e 16 sec
3.0 Travad (V400 feexd o 0 0 L 0 o . .. 0190 sec

4. DURID . . . . L L e o e e e e . 20 sec
5 Turn
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A total cf eigit heading rounds are beire mucked at one time
ing @ totail of 24 LhD 5. A fotal of four additional LHD's are
L

r
used te continycusiy muchk the cench rounds.  Assuming an av/atlabi

of 5% a total of 38 LHD's are nesded.

LHD cycle times for mucking chamber rounds are estimated as
i Loading. . . . . . . . . . . . . . . . . 20 sec

2. TUurn . . . v . e e e e e e e e G osen

. Turn . e e e e .. . . sac
Total o . o . o . L 0. L L2256 sec

£. Time to fan drilt voung
(753 trios using three U .o 5.3 hrs

heing mucked at cne time requiring

total orf 24 LHD's. Four LHL's are uysed Tor development. Using an

overall aveiiabiiity o 657 a total of 383 LHD's ure needed.

3.3.3 Mobiie

Work done at Soints wiine ra2ar witle, Colorado indicates
thet blasting fragment size, using pouder factors from .35 to O
in size up to four cubic fesr., In additicn, hlasted ¢il srale tends to
be quite abrasive, breaking “nta plece: with snarp edges. Since both

mining methcds use conveyor helts it was aec

system that was portavle znd nad 2 capactity of app

Experimentai work done ia detevinining the most
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011 shale showed that an impact type crusher was reasonably efficient.
A portable impact crusher, capable of handling pieces as large as 50 by
60 inches and producing a minus six-inch product at 890 to 1200 tph,
was selected. Eight units are used for full production and with an

availability of 750 a total of ten are required.

5.3.4 kock Bolting and Scaling Machines

A two-toom electric-hydraulic rock bolting machine is used in both
mining systems. In chamber and pillar mining, eight-foot bolts on
seven-foot centers are installed in all development ~ntries and it is
estimated that it will take 25 rminutes to scale and bolt a round. In the
chamber drifts, five-foot bcits are installed on five-foot centers. Six
machines are needed at full production, and using an estimated 75%

availability, a total of eight are required.

The advance entry and pillar mine design has eight-foot bolts
on seven-foot centers throughcut the mine. It is estimated that it
will take approximately two hours to scale and rock bolt a round. Four
rock bolting machines are required at full production, for a total of
five with a 75% availability.
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VINTILATION KEQUIREMENTS

(o]
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The ventilation reguirements for tlock caving with slushers and block
caving with LHD's differ due to the type of equipment used underground. Each
system i3 analyzed separately considering gassy mining conditions and
complying with Colorado mining laws (Colorado Bureau of Mines, 1971 and

State of (nlorade, 1966).

C.i. Block Caving with Siyshers
Description Quantity HP/Unit Total HP Air Req'd (cfm)

Two-boom hydraulic drill jumbo 4 135 540 41,000
Two-boom medium dritl jumbo 4 44 176 13,600
Twe-boom fan dril 4 135 540 41,000
FEL 8 yd? 4 380 1520 114,000
LHC & vd*® 8 250 2000 150,000
Miscellaneous - - 4000 390,000

Subteotal. . . . . . . . . . . . . .. ... .. 773,000
Contingency (15%) . . . . . . . . . .. .. .. 116,000
Subtotal. . . . . . . . . . . . . . .. . ... 835,000
280 men/shift @ 100 cfmeach, . . . . . . . .. 28,000
Contingency {15%) . . . . . . .. . . . ... . 5,000
Subteotal. . . . . . . . . . . . o . . . ... 992,000
Leakage (45%) . . . . . . . . . . . . . ... . 447,000
Total. . . . . . . . . . .. . . 1,439,000

C.1.2 Block Caving witn LHD's

Totais of 1,500,000 and 3,000,000 cfm are used for block caving

using slushers and block caving with LHD's, respectively.

ST



Descripzion Quantity HP/Unit Total HP Air Req'd (cfm)

Two~boom hyd~aulic drill jumbo 4 135 540 41,000
Two-boom medium drill jumbo 4 44 176 13,000
Two-boom fan dril} 4 135 540 40,000
FEL (8 yd?) 4 380 1,520 114,000
LDH's (5 yd?) 4 300 1,200 90,000
LHD's (8 yd?) 31 380 11,780 884,000
Miscellaneous - - 4,000 300,000
Subtotal. . . . . . . . .. . o . . . .. 1,482,000

Contingency (1%%) . . . . . . . . . . . . 222,000

Subtotal. . . . . . . . . . . ... ... 1,704,000

300 men/shift @ 100 cfm each. . . . . . . 30,000

Contingency (15%) . . . . . . . . . . .. 5,000

Subtotal. . . . . . . . . . . . . . .. . 1,739,000

Leakage (45%) . . . . . . . . . . . . . . 783,000

Total. . . . . . . . . . . 2,522,000

o

.2 MAJOR EQUIPMENT SELECTION

The following equipment detarminations for major pieces of equipment
are based on best estimates of equipment availability, operator efficiency,
and equipment performance. Availability of equipment varies depending
on the type of work and handling it receives during duty cycles. In
general, availabilities between 65 and 90% have been applied to various
types of equipment in order to determine the number of standby machines
needed.

Operator efficiency has been assumed constant for all equipment and
is estimated by considering a five-hour work shift {75% efficiency with a
one hour lunch period). A work day consists of three eight-hour shifts,
seven days per week. Equipment performance data has been taken from
vendor supplies information and publications. Where necessary, modifi-
cations have been made to take into account special mining conditions.

The following calculations were used to determine the production

area required and the number of active blocks needed for full production.
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Froduction Area Recquired

Biock size. o o . . o . . . . . . . 300" X 300" X 550
Oraw vate . . . . . . . L . . . . 0.75'/day
Tonnage Tacter. . . . . . . . . . . 14,3 ft¥/ton
30 year reserves

85,000 X 355 X 3G . . . . . . . . 905,250,000 tons
Gre in block

C300 X 300 X 550;+14.2 . . . . . 3,461,500 tons
Reauired riumber of blocks

905,250,000 + 3,481,500 . . . . . 262

202 3 .. . . 0. ... ... 490

A total of ten panels having nine blocks each are used for each level.
If procuction is increased to 170,000 tpd, ten panels will be developed

on the opposite sida of the shaft.

£.2.2 Number of Active 3locks

Elock vraduction
(300 X 200 X0.75) = 14.3. . . . . 4,720 tons/day

11 oroduction blocks

oo

i 5 I L Ya)
35,000 24,720, . . . o . o o 0o

Total blecks required .. 18
c.2.1 Stusners aend Scrapers

Low vrofile, hinged blade scrapers were chosen to collect the muck
from the drew points and load divectly into 80-ton rail cars. The
hinged blade gives maximum flexibility during the retreat cycle by
enabling the scraper blade to easily glide over broken muck.

A B4-inch scraper is used with a 150 hp slusher. The following
calculations snow the number of units required to meet total production
of about 85,000 tp4d.



Rope speed. . . . . . .. . « . .. ... . 200 feet/minute

Total length of haul. . . . . . . . . . . . 300 feet (round trip)
Total time taken for one load . . . . . . . 1.5 minutes

Delay time. . . . . . . . . . . . . .. . .0.5minutes/trip
Total cycle time. . . . . . . . . . . . . . 2.0 minutes

Tonnage hauled per Toad

100.,0 = (4.3 X1.3) . . . .. .. ... .b3 tons
Tonnage per hour (5.3 X 32) . . . . . . . . 160 tph
Nuriber of slushers required

85,000 816 . . . . . .. . ... ... 104

One-hundred-four slushers can meet the production which is less than the
number of slusher lines selected (108).

.2.2 Block Caving with LHD's

LHD size is Timited to the dimensions of the haulage drifts and the
machine turning radius. The LHE's chosen in these calculations have a
payload capacity of 24,000 1bs (12 tons or 8 yd®) a height of 6.3 feet,
width of 8.2 feet, length of 33 feet, and a turning radius of 26 feet.
Loaded the LHD's are capable c¢f negotiating a 52% grade. The number of
LHD's reauired for 85,000 tpd are calculated assuming:

Average haul. . . . . . . . . . . . . . . 250 feet

Average LHD speed . . . . . . . . . . . . 4 mph

Lead time . . . . . . .. . .. . ... .60sec

Heul time . . . . . . . . . . . . . . .45 sec

Dump time . . . . . . . . . . . . .. . .30 sec

135 sec

Number of tons per trip. . . . . . . . . . . . .. .. 9.28
Numbey of trips perday. . . . . . . .. ... ... .15
Tonnage required from each block . . . . . . . . . . . 9,440

Number of LHD's per block
9,440 ¢ (400 X 9.28) . . . . . . . ... ... .. .25
Therefore use three LHD's per block or 27 LHD's for the nine blocks
in production.

C-4



5, oroduction lines

i L?"::.

and production crosao is besed on the number of

avallable faces rathe LHD.  Using this method

. four & yd® LHD's are
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Selection of LHE'S o0 muck the undercut drifts and crosscuts is dona
cexing into acrount availenle facss and working spoce.  Using this methoed
and selecting a £5% avaiianiiity, 2ix Tive-yd® LHD's are needed

rifts end the machine tuy

3

-
=3
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radiys. Fight cubic yord rFL's are ysed in both levels and Joad the

ore cairectly inte rail céri.  The nunber of units reguired is based on

faces available rexinum output,
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Total. . . . . . 0 - 8 yd® FEL's

trelley Jocomotives Tor the biock caving are simiiar

-
i
i

ies in the number of cars

S0 The oy diTference

1iing and the braking reguyirvements. In the

blcck caving design the Tozcwmotives may have occasion to bull more

than ten carc cver a much longer distance {twe milas). A 50-ton troiley
tocomotive was selected. rfasuming & two mite haul and an average speed of
atght miles oer hour, 2ne wrein has a cycle time of 15 minutes. At 540
tons/ftrain and 1% minutes ner train, it wiil take five locomotives to

effectively handle the vequired SL,200 tpd. With cre locometive as a

standby a total of six 50-ton Tocometives ave reguired.
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