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FOREWORD 

This report was prepared by Cameron Engineers, Inc., 1315 South 

Clarkson Street. Denver, Colorado, 80210, under U.S. Bureau of Mines 

Contract Nu~ber SO 241074. The contract was initiated under the Bureau 

of Mines Program for Advancing Mining Technology--Oil Shale. It was 

administered under the technical direction of Denver Mining Research 

Center with Mr. Robert L. Balmer 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 comp1eted as part of 

this contract during the period July 1974 to July 1975. This report was 

submitted by the authors on 11 July 1975. 

The current decline in the domestic res~rves of easily obtained 
crude oil, 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 Colorado contains the largest single 

known hydrocarbon resource in the world. This resource occurs in tne 

Parachute Creek Member of the Green River Formation as kerogenetic 

marlstone or, as it is commonly termed, oil shale. Although this potential 

source of oi 1 could not feasibly replace America's current six million 

barrel-per-day oil deficit, it is possible that shale oil could replace 

up to one-thira of this amount. 

Current American oil shale mining technology is based on operations 

at three prototype room and pillar mines and a prototype modified in 

situ recovery project. In an effort to evaluate the economics of mining 

oil shale and to develop further technology, 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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The objective of ti1e Phtsc: I study was to evaluate the technical 

feas·ibil·ity dnd cost of selected ,:::11·1didate nrinhig system:s most adaptable 

to large sca1e inininq •Jf the D Jil sh~le deposits of the ce~tral 

Piceance LreeK Bas~r" ;he study was divided into three investigative 

sections: 

General review of the geology, ~ydrology, and resources of a 

"epresN:totive mfoE s"lt::-> in t;he central portion of the Basin, 

!::ve1:u,-:.tion oi' unrlerground rock mechanics des·ign techniques and 

sy~t~2sis of engineerin1 physical properties of Green River 

Selection, pre1iir;nar·y design and co~,t.in~l, and evahwt10n of 

candidate mining systems. 

A r~~ource evalu0ti0n 0f four rote1tial representative mine sites 

1n the central P~c2ance CrPeK Basin resulted in the selection of an area 

COYlfl uenc2 ~yan Sulch and Piceance Creek, Rio Blanco County, 

Colurado. /\pprox·:r:!;1t,~·;y l, ~oo t of oil sha:e, averaging 20 gpt and 

under an average of ·1 ,DCC fee:: :)f everbur·den, is projected over most of 

t 30 sc;u,·H e rni le site. Signific~nt quantities of dawsonite and 

sent. 1\n eva 1 ua ti on of the groundwater hydrology 

vn&:ater inflow fr~n 4,000 to 9,000 gpm for a 

A review of rock m2c~an~cs Llnderground design methods indicated 

that the most impcrt2nt :::hysica1 propertif"S for des·ign purposes are 

co~oressive strength, tE0sile strength, ctefor~0tion modulus, internal 

friction, cohesion, &rd 08isson's ratio. A synthesis of the available 

data on Green Rivet· oil shale indicates that as Fisrher assay increases, 

strength decreases. Quantitativo1y, 2s Fischer assay increases, compressive 

and tensile strength, deformati0n ·~odulus, and internal friction d~crease, 

while cohesion and Poisson's ratio increase. These q~antitative data 

::.'ere used in th:-: p,··elirr,-inary design nf pil'lar~: and roof bearns. 
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In the selection and adaptation of mining systems to deep, thick 

oil 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. 

Tte possibility of the presence of methane gas must be con­

:; '.i detect. 

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. 

Environmental 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 

oil shale were: square set stoping, shrinkage stoping, cut and fill 

stoping, sublevel caving, longwall mining, sublevel stoping, room and 

pillar 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 slushers and LHD's and also considering the cost of inducing 

caving. Production costs, includirg manpower, capital investment, 

depreciatio11, interest, power and water, and preproduction development 

costs, ranged from $1.04 per ton for chamber and pillar mining to $1.35 
per ton for block caving with slushers. 
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,.., r'·:r~'.,Tj ,inai/::is using th•:' C:AR[ system was conducted considering 

the fol1owfr:g r;1,ij0;- r:at,:>gories: t:-~chnica; feasib·ility, rriining costs, 

resource recovery, reclamation, enrinrnrnental impact, and health and 

~;ahe5t ranking system first: 

I. Char1ber Dnd pillar n1h1inq 

Sublevel stoaing with SDent shale backfill 

3. '.:;uhl2vr:i stordr.g 1tiith full subsidence 

4. Block ec,vrng usinq L.HG equipment 

6. i\dv2tnce entry atd pillar rn:ninr.1 

SUMrV\?V C:r ·~ONCLUS IONS AND RF.Cm-1MEr:D1YI IONS 

The large scale ~irirg of oil shale by undergrou~d ~ethods is 

technically teas1Lle. The ~i1ing systems ranked and selected as most 

proir;i:.;inc; ,:n,"!: chambet' ,1rd oil:ar mining, sub1evel stoping with spent 

:hale backfi11, sub 1 ev0l stopi~g with full subsidence, and block caving 

L/::, ~ r1 g 'j·;[' I $, 

Recom1Hendations are made to cc a ilCre detailed technical analysis 

and P','r"fc-rrn ,rn 2:::onon:1c Eva"luc1.~ion of t:·,e four most promising mining 

The ·'t~SF:tvc:, H oi1 sha·ie in the genf=ral area of the potential mine 

Si 'f_.C ,., .... f-
: IV L or l ~./ 4ro \ .••• I... :r:or2 t1ic,n -1dequc,t13 for the contemplated rates of 

:nir:i:is1 ~)Y ariy of t:!c ~:e·1 2ct?-d syster.1s, but also contain apr,reciable 

cHDO:.H:ts of th::' assc.cii::t,:,d :;al lne minera1s nahcolite and dawsonite, which 

could s·i~1,d-fici:n1Uy improve the overall economics of such mining. 
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SECTION l 

INTRODUCTION 

The subject of this report is a technical and economic evaluAticr 

cf candidate underground mining systems for deep,, thick o i 1 shale dep,ci · 

phase T. This study was awarded by the U.S. Bureau of Mines, 1mder ;- 1,.0 

direction of the Denver Mining Research Center, to Cameron E~gineers ii 

July, 1974. 

The apparent decline in this nation's proved reserves of easilv 

obtainable hydrocarbons has resulted in a search for alter~0ti~2 f02! 

sources. A dramatic increase in the cost per barrel of in,pc.n::'d n: l 

also changed the economic climate, 1'esulting i;i the possioi];;y if 

recovering higher cost hydrocarbons. One such source of h;di c,_ar·t, 

found in a sedimentary rock termed kerogenetic marlstone, or crn11:,,only, 

oil shale. The Piceance Creek Basin in Colorado contains the world's 

largest single known reserve of oil shale that is located 1vi 1J1i,1 2.:1 ;,y·, 

of approximately 1,600 square miles. Tne depth of this resource bc1· ~ 

the surface ranges from zero to as much as 1,200 feet:. It is est 1~natc,' 

that if the oil produced from this resource were mined and proce;~ed ~· 

J rate of 2,000,000 barrels per day, the resource would last more c:,an 

400 years. 

In an effort to determine the best methods of exploiting this 

potentially valuable and needed resource the U.S. Bureau of Mines r~_·Ct"' 

funded three research contracts. These contracts involved individual 

studies on the technical and economic feasibility of mining on shal,.: t, 

in situ rubblization, open pit, and underground methods. This report 

concerns the latter contract. 

l. l SCOPE 

This contract study is divided into two phases, the seconc: cont;1:r.;: 

er the results obtained from the first. The first phase (12 mnnths) 

involves the initial investigation and subsequf=nt cngineeri11~; evafo;:;t: 

of all potentially feasible systems for large scale, underground rnii.;~. 

of the thicker oil shale deposits. The second phase, of 8 to : 2 1<·c ,+., · 
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duration, will be 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 oil shale deposits. 

A review and synthesis of the engineering physical properties 

of Green River oil shale. 

A revi1=W 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 caving -
Block caving using slushers 

Block caving using LHD's 
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The ,:J;1t:=: u'.;e'.:l in this study come fron: publ ic1y available sources 

,~nd in ;nost ca:,es are ins~ffic:ent to provide the basis for detailed 

design'.,. The majoi··ity of the published data is from the U.S. Bureau of 

Mines,. U,S. Geological Survey, and the prototype oil shale mines 1ocated 

near Rifle, Colorado. The limitations of this study are a result of 

ins1;fficient datc1 on grc:1;:d water hydrology, structural geology (jointing 

a n d fa u 1t ; i 1 g ) ~ i i-. s i t u s tr es s es , a n d th e phys i c ci"I pro pert i e s of o il 

shale ard dssociated minerals in the centra1 portion of the Piceance 

1.2 CONTENT 

This report includes a discussion of the geology and hydrology of 

the Piceance Creek ~,Jsiii, a resource evaluation of a potential mine 

site, and the synthesis of published data on the engineering physical 

p··operties of Gr,.~en R-lver oil shale. Fonowing these sections are the 

contr2ct studies, including the review, selection, design and costing of 

the candid3.te 111-ii:ing systen1s. The report closes vlith a ranking analysis 

of the mining designs, the conclusions and recommendations, a phase II 

outline, append~ces, anJ references cited. 
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SECTION 2 

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

The Piceance Creek Basin includes about 1600 square miles in Garfield 

and Rio Blanco counties in northwestern Colorado, Figure 2.1. It is a 

north\'1est trending structural basin which ranges topograph'ically from 

1000 to 4000 feet above the surrounding lowlands. Elevations in the 

basin are from about 6000 to 9400 fl~et above sea level ~v'ith parts of the 

basin margin being defined by precipitous 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. 

Precipit.'!tic1ri, as mi:asured in small tmms in the surrounding lowlands, 

ave·~asies about ten inches annually a,ic fror.i "IS tc 25 inches at elevations 

abc·ve 7000 feet. 

~-he Roan Plateau, an east-west trending structure in the southern 

part of the ba~in 1 forms a drainage divide between tributaries of the 

Colorado River tc the south and the ~·lhite 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 

Vegetation over most of the interior of the basin is sparse and 

corsists of sage, pinon, and junipe~. On the north and east margin of 

the basin, north-facing slopes and other isolated patches are covered by 

heavy ~rowths of scrub oak and bucK bush. There are some scattered 
heavy stands of aspe~. lodge-pole pine, and blue spruce on the Roan 

Plateau. 

Major tow~s in the vicinity include Grand Junction, Rifle, Meeker, 

and Rangely, Colorado. 
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Figure 2.·; Location Map of Piceance Creek Basin, Northwest Colorado 
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2.l STRAfIGRAPHY 

Strat~ exposed in the Piceance Creek Basin range in age from Late 

Cretaceous to Tertiary. T~e oldest rocks are the Late Cretaceous Mesaverde 

group which is ccmoosed of sandstones, shales, and some coa1 beds. These 

rocks are resistant to erosion and form a series of prominent benches 

wh~ch outcrop continuously around the southern and eastern margin of the 

~dsin. Fo~sil content indicates that deposition occurred near strand-

lines ir1 fresh, brackish, and saltwater environments. Overlying the 

t12saverde is the Paleocene Serie3, consisting of the Ohio Creek Conglom-

erate anJ an unna~ed unit cnmposed of feldspathic SJndstones, shales, and 

thin coalbeds wnich are considered Fort Union Formation equivalents. Above 

the unnerned unit is the Wasatch Formation which forms the lowlands between 
t~e more resistant strata o~ the Mesaverde and the overlying Green River 
Formatio11. The Wasatch Formation consists of a thick sequence of lenticular 

sat,dstones and red, pur;:;1e, :Jray, 9reen, and yellov-1 shales with some coal 

beds. Numerous fossils indicate that the Wasatch strata were deposited in 

a &luviatile environment. Above th~ Wasatch Formation is the Green River 
Formation, depositec during the middle Eocene Epoch of the Tertiary Period. A 

mo~c detailed description of the Green River Formation and the overlying Uinta 

formation is shown in Figure 2.2. 

2. 1 . l Green River Formation 

The Green River Formation is composed of kerogenetic marlstores, 

marl stones, shales, sa~dstones, s11tstones, and limestones which have been 

divided into three distinct members basEd on lithology. The lowermost, 
er basai un~t, is Jcsignated as the Douglas Creek Member and is composed 

predominantly of sandsto~e, limestone, and shale. Above the basal unit 

is the Garden Gulch Memb~r whic~ is composed of dark, finely laminated 

shale. The upper unit, the Parachute Creek Member, is composed largely 

of kerogenaceous dolomitic marlstones, or commonly, oil shale. 

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

equivalent to the Douglas Creek. Garden Gulch, and lower Parachute Creek 

members has been designated the frnv i l Point Member by Donne 11 ( 1961). 
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·; 1.1. 1 ric:i:~ :?s C:'rek MeinDer 

T!-1e D01.,c~~'-'5 i:;re,:>k Me;r1;}et i·; composPd of sandstones, sha'ies, and 

·1~,,~eston.2s 1),r:r; conforrnab·:/ ;y.;crlie the variegated shales and saridstone 

units of th:-' ,·!d~atch Forrr'a~~.:1r;. This merrber has befn reccgd.::Pd only 1n 

tn2 southern, ;,1,.:s~t'rr,, 2.nd rent·,,,.:·i ,)arts cf the hasfo. In the easte1T1 

rart of the bas'ir, :..r.e clo:.;ti,: :'\1cif'.:?, of the Douqla:; Creek fllember are 

assic:rif'li t,1 the i\~i,1;1 P:.:,;w: f•lemJer-. :" the northwest, the Do·Jglas Creek 

Me~oer is caf1~~,e~t ~·ith sha1es 8f t~e overlying Sarden Gulch Member. 

The niaxi,m.i:n i'c :'ted tinckness of the J')ug1as Creek Member :s about 8:JO 

~eet in th::: '.;out:1\·/f:S1:ern Datt cf the basin. Resistant strata nf the 

:-)c,ug 1 ~.s Creek hdn~,er f·.~1il1 i;. series of benches along the b:ise of the: 

Gl"ec~n R·ivt=>r tSCDtpment. The color of the outcrop commonly ranges ftarn 

of dark, fi~ely 1asinated 

sn3les anJ mar1~to~t, so~~ of ~h~ch contain kerogen. With thP exception 

to the ,',,n,;l~ Po.; -t :'\',,1ber, th? Gar-cier, Gulch Merrber is present throughout 

t~e basin. The thickest se4ue~ce of th~ SaraPn G~lch Member is 900 feet 

in the ncrth1/(~ste,·..-, µai~·~ cf th0? ':':as'ir1, Vvl-;ere H c111fonnably ov';rlies the 

~iasatc~ rc,,·;r11t1or:, f,01 tiH:re south\·!.1rd .. th:: meml1t?r thin.::;. ·The Garden 

Culcn outcrop::; as a <;:,-i:,, st(:efl s 1 ope fA~L\,.Jc~en the ',,Jhite c'l'iffs of the 

Parachute C>eek '~ember and t;:e br .. w:n ,1ri::! buff benches :if Lh2 Ocug1as 

Creek ::iemter. Bnth th2 uuper and 1rNJ~::r co:1 ti.\cts of th-: C,c-:·r·det• Gulch 

2s tf,e Oran~n Mai·kP~ (Rophler )27<l1 A s1r,·,ilar l0w rssistivity· zone, ,..,_ I _, ,!":j"-- , ,-...I ~ ...... 1,I ' ~' .. c t ~;: 

r-. r 
t' ·- 'i 
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~o:.Jer u:i :~e '.'.one. The lower oil shale zone extends from the top of 

the Garden Gulch Member to the base of the Mahogany Zone. 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 basin the lower zone is absent and the upper oil shale zone 

rests confor:nably on the Garden Gulcl1 Member, Donnell (1961). Elsewhere the 

thickness of the lower zone ranges from a minimum of 20 feet in the southv,est to 

over 1300 feet in the north-central part of the basin. The thickening 

toward the center of the basin is attributed in part to increased 

organic content and the occurrence of bedded and disseminated evaporites. 

Cashion and Donnell (1972) subdivided the lower oil shale zone into 

a series of ~lternating lean and rich zones. This designation is based 

on shale oil yields from the modified Fischer assay. The lower zone can 

also be subdivided into two zones, leached and unleached, on the basis 

of removal by dissolution or leach~ng of the water soluble minerals nahcolite 

and/or halite. Although leaching is not confined to any one area of the 

basin, the characteristic low resistivity zone produced on electric logs 

in the leached section is confined to the central part of the basin in the 

area of 1nc1xirnurn evaporite deposition. The unleached or saline zone is 

the lower of the two. This zone contains possible economic deposits of 

nahcolite and dawsunite. The thickness of the unleached zone in the 

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

Tne interface of the leached and unleached zone is a somewhat poorly 

defined plane termed the dissolution surface. In reality, it is probably 

a dissoluticn zone, as numerous cores have shown nahcolite to be present 

Jbove the dissolution surface while vugs and cavities are found below. 

At best, an} designated dissolution surface is an approximation. 

Above tne dissolution surface is the leached zone which is charac­

terized by cavities, vugs, and collapse breccia. The thickness of the 

leacbed zonE: in the central part of the basin varies frorn about 400 to 

over 11]0 fret. Leaching of the evaporites from the lower zone has up-

1Jraded 1-',e 011 shale, produced cin a.quifer, and reducec! the bulk strength 

of U1e (Ock .. 
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S f2et ~n the south lo 400 feet in the 

in thicknes~,. 

the lJwer 100 to ?DJ fe2t o: t0f u~p2r oi I ~~a 1e zone. This zone. 

des i ~maced tf:r ~ic:h(in::.n\' LGiJ"' : '.1 the 011tcrop ard Maho(pr,y :,Jn2 ; n tne 

subsurface iS ,i read·ily id·~ntifiabh=: unit (Bradley, 1931). The ,,ery 

resistant nature of 

These barren zones are 

::. i J ·,at in\'. I:, +ho suL'.;urface both the 'A I and 

cc;)prJxh,'ctt:r1:; 'C1G feet rc::<'F t12 ri,arqin of the b:1sin to atout 200 feet in 

t. 112 ncir~:I; cen':,:il p0ft er ~i":P b::x:,i:1. The thickening is larsely due to 

a:1 ircred,f' ~:1 --:lc::,t·;c co;·tr.:::·r. Generc1ny. the 9rade of oil shale Jr 

vti+)1 the richest Sequence co:riprising 

Above th2 o is 300 to SOQ feet of leaner oil shale. 

This ~;f:(1:Ji;:.ce i:' T'i1C st" t:::,, southr::rn part of the bi"1sin, and due to 

inr.s;f;,;.;·-, ":'!SJ v,itf, •:h2 .. r,r2r1y'.>1g Uirite ion;1atior, thins to less than 300 

feet in thE na:thctst. 

an:ation Creek t1emb1.c:r, consists 

of barren narlstones, s~ales, siltstones, an~ sandstones overlying most 

of the !:Jasin. Fie Odtcrop uf thr: ;_'inta Forrnation forms a buff to 1 ight 

brov,r rounded cao r'ecf'.::ed~n'J fror,; tf",e v1hite cliff:;; of tr:e P;=1.,,achcrte Creek 

Member. 

top has bee, removed hy t:ros ion; however, from s1.;b:;ur+·:·,c:,~ h:fonnat ion it 
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is kno',,F'i tc exceed 1200 feet. iJe(ause of the lenticular nature of the 

siltstones and sandstones. the lower boundary varies from location to location. 

liith the e~ception of a few local aisconformities the Unita Formation rests 

conforrnbly on tr:.e Parachu~:e Creek rlember of the C1reen River Formation. 

2.2 STRUCTURE 

The Piceance Creek Basin is a large, assyrnetrical, northvJest trending, 

structural downwarp. Beds that dip into the basi~ range from less than three 
desrees on the sout1ern margin to 27 degrees on the northern rim, Figure 2.4. 

The basin is bordereci on the east and the northwest by the White River Uplift 

and the Axial Basin anticlines. respectively. On the northwest edge, the 

basin axis is a syncline located between the Massadona Anticline and the 

Ran1ely An:icline, extending south from the western boundary of the Piceance 

Creek f?a s ii":. The southern boundary is formed by the Uncompaghre Uplift 
southeast uf Grand Junction, not shovm in Figure 2.4 . 

. lith'.,· the basi·1 itself there are a number of small, parallel, north­

~est trending anticlines. Among these local structures, the most promi­

nent is tn2 Piceance Creek Dame located in the northeastern part of the 
bas in. 

;iurnenus northv1est trenc!in~1, high ang·le normal faults of small dis­

placement :ire present northw1::st of the Piceance Creek Dorne. The faults 

caITTnon~y occur in pairs and usua~ly bound downthrown blocks or grabens. 

Faulting on the crest and flan~s of plunging anticlines are probably 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 echelon and parallel graben systems. 

2.3 GEOLOGIC ~ISTORY 

T1e seologic history of the Ficeance Creek Basin is reflected in 

the cross sections shown in Figures 2.5 and 2.6 (Roehler, 1974). The 

Piceance Creek Basin was a certer of deposition at the beginning of the 

period of deposition of the Green River Formation. This is reflected 

in tne basinward th'ckening of the underlying Wasatch Formation. About 

50 r1illio11 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 adj::1cent areas, or a col'ibinatfon of both. During early Douglas 

Creek tirne crainage into the basin produced fluviatile and paludal 

conditio1s as reflected in the strata in the lower part of the Douglas 

Creek '1lei:1l1er. These strata consist of fresh water limestones, gray and 

brnwn carboraceous shales, thin beds of coal, and some gray lenticular 

sandstones. Tt1e drainage into the basin was from the east and southeast. 

This condition continued throughouc most of the depositional history of 

the Green r;:·iver r:ormation and is reflected in the elastic facies of the 

Douglas Lreek, Garden Gulch, and lower Parachute Creek Members, designated 

as the Anvi ·1 ro ·int '.1er1ber. Eventua 11 y the numerous sma 11 ponds coalesced 

to form a larse fresh water lake ca1led Lake Uinta. This lake continued 

to expand throughout the rer,1a"incer of the period of deposition for thE:: 

Douglas Cred 1°1ernber. The upper part of the Douglas Creek Member is 

composed of strata that were deposited in a fresh water lake. These 

strata are usua"Jly liqht brown, varved, papery, kerogenaceous shale with 

t11e high c;r1Janic content derived from the seasonal mortality of blue-green 

algae. 

At t~e beginning of Carden Gulch time the climate altered and the 

lc1ke c:hanqed fron1 freshwater to saline. Sedi111ents deposited in the 

saline conditions were lim~y organic muds. This change is recorded in 

the urgar1ic content of the shale in the Garden Gulch ~ember, which is 

~enerally higher than the organic content of the freshwater shale of 

U:e Uoug·las Creek i~einber. Br·ines settled to the deeper rart of the lake 

durfoq extr::~1nely quiescent co,1dH1ons. Dur"ing .'.;arden Gulch time the 

carbonate content of the lake waters also increased, setting the stage 

for tl1e deposition of :he Parachute Creek l·iember. 

Deposition during ParachJte Creek time was characterized by vast 

quantities of kerogen-rich, dcl:rn,Hic to calcareous marlstone with 

bedded evaporites toward the ce0ter of the basin. During this time the 

lake e:x:pc1n::!ed to its maxi1m.dn size as indicated by the widespread :1ahogany 
1 Lone. 

~s a resulc of widespread volcanic activity to the northwest, 

clin,atic ccnditions changed and a ciecrease ir, precipitation and temper-
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t:;c :,iJrner,-u•; '..:Jifac2n::s r';cks or0:sc:nl ill t~,r:', up::ier part of the Parachute 

Creek :,1ern1X!r an.,: ! 1 ' ti:·:> OV::'.'1'·:yir1q 0inta Fonr11tion. StibS(:qu2nt post-

depc'.:> itiona I tecto:rics and ercs·i:-rn :-:as pre,,:'..jced the bJpograph-ic features 

oft,~ Piceai1ee Cr,,a.:< 3:,s·in a·_,.e shalr.! ()n, nahco1ite, and dawsonHe. 

,L,i: tt,,·e·2 of thes:.: .,r2 fcur:,J ,n sic;nificant quantities in the Prl.rachute 

? . 11. : Shc:1P Cil 

'.:J!1cde oil is the orodu::t of the destrnctive disti11ation of the 

k.eruqt~n fo oi ! shal,::. In the central part of the basin the thickest and 

r'iche',t c,1·1 sha1r: ~euuer:ce Is founa in U:e lower part of the Parachute 

Creek Member. R~rr:1~ly, a new systPm of classification for total resources 

we,:: a:iooti-'d b/ the 1_:ss:< Dnd the USGS. Kt?Y criteria for this classification 

a r'•:: U:c. ex r:~-;r,c ;yf (;E: 11 u,; ·1 c ~nowl edge of tr,e resource and th,:: economic 

L:asi!:,ility cf recc>2r:v, /1y, PSti~i;d~E: {r;r t!'!0 total shale oil resource 

of tl11.,~ i1 icc-:.:', .. -s Cr2ek !3Lin ls ·i,?00 Li Ilion bat-r2ls (National Petroleum 

Cour.':.:il;. 1Jf thi·;, ";7 lilifon br,tt'?.ls ,H'2 contained in favorar1ly 

iocG.ted i>.nd d2fi:·,frj d':'.pr.:,~:H::; a.verc.ginJ 30 to 35 gallons per ton over a 

coi~cint,,,::_i: ir;;~et'vc1·1 o·7 JU tret or r,1ore. Less favorably situated and not 

as well defined Jep0si~s of the sctme grade and thickness are thought to 

contain another 167 billion barrels of oil. Poorly defined deposits of 

lol',e:· grade, tJ.:-.,~~n:.1 C'Ci•:n to 15 9-:J.lions of oil per ton constiLite the 

?.4.2 Nahcolite Resources 

iia.hc01it2 (:·1a.HCJ 3 ) :s considered a potent·ially valuable by-product 

of oil s~a1e pro(essing due to the large quantities thut exist in the 

central p,ir 1
• cf the bas·ir. and its riostulated use in emissio1·1 cor,trol 

s':ster:1s cf coal-·f·:red, eiectrical oov1er generation plants. Altho,;gh 
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nahcolite i; found elsewhere in the basin, the significant deposits are 

restricted :o the lower part of the Parachute Creek Member in the central 

part of the basin. Nahcolite occurs as: (1) fine crystals disseminated 

in the oi·1 ·;hale Jllatri>: 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 

(rJaCl). fiea·:'d, Tait and Smith (1974) estimate about 29 billion tons of 

nahcolite are present in the center of the basin. 

{. !+. 3 Dawsonite Resources 

Dawsonite (Na 3A1 (C0 3 )·2Al(OH) 3 ) resources of the Parachute Creek 

Men1ber of the l~reen River Forrnation have been estimated by 3eard f'.t al, 

(1974) to be 19 billion tons (6.5 billion tons of alumina). Dawsonite 

could be produced as a by-product in the oil shale retorting process as 

envisioned by Weichman (1974). In light of recent price increases by 

the n1ajor bauxite producing co~ntries, the development of dawsonite 

resources r1ay be economically 2.ttractive. 

Dawsonite occurs fine·ly disseminated in the oil shale matrix. 

Significant dawsonite deposits are apparently confined to the north­

central part of tne basin anC1 are restricted to an interval ranging from 

1000 to a little less than 300 feet. Reserve estimates range from more 

than LC million to ·1ess than ?O 111illion tons per square mile. 

2.5 RESOURCE ~VALUATION OF PROPOSED MINE SITE 

A resource evaluation of four potential mine sites, proposed by the 

USBM, 'vJas r:1ade to determine the most favorable location for a representative mine 

site. f ig"1re 2.7 is a map shmving the location of the proposed sites 

Each site ~as evaluated for shale oil content, nahcolite and dawsonite 

content, overburden thickness, oil shale thickness, and leached and 

unleached zone thickness. On the basis of these evaluations, the 

Bureau of Mines selected site 2 ~or more detailed evaluation. The 

follmving discussior covers the detailer:: evaluation of site 2 only. 
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c:. 5. l '.iite 2 Evaluation 

Site 2, as originally selected includes about five square miles in 

portions of TlS and T2S, and '\9/\~ and R98H, Figure 2.8. Corehole data are 

available from Shell Jil Company coreholes 22x and 23x, (Tables 2.1 and 

2.2), Pan ,'\nerican Saterdal ilu. l,. and Sine.lair Skyline flo. 2. The USBr 

has since designated this site as the pr~mary area of interest and it 

has been expanded to include about 30 square miles in portions of the 

previously 11entioneci townships. 

~-i gure 2. 9 is an overburden chickness 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 sout~east with the minimum thickness along 

Piceance Creek. The overburden consists of the oil shales in the upper 

part of the Parachute Creek Member, and sandstone, siltstones, and 

111arlst:ones of the overlying Uinta Formation. 

The structural contours on top of the ~ahogany Zone, Figure 2.10, 

indicate the soutnern boundary of the area is delineated by a system of 

urabens. Another graben is shown in the northeast portion of the area. 

This graber1 is a northwest extension of the same graben found on the 

Piceance C1°eek Dorne, ·1ocated to the east of site 2. The dip of the 

strata is generally about one degree to the north with local variations 

due to fol,:iing and faulting. 

Figur2 2.11 shows that the thickness of the total oil shale interval 

-!°rom the bstse of'/\' Groove to the top of the Glue Marker varies fron1 

over l ,500 feet in the north to ~ess than 1,100 feet near the southern 

bounaa1~. The thinning is o~ly partially a depositional feature as 

removal of the saline minerals by dissolution and subsequent collapse of 

forrnE:r saline rich zones, has decreased the thickness as shown in Figure 

2.12 The effects of leaching o~ the total oil shale interval can be 

seen in Figures 2.13 and 2.14 which show a relatively rapid thickening 

and thinning of the leached and unleacned zone, respectively, away from 

the north central part of the area. 
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R-2 2,402 4 ,no 88 34.9 

Blue ~1arker- 2,490 tf ~ 143 
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FiyurP 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 11iceance 

Creek Dollie graben. The fault plane has been reported to contain travertine 

deposits which 111ay effective·ly reduce or block water flow in the leached 

zone, resulting in the accumulation of supersaturated solutions. This 

would acco0nt for a relatively low rate of leaching compared with the 

surrounding area and produce a domal feature as illustrated in Fi~ure 2.15. 

The general resource figure for this area was calculated usinn data 

from the S-1ell nx drill holi:~. ,'\pproximately 2.4 IT'illion barrels of oil 

per acre are contained in a 14j2-foot oil shale interval. Other resources 

figures lllO:iified from Beard et al (1974) indicate about 625,000 tons of 

nahcolite per acre in a 950-foJt interval. The total resource figure 

for site 2 (not the expanded site 2) is 7.7 billion barrels of shale 

oil, 2 billion tons of nahcolite and 550 million tons of dawsonite. 

Insufficient data is available to sufficiently estimate the total resources 

of expanded site 2. 

2.6 HYDROLOGY OF PICEANCE CREEK BASIN 

Tne ~reliminary design of an underground mining system in the 

Piceance Creek Basin is in part affected by the hydrologic conditions. 

The amount of water inflow into the mine could affect total mininq costs 

enough to :nake mining too ccstly. In order to provide a reasonable 

esti1~ate of water conditions and pumping costs, the geohydrology of the 

central P·ceance Creek Basin is investigated. The following discussion 

covers a review of the available groundwater literature in the Piceance 

Basir area, a description o~ the general hydrogeologic system and a 

hydrologic evaluation of proposed mine site 2. 

2. 6. l Review of Literature 

/'-1 surnnary of hydrologic ·informatfon of the Piceance Creek structural 

basin bet,-1een the vlh"ite and CDlorado Rivers (Coffin, ~·/elder, and Glanzman, 

1971) is presented in the forrn of two 1 arcje maps printed by the USGS. 

The 111aps show the Piceance Creek Basin area and include a potentiometric 

1nap and a structure contour map on the base of the Mahogany Zone. Also 
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included an~ a stratiqraphic :>ection, a dioqrammatic section across the 

Gasin, geohydrJulic cross sections, chernical character qraphs of selected 

strea11:s, c1nj water ljuality bar· irc:1phs. 

[ 11 +:i~e f~ocky Mountain As·:;ocicltion of i-;eologists (RMAG) 1974 guidebook. 

Weeks (1974) presents a review of the water resources in the Piceance 

Creek Basin. Annual runoff fro111 the f'iceance Creek watershed is estimated 

at 13,980 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 th,2 groundwater. The groundwater resource 

is estimated as large with smE w211 s producing as much as l ,(100 gprn. 

USGS f'rofessional Paper 9Cl8 (~leeks, Leavelsey, Welder, and S::ulr.ier, 

1974) is a cor:1~rehensive eva1uation of the hydrologic effects of oil 

shale min-ing on Colorado lea~;ec tracts C-a and C-b. In the ;:iaper, cl 

mathematic,il simulation of an open area four miles square on each tract 

was made to estimate mine Jbcharge. f{esults indicate that on tract C-a 

the total discharge ranges from 4,000 gpm after one year to 3,000 g~n 

after 30 years. The majority of the discharge is supplied by a lower 

aquifer. Jn tract C-b the dis:harge varies from 13,000 gpm after one year to 

9,000 r.ipm :,fter 30 years with about two-thirds supplied by an upper 

aquifer. 

A report written by the USGS (1974) for the USBM evaluates the 

hydrogeology of four proposed Jil shale mine sites. The evaluation of 

the sites was done using the digital model presented by t!eeks et al 

(1974) and resulted in the selection of site 2 as previously described 

in the re5ource evaluations. 

l~y11101·e (l:l7[;_} computed a v1ater balance for Yellow and Piceance 

Creek dra~nages. Precipitation, evapotranspiration, and runoff plus 

deep percolation amounts were computed for various elevation-vegetation 

type combinations. 

Stri Ffler (1972) present:,; sorn~ 1::xcellent quidelines for surface 

.:_;isposal ::if s~ent shale. Ci1uac:t1::ristics of mountain hydrology and the 

erosion potential of spent shale disposal areas were discussed in con­

side1'ahle detail. Revegetation techniques were also reviewed. 
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Bo~h ,;,-,icwarlo, i1 ,,f,ale !E•,1.:;cs u:"C:: -1cirninistered by the USGS and as 

a f8S•JH ,,Ji di'ltr, d.i' 1::' l\il(':: j'ubli,: Cu1• 1nently c; hydroloqic drillinq pro-

1Jruil1 is 1_;ndt:r1;1ay to !~rovide rnor~ :..ornprer,er,sivt":: data on rwou11dwc1teY' 

coulicions iri localiz,,.:J are;:,s. Ir will be p11ss·ible to estimat.e r:•ore 

accurate·!y the anticior1ted rvine dischar~w as these data becOine public. 

Phys1ography 

The Piceance Creek watershed dra-;ns a 629 square mile area within 

the 1E1rger Hhite ;::'iver dra~1;ag;1
," major tributary of the Colorado 

R·l 11er. Eleliat-;Dns ~vithir, th1::: Picf-:ance Creek drainagt~ range from near 

5,000 feet to over 9,000 feet, with 86% of the watershed lying between 

6,000 and 8,000 feet (Wymore, 1914). The landform is well developed 

ridge and valley tooography with 1oca1 relief from 200 to 600 feet (Weeks 

Et al, 1974). Drainag2 d~velopment is we11 advanced and appears to be 

struc::turally contrclied v1ith rlrainage patterns ranging from trellis to 

parallel. The major ~~y~iographic feature of the region is a rolling, 

dissected plateau which forms the south and west portions of the drainage 

div~de and aver,:1gt:s over 8,000 feet in elevation. This piat~a11 is a 

very itnportant feJture froi,1 c. h_1drologic stanrlpoint since it receives 

over 2() i nchc~s orecipita.~fon annud'lly and cGntains the Rasin 1 s r1ajor 

The Piceance Creek Sasin li~s in a reginn generally classified as 

semi-arid. However, the higher Elevation areas, with their attendant 

higher precipitation ai,d lo~er evaporative demands, could be classified 

2s sub-humid. This regLm also lies in the path of several major storm 

tracks. Storm systems originating in the Gulf of Mexico, in the Pacific 

coastal region, and in the ~ulf of Alaska all have the potential for 

deliverfog moisture to v.'estern Colorado. l!nfcrtunately, several r1ajor 

mountain systems lie between the Piceance Creek Basin and the storm 

source arefs, with these b2rriers acti~g to reduce the amount of moisture 
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available for precipitation. Tr: a:Jclition, the relatively low elevation 

of the f)iCEiance c,,eek wate 'Sr:ecl results in only minor orographic lifting 

as corrpared to that which occurs on the western slope of the Continental 

riivice. /\nnual precipitation averages 17.4 inches and ranges from 12 

inches in the vai-tey bottoms tc OVf!r 25 inches on top of the plateau. 

Selected sites on the plateau nay receive in excess of 30 inches of 

effectivr:' ;irecipitation annual"ly because of snow redistribution by wind. 

Precipitation is very evenly distributed over the year with month-to­

rnonth varii:1tions genera"lly les:=; than one "inch for the long-term norm. 

Rainfall i~tensities are generally light, although intensities exceeding 

two inches per hour for durations less than 30 minutes occasionally 

occur at t1e lower elevations. 

Evaporative 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.G.3.1 Surface-Water Hydrology 

Strea::1flow in the Piceance Creek Basin is derived principally from 

spriny sncwmelt. Baseflow, however, is derived almost exclusively from 

groundwater discharge. ThE~ rnean a.nnual flood event for most drainages 

with"ir1 thE, basin is also derived from snowmelt v1ith the extreme flood 

events caLsed by summer convecti1e rainstorms. Although very little 

peak flow data exist for this region, estimates have been made using 

computatic1nal procedures based upon design storms and watershed char­

acteristics for small drainagE:S (\>leeks et al, 1974). Based upon these 

estimates, it is likely that small drainages of less than five square 

miles would experience 100-year peak flows exceedinq 30 ft 3 per second 

per squari: !nile (cfsrn). Peak f10v1s having recurrence intervals of 100 

years or !ess probably do not exceed lCI cfsrn for drainages greater than 

five squa"e 11,iles. 

~,nu11 is perhaps the n10,;t ir1porti"int aspect of the hydrologic regime 

cf the Pi:eance Creek Basin., Nearly a'.11 the strearr,flow and groundwater 
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Frc:ct1,ring, therefore, ·is a major cause of penneability in the 

aq,.nfer~. a; they are today. Th·is also hohls true for the overlyinri 

!Jin~c1 Forn1ation that s.erves as a mantle over most of the Piceance Creek 

Basin. -~h=. lJ-inta Formation consists of silty, dirty sandstone, clays, 

and rarhtJnes that are also b,:irren of prfr1ary permeability. As a 

result of the tectonic activity and surface deposition of alluviu~ the 

present r1quifer system is composed of three systems: (l) alluvial aquifer, 

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

The alluv'i3.l aquifers, ra~9rng in thickness from zero to l!l0 feet, are 

confined to stream bottoms and restricted in width to generally less 

than i_/2 11 ile .. The permeability of these aquifers depends upon the 

source material and increasEs do11nstrea111, being greatest in the :11ain 

streams ar,proacr·ing the White River. The upper aquifer consists of 

saturated material from the bottom of the alluvium to the top of the 

Mariogany ;·one. ~leeks et c1·1 (1974'.·, using data fron1 26 wells, reports 

that the ·1:rarsmi ss i vi ty of the upper a qui fer varies from eight to 1000 

f( µer day. 

The Mahogany Zone is generally considered to be an impermeatle zone 

:>=':;c11atrni1 the upper and lov,er ."qu-ifers. flow,~ver, vertical permeability 

be1:v1een t',e two aquifers ex·ists due to fracturing and faulting. Extensive 

leaching ~as occurred in the lower aquifer, with its limits extendinq 

fron1 the :iase of the Mahogany Zone to the base of the leached zone 

The base of !he leached zone is also referred to as the dissolution 

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

: ittle perrneability exists except that due to minor faulting and f:nacturing. 

--:he tt'ans.missivHy of the lower aquifer, using data from 2C well~, is 

appro~imately 1,940 ft 2 per day. 

The potent"ioilletric map, Figure 2.16 (Weeks et al, 1974) indicates that 

the sienerai water movement i5. from recharge around the margins of the 

basin to discharge in the Pic:eanc:e Creek valley and finally out into the 

white F'.iver. The contours shown are the combined heads of the upper and 

lower aq11ifers. There are insufficient data to contour the potentiornetric 

3urfacE:S of eacti ar:uifer. 
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2.c.3.3 \,!a ter 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 n1illigrams 

per liter (1119/l) in Piceance Creek at the \~hite River. For the 1973 

water yea1', the greatest sediment load occurred ciuring the peak snowmelt 

period in May. During this period the sediment load varied from one to 

four grams oer liter. 

The :oncentration of dissolved solids in the aquifers varies with 

its nearness to recharge, discharge, and the dissolution surface. Table 

2.3 gives examples of the min·imum, 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-bicarbonate-chloride water. 

2.6.4 

~. 6. 4. 1 

Hydrologic Evaluation of Site 2 

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 streilms near the site flow only intermittently except for Piceance 

Creek, which flows perennially. Climate of the area is semi-arid, with 

precipitation varying from 12 to 15.5 inches. From November through 

March, p1°ecipitation general"ly occurs as snow and dL:rinq the remainder 

of the year as rain. Potential evapotranspiration for a horizontal 

surface in the area is approximately 43 to 46 inches annually, exceed-

ing precipitation nearly every month of the year. On the average, ~ost 

of the a1nual precipitation goes toward satisfying soil water storage 

deficiencies and eventually is lost through evapotranspiration. Occasionally, 
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Table 2.3 

Aquifer 

Alluvial 1 

Upper 2 

Lmver 3 

* in mg/1 

Dissolved Solids in Water Samples frori1 the Alluvial, 
Upper, and Lower Aquifers*-- from Wrek~ et al, 1974 

Mi nimu1n Mean Maximum ----
469 1,750 6,720 

345 960 2, 180 

491 9,400 33,900 

Based on 27 samples. 
2 Based on 17 samples. 
3 Based on 27 samples. 
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under sunm1er convective storr1 condiitions, 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. M the qenera·1 elevation of the site, G,'.)'10 to 

G,800 feet, snowcover is not persistent and mid-winter melt is a common 

occurrence. Such conditions reduce the probability of significant 

runoff fro11 snowmel t. 

The USGS (1974) computed the 100-year, one hour runoff event as 0.7 

inches total runoff for the drainages within and adjacent to all of the 

proposed ~ine 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 2 per day. The 

lower aquifer is 550 feet thick and has a transmissivity near 400 ft 2 

per day. The storage coefficients are estimated to be 10- 3 lnd 10- 4 for the 

upper and lower aquifers, respectively. Under dewatering conditions the 
storage cJefficient for the upper aquifer was assumed to be 10- 1 (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 low dissolved solids con­

centrations. During periods of storm runoff, howe:,·er, 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. 

All wastewater and storm runoff produced on site 2 would have to be 

contained in well sealed detention ponds to prevent degradation of 
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surface waters below the site. Spent shale riisposal 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 mq/1 for the upper aquifer and 

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

2.6.4.4 Estimated Water Inflow 

T!1e USGS used c, d·igital model of the qroundwater system of the Piceance 

Creek Basin (~leeks et al, 1974) to estimate the dew3tering requirements of 

the federal lease tracts C-a and C-b. The model assumed the groundwater flow 

between the upper and lower aquifers was unimpeded and that the upper aq~ifer 

was drained. From these assumptions, the USGS simulation model computed the 

discharge from C-a and C-b to be approximately 9 ft 3 per second (4,000 gpm) 

and 20 ft 3 per second (9,000 gpm), respectively, after a period of one year. 
Due to the large amount of assumptions made in predicting these values. a 

figure of 10,000 gpm is assumed for the representative mine site (site 2). 

2-39 

CAME RON E N G N E E R S 





SECTTON 3 

ENGINEERING PROPERTIES OF GREEN ruvrn OIL Sf!ALE 

Green River Fc1 r111ation oil shale, an orqanic-bearing marlstone, i'.5 a 

relatively co!liplex rock with ~l"ighly variable strength characteristics. 

The two factors that affect the elastic and dynamic properties most 

significantly ar-2 Fischer assay grade and bedding. In common vlith ell 

bedded ,·ocks, the physical properties of oil shale measured in the plane 

of beading diffet· from those measured perpendicular to bedding. The 

relationship of engineering properties ta Fischer assay is peculiar to 

the thi··ee oi1 rich me111bers of the Green River Formation: the Parachute 

Creek, the Garden Gulch, and the Douglas Creek. 

The design of undergrllund openings in oil shale mu:,t cor,sider the 

ability of the rock mass to resist the stress concentrations resulting 

from the interacticn of the original stress state and excavation geometry. 

rarameters 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 2.r.y realistic engineering des·ign program. Any mine design in 

oil shale mJst consider the varlations in kerogen content and, consequently, 

the engineering properties associated with the oil shale deposit. 

In the disc~ission tf,at follows, a review of pertinent published 

data on engineering ~hysical properties is presented followed by a 

revi evi of design r::ethods and parameters needed for the design of under­

ground excavations in oil shale. A synthesis of all physical property 

data on oil shale is presented and is followed by the conclusions. 

3. l REVI rn OF I. nrn:nt..:r-c 
Published research and physical testing data on engineering pro­

perties for oi1 shale arr:, quite limited. The USBM started an experi­

mental oil shale ~inirg project in 1945 on a naval oil shale reserve 10 

miles west of Rifle, Colorado. The majority of physical testing of oil 

shale has been done on samples from this mine (Anvil Points) which is 
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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 oil 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 oil 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 for Young's modulus, unconfined com­

pressive strength, Poisson's ratio, and modulus of rupture on six bulk 

oil shale samples 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 inc1·ease 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 oil shale. Tests performed on specimens 

with a cro;s section of one by one inch by two inches long showed higher 

compressiv~ and tensile strengths with loads applied along the bedding. 

Raju also described a rough relationship between projectile impact 

energy, depth of penetration, and excavated volume for three degrees of 

oil shale richness. 

At a test mine operated by Mobil Oil 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 oil shale. 
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r2ports tf:e results of ohys~cal 

tesi,ing and dis;:i1ac::!ment monitor~n,; at+_;:..-: Colony Oevelopnent Corpora­

r:on ;;i"ine at F01achute Cr,;~'k n•::ar Pif'l?, ,>:i1orado to de"'.:.enr:ine parameters 

reports by Ch::'\mt<:r-lain (1970'1, Hjeln,:.;+:;::j (1qn1.), Podio, Grego~y, and 

Gray (1068), <l~d the Colorado Sc~ool of Mines. 

3.2 REVIEW OF DESIGN METHODS FOR UNJ~RGROUNO OPENINGS 

Nurnerous r:ethods and C'Jncepts are presently available for designing 

stab.le 11nderground openinqs in f(lCk. A11 of these :nethoe1s ·;1enerally 

require some con::rion b,Jsic engineerin~J p,'operties as input. P11lar designs, 

for examp·ie, require knovfledge of the maxirnrnn theoretical load carrying 

capac Hy of the roe 1:. In 1'0Cf be1m design, the tensile r1nd compressive 

strength is needed; ar•d in subsidence the el~stic moduli must generally 

be kno\'m. 

Most design m2thods have been devEloped for application in specific 

localities or ty0es of rock. The following review of analytic methods 

in pil1ar design, roof beam analysis, and suosidence estimation is 

concet'ned or1y with those methods applicable to bedded formations. The 

purpose of this review is to isolate and identify those paramet.ers most 

important to tne desicm of safe undergnund open"ings in oil shale. 

The current methods for designing ope11ings in undergro~nd excavations 

are numerous and generdlly ap~ly only to special local conditions. In 

the following sectiors, some of the basic methods are analyzed and the 

important engineering parameters noted. 

3. c:. l Pil1ctr Design Parameters 

The sfr11i)iest approach t,J pil:ar design is presented in USBM Bulletin 
58? (Obert, Duvall, and Merrill, 1 %0). Tf1iS ITTet"r·.,j ]"t'i:~1,,r::,<; ,-et•·inn UP 

' ' j I U\.. i y \..' I ',i ......... ..'.) l.. I ':.:) 

a physical testing prDgram to deterrni::::! rhe unconfiner:! corrpr2ssive 
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strength of co1,1petent specimens .. The maximum design pillar stress is 

then detemined by div1iding t'1e specimen strength by a factor between 

tv-10 to four. However, the shap,~ of the specimens tested n1ust be identical 

to the shape of the design pillar or a modification of the specimen 

co~pressive strength must be nade (equation 3.1). 

0.773 + 0.222(i:) . 
·--··-·-----·-·o;-- . . . . . . . . ( 3 . l ) 
0.778 - o.222(H:) C2 

The limitations for the above equation are diameter-to-height 

ratios fron l :4 to 4:1. Many of the planned oil shale pi'llars exceed 

this limitation. In addition, the planned pillars may not be cylin­
crica·1; hov.riever, a conservative assumption is that a square pillar is 

equal to a circular pillar if the diameter equals tne side length of the 

square pil~3r. It can also be conservatively assumed that a rectangular 

strip pillar has an average strength equal to that of a circular pillar 

v1ith a diameter equal to the nc1rrov1 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 

1:1easured 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 Greenwdld, Hm"arth, and Hartmann (194.1) developed some of the more 

useful ones. These equations take the form: 

Strength = 
i'. ,, / h . ) 

I, ,,-t 
0 w, . . . . . . . ( 3. 2) 

The derivation of the constants (and~ is possible only after 

dcquiring extensive experience in a particular geologic environment. rJo 

attemDt 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 oil shale will be 
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needed before this :net!1od cai, be used. rt h'uu1d aiso be hazardous ~o 

extra.:>o1atfi the 1 "iri1ited experi:2nce :1f room ard pillar mining in oi'I 

shBle near the Anvil Points a~tcrop to the greater depths of thE ce~tral 

Piceance Creek Basin. 

The desiyn of pil1ars based on the Ass~mption that an average 

stress acts across an entire ~illar has been demonstrated to be un­

realistic. Mi_:,asurer.;ents 'Jf stn::::,s on rril.:H'S have repeatedly showr, that 

the stress lev21 increases from the edge toward the center of the pil­

lar, Figure 3.1. Wide pillars reach a maximum (peak) stress (Bv) at 
A 

some distdnce (Y) in from the edge of the pillar. The central core cf a 

wide pillar is subject to 3 stress less than or equal to the peak stress. 

',filson (1972) presents a rationa1e for determining the mi:lgnitude 

and location of the peak stress in a pillar. The peak stress is defined 

as that stress which c:1:1 ~ie ..::arried by the rock mass under thP con­

finement offen::d by tht horizontal stress acting in the roof a.nd floor. 

This in situ horizontal stress can be measured; however, at this po~nt 

in the desl·Jn of p~l1ars "in oi1 shale it must be estimatPd. 

Some reported in sii:u stress rneas:1rernents in oil snale indicate a 

ratfo of r:orizontc1l to vertica·! 'in situ stresses that vary from 0.16 to 

1. i6, /'\vailab1e in situ 's·::ress nieasurernents at 1'1,nvil Points are pro­

bably not representative of the majo,· portion of oil shale which occurs 

c1.t greater depth ard is remote from any lateral stress-releas·ing outcrop. 

The best CLlrrent est~nat~ is to equate the horizontal ccnfining stress 

to a value near that of the overburden stress. 

The ,naxirnum faih're stress, op, in a pi~lar is deter111ined by sum­

ming the un~axial compr~ssive strength of the pillar rock and the effect 

T' , n e pass be 

0 p cc· + o!1 
J r. 

ta nB . . . . . . . . . . ( 3. 3) 

pressure coefficient, tan:. is determined by two 
methods. The first involves assG~i~g a va1ue for the internal fricticnal 
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rE:sistancc: (c,) of the rock and calculating tan:3 frorn the following 

equation developed by lerzaghi and Peck (1948): 

= l + sin '.ti -.-, -cc--
I - Sln (jJ 

.(3.4) 

The second irvo1ves performing triaxial tests on the rock, plotting 

t~e data with respect tc failure stress a~d confining stress, and find­
ing the equation of the best fit 1ine through the data points. Figure 3.2 

presents a set of tria~ial test results on oi~ shale samples from the 

Grren River fo·,-1;1atbn. Th~ pas::ive pressure coef'!'icient in this case is 

2.7?0. When t~iaxidl test results are available this method provides 

more reliable values of tans. 

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

stress: 

V h 
I 

/la n 13 ( tc:. n e - 1 ) 

er 
l n V 

00 

... (3. 5) 

As load is applied to the pillar, the stress in the confined central 

core increases until the entire central core carries the peak stress. 

At this time the pillar begins to fail, either from the outside or from 

the weakest part of the pillar. 

Before using equation (3.5) the coh0sion of the rock mass must be 

determined (derived from triaxial testing): 

. . . . . . . . . . . . ( 3. 6) 

2 /fir,u 

A narrow pillar, that is, a pillar whose height is so much greater 

tha:1 its ,1idth trat no confined centrai core develops, has no reserve 

load carrying capaci:y. This pillar would be prone to sudden failure as 

soon as its load carrying capacity is reached. Such a narrow pillar 

never reaches the peak stress (ev) because the confinement offered by 

the horizontal stresses in roof and floor are never fully effective at 
the center of the pillar. 
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hilsor 's method can alsG te Jsed to evaluate the increased strength 

of the pillar when the lateral confinement is increased. Backfilling 

around the pillar, cabling, or bolting the pillar increases the lateral 

confinement. 

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 of adequate roof beam thickness. 

Coate; and Cochrane (1970) present a method derived from laboratory 

tests and field observations for roof bolt design in Canadian coal and 

~etal mines. The required input consists of rock bolt tensile strength, 

anchorage :apacity of the bolt, joint or fracture spacing, and the unit 

weight of roof rock. This met1od is used in areas of highly jointed and 

fractured rock where the roof is not considered to have a significant 

horizontal stress component or any load carrying capacity. The rel­

atively large average joint spacing in oil 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 l ,180,000 

pounds, would require five-inc~ diameter bolts to carry the design load, 

w~ich is unrealistic. Bolts of such length are unnecessary because the 

roof bea~ 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 oil shale roof beam, due to the presence of 

joints, should not be calculated from the tensile strength of oil 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, 

compress: c1n: 

is selected which in this c~se is actually minimum allowable 

Gt ::: c, h - ') b . . . . . . . . . . . . ( 3 . 7 ) 

)' £ The calculated bolting length is then: (maximum beam load is~) 
.j 

-- ~~---. 
-- ,,}-,~., - (;-....-) "- \ .. h ' '-. 

b 

It is ther, necessary to verify that the compressive strength of the 

rock subjected to an upper fiber compressive stress is not exceeded. The 

rnaxirmm compi'essive stress, oc, is equa1 to: (oc must be less than C
0

) 

0 
C 

= . . . . ( 3. 9) 

The compressive strength of oil shale is the only engineering property 

that effects the design of the roof member. 

3.2.3 Subsidence 

Surface subsidence above underground room and pillar mining is a 

function of the percentage extraction, the elastic constants of the 
pillars, and the ~idth of the mining area with respect to the depth 

below surface. When the minimu~ mining width exceeds the depth by 

approx·irnate·ly l .1-l times, maximum vert·ical subsidence occurs in the 

center of the mining area. The shape of the subsidence curve is in­

dependent of the overlying rock. The magnitude of the vertical sub­

sidence is dependent on the ave~age vertical stress added to the pil­

lars, the horizontal stress removed from the pillars, and the elastic 

constants of the pillar. A con1patability equation will yield an estimate 

of the vertical strain in the pillar. The vertical shortening of the 

pillar is equal to the pillar strain times the pillar height. 

The theoretical determination of stresses in a pillar due to mining 

are calculated from the following equations: 
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= :r_Jj_ (-F~-) .......... (3.10) 
144 100-R· 

:1_lL ............ (3.11) 
·141t 

The vertical strain, Ev' is then: 

6.ov ... \' ( :2t,,o h) 
= -·-·y---E: 

V 
... (J.12) 

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

mining then becomes: 

= .. (3.13) 

Provided that the depth of m1n1ng 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 
rninin1j hor·1zon. 

3.2.4 Summary of Design Parameters 

From the preceeding discussion, the physical properties necessary 

to design safe underground openings in oil shale have been described. In 

sum111ary, tile physical parameters needed for an adequate initial design 

of a deep underground oil shale mine are: (1) unconfined compressive and 

tensile strength, (2) passive pressure coefficient, (3) deformation or 

Young's mojulus, (4) Poisson's ratio, and (5) cohesion. All 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 oil shale conducted in 

the 1930's reported only those chemical properties necessary for pro-
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-:essir1g d1:vE,lo~1rr,rnt, Mor1..: ,·u:.0.nt te:ots -~ocus on those physical pro­

perties of oil shale which are needed for engineering design. 

rhe majority of studies reportfo(! eng·irieering properties also 

include dr~nshy. ~iith Se11ers woi--k correlating density to Fischer 

assay, it b~comes possitle to relate engineering properties to Fischer 

d ss0.y through ~he dens 1 ::y. Most i nvec ti gators h.we s tat:ed, or i ,~pl 1 c~d, 

a qualitative rel2ti11ship b9tween a giver; physical property and Fischer 
c1Sscy; r10wevr~r, the1·e 15: little or no published quantitative eva·;uation 

o~ these re1ationship5. Gy correlating all the studies to reported 

·va,ues for dE~nsity, an attc,·;1pt is ma.de to shov, the dependence nf engineer­

ing properties o~ Fischer assay. 

Figure 3.3 (Sellers et al, 1972) presents the correlation of 

specific gravity to i-iscl121· i.~Ss,:.y. On the basis of this relationship, 

the Fisc'1cr c.:ssay car: be est;mati~d where specific gravity was rr~ported, 

but the actua 1 ~ssay was not obtained. 

3. 3. l Strength Properties 

The unconfined compressive strength perpendicular to the bedding of 

011 shale specimens has been ~easured by several investigators. The 

results of an extersive co~µression testing program were presented 

graµhically by Sellers. figure 3.4 presents those data, plus additional 

rlata. rc:luted t0 Fischer a::.say, illustrating both the natural variability 

of oil sh2le co1,1pressive sctei<th aiong with the effect of increasing 

Fischer as~.riy. Notice that tf1e CC'mpressive strength reaches a minimum 

at about 50 gpt. 

The relationship cf tensile st 1'r:r:gth to Fischer assay is presented 

in Figure J,5. Notice th:it U1e ten.:-iile strength is greater paranel to 

bedding. Three methods of me3suring tensile strength were reported: 

axial load (pure) tension, modulus of rupture, and induced tension. The 

measured values were converted to approximate axial load values by the 

following re1atior.ships: mod 11lus 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 tension 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 'v'Jhich 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 (Poisson's 

ratio). Both of these properties are related to the Fischer assay of 

the specimen being 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 oil 

shale layer are approximately the same in all rjirections. 

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 oil 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 0nd Fischer assay is low, r ~ t 

0.4.i2. The cnnfidence L:.vel ·ls cnlv 6~J percent tha-t: a relationship 

actually ~xists between these two propertiEs of 011 shale. This pro­

bably results from cohesion being calculated from the angle of i11ternal 

friction as ivell as from triaxial tests. There is no direct method for 

tne measurement of cohesion. 

The ang1e of surface friction and surface cohesion variation with 

res~ect to Fischer assay cannot be sstimated from available data. These 

properties are needed to evaluate the activr pressure of raw broken 

shale or spent shale on the walls of ar 0cth'c stope. Spent shale would 

be a natural backfill for exhausted stopes. The active pressure of 

spent shale would load and r~strain any permanent pillars. Active 

pressure against the pillars will increase their load carrying capacity. 

The :.:mly nieasurernents of rhe angle of sudace friction and surface 

cohesion are ·From A0apito (l974) for 30 gpt oil shale. 

3. :l. 4 COi'!presc;ional (P) \1ave Velocity 

7he P-wave velocity of oil shale has been investigated by several 

researc~ers. Their results demonstrate a wide scatter in P-wave veloci­

t1es, which nearly masks the effect cf Fischer assay. Figure 3-10 shows 

the P-wave velocity perpendicular to bedding with respect to Fischer 

assay; arid Fi~F:re 3. ·i 1 shews P-wave velocity parallel to bedding. These 

fi~ures c!2rnonst:'a-~e the ;ireatu c;_.msistency of F-wave velocity as 

r.~easured 1·,1ralle·1 to bedding against those :r:easured perpend"iculdr to 
bedding. 

The correlation coefficient for the relationship between the P-wave 

velocities measured oerpendicular to bedding and Fischer assay is 

-0.210. The correlation coefficient between P-wave velocities measured 

parallel to bedding and the F1scher assay is -0.414. The 22 measurements 

perpendicular to becidi ng yield on ·1y an 85 percent confidence that a 

Fischer assay re·1ationship exists; wher-e as, the n measurements parallel 

to bedding yield an 88 percent confidence in the Fischer assay relationship. 
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Figu,·es 3.10 and 3.11 also demonstrate the relationship reported by 

Merrill 11954), Podio et al (1968;, and Raju (1961) that the P-wave 

velocity parallel to the bedding excee,:s the P-·vJave velocity perpen­

,:irnlar to beddinf]. These 'ii~;ures also ilTlply tha.t this velocity dif­

ference increases with increasing Fischer assay. The compressional 

stress wave generated by blasting or crushing will probably be more 

effecrive in inducing fracturing parallel to bedding because compres­

sional wave energy will be trapped between beds, or layers. This factor 

will beco1ne slightly more important to rock breakage by blasting at 

higher oil yields. 

Raju's (1961) projectile impact studies on oil shale demonstrated 

that high grade oil shale is more readily removed by projectile impact 

than lm1 ,;rade oil sha·1e. ·,~he maxi1num vofome of shale reriovect by any 

given projectile impact occurred when the oil shale was thin bedded. 

Rapid alt2rations in the grade of oil between thin beds will produce 

the most ?fficient blasting results. 

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 above 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. Confirirg 

pressures of 1500 psi permit at least 25% shortening to occur without 

brittle failure. High grade layers of oil shale extrude out of the 

specimen. The limiting strain of confined oil shale is unknown 

because the tri ax·i a 1 test chc:.mbers did not permit carrying such an 
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Experiment t0 an end point. The load c2rrying capacity of a tria,'.ctlly 

confined oil sha1e specimen drcr~ascs r•rogressively as creep deformation 

proceeds. 

This ohenomenon 1~ important to the response of the confined 

central core of any over1oaded pillar. Such an overloaded pillar would 

oe expected to undergo n1easurable urr.>gress-ive deformation until H 

either shed its overloJd to adjacent ~i llars or failed. 

3.4 C0NCLLlSI0NS 

The engineering properties of Green River oil shale ~ear the edges 

of the Piceance Creek Ba5in, are di~cctly related to organic content or 

Fischer assay. T11e strength and ,,:r1rnpf1 t2ncy of the oil shale decreases 

with increasing Fisc~er assay. This study of the engineering properties 

of oil shale is incomplete. Additional triaxia1 and direct snear tests on 

oil shale ar~ necessary to quantify t~e relationship between Fischer a~~ay 

and those physical properties needed for rational design of an oil shale 

mine. The effects of disseminated saline ~inerals, present in the thicker, 

central Gree:; r~iver oil sha;e deposits, must also be eva1uated to determine 

their effects en tcta1 strength. 
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The objective of the phase I study is to evaludte al: feasible systems 

for minin(J tile tl,"ic~(:'l' u;l c;h;iif: de)cs;t,. ::, the cee·,E::r cen1:n1 pa:·t of the 

P1~eanr0 Cree~ Basin. Several bas1r rritcria were used to select the most 

promising svstcms t8t rv~luati0n. ~hest included the extent of technical 

n-ized pr~;dLE i-.10r, , c :~eL,:i·.:ely :v.,, 1Jbor int2:1s i-:.:y :'Ind cost. Overan 

r,0s0u:~,~e t\?u,v2Y"-', i::hc·tent •;a.fety, i-lt•d en,:i(onr:1en1a: acceptance also were 

data could be effective1y a~pr0isPd. 

·1he syster.1s tJest mec<inJ t.~11~ basic er iteriJ a:,d '02lected i"or more de-

tail rd E:ngin':'erin'.) and cG::~t ,,1·;:;:u?lt10n incLide f;lock cavinq mining, two varia­

tionc: of rc1H;1 and pillar ,nin·ing .. ,<r;d twn variat~ons of subleve1 stoping. 

Sever~l othe1· ~ossible candidate systems were investiyaterl but rejected as 

net sufficienLly meeting t~e bctsic criteria. 

Th·;s section bdefly r2views past and present o-11 :,'1ale i;Jrnin·; as well 

as those cc:,,didate syste1r1s hit~J:iy investigated, but rejected for further 

evalt..:2:1+,;on. lt includes the c2:=:l]n and ana1ysis of corrrnori mine access and 

uriderci('G'Jnd r.:rushi;:,: i;.r;c conc1udes with thP design, costing, environmental, 

and safety 2valuation .,~ 02ch selected mining system. 

The 1-u,incipal p:-;cct of develop;11,0 nt ot underground oil shale rninin~; 

was horn 19/J5 to 1950. [3.st and Gc1rcJ1,c0 r (1%4). Durinq the:;e years the 

practic~lity of mining the 72-toot thick Mahngany Zone by a room and 

pillar n,ethoc was demonstrate,:] by the Bureau of Min1:.~s nt Anvil Points, 

Colorado. ,; demonstr2tinr: mine vJas originally ~la.nned for three levels, 

a 27-foot top heading and t;,10 2J-.foot bt'nch2s. flo,,1evc'\··, rrtining of the 101,t-

er bench was never attenpted. A two level operation with~ 39-foot top 

heading and J4.foot br::n::n ~:as als:J plJr.ned but not i1rpl2rn 12nted. The 
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mine was laid out with pillars GO-foot square in staggered rows 60 

feet apart. Most of the equiµment for drilling, blasting, and scaling 

the top hea,Jing and the bench,::s was unique and was developed and built 

sµecifically for the project and later adopted by the mining industry. 

An electric shovel with a three yd 3 bucket was used to load the blasted 

oil shale into lc3 yd 3 diesel ~r-1eks. The Bureau made three test runs at 

the Anvil PJints mine to determine direct operating costs. The direct 

i:1ininq costs ranged frorn $0.41'i per ton during August 194[3 to S0.27 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 dyna1nite as t~e blasting agent, both of which were high 

cost i te111s. 

E.xperi111ents 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 pfrcussion drills averaged 20 inches per minute with the cost 

of drill reds due to breakage at two cents per foot of hole. The early 

experir,1ent~ v1ith rotary drills proved that penetration rates of at least 

60 inches r,2r minute could be a.ttained and that the cost of drill rods 

[)er foot drilled would be ne~1ligible. During the later years of the 

Bureau o~,el'atio'l, great progre~.s was made in developing better bits and 

in detern:ining cptimurr, operating conditions for rotary drilling. 

Huch rock mechanics research was done by the Bureau particularly 

during the early days of the program. The room spans and pillar dimensions 

of the demonstrc'tion mine were basE~d on rock mechanics studies which 

indicated that 60-foot wide rooms and 60-foot square pillars on a 

staggered oattern should be safe. Shorter spans were used within 200 

feet of the closest surface exposed to weathering because weakening of 

the rock b.'l weatherin9 had been measured within this distance. Two roof 

falls late" occurred in the demonstration mine and both falls were in 

areas where 60-foot spans had been mined within 200 feet of an exposed 
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cliff face. The first fall or:urrea ~or2 than 4-1/2 ;e2rs after the 

roon1 had bf:,?.n nrined. The f~ntire in~ne 1:cof ·Nas ~olted -~i,·:reafter. Th?. 

second fan occurred ',,\/'IO y(;urs after mining a r,Jrnr: GO f:::et v.icJc 1·1ithout 

staggering the pillars. It is believed that wtatheriry, p~us jointing, 

which is much more open and inter~o clos?. tc th~ cliff fJce in this 

area, were the major causes of the roof fal1s. There have been no more 

falls in tt,e r:rin2 tJ the presc.:nL tirnt:::. r:dSt and Gardn.:.,t concluded that 

the working areas of 2 co~nercidl mine probably would net r~quire roof 

bohi.1;;i. rlowever, ;.ireas sud i::s 11aula~1ew,.1ys that would rema"in "in use for 

several years should be roof bcl~ed ~s soon as possiole. 

From 1967 to Apri·! 1968 the !,i1Vil Points 0;1 Shale Research f'rngram 

\.'1as ccr.ducted by the Colcradc ~chc;c1 c{ tiii:es a.::: reseiitch C'.1ntra::tor for 

a consortium of six participati:·:q petnleu11 :ornpanies. Thi? Mobil Oil 

Corpor:ii:·1or, ,,as the project n'anacwr. l\ nun1b2r of techn·:que~_; and various 

types of m1n1ng eq11ipment were tested, and an extensive rec~ mechanics 

st:Jdy wr1.s unr:ertaken (Zan.bas, Hav,;crth, 3ra.kP.nbusch, tlnd Sellers, 1972, and 

Sellers, Haworth, and Zambas, 1972). A new n•ine close to the old Sureau 

of Mines mine was develop2J witi, roo~s 60 feet wide and pillars 40 feet 

square. T:"1e too heading t,hj s 40 feet nigh with the benches 38 feet high. 
The pillar:o, as f~rst rri n':!r:l, 1,/F:rE /.i(\ ,,.J f22t wide ·Hld ve1'.\I 1 ong with the 

extractiun s2.CjuenCt'° piarined so that r,;ost of the crasscuts connectinq the 

rooms c:ou 1 d i..,2 nr; rv:d on th:::: .- 1~tr20.t. flr·r 1 l ·i nq )·'eSe,:Jl'Ch was done wi U! a rotary 

perC'1Ss~c:', drin t:1at drilled hoL~s;, mc.>.ir;1urn of :)0 feet long iJ.nd up to five 

inches in d~ o.:neter. fa. c:o,:\:r2h:::ns iv,~ exp2rirr:enta·1 drilling program 

showed that the best results coul~ ~e obtained with Four to 4-1/2-

inch drag bits that had a clearance angle of 17 to 18 d~grees using the 

maximum thrust avai1a:-iie to thP dril"! jur:1bo (20,000 pounds). Penetration 

rates for a 4-1/2-inch ~j-it tJere found t:o r'ange frorn sl1ght1y over fh1e 

feet per rninute in 20 gpt shale, seven fe~t r.,er minute in 30 gpt shale, 

and ten feet per minute in 50 gpt shale. A 5tandard 28-hole heading round 

was developed for a face 40 fe2t high and 60 feet wide with ho1es 27 

and 29 feet long. The averag2 rounn oulled 25 feet a!ld broke 4000 

tons of oil shale per bl.;::,t. The drill hu1es were pneurnat:1cc11"1y loaded 

with ammoni~m nitrate/f~el oil pri11s (ANFO) with a powder fa~tor 
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between CJ .. !i and 0 .. 7 pcunds per toP. Ir was later found during benching 

o p e r et i or; s trn t e x c e s s i v e s pi:. n i n g o cc u r red o n th e r i b s of p i 11 a r s 111 i n e d 

v,1itf1 the s;andar,J heaGing ,·oLinc!s . .l\nother hhi.din(J round was designed 

ir1corporat.inr:J 2S blast holes ard 20 pre-spliting holes. Experimentation 

with benching rouncs also indicated that presplitting would be desirable 

t o r I Ii n i n ! ·: z ? s pa l ·1 ·i n si • 0 n he rr c h r c u n d s th e pow rl e r fa ct or 'II a s O . 3 0 po u n d s 

of ex;:ilos'i!e per -.~on of rock broken. The project was terminated before 

coGrplete cl1ta on presp.l"itt"inq 1·1as collected, however, it was felt that 

the beneficial effects of presplit:ing would outweigh its higher cost. 

As a result of tests on a thi'ee yd 3 Caterp:llar front end loader and a 

Koehring Scooper witn a 6.7 and a 3.7 yd 3 bucket, it was concluded that 

a rubber tired front i:ind loader would be more suitable for oil she.le 

rninirg. Ot1er recommenaation~ resulting from the study were that dril­

ling Jun1bos and roof bolting rig~ could well be adapted to electric 

opr::ratior, reducing ventilat·i:m proDlerns .. 

DurinJ 1971 and 1972, cJnsiderable mining research was conducted at 

the exper·i 11enta ·1 r:1i ne of the CD l ony Deve 1 opment Operation, Agapi to 

(197~). In the mining method a top heading 29 feet high was mined first 

cJnd [hen bEinched tc a fu 11 height of GO feet. Pi 11 ars were planned to 

l)e 6{~ feet square on a regul i:1r pc1.ttern ~~i th room spans of 60 feet. Pl an 

i1:ap; of the mi nee: areas show t/1211: some of the pillars were much less 

than GO feet square and that some of the roof spans were considerably in 

exces\ of 60 feet. The i1regula1 outlines of the pillars indicate some 

rather heavy blasting. One ~illar, and later another, partially failed 

anc1 subsequent stress 1neasur,2m,2ni:s by overcori ng showed a ten-foot deep 

b1ast damage zone in tne pillars 

P, paper pre~.ented by P. W. t1arshan (1974) describes the mining 

plan of the Colony Development Operation for a commercial mine producing 

66, tors of oil shale per day. Entry into the mine is by 30 by 30-

toot adits, which are then ~idened to 50-foot haulageways inside the 

rnu,e. :he 60-foot thick section of cil shale is mined by a top heading 

30 feet wide and not more thar 6J feet wide. Drilling is with two boom 

4-4 

A V, J:- q (1 t<, N 



rcta)·y dri 1 ~ Jumbos ar'() rt.:-L,nds are b1 asted ·,,;itri J\r·iFC' :,,~1rned with dynam"ite 

ad non-electtic bla,;,:t-n1~ caps. Broken rock is loadtd by 10 to E yd', 

front--end 1 uad,:::,'s : nto 20-tcn trucks, wh·i ch haul to a prin;ary crusher on 

th~ portal oench. 

J.,2 CMiDit)ATE J:~DERG!~OIJN[: MINi'.~G SYSTEMS 

The following r,iSC'vi':~s·ions an° rev 1e11;s cf candidate mininq systems 

that could bE LiS2d -r,c nifr:::. 1 ji1 s:·ia1e underground. In ead, discussion, 

the min·:ns; 1nethoc .;s ir,vesti]ated a.s to its capabi.lity fer large scale 

pn,duci:irn, r;i~d!anizo.tior, lo,\i producticn cost, and impact on the local 

ervirotw12nt. -P-12 rni:,ing syster:1s tha.t \Jere selected for further study 

are presented in succeeding sections. 

A 'J ' ·+. C. : Square Set St0ping 

Square setting, Heffner and Hoskins (1973). Dravo Corpo;'ation 

(197,;s), and Woodruff (l·J66), is a method of mine timber'ir1g in which 

heavy timbers ar~ framed together in rectangula1· sets, six or seven feet 

high and four to six feet squar~ 1 to ~old heavy ground. In square set 

stop-:ng. a srr:311 block cf orE: is blasted, extrz,cted, and timbered with a 

tirr:ber set t1efore the n1::xt block is n,iried. The method is flexible, 

selective, a~~ is a safe method of extracting weak ore confined by weak 

\valis. It ·is rncst comrnorly employed dS an auxiliary method, or in 

combi na.t ion with some otrer method, to n1 "i ne remnants of ore such as 

pillars between filled stopes. Productivity with this method is low, and 

cost per ton is very high. In addition, consumption of timber is 

extremely high, this fact in itself precluding the adoption of square 

set mining for the undfrsround mining of oil shale. 

4.2.2 Shrinkage Stoping 

Shrinkage stoping is a modif1caticn of overhand stoping in which 

broken ore is used as a working platform and to support the walls of a 

stone, Hoover ( 1973), Dravo Corpora ti oi1 ( 1974), a.nd '.~oodruff ( 1966). 

Mining proceeds by br2~sting or back stoping to the level above, with 

the mi n2rs standing on the broken ore 1 n ~he stope. .£1..s broken rock 
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occupies more volume than solid rod, abr:iut 40''. of thE.:: ore is 

drawn of~ during the stoping operation. Shrinkage stoping is applicable 

to regularly shaped, tabular deposits that dip more than 50 degrees, and to 

wide ore bcdies which can be rnine,i 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 

1ninimize d;lution of the ore ard ~lockage of draw holes, the walls must 

be ::,ufficiEintly strong to stand with very little support. A shrinkage 

stoping method in oil shale ~ould have to use stopes separated by oil 

sha-!e µilli1rs because there is no physical difference between wall rock 

:rnd "ore.' Thus shrinkage stoping would be applicable only to relatively 

strnn,;i, coripetent oil shale. 

The pl'incipa·i advantaqe:, of shrinka1;ie stoping as it might be applied 

111 oil sha e mining are: 

L 

l. 

Stope backs and walls are readily accessible for inspection 

and scaling, 

Stopes can be well ventilated without much difficulty, 

Jevelopment costs are relatively low. 

Disadvantages of shrinkage stoping are: 

·1. Gnly the "sv1e"ll" rock can be removed while stoping is in 

)rogress (this amounts to about 401 of the ore, so the 
~ernaining 60% cannot be drawn until stoping is completed), 

2. Jraw control to provide an even working floor is difficult, 

3. rhe method does no1~ ·1end itseH readily to mechanization. 

The ic'.St disadvantage is critical and iri itself overrides the advantages 

because there are other methods for mining strong, competent oil shale, 

such 0s sublevel stoping or room and pillar mining, that do lend themselves 
to 111ernanizaticm, t",igh productiv·ity, and low production costs. 

4. 2. 3 Cu t a n d F i I 1 S to p i n ,;i 

Horizontal cut and fill stopes are overhand excavations in which 

the Jr'e i5 mined by a series of horizontal cuts. After all the ore from 

one .. n is removed, an equal dep:h of fili is introduced for support of 

the .;1.ills and as a base for "lini11g tre next cut (Rausch and Stitzer, 1973 
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ov2:· 1·ar~r·11'.~ back; rhe•"'?fore, the ore must be fairly strong and corr:pet2nt 

alt,,ou~,i-1 loose sections uf bac 1< can be suppcrted by timber stulls if 

nect:S.s"'.iry. ~·!211 rock ,nay be \;eak becaus,:: it is soon supported by fill 

rna.t~r1a/ 

In metal mines, fill material may be waste rock or classified mill 

tailings, sometimes combined wit~ alluvial sand. Hydraulic fill is 

taken underq~oGnd and distributed through a pipeline syste111 that may 
becomt:C a major expense it2m. Fil 1 fo( the top fe~I/ inches of each pour 

is usually mixed with cement to form a good working floor. For oil 

sha~e mining, the fill material wou1d ~est likely be spent shale from 

the surhc.e retort'lng process. Spent sha 1 e perforrnnce as a fi 11 

mater·ial, or the amount of classificct Lion or other treatrner,t necessary 

to iiEi~e it a suHable fi1~ r:wteria·1, must he investigated further and is 
dependent ~pan the retorting precess. 

One very important advantage of cut and fill stoping is that it 

lends itsel~ tc mechanization. With ramp access to the stopes, loading 

and transportation can be accomplished by more efficient LHD units with 

dril1 jumbos U'..·ed fo:· ~.tope drilling. 

The disadvantages of the method are: (1) the cost of operation and 

maintenance of ·U·,e fill system,(?.) the fact that st.opes are nonproductive 

during the f111 cycle, and, (3) the large number of stopes required to 

maintdin production. 

Cut and fil'I stoping crni:c~ br: used to mine oil shale that is 

relatively strong ~nd c1mpetent, but as a filled stope method in relatively 

competent shale, it would be more expensive than sublevel stoping with 

filling. Consequently it has not been investigated further as a viable 

method for mining oil shale. 

4.2.4 Sublevel C:aving 

In sublevel caiing the ore is mined downward from a series of 

sublevels, using fan hlasts to break the ore (Haycocks, 1973, Dravo 

Corporation, 1974, and Woodruff, l9EE). Sublevels have a vertical 
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spacing fro:1, .30 to ;.JO feet arid are driven from ramps bet~veen haulaqe 

levels. Tl!e n1ethod is repre'.,erted diagrarnatically in Figures 4.1 and 

4. 2 ( Haye ocks, l 973). 

Sublevel caving is appl"ici'.ble to 111a;sive and medium width ore 

bodies. I: can be used to mine ore 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 o ~ 85 to 90:: of the ore 1vi th 15 to 20~/, dilution can be ex­
pected (Ju:;t, 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 s1ale that range from \veak to moderately strong. 

The advantages of sublevel caving in oil shale are: 

1. fhe method l,ends itself to a high degree of mechanization with 

~HD 1 s used for loading and transportation in the stopes and 

jumbos used for drilling~ 

2. The method is safe because miners work in drifts rather than 

c:nder 1 arge spans Df unsupported back, 

3. Sublevel caving ranks anong the lower cost, large scale mining 

net hods. 

The d'isadvartages of su!)level caving in oil shale are: 

l. If the capping does not cave readily a potential for air 

blasts results, 

The large number of dead-end sublevels must be ventilated with 

tubing, presenting a major ventilation problem when considering 

gassy conditions, 

J. A relatively high consurrption of explosives and a low tonnage per 
foot of drill hole. 

Sublevel caving is a possible method of mining weak, jointed zones 

of oil shale because of the high productivity attainable through 

mechanization. However, for oil shale mining it must be compared to a 

caving or an induced caving method of mining. In view of the relatively 

~igh cost per ton for explosives, drilling supplies, and the problems 
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Figure 4.1 Side View of a Typical Sublevel Caving Operation 
--from Haycocks (1973) 

Figure 4.2 Cross Section of a Typical Sub1evel Caving 
Operation--from Haycocks (1973) 
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associatec with ventilating sublevel caving stopes, a caving or induced 

caving met.1od is a better first :~oice for detailed study of a method 

suitable for 111ining weak zones of oil shale. 

4 ,, r:· 
. (_. J Longwall Mininq 

The · ongwal 1 mining method is most successful in mining extensive, 

fairly flJt-lying, thin to noaerately thick sedimentary deposits, 

principally coal seams (La.ird,, 1973, and vJoodruff, 1966). It is applied 

n1ost readily to regular depusHs that are not subject to sudden changes 

in dip, t!1ickness, or elevation. The deposits must also be overlain by 

a series .)f beds several tir1es the thickness of the deposit that cave 

readily without cantilevering tco far beyond the face supports. In this 

syste1n, large areas or panels of coal are completely extracted in a 

single, :Jntinuous operation. F'ane·1 dimensions vary considerably from 

mine to 11ine. f1. panel length of 5000 feet is common in the U.S. with 
the 1-1idtn of the panels at least 300 feet and commonly about 600 feet. 

The longwall mining method consists essentially of three systems that 

intE:ract vJith each other: (l) the roof support system, (2) the extraction­
loading system, and (3) the transportation system. 

The transoortation system consists of a chain face conveyor, a 
''inotherline" or stage ·1oader, and a panel entry belt conveyor. Coal is 

extracted or broken from the face and loaded onto the chain conveyor by 

eit~er 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 

dru111 armE:d with picks or cLtter bits for mining the coal. 

Tile roof support system is probab·ly the :-nost important of the three 

systerns. This system can in turn be divided into three problem areas: 

the face area, the ta i 1 gatEi area, and the headgate area. The support 

problems in the three areas are somewhat different and call for different 

solutions. T~e principal or critical area of concern is the face area, 

inscfar as the practicality of ongwall nining is concerned. Support 

problems are especially important with regard to applying the longwall 
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inethod tn m1 nirg oil shale. The transportation systen1 't1ou1d present 

soq:e desigr: µrobleri1~- to achieve the caGacity desired fo,r oil shale 

1riining,_ but could be resolved 1vHhout 111 uch difficulty, The problem of 

,jesignin9 an extractfon-1oading syste111 dppears more difficult bu-i: also 

not insurmountable. Oil shale can be drilled with rotary drills using 

dtag bit:,; ther'efnre, Jes·igning a shearer ·1oader or siP1i1ar 1nachine to 

ri:ine the richEr zcne:s of oil ~hale seerns within the l 1niits of ava'i'lable 

technology and materials. This is indicated by the fact that a boring-

tyre machine, the ~lkirk Gil Shale Miner (Hamilton, 1965, and Carver, 

1965) for mi1ing 30-foot dia~eter drifts ~1 oil shale has already been 

proposed and preliminar)' engineedng stud·ies indicate possible feasibility. 

In modern longwall cperations, the face area cari Le supported by 

any une of various types of self-advancinq, hydraulic jack units. These 

units hold up a sufficie~t ilrea of exposed roof rock to protect the men 

and :he plow or shearer, but allow the roof behind the support units to 

cave. The heigf1 t of this caved zone is irnportant and Ciin vary con­

siderably rlependi~g up0n the str~cture and physical characteristics of 

the roof rork and on the thickness (height) of the sea~ that is being 

extracted. The main roof has to be self-supporting even though the roof 

is higr·:ly ,jointed as :vell as bedded. The face supports, therefore, must 

be capobie of supporting a dead load of rock having a colu111n equal to 

the hei g11t of tne caved zone, times the length of the face, times the 

vlictr, of the fa.ce c1rea supported b_y the ch11cks, p,us the ma>dmum distance 

the roo r strata vv·i 11 :::a:1ti 1 ever beyond ~'1e supoort uni ts before caving. 

The required capacity for longwall s1;pport units thus depends 

primarily on the ~o11owing parameters: the face ;rea that each unit is 

required to support or the distance back from the fRce that must be 

protected, the maxi~~m distance that roof strata will cantilever before 

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

in turn depends primarily upon the height of material mined and the 

swell ~actor for the roof rock. Althou~h the values of these parameters 

vrith respect to mining oil sha:2 ai"e not l'.novm, indications are that oil 
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sr1dle would hdve c1 marked tendency t.o cantilever and probably would have 

J !ow swel fdctor in the cavec zone. H1us very hiqh capacity, and con­

c,equent ly ·iery expensive support uni ts 1-.1i 11 probab·ly be required for 

rr:inrnq re·11tively thin beds uf oil shale five to six feet thick. 

Tvrn n:Jve l methods for n1i n-in~ oil sha ·1 e by the 1 on9v1a 11 method have 

been suggested. Johns (1974) has a patent on a method and apparatus for 

rnininc: oil shale and other "fr·iab-le minera·1 deposits" that employs an 

"ard-1 sf1ield 11 conce;;t for supp:)rL The arch shield support resembles 

one half an arch with its top restiny auainst the top of the face. The 

proposed 111ethocl for 111·ining a thick zone of oil shale is to start at the 

bottor1 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 uroblems occasionally encoJn:ered in conventional longwall mining is 

that of a void 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 t~e face and the ca~tilever ca11opy of the support units on a 

previous cJt. Tbe void area presents a dangerous situation and delays 

prcd~ctior, if it is necessary to place timber between the top of the 

vc.i·rd anc the top of the support unit. -~his situation 111ay never occur on 

tne -first cut using this rnei:hod, but would be a common occurrence on 

sutJsequent cuts. Voids wou·:d a·lso occur near the top of the face and 

thr0 reby n!move U1e necessary abutr1ent for the top of the arch shield. 

For thi~ reason it is felt that this method has not been developed 

en u (; c: i I to w a ,T cm t 

oil sh2Je. 

• +-
1 c.S inves·:iqatior: as a pr·ime r,ethod for niininc; 

i~not·1er longwall method for 111inir:Sj thick beds of oil shale was 

rmiposed ::y vlaHch and Rausch (1956). Th·is method is based on a system 

first introduced at Warwickshire, England for mining coal seams 18 to 24 

fee: thick at a depth of 2,250 feet. At Warwickshire coal was extracted 

in panels approxi,nately 900 f1=et by 21C:O feet by first mining the bottom 

six. to eiqht i\:et of coal. /',s the face retreated, pack walls of waste 

material were 0uilt wnid prevented the roof from caving but allowed it 
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to s 11bsidc r_;raduall'! ur,ti; complete r.losure took rlace. The next six to 

eight ,=eet of coJ.l 11ete then r,:ined unce'' a roof th;,t hc.d subsided but 

had not cav;~d. The sa::1E: method is proµosed for mining the 72-foot ti1ick 

~ahcgany Zone with panels 1000 feet ~ide by cne ~ile long and with 

lifts eight feet thick. The method also requires mining oil shale 

conv2;itionally by drilling, blastin9, loading, and conveying and using a 

por~ion of the broke~ shale to build pack walls. This mining system 

presencs intriguing possibilities and it is not too difficult to visualize 

how large thicknesses of oil shale may be mined by this method without 

ca1.,;sirig the roof to cave. However, mining must be done over a large 

enough area to permit reducing the mined thickness at the boundaries. 

Pack walls could be built with spent shale placed pneumatically and the 
ri:inir.g do~1e w1th longwall units. Under these conditions tne support 

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

J0ssib1e lighter and less expensive supports. 

Longwal I mining of ail shale is a distinct possibility; however, a 

large an1ount of development work must be completed and it is believed 

that other ~ethods offer better promise of being economic in the near 

future. 

tl. 3 MIME A.CCESS AND UNDERGROUrm CRUSH Tl% FOR U\NDID1~TE t!HIE CESIGNS 

~nalys~s of the mine Jesiqns in the following sections all have two 

at'eas in co:1:mon: n:ine access and crushing. The phase I investigation 

i~µoses the limitation that all initial concepts must consider an ore 

body and overburden drDth that ls average for the deep deposits of the 

Piceance Creek Sas1n. The major differences in design jmong the various 

systems being investigated occurs only in the mining method. Therefore, 

it becomes conve:1ient to evaluate the design and cost of various access 

hcistfog, and crushing systems ·in this section and use th,~ 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 

Corpor1ticn (1974). 
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~. J.; '., 1ne /1.ccess and Hci::.t"inCJ 

Estfr1a :es of construction tirre and costs for the various systems 

invec;tigate,: are based on the follo1vinr, assumptions: (l) vertical pro-

duction and service shafts are surk to the 3000-foot level of the mine 

t::efore r:1ine development start',, (2) nround conditions are considered to 

be averaCJe, (3) a rr,inimum of ::35,,ooc tpd must be hoisted to the surface, 

:rnci 11l) the systems must be capable of 1:iultilevel operation. /\ll con­

verticnal shafts have steel ri:?i 11for::ed concrete :inir-rr. 

'1ine ac:ces::. is broken into three basic areas: ventilation, service, 

anc! ;:::roduct'ion. The requirements for each system are different anc!, 

therefore, are investigated separately. 

•1 ') , 1 
"+ • -· • I • ' Vent i1 at ion 

The lar1e ventilation requiri:~rnents of the candidate ::iining systerrs 

~ue to potentially gassy conditions and underground diesel equip~ent 

•,1il 1 1:robat"ly require separate exhaust shafts. The size of the shafts can 

tJe reducer~ JY not including any service or production enuipment to irn­

lJede airflcv1. foo methods of '.:=haft sinking, conventional and borinci, 

are eval~ated for shaft diameters up to 20 feet. Shafts up to 28 feet 

in c.iarr1eter are sunk using conventional methods only. Table 4.1 is a 

breakdown uf the estimated ccnstruction costs for vertical shafts on a 

;:er fcot basis. 

i. 3. l . '.: Service 

cE:si; for men, materia·ls, supplies, and intake ventilation must 

not interfere with production hoistin~. For this reason, a separate 

~ervice shaft is provided that has thE capacity to lower necessary equip-

r1:ent into the r,1ine. Dimensions and 1r1eiqht of some of the large production 

itess necessitate using a minimum shaft diameter of 28 feet. The hoist system 

used ,n this shaft is a double drum because of the multilevel nature of 

::ining. T3.ble 4.2 lists the est',mated cost of a double drum service hoist. 

Another system of service access to the mining levels is an incline 

frorn -::he surface. The incline, approxin1ately -15°, v,oulci serve a dual 

role as both service and production access. If the incline is to be used for 
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Tab 1 (' 4. 1 ~stimated Construction Costs for Vertical Shafts 

Description Cost oer Foot - \.._--·--------

:-('r Jnn' !, ';::i1 C'-i· k. , • , ., , 1 \. ,.: , , L , o n,, , . -~ , 11 1 n__s_ 12-ft Jia i 6- a r· . 01 a . 2C-ft Oia 28-ft Dia 
:_Juor 

::cr'.·~t;'uctior. :i:ateria'J 
and equ i pmcnt 

Contractor over~ 1ead 
ancl prof it 

·To t.::i l Co:, t 

Excavation t·ir'e 
( 3CC\J-f t) 

Labor 

:cnstructicn ~aterial 
anc ec;ui;,rr12n: 

:.ont~actor cverhead 

Totct 1 Cost 

74 

·1 
I 

so 

~364 

S347 

(" 1 56 v< 

S867 

weeks 

?.-ft iJ i <3 

~? 12 5 

:293 

'1 :;; tJS 

$523 

wee~s 

~·~ :s :st:C 
,,, "1 _..., 
) '+ .... .j S520 

·~ ·1 
'y' i 95 .$:234 

< ., ,083 Sl ., JCJO $1 • .,... l 

8'' ·L weeks 89 1,,eeks 125 

l 53~ I ~ Dia 2C-ft Oia. 

!142 $1 7'J 

~:366 :;.t,83 

S 12 7 $166 

~C35 $1324 

c", ~ ·JJc.!eks 84 1>1eeks 

Table 4.2 Estimateid Costs of !1uistinc: E0,uiprnent Including 
Constructicn f:oist. r:.1ildiniJ aw] Skin Pockets 

Double drum oroduction 
hol·st ,~ ~Gn t~·h, · 

,, \ ~ ~ .... -~ ... ~ \ J 

Jouble druffi SErvice hoist 

Cuunterv.reighted friction hois.t (1, lOC tut,; 
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Ccst 

$6,700,000 

<t3,222,GOCl 

$:3,866,000 

rmver 
J..:K.l•!/H) 

7,460 

3,730 

5,600 

N E E " S 

S77lt 

$73(: 

<'· .... -, ,.., 
....,J:;L 

,8.12 

v1ee ks 



serv·1ce and production, care must be ;akeri to ensure the production belt is 

isolated from the ·intake air. Table .1_J l·ists the estimated costs for a -15 

deg r ,~ e i n c: l i n e , 1 8 by 2' 0 feet i n c r o s :, s E: ct i on . 

[' ·, l ') + • ,J • ; .. ,) 

The !Jesi~Jn of shafts for hDi~;tinq ore depends primarily on the rate of 

product1u"1 desfrec through each st:aft. Initial production levels 1°1ill be 

35,o:x: tpd dith c.2.µabi·1 ity for 1expansion up to 170,000 tpd. For this 

reason it is aes~rable to consider havinc two or three shafts devoted 

entirely tc pr-od:.ic:tion. Hoisting :apacity per shaft would then be 42,500 

or 29,,000 tpd, respectively. Evaluation of current hoisting systems and 

designs ir1cicates a 28-foot ~iameter shaft (Table 4.1) and an automated 

productior ~oist (Table 4.?) are :apable of handling the total tonnage in 

either t~o or three shafts. 

An alternative system of hoisting production ore is an inclined shaft 

and conveyt1r system. Table 4.3 shows the estimated construction costs, 

including +he conveyor belt instal1ation. An advantage to the conveyor 

syste11, i(, ir. the ·1arge product-ion capability. A significant increase in 

daily prodJCtion can be accomp.lisheci by simply increasing belt speed. 

f·1aintenanu and power costs for a cor.veyor system are high and may offset 

any adv0nt3.ges. 

4.3,? Underground Crusher 

Effic~ent hantling and load~ng of ore on conveyor belts or ir1 hoist 

skips is enhanced if ~he ore is crushed prior to hoisting. Under~round 

crushers al,ow 12,rger fra~:rnerits of ore to Je present in the muck, thereby 

reducir~ blasting costs. 

Cil sha1e is ~ost efficiently cru~hed using qyratory crushers over 

impact crLshers. The costing in 1dble 4.4 is based on gyratory crushers 

with varic.b1e output rates ancl rna;,.irnun! ·1urnp size. The number of crushers 

depends on desired output rc1tE: anc! pro(1uc.tion shaft configuration. It may 

be possib 1 e tc use one crusher for 85,000 tpd if all shaft pockets can be 

fed from one location. The r11ore desirable plan would be two or more 

crushers .. f,.lso included in Table 4.4 are the costs of crusher room ex­

cavat 1on 1nd surge pocket construction. 
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Table 4.3 Estimated Construction Cost far a -15 Degree 
Production lnclire (18-ft X 20-ft) 

Jescriptfo,'; Cost per_ Fooj:_ 

Labor $235 

Construction materials 
and equipment expense 

Contractor overhead 
and profit 

Total 

Excavation time 
(ll,6GO-ft) 

Belt and structure 
cost (S,00;,1 tph) 

Power requirr:,d 

$224 

$100 

$559 

186 weeks 

$3,774,000 

16 .. 200 K\4/H 

Table 4.4 Est imat2rl Cost for a Primary Crusher 
Room, Crushers, and Surge Bins 

Cost 

Crusher room construction (20 ft X 50 ft X 20 ft) 

Labor 
Construction materials 
Contract overhebd 

a;;c! profit 
fota i 
Excavation, fi1ished construction 

anG crus~er installation tine 

$300,CDO 
67,000 

128,000 

30 days 

Crushers a~d rot8ry dump cost 
GC" Q'ffatorv crusher 

·(2900 "tph capc>city) 
72" :;iyn tory crusher 

(5500 tph capacity) 
Rotary dump 

$; ,300,,000 

2,289,000 

( 80- ton cc. "S) 
Total 

Surge bin construct~on (3,300 tons) 

Labor 
Construction materials 
Contractor overhead and profit 
Tota 1 
Excavation and finished 

construction time 
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$190,000 
29,000 
76,000 

5295,0CO 

115 days 

?ower 
_(_KW/H) 

522 

746 
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1:.c; UESIGfi t'\.ND NlALYStS m ~iJ!lLFVEL STOPiflG HJ OIL SHJ\LE 

'.)ublevel stoping is a hig1-production, low-cost, open stoprng 

method qererally used in min2s 1:r1th cm:petent ore and country rock. Ore 

bodies ,,1ined by this technique are usually tabular V':in types that are 

fairly uniform and anywhere frofTI 20 to ::'00 feet or greater in vJidth. 

The sub1e,,,2l stoping technic,ue i11herentliy requires a hi~;h development-tCr 

production ratio that is partially offset if the preproduction develop­

rner,t is in ore. Open stope production ·is characterized by longhcle fan 

drilling frorn pre-developed sublevels frorn which the ore is blasted down 

in slices A high degree of mechanization is required to handle the 

large ton11ages of ore producec! by this mE:thod. 

f\ 111a,jor disadvantage tc ~:ublevel stopincJ is the large initicl 

cauita1 e<pendlture needed beforE: full production is realized. Once 

full production is reached, however, the cost per ton of ore produced by 

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

In t1e sections that fJllow, a review of the pertinent literature 

on sublevel stoping and the constraints and limitations on the proposed 

design fer sublevel stoping in oil shale is discussed. Two sublevel 

st0µing designs ar( then presented; the first has full resource recovery 

with all pillars pulled and t1e surface allowed to subside, and the 

second is designed to leave all pillars and fill mined-out stopes wit~ 

spent shale. Each design is explained in detail from preproduction 
through production and costing. 

Review of Litereture 

Ag ne"'al cescription of sublevel 0-topinc_:: techniques is given 

by rlaycocks, 1973, in the current edition of the SME Mining Enqineering 

Handbook. Haycocks describes several sublevel stoping techniques and 

modifica:ions including the Parallel-hole (Noranda) and Cascade (Mu-

fu lira) 11:ethods. He reports HE: averz,ge cost per ton of sub level 

stcping as 12.37, compared tu ~~:.<J7 fer sublevel caving, $6.69 for cut­

and-fill and S3.92 for shrinkage stoping. Some of the major advantages 
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listed ars: (l) increas2d safe+-y ue(-.;;L,SE r1i:1ers are aiways workinq in 

the cover'):'" sub1t:vel c1rifts, (2) i1 r1~r;h degre2 of rnechanizatfo,1 ~s 

possfo'1e, (3) r·i:1(J dril i inc1 does not rr.:Tire illastiny on sh Ht t:1erefore 

ventilation is improved, (4) Jraw control is good, and (5) total re-

covt:ry on be quhe high. Two maj,;r disadvanta92~ ecre: (1) initiJ-1 

capital outlay for preproduction is hi~h. ana (?) flat diooing ore 

bcaies :ire ,:ery c'H"fic;:t to r11foe b.:/ U!is te:chnique. 

A USEL1 research re;:io:-t by D:a;0 C,::irpcna.t"ion, 1914, titled, "Analysis 

of Large Scale, f.J,Jn-·Coai UnJerJtOLrnd r1ining f,1ahods," includes a review 

of sublevel stoping and descriptions of several systems now in ~se. 

Tctal orE.' recovery is descr'ibed as beinq r:·iose to 'IOO:; ~eoendirg on the 

difficc11ty of pi11ar recovery. Several different rninin9 operations are 

described in the report. Cost distr-ib1 1t;ons for one trackless sublevel 

stoping operation ~1ere divided as follows: development - 30%, load and 

hctu1 -20'.~, stcping - 11'.,;, hoisting - i.i:', supervis·ion and service-· 147~, 

crushirg and conveyhi~: ·· 10;;, r,ower - 3 , stopefill - 11, general - 6t:L 

Graham ( 'i962;) descr·f bes th,~ i,:ha 1 es back Mine in Ncwfoundl and and 

quotes a mining and 111il1ing cost uf $1.02 per ton of ore. Figure 4.3 

shows the mine and stope !ayout in use during that time. The author 

describes this method as longhole stoping, a teriri commonly synonymous 

with sub1evel stoping. Although the Whalesback ore is relatively soft 

the s~blevel stoping tec~nique works quite successfully. The ore body 

ls about 1200 feet long, varies in width from 10 to 130 feet, and dips 

at ~bout 70 deqrees. Level irtervals are about 200 feet and crosscuts 

arc:: dr'iven on iOO-foot cent::rs. Or.Grat in9 costs were broken down as 

follows: development - 8:. stopi~g - 14~, mine indirect - 26~. milling -

15;{, services - ')'JO 
.:_ i 1(. ') and gene~al overhead 16'.''.. 

The t\lgoma Mirie in Canad.:i (er.ck, 1957) reported nearly lOOX ex­

tr3cticn cf an ore body by ~ini~g the pillars in conjunction with 

sublevel stoping, The ore body was 200 feet wide, 700 feet long, and 300 

feet high. Stopes were 60 feet wide going across the ore body 1nd 200 

feet hiJh. Pillars were 80 feet wide and 70 feet thick. Sublevels were 
positioned 0.t 65-fCJOt ver·t·ical intetvals. Longho1e b1asting into the 

4-·19 

,. ,, 



Figure 4.3 

) 

Isorietric of ~0ha·1,~sbc1ck f·1ine Development and Stope 
Preparation -- fnn: Graharr., 1968 



stope \'iiE (:o,~,, in a seqJencr:: that a1 '.rn,1ed the waste to subside with the 

dray\'. Pi1i:its vJere b1as-::ed into ti1:0 finisr:ed stopes as :r.~n·ing p;-o-

g res s,::d f ro;n o:1e ,2nd of the ore body r.:o the other. 

ihe St,·a:..:,a f·1ir;e in Sweden U',.w1r-'11, 1969, and Dravo Corpc,rcttion, 1974) 

also employs pillar mining ir; conjunction with sublevel stoping. ricJure 

4.4 is an ;so:K:tric drav.:-in'.) sriowir.q the development, stopinq, and haula9e 
~ 1 

Ore mucking is by rail bound 21 ft~ muckers dumping into five yd-

rail cars. ~Jhrn a stope has been fu l 1y :ni ned, the roof and rib pi 11 ars 

are blasted ir1~0 tne ooen stope with the triangular pillar blasted last. 

Cost distributlons for the Strass2 Mine are outlined as follows (Dravo 

Corprrc.tion, 1974): 11,wlctge, crushing r.nd hoisting - 13. lt, development 

and productiJn - 61.4'.\ nnd genera·, r1ine services · 2S.5;;. Production 
at the ti1pe these figur<::s were cc:i"lcu·lated w,:;_s l.73 million mtpy. 

Other mines with stoping te~hniques similar to the Strassa Mine are 

the S~llivan Mine, Canada (Staff, 1957) anrl the Madeline Mine, Canada 

(Dravo Cor~oration, 1974). 

D1rect :ornµarison of cost distributi::ins among the mines described 

above is difficult because of differfnces in cost analysis techniques. 

However, it is apparent that development. costs are approxirnate1y one­

fourtb the total cost of mining. It is obvious that if all development 

is done in ore a more favorable cash flow is realized and development 

costs are reduced. 

4.11.2 Sublevel Stoping Design witn Full Subsidence 

As µreviously discussed, underground mining by subleve1 stoping is 

generally limited to steeply dipping, tabular ore bodies that have 

defin1te waste cut-off bo~ndaries. The oil shale deposit of the Central 

Piceance Cret':k Basin covers apprcxiniately 883,000 acres vJhere the ore 

horizon varies in thickness from SJ to 2000 feet, averaging approxi­

mately 1000 feet. As a consequence the lateral extent of the oil shale 

deposit could be considered infinite in relation to the size of the 

mining operation. 
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The jVeraJe overburden thickre~s bein9 considered for this design 

is appro;dr,:ateiy 100(1 feet a.nd is ,hf:: on:; waste rock through which 

clevelo0rnent v1ill have t,) !::e done. Once level development has stai·ted 

D11 1n.ining i~ in oi shai(' and de1'elop;11f:nL costs are signif1cantly 

reduced. 

The possibilities of large inFlows of water have been previously 

discus;ed in the section on geology and m&; have a critical impact on 

sub1evel :;topinq. An nvera11 n:infrg rlan with full rinar reco\'fry 

requires that the overburden cave as oil shale is extracted. Larqe 

stopes wi11 open a considerable area for ~ater inflow which must be 

pumped bac1< to the st,rface. lnsufticient data exist to determine an 

accurate rate of inflow, consequently, a figure Gf 10,0~C gpm ,j 
assumed. 

Disposal of spent shale by two methods is cons1dered. The first 

involv2s dispor;ing of the spent ~;li;,lr. ir; the surface subsidence depres-

sion as it ,r for~ed. This method is cGnsidered dangerous from the 

standpcint 01· possible influw into wor~ing areas underground. finwever, 

it is felt ::f··,\i: if the spert shctle lf!ere depc•sitec in a dry or relatively 

a.,1d 1.vater \'lete nc:·t a;lov1erl to pond ir, the disposal area 

the ·Ja:iger v• su:::den i,1f"!ow cou1a be eliminated. The second invcbes 

disposinJ of U1f· sp,"nt shale in 1arqe pGnding ar·eas ori the surface a~vay 

from the subsidence zon~\. 

Tne n1foe diiiler~sion:: used in the an2l.1si~; of sublevel stopinq rnethods 

are E:stirnates JSE"d to de::er1n-ine apr1roxirnate produ.::·tion costs. A more de­

tailec! ana1ysis, nc:t rn thi::: scc;pe of this study, is required to deterr,ine 

oµtimurn dimenisons. 

\ (] ? , 'L , .c ... I Preproduct 1 on Devf 1 cpr:'E:':nt 

Once the shaft and pocket deve 1cprnent has bee11 comp 1 eted, an 

undercut level is started above the first stope level. This undercut 

level is necessary to start the ov~rburden caving above the sublevel 

s tapes. The rni ni ng ,neth 1)d used on the undercut l 2ve l wi 11 be room and 

pillar with app~oximately 75~ recovery. Pillars and rooms will be 60 by 
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f,; I)/ 3 0 fed hi q h . I nit i a 1 l _y tv:o , '3] 20-foot rr:air haulage drif~s 

.,ill btc dri\'en a tot2l c.:islirnce of sL1011t 7() feet to two lE-foot rxhaust 

ver~ildticn shaft sites (Fi~ure ~ ;: . . .., . ,.., ... Tl e cx!:aust ven~ileticn sh~fts 

viill '.::E ra·i(;(~-bored froi'i tile "iC)OC-fuot hvt~l to tr1e surf2ce. The u1derc11t 

:~1irinu 1\1ill start at a desirec1 distance fro1: the slluft 1:illar (3040 feet 

in t~is analysis) and an area SJOO feet lonq by 540 feet wide minec out. 

J' 20(,;-foot 1~,arrier i:;illar is then 11::tt ard H 1e intemdiate pillar~, are 

blasted tc initiate caving. This procetlure is repeated, retreatin~ 

tov1arc:s t:;e sr:af-i:: pillar,, as re:1u:rec by r:,ininn prooress on the level 

belou. 

lJrillir,g on the ,111dercut level ·,1ill be \'lith tv10-boo1., jumbos ir the 

11,air, headinqs and roo11s. r'.uckin(J \ 1ill ::.c, done using 12 yd 3 front e11d 

loac1ers (FEL's) in the main headinr_:s an1.1 the roon,s. /\11 riuck vdll tJE: 

c1lwpe," intc 20--ton rail cars anc! 11auled by 40-ton trolley locor10tives to 

tei"' 1,rirrar~. crusher at the shaft or incline station. 

:Jrvclcpment on the first: 5.toriinq level (350 feet below first undercut 

ieve·l) 1vi1l start approximatEl.Y thru:; r,1cnths after develcnrnent !,a.s started 

on t~1c undercut lr::vel. The ~;an:e t,~e of drillinr and 1°·:uckin<1 e(:u·i1:;1,,ent 

11ill Lie L'St:c to drive the 30 by 20-foot ,nain haulaoe drifts. Prirary 

concern Iii' 1 be to orive the r1;c1in haulct(,e drifts out to the e;<haust 

vc?ntilc.tion shafts as \'las done on ·'.)1t> undercut level. /Jo1;Jever, at the 

s2urr.:: time 1·ail haulage cross---cuts ,nru st.ope develorirnent will start ivhen­

ever µossi~le. Table 4.5 is a ti~e schedule of preproduction tc full 

1Jroductiun 1-Jlanr;ing, not inc·ludir:r1 :haft development. estimated con-

st r u c t i o n t ir., e for shafts , s k i 1J ; u :: 1-. e ts , :, u r q e bi n s , arid crusher r o or': s 

is 2.5 years. Total time tc fol' production is estimated to be 3.5 to 

four years. 

~. 4. 2. 2 :lain Hau·lage Layo·.1t 

,~11 develop1:1ent and productio:1 orE is 1oaded by FEl.'s ir:to 80-ton 

rail cars anc! hauled by trolley locorr,ctive to a crushina and ore transfer 

pocket. rail haulage drifts are ~C by 20 feet with each haulagE loop servic-

ino four ::.topes (F·iqure 4.6). P:c :.:esign used in this Jnalysis has five 
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loops on each side of the rr1ain line haulage to the ore transfer pockets. 

Stope development and production starts at the outer boundaries and 

proceeds inward. The general mining plan is retreat with the first 

stopes coming into production located at a predetermined distance from 

the access area. The actual size of the mine layout will be determined 

by the desired life of each operating level. 

1;s s topes a re mined out ( one every 37 days) the rail hau 1 age is 

developed for the next stope. At any one time, six stopes are operating 

and producing 12,000+ tpd. One 40-ton locomotive can service three 
stopes in an hour, hauling ten, 80-ton cars per stope per hour. 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. 

1+. 4. 2. 3 Open Stope Production 

When full production has been reached on the first level below the 

undercutti1g 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 35,000+ tpd. Figures 4.7, 4.3, and ~.9 are plan and 

cros~ section views showing the proposed stope layout. Initial de­

velopment of the first stopes ',vould 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 80 

feet, the full stope · 1idtr:. vJhen drivin<1 sublevels, these raises are used 

to drop broken rock to the haula0e level. Longhole fan drillins trom 

the 20 by 20-foot stope floor jr1ft and the sublevel drift is done 

duriny jeveloprnent and production with autorr:atic rotary drills usinq 1:hree­

inch drag bits (Figure 4.9). Full production requires that at least one 

fan per stope be blasted each shift. A. total of six fan drill juri~bos 

are required for all stopes. 

Whe~ a stope has been fully rr:ined and the broken shale removed, the 

crown plllar, one end pillar, and one rib pillar are blasted into the 

open stope (Appendix A). The broken shale from the blasted pillars is 
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then recovered using the same stope draw~oints. 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 Vrntilation 

The following discussion is based on rough estimates assuming gassy 

111ininq conditions and approximatinc:1 the diesel horsepower output of 

lllechanized equipment. Air circuit quantities and velocities will be 

invest i gatr~d at a later phase if this method of rni ni ng is selected for 

more detai~ed analysis. 

Colorado mining la1vs (Colorado Bureau of Mines, 1971 and State of 

Coloradc,, 1966) require 75 c~·m 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 cfm of free air, which includes an 

estimated 15 leakage loss. A proposed fan arrangement would be to havr 

axial-vane fans at the top of the raise-bored exhaust shafts suckinq eir. 

The intake shafts vlil"I be th1~ production hoistincJ and auxiliary 

shafts. 

Pd,· flow will be controlled by conventional air doors and stoppings. 

Jnce a .;tope has been mined to cornpletion, a permanent stopping is 

erectld tc reduce leakage into the caved area. Ventilation on the caving 

level v1ill be linited only to the i111mediate working heading once full 

productior is reached. 

/\uxiliary fans are neeclecl on a temporary basis for development work 

on main haulage and sublevel stope drifts. Two 100,000 cfm axial-vane 

fans will be installed near the base of each sublevel ramp systen1 to 

provide full sublevel venti"iation. Additional 36,000 cfrn fans will be 

usec to provide ventilation for mai~ line haulage development drifts. 

4-32 

,, 



I 

\ \ 

,_\ 

\' 

\\ \ 

!Sl 

C E R C 

\ \ 
/\ V 

\ 
\ 

'\ 

\ 
\ 

/\--, 
\ ' _ _',/ 

: 
L _ _L --

(-33 

E 

l 
)\ \ 

\ 

\' 
---t" 'y 

\ 
1"--( 

\ 

/' ' 
\L_ .':., \ 

-·----------\-

\ \\- --I 

',(__i./ 

\ 

--- --- -- ---------- _ ___'i,---

/\/ L \, 

G N E 

I 
I\__/ 
'; 

R 

I 

\ 

\ 
\ \ 

a; 
u 
C 
CJ 

u 
•.--
l/l 

.D 
\ \ :J 

v, 

r--

:., 
LL 

..c 
+' 
•.-
3: 

°' C 
•,--
(l 

0 
+' 
er-

r-
(lJ 

> 
(lJ 

..D. 
;:; 

V) 

~ 
a; 

•r-

> 
u 

l--
+' 
a; -6 
l/l ,_. 

C ...... 
tj-

(lJ 

5-
:::, 
a, .,... 

LL 



4. tf. 2. 5 Production Equipment Selection 

Appendix A contains the calculations that were used to estimate 

equiprnent :;ize, quantities, ancl cycle times for major equipment items. 

The capital expenditure tables in the following section on cost analysis 

summarize :he equ·iprnent selectfons. 

Evalui:1tion of capital ecwiprnent for this large tonnage operation 

has been done relying almost exclusively on current vendor data. 

Wherever possible, only that equipment currently manufactured, whether 

as a full 1roduction item or as a rrototype, was selected for analysis. 

For t1is initial evaluacion operator efficiencies and minor equip­

ment set up times were appro:<irnated by considering 011ly five hours of 

workfog tiil1e per eight-hour ::;hifL The mine is designed on a three­

shift, seven-days per week work schedule. For the rurpose of including 

holidays and unexpected work s~oµµages, a work-year was considered to be 

355 days. Equipment availabilit'1 es are estimated and range from 65 

to 90:, depending on use and past performance of similar models. 

4. 4. ;i. 6 Production Cost 

The n-ethod of production :o'.;t·iriq for sublevel stoping with full 

subsidence ·is si:rilar to the brr,at used by the uss;~ (Staff, 1972, 

Katell and Hemingway, 1974). This costing method necessarily assumes 

that the c:il shale mine is the 011ly income source to the corporation; 

therefore, development costs (includinq mine access and hoisting) are 

capitilized. In reality, these costs would most likely be charged to 

productior and deducted as negative cash flow in the overall corporate 

cash fl0w determination. Exclud~c in tnis analysis are royalty payments, 

v1elfare p2.yr1ents, and surface tra.rsportation costs. All costs ~vere 

collected during first quarter, 197~. 

Table 4.6 lists the supervisL,ry and hourly personnel needed for the 

operation of an 85,000 tpd niir:e. ,In audHional 12°s of the hourly 

manpower i'equi rements are ir,c· uded to account for absenteeism. Fiqure 

" ,, 
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Ta.ble 4.6 r-lanr.in<J Tab·:e, 30. i75 r1:~··: t_py 
f\ub12vel St1:·o~rg 1·r1 Full S0::,sidence) 

Personnel 
Salar/ ·-----\-

Su;:ier·i nte;ident 
Technical sup·.::r·i ntendent 
Generfl ~ine fcren~n 
Mi nc forem,rn 
Shi ft fore,~1ar. 
Section forem.=in 
Chief mec•1ar1ical foreman 
Sr1ift mechani:: 
Secticn rnfchanic 
Chief e:ectrica! forennn 
Shift el~ctrician 
Ch~e:·f engir1eer 
f1inin 1J engin2er 
Sur'-/e.:,1or 
Surveyor helper 
Draftsman 
Mine geolcQi st 
Safet.Y di rect<;r 
Safety n:aY'! 
Accountan:: 
Bookkeeper 
Purchasi~g agent 
Warehouse suprrvisor 
Ware :-wu s ernan 
Watchman 
Secreury 

Su btota 1 

TGtcil 

6 
J 

6 

3 
l 
5 
3 
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Annual Cost 
per Employee 

$33,000 
25,000 
27,000 
n,ooo 
20,000 
18,000 
21,000 
'19,000 
18,000 
21,00C 
19,000 
25,000 
20,000 
10,300 

9,000 
9,600 

18,000 
1°,000 
16,500 
9,600 
7,500 

14,400 
13,200 

7,200 
6,000 
7,800 

N r H 2 

Anriual Cost 
( .-,,..J ·10 ,,i-ys°' .::o, \~ ,rr.Cta_ ) 

$33,COU 
25,000 
27,000 
22,00() 
60,000 

108,000 
21 , 000 
57,000 

108,000 
21 , 000 
57,000 
25 ,()0() 

100,000 
32,400 
27,00C 
19,20G 
lf.3,000 
19,;JOO 
49,5Ci0 
28,800 

7,500 
14,400 
13,200 
21 ,600 
18,000 
23,400 

--~-~ L::,6,uOll 



Taole 4.6 Manning Table, 30.175 M/\i tr1 
(Sublevel Stoping with Full S~bsidence) can't 

Personnel 

Ynderground_ 

Drilling operator 
Drilling operator helper 
FEL opera tor 
Scaling and rock bolt operator 
Powderman 
T, uck driver 
Trackrnan 
Laborer 
Locomotive operator 
f1echanic, first class 
Mechanic, second class 
Electrician, first class 
Electrician, second class 
Master machinist 
Machinist 
welder 

Outs1de 

H,J is trnan 
C1tJe tender 
LJinprnan 

Subtotal 

Subtotal 

Cunt i ngency for 
absenteei 3rn ( l 2'u) 

Total ·1a:1or and supervision 

r. A ~· f R ', r-,, 

Wages per 
Total Day 

43 $51.81 
43 49. 96 
61 50.88 
86 52.81 
58 52. 8"I 
22 50.88 
29 50.42 
22 50.88 
14 51 . 81 
11 56.58 
29 52.90 
4 56.58 
7 52.90 
4 56. 58 

14 51 .80 
7 51.80 

454 

4 $51 .70 
4 49. 77 
" 4 7. 15 '+ -12 

56 

1:383 
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,~nnua l Cost 
( 260 \Jorkdays) 

$579,200 
558,6()0 
807,000 

1,180,800 
796,400 
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 

Sl54,Goo 

$754,200 

~995,100 



4.11 is an ":!xar:1ple of the anticipated rr:ima0err.ent flow chart for the 

undergrnund mine only. Table 4.7 is the capital investment summary that 

includes contingencies, mobilization of capitalized equipment to ,nine 

site, co:1su1ting, environmentai hpact statement, mine acu~ss, and 

preproduction development. The total capital investment is estimated to 

be $1L3,5~)0,000, excluding the value Gf oil in the develoor,1ent ere 

(estimated to be worth $53,500,000). 

Table 4.S is the strai1ht-line depreciation schedule for the equipment 

listed 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 sm1t:1:1ry. Notice that the mine development 

costs are capitalized over a period of 30 years. Power and 1r1ater con­

sumotion, Table 4.10, is estimated from vendor data, and the electric 

rate as quoted by a local 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, inc i udi ng the cost of interest on capita 1. The 

cost per ton figure is determined by dividing the total cost by the 

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

Table 4. !2 is a summary of the E:Stin1ated annual production cost for 

an SS,000 tpd mining operation. It must be understood that this cost 

only includes mini~g costs and no processing costs. Also included are 

yearly interest, reclamation, exploration, and environmental monitoring 

costs. 1·he total estimated cost per ton is $1.15. 
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T.::ible4.7 Capital Investment Summary, 30.175 MM tpy 
(Sublevel Stoping with Full Subsidence) 

ITEM 

Two boom hydraulic drill jumbo 
Two boom hydraulic fan drill 
40-ton trolley locomotive 
30-ton tro~ley locomotive 
FEL (12 yd ) 
80-ton rail car (air brakes) 
Two drill rock bolt machine 
Primary ventilation fan 
Secondary (100,000 cfm) fan 
Secondary (36,000 cfm) fan 
Powder and ANFO loading truck 
~~ater truck 
Lubrication and fuel truck 
Personnel carrier 
Fire chemical truck 
First aid kit 
Lamp (including accessories) 
Self rescuer 
Stretcher set 
Telephone (page phones) 
Underground machine shop 
Bathhouse, office and lamphouse 
Warehouse and supply yard 
Substation and distribution 
Forklift 
Exhaust fan (machine shop) 
Rectifier (250 KW) 
Water pumps (10,000 gpm total) 
Track (115-lb) 
Trolley wire 
Track plates 
Treated ties 
Methane detector 
Port. fire extinguisher (20-lb.) 
High voltage cable (8KV-4°) 
Track maintenance machine 
Underground crusher 
4-inch diameter pipe 

Total direct cost .. 

Quantity 

8 
7 
3 
2 

24 
120 

14 
4 
2 
4 
8 
2 
4 
6 
3 

20 
430 
450 

9 
9 
1 
1 
1 
l 
l 
1 

15 
16 

70,000 ft. 
35,000 ft. 
1,800 

12,000 
20 

20 
10,000 ft. 

1 
2 

20,000 ft. 

" .... 

4-39 

CAM[ RON 

Cost per 
Unit 

$310,000 
300,000 
228,500 
189,500 
280,000 
23,000 

150,000 
115,000 

8,600 
7,500 

28,000 
30,0()0 
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, 112 

33,000 
$4.8/foot 
$0.68/foot 

$2. 15 
$6.64 

235 
45 

$7. 2/foot 
50,000 

2,700,000 
$2/foot 

Total Cost 

$2,480 ,OC)() 
2, lUO, 000 

635,500 
379,:JOG 

6,720 ,(JOO 
2,760,000 
2,100, OQO 

460, OC:O 
17,200 
30,0CiO 

22i!-:.0'.;C1 

i ') [-\ .'1 
1 Lv ,U 

249,000 
75,000 

600 
36,600 
19,400 
2,100 
4, l OCl 

1,000,000 
2,000,000 

130,000 
900,000 
25,000 
8,000 

91 , ?CG 
528,000 
336 ,00~1 

23,800 
3,9(10 

79,800 
5,000 

900 
72,000 
50,0()0 

5,400,00<J 
40,000 ---'-:....,: 

$29,216,600 



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

ITEM 

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

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

Consulting engineering fees, overhead 
and administration (6% of line above). 

Subtotal ............... . 

Environmental impact statement .... . 
*Mine Access (included are ventilation, 

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

*Preproduction cost ..... . 
1,Jet capital investment ..... . 

Total Cost 

. $2,629,500 
31,846,100 

637,000 
32,438,100 

l ,949,000 
34,432,100 
2,000,000 

47,000,000 
30,067,000 

$113,501,000 

Value of oil in 10,216,000 tons of 20 gpt oil shale stockpiled 
or retorted during preproduction development 
(assumes $11/bbl.) . . . . . . . . . . . . . . . . . . . $53,512,000 

* Assumes capitalization 
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cJ;~ciJ ion Sche~u e, 
SL~le~e StJoing w i_i-

C. JS Mn tpy 
tl Subsidence) 

r:;craight--1·,ne 
iTEfl iJeprec;at10n (Years) Yearly Charqe 

: \/(1 

Yvvo 
Gr ·f ~ -: J tJlllbG 

fan dnll 
i'~O~toti ~.v,o·!,i?y 1:"J(>·.1;-r10".:.ivt? 

10-:~n ley l~ccmotive 
F~L ( 1 y._-i·~) 
~~;Q.-t·_;r-: rail cJ.t' iair, brake::.:1 
r·,,;u dri1 1 ,,.,xk bnit rnctcnir\e 

:.i1 t-, ri cat i :./1 ::; ,1j f uE'l tv'uck 
; ;-; n':! S~ifety ~,, 1ui r.:rnent 

L 1r·d P ( G rr.11.1 nd -11<~ cJ1 '.--l~~ s hor1 

Hat~~ous2, office an~ l2rnsholSe 
\/ a r :: i1 Ji ~ s ·:: a r; u s u r~ p 1 y ~! a r, ·i 
'.:ut·::ta,·:on and distnt>1;t;ion 
F1.:.·•- ·1, -~t 
txthL":i fan (i,:,-,:.f1ine shoD'.: 
Rec 1-~. ~ f ~ e r- ( 2 ~I '.:1 

Trdck a t.ro: ··1 ~~~\J n~c:ter·i 2 ·1 

11~ c.ih ·10 l ta9e c.:itJ i c--: ( .Sr'.'f-,~ ') 
C. k :1 ·: ~i i n t t: t; ~-: -~1 i: 2 ·:\a.:::;~-! i .. , 1:~ 

U ndc.: r-g l' ~.,:, 1cl ,_:. ·, ·u :; 11 '~ ,. 
Shcft =1cc::i·;; ,1n,1 ·12ntiiation 
~Jatt.:r : ? '.l ,:_\)!) f:!PP' tota:) 
r: re-:.-, rod uc t ·1 CJr~ de v ;? l oprnen t 
~ nv i fr; ~·:::·1en t d 1 i i~"t:·;ac t S :a ;~;::?r1-1E n t 
CGntingenc:ies, r,obilizatiori, ar.d 

er.t.Ji nc,i::r ·j ng 

ToUl 

4 --4 1 

n <: 31'.l,QOJ ._; 

" '.) 2E:2,500 
1 S ~Vi,700 
15 2S,30U 

() 840,000 u 

10 276,00CJ 
1" .u 210,000 
3,J 15,400 
10 l ,700 
10 3,000 
10 ?? 1 '\n 

'-- "·, '+l•u 

10 6, 00() 
l iJ 12,000 

5 28,800 
1n 
IU 24,900 
30 33,300 
10 66,700 
30 4,3CJO 
30 JG,000 
:0 2,500 
30 300 
15 6, 'JOO 
30 14,300 
30 2,400 
15 3,300 
30 180,000 
30 ·: , 56? ,000 
15 35,200 
')n 

"'U 1 ,000,000 
30 S6,7UO 

30 ,-4 (YO -~:_,:JU:__ 

.$5,270,300 



Table 4.9 Estimated Yearly Interest Cost on Capitalized Items, 3 0 . l 7 5 ~lM t p y 
(Sub level Stop i ng v1ith Fu 11 Subsidence) 

Depreciable 
Life (yrs) 5 8 10 l 5 30 Total 

Capital 
Required 144,000 11 , 300, oc,o 5,685,000 1,734,000 94,638,000 113,401,000 

Interest 
Charge 

1 o:; 8,640 635,600 307,200 92,500 4,889,600 5,993,540 

9. 5'. 8,200 603,800 291,300 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 2Cl ,700 78,600 4,156,200 5,044,340 

8''. 6,900 :508,500 245,700 74,000 3,911,700 4,746,800 

4-Ll2 
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Table 4.rn Power and Water Cost, 30.175 MM tpy (Sublevel Stoping with Full Subsiderce) 

Number 
of 

Units 

6 

6 

1 n 
IL 

4 

2 

4 

1 

2 

2 

12 

3 

2 

H.P. H.P. Hr. per 
per total day, full 

Operation 

Two boom hydraulic 
cir i 11 jumbo 

Unit Load Load 

Two boom hydraulic 
fan drill 

Rock bolting machine 

135 810 

135 810 

150 1,800 
Primary ventilation fan 1,350 5,400 

Secondary ventilation 
fan ~55 JlO 

Secondary ventilation 
fan 

A.ux ilia ry fan 

40-ton trolley 
locomotive 

30-ton trolley 
locomotive 

Water pumps 

45 

105 

600 

380 

180 

105 

1,200 

760 

425 5,100 
Double drum hoists, 

production 10,000 30,000 
Double drum hoist, 

service 

Underground crusher 

Miscellaneous underground 

Miscellaneous surface 

5,000 5,000 

700 1 ,4CC-

i5 

15 

18 

24 

24 

24 

24 

15 

15 

24 

20 

20 

20 

K\,J 
total 

Load 

604 

604 
·1 ,343 

4,030 

231 

134 

78 

895 

567 

3,800 

22,380 

3,730 

l ,050 

l ,000 

1,000 

Electric power cost/year "' $0.013 X 830,050 X 355 == $3,8:,1 ,/: 

* Water assumed to be provided by site v1ells. 

Tota 1 f".WH 
Requ·i rem2n: 

9,060 

9,060 

24,170 

96,680 

5,550 

3,220 

l ,880 

13,430 

8,500 

91,300 

447,600 

74,600 

21 , 000 

12,000 

12,000 
830,050 

Total* 
\ 1/ater 
(gpd) 

81,000 

81,000 

65,000 

18,000 

12,000 

6,000 
263,000 



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

ITEM 

Total labor and supervision. 

Operating supplies 
Drill bits ......... . 
Rockbolts, shells, and plates 
Fuel and lubrication .. . 
ANFC, wire, and caps .. . 
Drill steel and couplings 
Madine parts . . . . . 
Rail ties, plates, etc . 
Operating contingencies 
Interest on capitalized 

(380 days) ..... . 
Subtotal 

Power ...... . 

Payroll overhead (35%:) .... 

. . . 
(8%). 
equipment 

Indirect costs (10% of labor, supervision, 

Total Cost 

$8,395,000 

141 , 000 
645,000 

1,009,000 
710,000 
150,000 
800,000 

75,000 
275,000 

3,957,000 
7,762,000 

3,700,000 

2,938,000 

and operating supplies ......... . 1,220,000 

4,411,000 
Fixed Costs 

Dep~eciation (380 days) 
Taxes and insurance (3% of 

52,539,00 for 380 days). 
Total 

* Total tons= 10,216,000 

I, A ~:" 

4-44 

1,641,000 
$30,067,000 

[ N \) ~' E t R S 

Cost/Ton* 

$0.82 

0.76 

0.36 

0.29 

0. 12 

0.43 

0. 16 
$2.94 



T J b Jc 4 , • ::_ Es+·1,;.':!t;ec1 /\nn;,a1 Pn:,,:_i!icci J• rst, ~~0.175 Hf·i t•::y 
( Sue, 1 t.~ 1/e"( St.·)~~ ·j r,q V'ti th Fu 1 ·1 uLs i dence) 

Di r.::,,:t Cos t,s 
~ .. :b]r an(j supt:r·J-i ~ 1 o;·: .. 

Gr,c::ra.t i r·; sL1rP 1 ~ 2s 

Li_~;:;r·icd(·i(\-: ;1r.rl fuel 
~~c::~b·~~-: ts, ,-·~1E 11 s .. and ,~:i :1tc-:s, 
f-ii-,·11 b1ts ~ ~ .. 
1\:1~FJ~ caps~ <~nd \~r1 , .. e " 
Dr ~ 1 ~ s tee ·1 ~ • , * 

1./e:1·1t·il:ition tl J-(YJ]:, :_,l.ilKheads .. 
F-~i~~. t.iesj pl;-_ttes., et.c .... . 

~ub:ctal .... . 
Cper-atirig cu,;:tin~~e~:-~~E:s (St! of 

line ato~L) .... 
Vea.;l~y 1 ntt:res-;: cJ~.-~ ( q-;I),, 

Fc.yr":11 GJ!'Th-=ad (3: 
[ :{ tJ l c r G -~~ 1 \.~ ;' 1 

Envi 10 -.o:·'.·r 1::;1·ta t r·/;r·. torl r~~; 

[;·iJi Y,:?Ct Cc~·tr_~ ( ·1 Un.·~ u·~ '. 2bz.J · 0) 

sun en i s i c,, , a r: o opt' r c'. t i n <; s u pp l i es , 
no 1: ir:clurJ·I~,q ,/ear-·!_y intr::F·est co~t) 

Depreciat·ii-1 

Annual Ccs t. 

1~60 ,()(JU 
l ,057 ,000 

159,000 
127,000 

: , 622, coo 
116.UOO 
SOD,000 
-i 11 ~ UOD 

7· ,::;f'7'; ('(;(: 
t!J,JL,\Jyv 

2?8 ,[JO~l 
5,310,CCJO 

l 0 , ·1 .2 o , o Go 
3,831 ,con 
l,OJO,OUC 
2, 798 ,:')JO 

500, l_)(J() 

300,0:JO 

1,27B,000 

Cost/Ton 

(). 13 
0.03 
0.09 
0.02 
0.01 

(). 04 

(),(15 

'.). 18 



4.4.3 Sublevel Stoping Drsign with Spent Shale Backfill 

A sublevel stopin~1 design 1·1ith spent shale backfill is being in­

vestigated because of three major advantages over a full subsidence 

design. Th2se advantages are: (1) rninin1ization or prevention of fracturing 

of overlying strata above the scopes, (2) minimization of surface sub­

sidence, and (3) a significant reduction in the amount of spent shale 

disposal on the surface. ~he J'.lajc r disauvantage of sub level stoping 

with spent shale backfill is th2 r~duced total resource recovery due 
to leavin9 pillars. 

The design 1 i mi tat ions 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 ~iscussions that follow will deal only 

with the design of the minin~ n1etnod. Initially, the preproduction 

~evelopment, rail haulage layout and stope production are describe~, 

followed by subsections on ventilation, stope filling, equipment selection, 

and costing. A later section will cover conclusions and recommendations 

of subleve· stoping with spent shale backfill. 

4, 4. 3. I i'r"'prc·duct i en Development 

After the hoisting and access installations are completed, develop­

rnent is started siniultaneous·ly on the first stoping level and on a top 

level fro1n v1hich the first h~vel s-~opes are filled. 

On th,~ first stoping leve!, two 30 by 20-foot main haulage drifts 

are driven fron1 the shaft thrnugh a 920-foot shaft pi 11 ar. Then two 30 

by 20-foot crosscuts are driven to two ventilation shafts on each side 

of the mining area. \~hile these crosscuts to the ventilation shafts are 

being driven, development of stopes adjacent to the shaft pillar is 

started. 

A 20 by 20-foot drift (on the top fill level) is driven through the 

shaft pillar, then single 20 by :?n-foot crosscuts are driven to the two 

exhaust ventilation shafts. During this development, a ramp is driven 

from the first stoping level to the upper fill level. This ramp is 

4-% 
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Tot:le 4~1J Schedule of Prepro:;_i(-tior, lork for Sublevpl rtopincJ \\1ith SDent Sr-1ale Sackfill 

Description of Tas~. 30 60 
I I I I ..J.....L...J 

First level haulage dntts 

thru shaft pillar 

30
1 

x 20
1 

drifts and 
ventilation shafts 

Top level 20
1 x 20

1 

drift 
thru shaft pi I lar 

Fl 
l 
I 

~ 
I 
·1 Top ievei 20

1 
x 20 

_ ventilation shaft 

.~ .. :~+ 
\.JI 111 

+,, I 
,v I 

I 
Raise bore ventilation shafts 
from surface 

Raise bore ventilation shafts 
from 1000

1 

to 1350
1 

level 

Ramp system construction 

Preparation of stopes I a 2 

Preparation of stopes 3 a 4 

Preparation of stopes 5 a 6 

Production from stopes I a 2 

Production from stopes 3 a 4 

Production from stopes 5 a 6 

88 

nn 
00 

90 
l 

I 

I 

l 

I 

36 

37 

Days 
!20 15() 180 

!_ I I I I I I 

60 

30 
I 

I 

I 

I 
37 

I 

I 
37 

I 

I 

210 
l..-LJ. 

240 r 

I 

Full 

Production 

I 
I 

7! 

I 
71 

270 300 330 
I I I I I l I I l 

I 

I 

' 
I 

71 
I 

T~i~I 

Ore 

___ , __ .,_ 

Produc~ 
(tons) 

1 
84,000 

364,000 

56,000 

242,000 

I 
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eypected at a depth of 3,000 feeL considering the caved overburde~ and fill 

above and adjacent to the stopes. 

4.4.3.4 Stope Filling 

Except for the first 1 evel, stopes wi 11 be fi l lEd frcm 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 drillinq 

eight-inc~ diameter holes, inclined downward from the drift, through the 

crown pillar to the stope below. Three holes for each stope are sufficient. 

Stopes are prepared for filling by lowering slotted, six-inch PVC drainage 

tubes, covered with burlap or si~ilar filtering medium, through the inclined 

ho 1 es to the floor of the store. Fror1 there the pipe goes out through a 

crosscut to a box surrp in the FEL haula1;:ieway. The number of drainacie 

tubes required in each stope cepends upon the drainage characteristics 

of the fi" l 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 

bleea-off pipe and valve to reduce high hydrostatic pressures. Each 

stope req~ires eight bulkheads en the haulage level designed to withstand 

280 feet of head of fill materi61 and four bulkheads on the sublevel to 

withstand 85 feet of head. 

4. 4. 3. !5 Ventilation 

The ventilation circuitry ~nd air requirements are almost identical 

to those described in the previous sublevel stoping design. The pri~ary 

exception is that lower initial total air volumes are needed in the first 

stages of product'ion. Exhaust ventilation shafts are located illlmediately 

adjacent to the shaft pillar. 

4-54 
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4.4.3.6 

The n:ethod of Di'Odu::t1cn c.ost"ng foi sublevel stoping with spent 

shale b?Jckfill is similar to i:.he format used by the USBM (Staff, 1972, 

Kate11 and Hemingway, 1974). This costing method necessarily assumes 

that the oil shale mine is the only income source to the ~orporation; 

therefore, development costs (including m~ne access and hoisting) are 

capitilin~d. In reality, these costs wou1d 1riost likely be charged to 

product~on and dedJcted as negati~e cash flow in the overAll corporate 

cash flov1 determ"in2,·,-."icn. Excluded in this analysis are royalty payments, 

and surface transprotation costs. All costs were collected during first 

quarter, 1975. 

Tabl~ 4.14 lists the supervisory a~d hourly personnel needed for 

the operation of an 85,000 tpd mine. An adaitional 12% of the hourly 

manpower requirements are included to account for absenteeism. Figure 

4.17 is a~ example of the anticipated management flow chart for the 

under~1round mine only. Tab.le 4.15 is the capital investment summary that 

includes contingencies, mobilization of capitalized eqJipment to mine site~ 

consulting, environ~er:tal impact statement. mine access, and preproduction 

rlevelopment. The total capital investment is estimated to be $96,500,000, 

not includi~g the value of oil in development ore (estimated to be 

worth til, lC·0/100). 

Tab.If:! 4. hi ·ls the stra.ight-1 ine depreciation schedule for ::he 

equjpment l~stcd in Table 4.15. Table 4.17 is the estimated yearly 

interest cost on th~ ~oney borrowed to finance the capital equipment. 

In this table, interest rates from e~ght to ten percent are assumed; how-

ever a rate of nine 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 ve~dor data, and the electric 

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

Basin. Water cost is neglected bec2use it is assumed more than enough 

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

cost of preproduction, in~luding the cost of interest on capital. The 

cost per ,:on f·igure is determined by dividing thE., total cost by the 

amount of preoroduction development ore (~ 1 262,000 tons). 

C A M E R C· ~.: t: :'-.I 1) 



Table 4. 14 Manning Table, 30.175 MM tpy 
(Sublevel Stoping with Spent Shale Backfill) 

Pe r:;on ne l 

Salary 
Superintendent 
Technical su~erintendent 
General mine foreman 
Mine foreman 
Shi ft foreman 
Fi 11 foreman 
Section foreman 
Chief mechanical foreman 
Shift mechanic 
Section mechanic 
Chief electrical foreman 
Shift electrician 
Chief engineer 
Mining engineer 
Surveyor 
Surveyor nelper 
Draftsman 
Mine geologist 
Safety director 
Safety rnan 
Accountant 
Bookkeeper 
Purchasing agent 
Warehouse supervisor 
t~a re hou s ernan 
Watchman 
Secretary 

Subtotal 

Total 

l 
l 
l 
l 
3 
1 
8 
1 
3 
6 
l 
3 
l 
5 
3 
3 
2 
1 
l 

1 
1 
l 
3 
3 
3 

64 

4-5fj 

C A M E R O N 

Annual Cost 
per Employee 

$33,000 
25,000 
27,000 
22,000 
20,000 
22,000 
18,000 
21 , 000 
19,000 
18,000 
21 ,000 
19,000 
25,000 
20,000 
10,800 
9,000 
9,600 

18,000 
19,000 
16,500 
9,600 
7,500 

14,400 
13,200 
7,200 
6,000 
7,800 

Annual Cost 
(260 Workdaysl_ 

$33,000 
25,000 
27,000 
22,000 
60,000 
22,000 

144,000 
21,000 
57,000 

108,000 
21,000 
57,000 
25,000 

100,000 
32,400 
27,000 
19,200 
18,,000 
19,000 
49,500 
28,800 
7,500 

14,400 
13,200 
21,600 
18,000 
23,400 

$1,014,000 



Ma:in ng Tab':e, 10.175 MM t.p,y 
'.Suh [Vel Stopino 1vith Spent Sha.le Backfill) con't 

Persor.ne i 

Under-.9..r:ound 
Grilling operator 
Drilling operator hel~er 
F~:L opP.rator 
Scaling and rack bolt op2rator 
Fi I l c re1vrr-..:, n 
Pow·cernan 
Truck driver 
·:- r'd C Kli1Ml 

Laborer 
1.ocon;it i ve op2rator 
Mechanici first class 
Mechanic, second class 
Electr1cian, first class 
E1 ertrician, second class 
Mas tor rnacr. "irli st 

Outside 

Hoist1:ian 
CagA tenrlE:'' 
Lainprnan 

Subtotal 

Contingencies for 
3b~entee~sm (12%) 

Toi·E. ·: 1 a bur and supr:-2rvi s ion 

C A M E R 

Total 

43 
43 
61 
n r 
co 
14 
S3 
2.2 
') (! 
{_,...) 

22 
14 
11 
·~q 
{, -
4 
7 
4 

14 
7 
' 

468 

4 
4 
4 

12 

58 

602 

4-57 

~'fage oer 
Day 

$51. 81 
49.96 
50.88 
52.81 
50.88 
52.81 
50.83 
50.42 
50.88 
51 . 81 
56. 58 
52.90 
56. 58 
52.90 
56.58 
51.80 
51 .80 

5·1. 70 
49.77 
47. 15 

J\nnua 1 Cost 
(260 Workdays) 

$579,200 
558,600 
807,0GO 

1, i8:J ,800 
185,200 
796,400 
291 ,000 
380,200 
291 ,000 
188,600 
161 ,BOO 
398,900 

58,800 
96,300 
58 ,8()0 

188,600 
94,300 

$6,315,500 

$53,800 
5,·1 ,800 
49,000 

~~ 154 -or, ,·' 'b u 

$776,400 

$8,260,500 
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Capital Investment Summary, 30.175 MM tpy 
(Sublevel Stoping with Spent Shale Backfill) 

ITEM Quantity 

l'v;n ~-nom r1y:lraulic dril1 jumbo 8 
r~,,o tiooa1 i1Jdraulic fan drill 7 
., :1 -<an t ro n ey 1 ocomot i ve 3 
30 ton ~ro31ey locomotive 2 
I U ( l ? yd· ) 24 

ton rail car (air brakes) 120 
T1-h) dril: rock bolt machine 14 
Pr 1;1,1:'Y ';,~ntilation fan 4 
Si"- nciary firn (100,000 cfm) 2 
S0~u;i1d0.ry ·fcir, (36,000 cfm) 4 
r1.,-,,_;-~, ,Jnd MffO loading truck 8 
:da'.:.,1· truck 
1_1_; 1~:· i cat 1 en and fue 1 
r\ •:-: j, ::. ~~' rd~ r~ 1 car r i er 
Fi,e chemical truck 
!="i, st -3.id kH 

truck 

i_;,1,;p (in(:luding accessories) 
;e: f r~scu,-::r 
S':1·,-:.t.cl12r set 
Telepno~e (page phones) 
lindetground machine shop 
RathhoL,S2, office, and lamphouse 
W1reho~se and supply yard 
\ubsL~tion and distribution 
~()(;(: ift 
bf ~l, st -r'an (machine shop) 
Rcrt~fiPr (?50 KW) 
~;;f~-~~mpi -, 10:000 gpm total) 

2 
4 
6 
3 

20 
430 
450 

9 
9 
l 
1 
1 
1 
l 
1 

15 
16 

·1 r~ .~ C k ( 1 i 5 ·~ l b ) 
T r ri 1 1 

,~ ~, \•J i re 
frack p!ates and ties 
Menane detector 

50,000 ft. 
25,000 ft. 
13,000 

Pcrt~ble fire extinguishers 
~!iQl, vn!tage cable (8KV-4°) 
Tr0c!" ,·kl i ntenance machine 
Un d ·:: ''<Jt r)u nd c: rusher 
Cer,;~:ipi_' r1;i xers 
11, ;:,cl: diameter pipe 
o. 11:, :. ,jiarneter pipe 
~1e~~ shale disposal 

eriu i f,·men;: 

20 
20 

10,000 ft. 
l 
~) 

3 
20,000 ft. 
15,000 ft. 

int?I d1re(t cost ........ . 

4-59 

Cost per 
Unit 

$310,000 
300,000 
228,500 
189,500 
280,000 

23,000 
150,000 
I! 5,000 

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. 
$4/ft. 

500,000 

Total Cost 

$2,480,000 
2,100,000 

685,500 
379,000 

6,720,000 
2,760,000 
2, l(J!J, 000 

460,000 
17 ,200 
3C,,OCJO 

224,000 
60,000 

120,00Q 
24'.J,OOG 
?S,000 

600 
36,600 
19,400 
2,200 
4, l 00 

l,000,000 
2,000,000 

130,000 
900,000 
25,000 
8,000 

91 ,800 
523,QOO 
240,000 

17,000 
"114,400 

4,700 
80'J 

72,000 
50,000 

2,250,000 
60,000 
40,000 
60,000 

500,000 

$26,614,300 

N F [- Fl S 



Table 4. 15 Capital Investment Summary, 30. 175 MM tpy 
(Sublevel Stoping with Spent Shale Backfill) con 1 t 

ITEM Total Cost 

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

Mobilization charge (2% of line above) 
Total construction . . . . . .... 
Consulting engineering fees, overhead, and 

administration (6% of line above) .. 
Subtotal. 

Env i ronrnenta l Impact Statement . . . . . . 
*Mine access (included are ventilation, production, 

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

*Preproduction cost .. 

Net capital investment 

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

* Assumes capitalization 

4-tiO 

$ 2,396,000 
29,010,300 

581,000 
29,591,300 

1,776,000 
31,367,300 

2,000,000 

47,000,000 
15,430,000 

$95,797,300 

$17,087,000 
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,. 

ic1ble 4.17 Estimated Yearly foterest Cost on Capita 1 i zed Items, 30.175 ~~ tpy 
(Sublevel Stoping with Spent Shale Backfill) 

llepr'eciable 
l i ft-..: (yrs) 5 8 10 15 3C Total 

Cctpital 
Required 317,500 11,375,200 6,004,000 1,735,500 76,394,400 95,826,000 

Interest 
Charge 

1m: 19,000 639,900 330,200 92,600 3,978,900 5,060,600 

9. S\'.: 18, l 00 607,900 313,700 87,900 3,779,900 4,807,500 

91u 17,100 575,900 297,200 83,300 3,581,000 4,554,500 

8. 5°' 16,200 543,900 280,700 78,700 3,382,000 4,301,500 

() 15,200 511 , 901) 264,200 74,000 3,183, 100 4,048. 

4-62 
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Ill"" 

~-: 

·n 

Tl 

;:_ 

rr, 

z 

1-n 

!) 

.i:,. 
I 

0-, 
w 

: 3 u /J -, ~ 

Number' 
f 0. 

Units 

6 

6 

12 
4 

2 

4 

2 
2 

12 
3 

1 

2 

4 

.. _. {";; (,i, : ; \" ~· ,/ i..,. ·._: j 
;» 

·' . .., ") . l; . l / J ~ '/ ,, 

)pe/·a I: ion 

Two boom hydraulic 
cir i 11 jumbo 

Two boom hydraulic 
fan drill 

Rock bolting machine 
Primary ventilation 

fan 
Secondary ventilation 

fan 
Secondary ventilation 

fan 
,1\uxi 11 a ry fan 
40-ton trolley locomotive 
30-ton trolley locomotive 
Water pumps 

i : [) ,, ,,. " 

pi~{' 

unit 

135 

135 
150 

l ,350 

155 

45 
105 
600 
380 
425 

H~? 
total 
l ciad 

810 

810 
1,800 

5,400 

310 

180 
1C5 

l, 200 
760 

5,100 
Double drum hoist, 

production 
Double drum hoist, 

service 

10.000 30,000 

Underground crusher 

Miscellaneous 
underground 

Miscellaneous 
surface 

Spent shale pumps 

5,000 5,000 
700 1,400 

150 600 

,.; ,J 

; it/'.}Jy' 
fu 'i 
loa 

, r ! .) 

15 
15 

24 

24 

24 
24 
15 
15 
24 

20 

20 
20 

20 

r:W 
total 
load 

604 

604 
1,343 

4,030 

231 

134 
78 

895 
567 

3,800 

22,380 

3,730 
l, 050 

l ,000 

l ,000 
448 

Total 
Elertr1·c oo·wer cost;'year = $0 ,013 X 839 noo v ~re=(~ ,, 7 , "ll'n 
-' -' 1 •>.. · - • ,,,, i\ Vv'J ··(.'::,\) :"..'}I. )l} 

* Water assumed to be provided by site wells. 

!') ~" ! l ~J r · ::~ , . ~ :1c 1', 

Tota 1 nm 
rP.qui rernent 

9,060 

9,060 
24,170 

96,680 

5,550 

:l,220 
i ,880 

13,430 
8,500 

91,300 

.. ;,47 ,600 

74,600 
21 , 000 

12,000 

12,000 
_8!_~22. 

,339,000 

:-Otalk 
!r1ater 
'. gpd) 

81 , 000 

81,000 
65,000 

18,000 

12,000 

6,000 
360,000 

623,000 



T<lble 4.19 Estimated Preproduction Cost 
(Sublevel Stoping with Spent Shale Backfill) 

IT::M 

Total labor and supervision ...... . 

Operating supplies 
Drill bits ..... . 
Rock bolts, shells, plates 
Fuel and lubrication .. . 
ANFO, wire, and caps .. . 
Drill steel and couplings. 
Machine parts ....... . 
Operating contingencies (8%) . 
Interest on capitalized equipment 

(2LO days) 

Subtota 1 . 

Power. . . . . . . . . 

Payroll overhead (35%) 

Indirect costs (10% of labor, supervision, 
and operating supplies) ....... . 

Fixed cost3 
Depreciation (240 days). 
Taxes and insurance (3% 

of 52,333,000 for 240 days) 

Tota 1 . 

* Total tons - 3,262,000 

4-64 

Total Cost 

$3,729,000 

51,000 
187,000 
515,000 
228,000 
49,000 

440,000 
118,000 

2,463,000 

4,051,000 

2,013,000 

1 ,305 ,000 

532,000 

2,768,000 

1,032,000 

$15,430,000 

Cost/Ton* 

$1. 14 

1. 24 

0.62 

0.40 

0. 16 

0.85 

0.32 

$4.73 



:able 1L?O is a summary of the esti1nated annual production cost for 

an 8~.000 tpd mining operation. It must be understood that this cost in­

cluJes only mining costs and does nnt include processing costs. Also 

included are yearly ·interest, reclai1dion, exploration, and environrriental 

~lC.'n°itorinJ costs. The total estir1ated co,~t per ton is $1.12. 
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Table 4.20 Estimated Annual P':'oc!uct ion Cost, 30. l7S ~:~: tpy 
(Sublevel Stcping with Spent Shale Backfill) 

lTEM 

Direct Cost 
Labor and supervision. 
Operating supplies 

Machine parts ... 
LLbrication and fuel 
Rock bolts , shells, and plates. 
Drill bits ..... 
ANFO, caps, and wire 
Drill steel. .... 
Ventilation tubing, b~lkheads. 
Cement, aggregate, luDber. 
Rail, ties, plates, etc ... 

Subtotal ..... . 

Operating contingencies(5~ of 
1 ine above) .... 

Yearly interest cost 
Subtotal. 

Pm,,er 
Reclamation. . . . 
Payroll overhead (35~) 
Exploration ... 
Envi ronnienta l monitoring 

Indirect ccsts (10: of labor, supervision, 
and operating supplies, not including 
yearly interest cost) ......... . 

Fixed cost~, 
Taxes and insurance (3t of 

mine cost, $52,333,000). 
Depreciation . . . 

Annual Cost 

$8,261,000 

87(),000 
1,057,000 

159,000 
127,000 

1,622,000 
116,000 
500,000 
200,000 
111,000 

4,762,000 

238,000 
4,555,000 

$9,555,000 

3,872,000 
l, 000, 000 
2,891,000 

500,000 
300,000 

l ,326 ,000 

1,570,000 
4,759,000 

Total .$34,034,0GO 
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Cost/Ton 

$0.27 

0.32 

0. 13 
0.03 
0. 10 
0.02 
0.01 

0.04 

O.OG 
0. 15 

$1 . 12 



4.~ QESIGN ANO ANALYSIS or ROOM AND PILLAR MINING IN OIL SHALE 

Room and pillar mining is being evaluated in this contract study 

heca1Jse of its hiqh degree of flexibility ~n conforming to chanuing 

mining conditions and equipment modifications. The stratiform character 

c1nd inherent strength of oil shale also make room and pillar mining 

attractive. To date, all underground ~ining of oil shale has been done 

us:r~j roon1 and pillar methods. 

Although room and pillar methods are highly flexible, they do 

have soine di sndvantages \'I/hen compared to other methods. The cost of 

room and pillar mini~g is generally h1~her because of the larger number 

of headings needed for production. Ventilation and roof control become 

significant factors because large area~ are open for a much longer 

period. 

foo r:Jon1 and pillar variatiors fer mining oil shale are investigated: 

C!) advance entry and pill:1r 2nd (2) chamber and pillar. These two 

syste111s 2re quite similar to room and pillar mining in that large 

underground openings a:'"'e excavated and intermediate pillars left for 

St,;pport. Systems of rnin1ng on the advance and retreat were investigated 

for Doth methods. Preliminary results showed that retreat mining is not a 

favcrab·le ar-pr1)ach, and consequently, a1·1 designs are for advance mining 

(::1ining a•,1ay from the sh21ft are;1). Th,, r,iinE dimensions used in the 

ana1yses are appr0x-imate and are for pr~1Juction costing only. 

Tr1e foilovJing sections contain a n~vie~"' of the pertinent literature 

on room and pi11ar rmning ar.d the const.1'aints and 1irnitations on the 

prc1posed designs for pillar mining in u1 shale. The two room and 

pillar variations are then presented in separate sections that include 

designs fro1:1 preproduction through cost·in'J. 

4. 5. 1 Review of Literature 

Ir the 1973 edition of the SME ~i11 lr0 Engineering Handbook, Given 

(1973) describes the basic approach tr rcom and pillar mining systems. 
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'i01r1e ot the major advantages of n101:, anc! pillar rninin;J mentioned dt'e its 

flexibility and mining selectivit}. Sumf:' major disadvantages are: (1) 

higher costs for venti"lation and t'oof su1-,port, (2) a lanJe number of 

production areas are needed, (3) '.,ur,plie:, and power r~ust be delivered to 

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

East and Gardner (1964) present an in-depth study of room and 

1,illar 111ining in oil shale in USBM l3ulldir 611. The room and rillar 

niethod of rrrnrng v,as selected after exter:sive physical testing of oil 

shale had teen completed. Their design takes advantage of the strong 

and competent character of the oil shale.. In the design of the mine, 

60-foot sqLare by 60-foot high pillars were used under an overburden 

varyiwJ from 300 to 700 feet. Results of the pilot niine study showed an 

averacJe µroduction of 148 tons per n1an-s11ift for direct underground 

labor, and 116 tons per lllan-sh''ft for total labor. These figures in­

dicate that the cost on a conm1ericc1l basis at that tin1e for mining oil 

shale at the Rifle mine (28 gp~) was less than $1.00 per barrel of oil 

recovered. 

Dravo Corporation (1974) published a report that includes a review 

of rocr1 ani:-: pillar mining and describes several systems now in use. As 

the r,1ost CJmmon undersiround rnhirig method in the United States, non-coal 

roo11, and pillar mininsJ account', for over 75°' of all the mines producing 

over 1200 tpd. Rooms from five to 100 feet high ~ave been mined. The 

deepest room and pillar mines in North P,merica are about 3200 feet below 

the surtace. Extraction rates vary from 35Y at depths below 3000 fe~t 

to over 90~ at shallow depths (if the pillars are recovered). 

A USBM report (Staff, 1969) presents a simplified design for the 

mininy of a 60-foot thick bed of cil shale, containing nacholite and 

dawsonite, by a modified room 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 to a 45% overall extraction. The report is primarily 

an economic evaluation of deep mining of oil shale. 

In 1.%4 a number of petrc:leuni companies, realizing the potential of 

oil shale as a possible source of synthetic fuels, invested time and 
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:,:or:f\' in thF' P.nv:~ Pr:ir;t:; Ji"! Shale:· Researc'.1 Prograin dt Rifle, Colorado 

(Zan;t)u:; 2t al, 197:). The pur;"lose d H:-is program \vas to further 

develop U1f:: gas corn:Ji_;';tion ,'etort ,1,id to op~rate an experirnentc1l mine. 

fre P1ine desis1t1 con~:!sted of a roor,1 and pi"llcr method for rnir.fog the 78-

fcnt -t:n~ck :,~:cihoc,nny Zone. An estirnat2c! 130~;; ext"'ac:.ior: v;ithin the 

~~1i~g zone was obta~ned. The headings incorporated 60-foot wide 

:·,:,c;:,s, a ll-0-toot full face h2adinG, a11d ci :rn--f.Jot vertical bench. 

r1Jlus 40 feet squ,:n? \•1ere left that withsLood blasting damage and 

r'.atElle and \fjc~nnun (1974) reviev1s t\\'G opUons for syncrude pro­

ductio~ of 50,000 and 100,000 barrels per calendar day with an inte­

~;ratrd :,yste1r of 1.,;r1derground mining, above ground processing~ and waste 

handling. The under~1round :n-ining system u:ilizes a panel and pillar 

system with panel ~ead~ngs advanced by a ~3-foot high heading round and 

a ~'.8-f oot h ·i qh benc;, round. The hi?ad i ng:: a'."'e des i 9ned 60 feet wide vii th 

GO-foot regularly soaccd sqLiare pillars left for support . 

.i\dvance entry and pillar rnininCJ is a method in vJhich multiple 

headings er even~y spaced centers are advanced (mining away from the 

shaft 2re2) 1n o~~ direction. Crosscuts are driven perpenrlicu1ar to the 

headings resu1-:::i,1~j 1n :;quare pillars left to separate headings and 

crosscuts. This l'li::thod i:-; similar Lo r,Jcn1 and pillar mininq except that 

er:trie~. Jr r,eiWi,1s1s be-:oi;1e :nodifir::'l rnc,;1,s ,me! are advanced untn a 1Eve1 

has rEoched its EL.Onorr:ic lirnitsg 

The entry and pillar system is rnuHi-level vJith each ·1evel separated 

by sill pillars, Figure 4.18. Vertical shafts are used for access, 

hoisting, and ventilation.. Overal I ,~escn.ff'ce recovery, assurn'ing a 40-

foot siil pillctr, ·is approximately ,",5 ,;ith pillars left, or 55 to 60~) 

with partial pillar recovery. 

Cnce the shafts are completed, preproduction development begins. 

Piila.r recovery ·is started when a level has bee1: rriined out to its 

economic limits. !~uring pillar recovery on an upper level, the next 
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1'~1L!·t ,,,ize and roof b(ilt lercth ·1t~te determined L:Sing the pr'inci­

tlles ~.rc,E-,nte'.:1 111 5ection 3. i:::-1ui;;1i0nt selection, vent:1:ation require­

r:12nts, 2(,d :H.;:;·:iin~ round dcsif'Jns are 1·re;sented in /\;:ipendix 8, 

ur 0roduction sections divided by 

<'1 ..:u by .:<-foot conve/cr be1t entry, F·1gtl"'t? 4.19. Initial develcprnent 

begins b~ drivi1q five, 30 by 30-foot ~ntries a distance of 900 feet to 

:he bo0ndary ~f the shaft oillar. The nidd1e entry is used for belt 

,c:c'te:.:i ?:)01,t 149:': fe:::t frc:r:, the btal:,. entries. Once the return air 

e~1tri:=:s 1;·2 ccrn8·le;::t:d, d 90--foot vJic,e ~iv 10C-foot hiqh crosscut entry is 

driv2r about 184G feet east to 0cst. ~Aver 90 by 100-foot entries, on 

30~-foat :enters, are ~hen start~d and are the sou~ce of the production 

o~e. (rossc~ts 90 f22t wid~ nn 307-foot centers are driven east to west 

p1-ovic'i:-,c c:c:..:e';s ·~:::i proc\1,..:t'ion er:tr1:>s a;1d 3.idinci in ventiiation. Once 

.111 er,tr',e.:. :;five ~.e::n s·~arte:J, foli :Jr:>.:uction is adieveci wi:h approxi­

n1c:"tr,•'.:. c:: ,C1C''.') to,L Tabi2 4.?l 1 ,~ s sc!Edule of the estimated ti:01e to 

co,~rilet . .=: rT:.:2trJduction :~:::,e10:1r.en:... It L 2stimated t:1at it ·.-1il1 take 

180 feet per day advance in 

f o o t. c r o s s u. t c: .1 tr : l: s . Tc, ta 1 vi r:1 :c'. to ;; rod u ct ion , inc: 1u d in J the mi n e 

access anc vt::nti1aticn s11,1fts, is estirnatrd at 2.5 to three years. 

Tr1e mining operaticn is r.ighly PlE·char:izeci v11ith equiprr:ent and men 

a.ssicrnt:d to specifk ;-Jf1as2s of the c:rierJtion, such as drilling, blasting, 

loadinQ, hauling, scaling, or rock bolt,nJ. As a unit completes its 

snecific job -in one f;eadinr; it moves Jr, to another an:; per'forms thE: sar:ie 

jcb a02in. Sufficient hP~~ings :rs ~v~i1ablc so a11 ~hases run 
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cor,tinL1ally v,itllout interruption. ,,.f;:iroxir,,ately 40; of the daily pro­

rluction is provided from full-face rkaui:1,1s v,ith the remaining 60° 

coninr_; fro11 t,enching operations. Jevelopment of a full-face heading 

4~0 f2et ahead of the benches is necessary to provide production work­

incJ areas in advance. 

,:ininq ·n the crosscuts ar,d entriE:.-s is Jone by advancing a 40 by 90-

foot full-face headfoq af,ead of tv10 30-foot vertical benches, Figure 4.20. 

l,a.,~s provide access to equipm:n1:. ur: th2 c,pper face a.nd benches. The 

~illars are 217 feet sq~are on an Evenlv spaced pattern with the entries 

dnLl crosscuts 90 feet wide. Sill ~illars between levels are pre-

boltec! from above depending upon pillar thickness. 

/\ crosscut or entry is dr·iv::n by first advancinq a 90-foot 1·1ide by 

LlC:-foot hi(_Jh heading. Tt1e headirrn is driven usinsi a fcur-boom hydraulic 

Jrilling jumbo capable of drilling tne entire round in one setup. While 

the round is being dril·led, the roc1f is rock boltec using aerial rocf 

~oltins ~achines placing bolts on five-foct centers. Upon completion of 

roof bolting, the round is charged wit~ truck mounted, rneumatic ANFO 

loadin(_l r:1achine carryinq about 300D :Jounds of ,;r•:FO. The round is mucked 
? 

usirCJ 1Z yd~ LHJ's dumping "into lOt)C tph capacity portable impact crush-

ers. The crushers feed minus ein,ht-inct·1 naterial onto 36-inch section 

!:itlt.s tr1c,t converc1e to a sincile GO-inch Pktin line conveyor belt. The 

reriainir.1J f:: feet is mined in b:o 3Cl-foot benches, the topmost approximately 

4CJlJ feet berin~ the entry headings. Tr:e ·1m~ermost is r-:aintained approxi-

1:;ately 4CC feet behind the top bench. Thi:. benches are drilled usinri hm 

bcor~r, vertical hydY'aulic-electr'c drillin/J jumbos. The vertical hclrcs are 

cl1arqed using the same equiprne:nt used for the headir,g rounds. Blastr.d muck 

from the top bencl1 is pushed with Lulldozers to the bottom of the second 

~;ench ;-,rfiere it is ::1ucked, along vdth the ::ire ulastec! from the seconcl bench. 

h list of all the production and miscellaneous equip~ent is prt:sented 

in a cost analysis section that follows. The capital equipment used 

for preorod 11ction developrient and production ~iininq is, for the ri,cst 

part, c~rre'1tly being produce:j or i 11 the J,2veloprner,t stage. J\ 
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later section describes the c0lculations used to de~er~ine the size and 

quantity of equipment used in this design. 

4.5.2.j Ventilation 

The following discussion is based on rough estimates assuming gassy 

r11inin<J conditions and approximating the diesel horsepower output of 

r11echanized 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 throu~1h the 111ine, and exhausted through two 

exhaust shafts. Colorado mining la1vs (Colorado Bureau of 11ines, l'J71 and 

State of Colorado, 1966) require 75 cfm of free air for each brake 

horsepower of diesel equipment and 18:J cfm for each man underground. The 

calculations of the estimated air requiren1ents are presented in Appendix 

8. A total of 3,500,000 cfm of air is exhausted by three large axial 

vane fans. 

Air flow direction is controlled ty fabricated regulators and 

bulkheads. Ventilation to th,~ development headings is provided by 30,000 

cfin aux-ili:1ry fans and venti'la::fon tubing. Air flow control within a 

section is shown in Figure 4.22. Each section has 481,000 cfm of regulated 

air having a rninimurn velocity of 121) feet per 1,iinute or 1.36 miles per 

hour. A 4 leakage of fresh air is assumed. All fans used underground 

are peri11issible. 

Dust created by mining and haulage operations is partially controlled 

using the following procedures: 

l. ~et drilling is employed on upper and lower bench 

drilling jumbos, 

2. Muck piles are wetted several times before and 

during mucking operations, 

3. ilau l age ways are watE:red to suppress traffic 

generated d.ust. 
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Figure 4.21 Plan View of Ventilatior Network, Advance Entry and Pillar 
Mining 
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Production Eq~ip~2nt ~election 

i;ppendix 8 contains the ca·1culatio•1s used to estim;:>te s"ize, cpiantities, 

:1nd cycle t·iines fer rnajnr equipmer:t iter1s. The capit?.l exper(Jiture tables 

in a following section an cost analys\s surrTI~rize the equipment selections. 

Evaluation of ~apital equiµment for this large tonnage cperation has 

been done by relying al~cst exclu~ively 1Jn current vendor ~ata. Wherever 

~·ossible. only that equiprnE:nt ct~rrcntly manufactlired, 1•1hether as a foll 

prccl1ictfor. item or as a prototype, \'iciS se'ected for analysis. 

For this initia1 rvalua.tio:1 O()~ratc·r' e-Fficiencies and riiinor equipment 

set 1.,p ti,nes i'l.r(~ approxirnat,3d by c,Jnsidering five hours of WOl"kinq time 

;)er eii:r1t·-~oc1r si1ift. The ;rine has been des1qned on a three-shift, seven­

days per v1eek v1ork schr~dule. Fo:" t~~' r•urpose of includinq holidays, week­

ends and ti~e off, a work-year is cunsi erect to be 355 days. ~quipment 

availabi1it~es are estim~ted and rarne from 65 to 80~, deperding on use 

and past performanre cf similar mcrlels. 

4.5.2.S Pillar r:.ecovery 2nd Spent. c:r:3.le Disposal 

rJnce ct section C:Y' leve1 has been liined, it is possible to be<;in pillar 

recovei'_y. P1llar slal)bi:10 starts cit tr,,:: ,Jutermost 1 ir:1it:s cf the mine, 

r2tr'eatin;_: +.m.:~rc1s ti:e shaft 2rea. :-ihE.:r slabbing has proceeded far 

The disr:::c:c>i J!" si-i"::·:t s'.1c1le or:1.;i -0 r:·.·r a section has been riined out 

L P2c2s:~itaLec.: du,.'.? to '-it2ntilathn and ',,ilkhead consr:ruction problems . 

. ·~ ,1ore dete:ilel" cvab,1t·;c1~ and c:es;un uf j spent s~ale disoosal sJster~ 

fer pi11ar arc en~ry ~in'.ny 's difficult because of the lack of informa­

l.ion ,)r. spent :;h,:1~: ;:ito;Jerties. A kn,·VJ]E•Jge of the specific retortinq 

process is needed before more ~ork canoe done. 

Severei systerrs of getting tn2 spent sna1e underground must be 

tried before an optiLlal system is se1ected. One such system is to 

cr~1 ·: boreholes fro1:1 -~he surface into tht: r:rineCJ out zone a:;d pump e:ither 
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a slurry or air entrained fill intJ the excavated area. Another system 

involves pumping a slurry throus1h a pipel'ine from the surface, through 

the shaft or access area, and into the lllined 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.S.2.6 f> roduct ion Cost 

The method of production costing for advance entry and pillar 

mining is s·imilar 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 likely be charged to 

production and deducted as neqative cash flow in the overall corporate 
cash flow determination. Excluded in this analysis are royalty pay­

rnents, welfi:1re payme11ts, and su!'face 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. Figure 4.23 is 

an example Jf the anticipated rnanagement flow chart for the underground 

mine only. Table 4.23 is the capital investment summary that includes 

contingencies, mobilization of capitalized equipment to mine site, 

consulting, environmental impact statements mine access, and preproduction 
developrnent .. The tota·1 capital investment is estimated at $84,200,000, 

not i11cluding the value of oil in the development ore (estimated to be 
worth $31,500,000). 

Table 4.24 is the straight-line depreciation schedule for the equipment 

~isted 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. llotice that the mine development costs 

are capital :zed 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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Ha.nnir,r1 TJblc!, 30.175 ~lri tpv 
(Advance Entry and Pillar ~lining) 

Personnel 

~:al a ry -- . 

Su per i ~1tenderit 
rechn i ca 1 suoeri nterident 
G2neral min2 foreman 
f1li ne foreman 
Sh L't fore:nr> n 
Assistant shift foreman 
Dri1ling foreman t· 
q j t. .. } sec 1 on rro1 uc 10n tareman 
Chief 1r1echrin'ca1 foY'1::r:1an 
Sh"ift mechanic forer;:an 
Chief electrical foreman 
Shift electrical foreman 
Secci on r:,echani c for21nan 
Chief rn~,k: en9ineer 
~1 i r, i ng erig i ,-1eer 
Su i'\lcyo, 
S1.irve_yor helper 
Draftsman 
Safety director 
Sc1.fety foreman 
Business JLanaoe,' 
i-'\ccountan t -
Str,~POJraphet"' 
P2,yrol l aJent 
Purchasing SJpervisor 
Warehou~c SLlpervisor 
'vi a re r ·:.JU S er'a n 
Mine geG I ,:·gist 
Wz:: tc:1,i;a:, 
Fxecuth1(~ secretary 
Secretary 

Subtotal 

Annual Cost 
Tota 1 per Empioyee 

l $33,000 
1 25,000 

27,000 
l 22,000 
') 20,000 ,) 

< 19,000 ,) 

12 18,000 
, ') 
IL 18,000 

1 21 , 000 ' ) 19,000 ._; 

21,000 
3 19,000 
6 18,000 
1 25,000 
5 20,000 
3 10,800 
3 9,000 
') 
L 9,600 
l 19,000 
3 16,500 
'l 18,000 I 

l 9,600 
" 6,600 ,:_ 

2 7,500 
l 14,400 
l 13,200 
'! 7,200 ,) 

18,000 
3 6,000 
1 9,000 
l 7,800 

-83 
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Annual Cost 
(260 f·Jorkdays) 

$33,000 
25,000 
2.7,000 
22,000 
60,000 
57,000 

216,000 
216,000 

21 ,OOCJ 
57,000 
21 , 000 
57,00C 

"!08 ,000 
25,000 

lOC~OOO 
32,400 
27,000 
"19,200 
19,0GO 
49,500 
18,000 
9,600 

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

9,000 
7,800 

$1,349,900-



Table 4.22 Manning Table, 20.175 MM tpy 
(Advance Entry and Pillar ~ining) can't 

Personnel 

Underground 

Drilling operator 
Drilling operator helper 
LHD operator 
Bulldozer operator 
Truck drivers 
Powderrnan 
Scaling & rock bolter 
Crusherrnan 
Laborer and slurry111an 
Carpenter 
Conveyor be.tman 
Mechanic, first class 
tlechanic, second class 
Electrician, first class 
Electrician, second class 
Machinist 
Welder 
Master machinist 

Outside 

Hoistman 
Cage tender 
Lampman 

Contingencies for 
absenteeism (12%) 

Subtotal 

Subtotal 

Total labor and supervision 

,~AME f1LN 

Total 

29 
29 

100 
29 
43 
58 
29 
14 
29 
19 
22 
43 
43 
14 
14 
14 
7 
4 

1540 

4 
4 
4 

T2 

66 

701 

Wages 
per Day 

$52.81 
49. 96 
50.88 
50.88 
50.88 
52. 81 
52.81 
50.23 
50.23 
50.88 
50.23 
56.58 
52.90 
56. 58 
52.90 
51.80 
51.80 
56.58 

$51.70 
49. 77 
47. 15 
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Annual Cost 
(260 Workdays) 

$ 398,200 
376,700 

1,322,900 
383,600 
568,800 
796,400 
398,200 
182,800 
378,700 
251,300 
287,300 
632,600 
591,400 
206,000 
192,600 
188,600 
94,300 
58,800 

$7,309,200 

$53,800 
51 ,800 
49,000 

$154,600 

$895,700 

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

ITEM 

Four boom hydraulic heading jumbo 
Two boom hydraulic vertical drill 
Two drill rock bo~t machine 
LHD machine (12yd) 
Bulldozer 
Primary ventilation fan 
Portable impact crusher 
36" floor mounted belt conveyor 
60" f I oor mn1mted belt conveyor 
Auxiliary f~n (production) 
Exhaust fan (machine shop) 
Telephone (page phones) 
Self rescuer 
Stretcher set 
First aid kits 
Lamp (including accessories) 
Fire chemical truck 
Water truck 
Lubrication and fuel truck 
Personnel carriers 
Powder and ANFO loading truck 
Bathhouse, office and lamphouse 
Underground machine shop 
Warehouse and supply yard 
Forklift 
Substation and distributor 
Rectifier (250 KW) 
Rectifier (150 KW) 
High voltage cable (BKV-4°) 
Methane detector 
Portable fire extinguisher (201b) 
Fire suppression system 

for belt drive 
',foter pumps ( I U ,000 gpm tota ·i) 
Spent shale disposal equipment 
8-inch dianeter pipe 
4-inch diameter pipe 

Total direct cost 

L A M E R r N 

Quantity 

5 
6 
5 

38 
8 
3 

10 
11 , Silll ft 
10,560 ft 

10 
l 

10 
478 
10 
20 

458 
4 
4 
4 
8 
8 
l 
l 
1 
l 
l 

24 
12 

10,000 ft. 
40 
20 

6 
16 
1 

3,200 ft. 
7,000 ft. 
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Cost per 
Unit 

$500,000 
170,000 
200,000 
180,000 
192,500 
164,000 
250,000 
$52/ft 
$90/ft 

7,400 
8,000 

450 
43 

235 
30 
85 

25,000 
30,000 
30,000 
41,500 
28,000 

2,000,000 
1,000,000 

130,000 
25,000 

900,000 
6,000 
4,900 

$7/ft. 
235 

42 

600 
33,000 

500,00') 
$4/ft. 
$2/ft. 

14 I: E R S 

Total 
Cost 

$2,500,000 
l ,020 ,000 
l ,000,000 
6,840,000 
l ,540,000 

492,000 
2,500,000 

615,000 
955,000 
74,000 
8,000 
5,000 

21,000 
2,400 

600 
39,000 

100,000 
120,000 
120,000 
332,000 
224,000 

2,000,000 
1,000,000 

130,000 
25,000 

900,000 
144,000 
58,000 
70,000 
10,000 

l ,000 

4,000 
523,000 
500,000 
13,000 
14,000 

$23,905,000 



Table 4.23 Capital Investment Summary, 30.175 MM tpy 
(Advance Entry and Pillar Mining) can't 

Total 
ITEM Cost 

Contigencies (9% 
of total direct cost) 

Subtotal ..... 
Mobilization charge (21 1 

of line above) ... . 
Tota1 construction .. . 
Consult~ng engineering fees, 

overhead and administration 
(6~ of line above) .... . 

Subtotal ...... , ... . 
Emirorn;-;ental Impact Statement. 
*Mine access (included are 

ventilation, production and 
service shafts, three double 
drum production hoists, one 
double drum service hoist and surge bins) 

* Preproduction cost ..... . 
Net capital investment estimate 

Value of 6,068,000 tons of 20 gpt oil shale 
stockpiled or retorted during preproduction 

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

521,000 
~~ 

26,578,000 

1,595,000 
28,173,000 
2,000,000 

. 45,000,000 

. 8,975,000 

.$84,148,000 

devefopment (assumes Sl1/barrel ) .............. $31,785,000 

* Assumes capitalization 
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Table 4.24 Depreciation Schedule, 10.175 MM tpy 
(Advance Entry and Pillar Mining) 

ITEM 

Four boom hydraulic heading jumbo 
Two boon1 hyct,~au l i c vertical ctr ·i 1 1 

Two drill §OCk bolt machine 
LHD ( 12 yd ) 
Su 11 dozer 
Prilllary ventilation fan 
Portable impact crusher 
36" floor mounted belt conveyor 
60" floor mounted belt conveyor 
Auxiliary fan (production) 
Exhaust fan (machine shop) 
Mine safety equipment 
Water truck 
Lubrication and fuel truck 
Personnel carrier 
Powder anc ANFO loading truck 
Bathhouse, cffice and lamphouse 
Underground machine shop 
Warehouse and supply yard 
Forklift 
Substation 
Rectifier (250 KW) 
Rectifier (150 KW) 
High voltage cable (BKV-4°) 
8-inch pipe (waterline) 
4-inch pipe (waterline) 
Shaft access and ventilation 
He.:.: et r,un:ps ( l O, 000 gpm total ) 
Spent shale equipment 
PreproductiJn development 
Environmental impact statement 
Contingencies, mobilization, and 

engineering 

Total 

r A M E 8 G N 

Straight-line 
depreciation (years) Yearly charge 

8 $ 312,500 
8 127,500 

10 100,000 
8 855,000 

l O 154,000 
30 16,400 
10 250,000 
10 61,500 
10 95,500 
10 7,400 
30 300 

5 36,200 
10 12,000 
10 12,000 
10 33,200 
10 22,400 
30 66,700 
30 33,300 
30 4,400 
10 2,500 
30 30,000 
15 9,800 
15 3,900 
30 2,400 
15 900 
15 1 , 000 
30 1,500,000 
15 35,200 
10 50,000 
30 299,200 
30 66,700 

30 142,300 

$4,344,200 
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Ta.b·!e 4.25 

Depreciable 
I . ~ ( \ _ ne yrs 1 

-::apita1 
required 

Interest 
charge 

1 ();; 

9 Pl • :.J ,U 

9;; 

8. 55~ 

8~~ 

Estimated Yearlv Interest Cost 
(Advance 

5 8 

181,000 10,360,000 

10,900 582,800 

l O ,300 553,600 

9,800 524,500 

9,200 495,300 

8,700 466,200 

Entry and 

10 

7,005,000 

385,300 

366,000 

346,700 

327,500 

30[1,200 

4 ()-, 
-01 

C A M [ R U N r! 

on Capitilized Items, 30. 175 MM tpy 
Pillar Mining) 

1 5 30 Total 

762,000 64,849,000 83,157,000 

40,600 3,350,500 4,370,100 

38,600 3,183,000 4,151,500 

36 :,600 3,015,500 3,933,100 

34,500 2,848,000 3,714,500 

32,500 2,680,400 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 K\~H Total* 
of per per day, f u 11 total Requirement Water 

Units n ............. ,,.. .... +.; ............ 11n;+ 1,-,:,,-l load 1 oad ( gpd) V~t:::fOt...!UII UII It., IVV.U 

4 Four boom heading jumbo 300 l, 200 15 895 13,428 86,400 

)> 4 Two boom vertical drill 150 600 15 448 6,714 43,200 

~ 
') 60" conveyor belt drive 400 800 18 597 10,742 10,800 L 

m 4 36" conveyor belt drive 75 300 18 224 4,028 21,600 
:I) 8 Portable impact crushers 600 4,800 15 3,581 53,712 7,200 

10 Auxiliary fans 40 400 15 298 4,476 
z. 3 Primary ventilation fans 2,oon 6,000 24 4,476 107,424 

4 Rock bolt machines 150 600 18 448 8,057 I'"\("'\ I"') It r. 
jU,<'.:'+v 

m -+C> 
I l Auxiliary exhaust 105 105 24 78 l ,872 co 

L co fan (machine shop) 

Miscellaneous (underground) -- -- -- -- 1 , 000 

Miscellaneous (surface) -- -- -- -- 1,000 10,000 
7 

3 Sha ft 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 
JJ 2 Spent shale disposal l 00 200 20 150 3,000 360,000 
'-~ 

Total 828,853 569,440 

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 ~ocal Cclorad0 public utility for the Central Piceance Basin. 

Water cost is neglf:cted bE'cause it is assurned that n1ore than enou0h water 

will be available from the mine itself. Table 4.27 is the estimated cost of 

preproduction, inclu<.hr1g the cost of interest on capital. The cost per 

ton figure is determined by di vi dfog the tota 1 cost by the amount of 

pre~roduction development or~ (6,068,00G tons). 

lablo. 4.28 is a summary of the esi:i:natec: ann 11 al rr:;duction costs for 

an 85,000 tpd mining operation. Note that this cost includes only mining 

costs and no processing costs. Also included are yearly reclamation, 

exploratic~ and environmental monitoring costs. The total estimated 

cost per ton is $1 .27. 

4.5.3 Chamber and Pillar Mine Design 

Chamber and pillar mining is a modification of room and pillar 

mining in which crosscuts, driven perpendicular to Main entries, are 

enlarged into chambers by fan drilling, Figure 4.24. This method has 

been designed especially for underground disposal of spent shale. 

The chamber and ~illar 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 

c:ond1tions, In this analysis, a 11inirg [,eight of 60 feet and a chamber 

length of 450 feet were selected simply as a basis for costing. Pillar 

designs are also bctsed on the 60-foot rnini!lg height. 

The overall mine plan is multilevel with the distance between 

l e v e 1 s de t e rnri n e d b .1 e i th er o i1 s ha l e grade or a mi n i mum s a f e s i 11 

pillar thickness. A hiqh degree of mechanization is possible in this 

method, producing approximately 140 tons per man-shift. All designs and 

equipment selections are 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 following discussions 

describe the mine design from preproduction through costing. The appendices 

at the end of the repc,rt contain scwie of the calculations used in the 

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

ITEM 

Total labor and supervision 

Operating suoplies 
Bi ts. . . . . . . . . . . 
Rock bolts, shells, plate 
Fuel and lubrication .. . 
MFO, wire, and caps .. . 
Drill steel and couplings 
Contingencies (8~0 .... 
Interest on capitalized equi~ment 

(three months) ...... . 

Subtotal. 

Power ........ . 

Payroll overhead (35%). 

Indirect costs (10% labor, supervision, 
operating supplies) ........ . 

Fixed costs 
Depreciation (three months) 
Taxes and insurance (3% of 

49,380,000 for three months~ 

* Total tons= 6,068,000 

Total 

4-90 

Total Cost 

$3,435,00G 

10,000 
l 06, 000 
148,000 
341,000 
46,000 
52,000 

870,000 

1,573,000 

969,000 

l ,202,000 

414,000 

1,011,000 

371,000 

$8,975,000 

N f E R c-

Cost/Ton* 

$0.57 

0.26 

0. 16 

0.20 

0.07 

0. 17 

0. 06 

$1.48 



Table 4.28 Estimated Annual Production Cost, 30. 175 MM tpy 
(Advance Entry and Pillar Mining) 

ITEM 

Direct costs 
Labor and supervision. 
Operating supplies: 

Machine parts ... 
Lubrication and fuel. . .. 
Rock bolts, shells, and plates. 
Drill bits .... . 
ANFO, caps, wire ... . 
Drill steel ..... . 
Ventilation tubing, bulkheacs 
Spent shale disposal .. 

Subtotal. 
Operating contingencies (5% 

of line above) .... 
Yearly interest cost .. 

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

Indirect costs (10% of labor, supervision, 
and operating supplies, not including 
yearly interest) ........... . 

Fixed costs 
Taxes and insurance (3% 

of 49,380,000) ... . 
Depreciation ...... . 

Total 
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Annual Cost 

$ 9,709,000 

1,084,000 
654,000 
286,000 
80,000 

1,920,000 
1,070,000 
1,810,000 

550,000 
7,454,000 

373,000 
3,933,000 

11,760,000 
3,825,000 
1,000,000 
3,398,000 

500,000 
300,000 

l ,754,000 

1,482,000 
4,344,000 

$38,072,000 

N I: E 11 S 

Cost/Ton 

$0.32 

0.39 
0. 14 
0.03 
0.11 
0.02 
0.01 

0.06 

0.05 
0.14 

$1. 27 
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:.5.3. 1 Preproductim1 L~evelopn,ent 

Oevelopmf:nt beciins by driving five 30 by 30-foot entries a distance 

of 900 feet to the shJft pillar boundaries. Three of these entries are 

en 82-foot centers with crosscuts staggered on 140-foot centers, forming 

•:;2 by 110-fcot cha·in iJil12rs. :hr middle entry is used for belt haulage 

with the two adjacent entries used for intake air and access for men and 

supplies. T~c two return air entries are located 540 feet from either 

side of the inti'\ke entries and are us2d for exhaust air return. ,At the 

shaft pi11ar boundary, 20 by 30-foot chamber crosscuts are driven east 
and wes-: fronr the ·intake air entr·ies to the return a"ir entries. The 

crosscuts are on 140-foot centers and 540 feet long. A total of 

12 c·amher crosscuts are developed during preproduction. It is 

estimated that preprodurtiGn development will take about 39 days to 

complete, assuming 60 feet advance per shift in the devel :pment head-
. 'T~l 4° 0 ' 1ngs t a,) e ,r...'::!J. 

4.S.3.2 Ptoduct·1c:n 

Fun otorfoc::Jon :::'.' 85,000 tpd is derived from the simultaneous 

mining Of 12 C;Hn-bers, six on each side of the shaft (765n, and the 

development of ijn additional 12 chamber crosscuts (24%). Chambers are 

initially driven 2G feet high and 30 feet wide from intake to return air 

entries. l~r,en a ch,mber cros:.:cut is con1pleted, fan drilling is started, 

en1argirg the drift tu 100 fe~t wide by 60 feet high, Figure 4.25. A 100-
foot barrier pil1~r is 1eft on tne ~ntake entry side and a 30-foot 

pillar on the retu~n air side. 

Fan drilling of the entir~ chamber crosscut is completed before 

loading and blastirig. Once b"lasting begins, a minimum of two fans are 
1 

blasted at once with mucking done using 12 yd~ LHD diesel equipmert. 

The LHD 1 s dump the broken muck into 1000-tph capacity portable impact 

crushers, producing minus eight-inch ore. The crushed ore is fed onto 

a 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 abrwt 8100 tpd peY' cha1;1ber. 
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Tatle 4.29 

Description of Task 

Belt Er.try Crosscuts 

East Side Return Entry 

West Side Return Entry 

Development of East 
Side Intake Entry 

Development of West 
Side Intake Entry 

Development of Chamber 

Crosscuts, Fan Drilling 

and Production 

Development of Next 
Set of Chambers 

. 

Schedule of Preproduction \:ork for Chamber and Pillar 1'ininn 

Days 
Ore Production 

30 60 
I I I l ( tons) 

35 
I 
I 293,000 
I 
I 

35 I 197,000 I 
I 

34 I 
I 189,000 

c:I -
ti 1.2 -·-i,li 5 
0 "O 
5..1 0 Cl).,.__ 181,000 

32 

32 

ctlQ 
I ~Full Production on 39tll Day 

9 
,c:an

1 

Drilling 

I 
I 
I 
I Production 

_/ §
1 's I 

Development of ~-.....;;--+---+---t-----------

Chamber Crosscuts 9 5 . 
2........1 20 

~ 
I 
lg 5 
t 

E 

172,000 

'290,000 
290,000 
172,000 
172,000 
53,000 
53,000 

88,000 
88,000 
88,000 
88,000 
88,000 
88,000 

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 en seven-foot centers in the entry drifts and five-foot bolts 

on five-foot centers in the chamber crosscuts. 

Entry fnd 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 hydraulic drills per 
machine. Mucking of ore, for both development and chamber mining, is 

accomplished using 28, 12 yd3 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 Backfilling 

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. racilities 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 of the 20 by 30-foot chamber crosscut 

drift, prier to filling, to retain the fill material. Sumps in the chamber 

crosscut:; collect the draini.-1g w1ter anc purrp it to the surface for re­

cycling. It is estimated that it will take less than 21 days to fill a 
charr1ber v,iith spent shale. 

4.5.3.4 Ventilation 

The following discussion ·is based on rough estimates, ass\1ming 

gassy mining conditions and appro;imations of the diesel horsepower 

output of mechanized equipment. 

Priniary ven~ilation is provided by exhaust fans mounted near the 

return air shafts, Figure 4.?6. Air is pulled down the service and 

inta~e 2ir shafts, circulated through the mine, and exits through the two 

exhaJst shafts. Color,JdJ mining la,.•s (Colorado Bureau of Mines, 1971 
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}_. ,5. 3. 6 Prc,d:.;c t.ion Cost 

The ~et~od of production costi~q ~or advance entry and rillar minina 

is si,,,i-l,4 r to the format used by thl: ussr: (Staff, ·1972 and Ka tell and 

Hen1infJ"1ay, 197·1). This costing i:11.:fro,i .-ecessari1/ assu1:es that the oil 

shale mine is the only income source to the corporation; therefore, 

developm2nt costs (hcluding mine access c.nci ho·istinCJ) are c.::oitalized. 

In reality, these cosc~ wcLll~ most likel) be c~arred to production and 

deducted as nPJative cash flow in the overJ11 corporate cash flow deter­

minatio~. Excl~ded in this analysis 2re royalty payments, welfare payments, 

and surface transportation costs. 

Tabl8 4.30 ~~sts the supervisory a~d hourly perscnnel needed for 

the OPtYaticn of ar 85,:JCO t.pd rnine. ;,i~ addHional 12~: of the hourly 

rrianpO''ier ·i'equ ·i •'enents is inc 1 t,ded tc c..::cour~t for absenteeism. Figure 

4.2C is an ex:1r:r1 le cf the anticipated :~arilgernent flov: chart for the 

underqrour.d 1~i.'1e on1y. Tabli:: !+.:r1 is Uir: capital investrnent summary 

that includes contingencies, mobilization of capitalized equipment to 

rdne ,;ite, consulting, en·;ironmenta1 impact statement, i1,ine access, and 

preproctJct-ion deve:opment. The total capital investment is estimated to 

be ~· 77 , 2 JO , GOO , no t i n c 1 u d i n g the v a 1 u e of o i 1 i n t he de v e 1 o prn en t ore 

(est:irnated t::i te 1i10rth $13,570,000). 

Table 4.32 is the straig~t-line depreciation schedule for the equip-

mert 1 Lted Ir: Tab1e 4.31. Table 4.33 is the estk1ated yearly interest 

cost on the:: r;1orie.v bcnrowcd to finance the caoital equipment. In this table, 

interest rates from eight to ten percent were assumed; however a rate 

of nine uc:rc:.::r:t -v,as used in the cost sur:1rnary. Notice that the mine dev­

elop~ent costs are capitalized over a period of 30 years. ?ewer and water 

consumption, Table 4.34, are esti~ated from vendor data, with the electric 

rate as estin~ted by a local Co1oradu ~ublic utility for the Central 

Piceance basin. Water cost is neglected because it is assumed more than 

eno1Jgh dater 1/-l'ill be available fro::1 the mine itself. Table 4.35 is the 

estimdted rest of preprcduction, includir0 the cost of interest on 

rapital. 7he cost per ton figure is determined by dividing the total 

cost by the amount of areoroduction development ore (2,590,000 tons). 
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T, l:. le ,L Ma n n i nu Tab l e , 3 0 . 17 15 MM t p y 
(Cha11ber and Pillar Minin0) 

fJersonnel 

~~!_]_c_1!]'._ 
Su per i n 1. end E! n t 
Tf~ci111ical superintendent 
Cenera l 111i nE! f ore111an 
11ine fore,nan 
s,1ift foreman 
Assistant shift foreman 
Drilling foreman , t· 
ProJJction fore~an: sec ion 
Chief lil(-:>cha'1ical foreman 
Seiift 11,echa-,ic foreman 
Chief electrical foreman 
Snift electrical foreman 
Sectic,n i11ecnanical foreman 
Chief 111ine engineer 
Minins engineer 
Surve_yur 
Surveyor helper 
Draft'c,man 
Safety director 
Safety foreman 
Business manager 
r~ccoun tant 
~,tenographer 
Fayro:,: agent 
Purchasing supervisor 
Warehouse supervisor 
i,.Ja rehousem2 n 
:line r~eolo~rist 
\,Jatchi:1an 
Executi~e secretary 
Secretary 

Subtotal 

E: 

Total 

3 
') 
,.) 

12 
12 

l 
3 
l 
-~ 
.:., 

G 
l 
5 
3 
3 
2 
l 
3 
l 
l 
2 
2 
l 
l 
1 

-~, 
U,) 

4- 100 

Annual Cost 
per Ernr,, ·1 oyee 

$33,000 
25,000 
27,000 
22,000 
20,00(; 
19,000 
18,000 
18,000 
21 , 000 
19,000 
21 , 000 
19,000 
13,000 
25,000 
20,000 
10,800 
9,000 
9,600 

19,000 
16,500 
18,000 
9,600 
6,600 
7,500 

14,400 
13,200 

7,200 
l8 ,000 
6,000 
9,000 
7,800 

/\nr.ua 1 Cost 
(2GO l,Jc,rkdays) 

$33,000 
25,000 
27,000 
22,000 
60,000 
57,000 

;;16 ,000 
216,000 

21 , 100 
57,000 
21,000 
57,000 

108,000 
25,000 

100,000 
32,400 
27,000 
19,200 
19,GOO 
49,500 
18,000 

<:J,600 
13,200 
l 5,000 
14,400 
13,200 
21 , 600 
18,000 
12,000 
9,000 
7,800 

Sl ,349,900 
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Figure 4.26 Plar View of Ve.r.tilation Ne1>wrk, Cha:nbt:r a;1d P·11lar Mining 
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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 es, irnatecl 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 fa1s and ventilation tubing. Each chamber has about 110,000 

cfm of regul~ted air, having a minimum velocity of 150 feet per minute. 

A 45" -leakage loss of fresh air is assumed. All fans used underground 

are perinissible. 

Dust created by mining and hau1age operations is partially controlled 

using the fellowing procedures: 

1. Wet drilling is employed on all drilling jumbos, 
') 
'- . 

3. 

4.5.3.5 

HLck piles are wetted several times before and during mucking 

operations, 

Haulage ways are wat8reci to suppress traffic generated dust. 

Production Equipment Selection 

Appendix 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. vJherever 

possible, cnly that eriuiprnent currently 11,anufactured, whethet· 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 

1-1orkin'.] tir1e per eight-hour shHt. The mfoe has been designed on a three­

shift, seven-day per week work schedule. For the purpose of including 

1olidays and varations, a work-year is considered to be 355 days. Equip­

ment availabl it 1es are estirnat,:~d and range from 65 to 80%, depending 

on use and past performance of s·imilar models. 

H 



Marn,it1SJ Table, Yl.175 Mn tcy 
/Chamber and Pi'!lar Minir.g) con't 

Persclr.nP.1 

U11der•1round 

Dr i -11 -inc~ rqJerc. ~or 
i), -; 11 i r. J : , r u at or he: \J er 
LHD opc~r:~to,~ 
Sc,'i l i ng i, ,·ock bo 1ter 
Tf'uck dt; ::::rs 
i-1ov1derma-·1 

:_c. be r~;r & s l u (';~yi~1a n 
Conveyor be1:rna~ 
Carp~nt2r 
t"ed:ani c ~-frst cl ass 
Mec:ne.nic, '.ecord class 
Electriciin, first c1ass 
Electrician. second class 
Master mac~inist 
;.1c"\ C h i n i S t 
!:ie 1 der 

Subtotal 

Outside 

Contingencies fJr 
a.bser.te:~·isri·! (·1 

Total l~bor and superYision 

Tot.al 

22 
.-it) 
r..c 

86 
43 
2? 
S8 
1 L~ 

29 
18 
10 
29 
29 
14 
14 

4 
14 

-, 
I 

44·2~ 

4- 101 

11ages 
per c1dY 

S51. 81 
49. 96 
50~88 
52.31 
50.88 
52.81 
5.0. 23 
S1J. 23 
50.23 
50.88 
56. 58 
52.90 
56. 58 
52.90 
56.58 
51. 80 
51 • HO 

$51.70 
49. 77 
47. 15 

N c 

J'.111nua1 C)st 
(260 Wcrkda1s) 

¢ 296,400 ,, 
285,800 

l, 137,700 
590,400 
383,60G 
796,40J 
182,2-00 
378,700 
235,100 
132,300 
426,600 
398,9GO 
206,000 
192,60C 

58,300 
188,600 

94,300 
$5 ,"985 ,000 

$ 53,SOO 
51,800 
49,000 

$ 154,500 

$8 ·7 'J .- ~,L·)n ),~~O,,J u 
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:::apitai lnv,~striient Surnr12ry, 30.17:: t•iM tpy 
(Chamber and P·illar Mining) 

ITEM 

Two b(1or;1 ~1ydraulic; drill jumbo 
, H:··1 ···,:--:i,~1.1, .... e r~,,)\,trl">.., 

Quantity 

8 
f_ ,,_, (t ,, ' ! I • \ ; ' ./ ",.( J 

Two 0r11~ rock bolt machine 
Pr 1 ma ry v :~ n t "l ~l a t 1 on fan 
fJortable lr.,pact crushE:r 

38 
8 
2 

10 
60' 1 f 1 oor :,iClUnted be·1 t conveyor 
Auxi11ary fa~ (production) 
E.x.haus-:: f.c.n (i1,:1chine shup) 

21, 120 ft 
10 
1 

Te·! eph01w I fJ,HJ(-: ::hcno.s) ~o 
Self resct:er· 463 
Stretche,· ,et 10 
! --;nn f1'r,. 1 ·•r•;,,p ''(' 1'"C<'.,'·)-l

0 eS) L.c1,1~.1 \, 1ll-iU .... 1·:J C.,·,.r.;.~.,v I 440 
Flrst aiJ kits 20 
Pt:""' s I' n n el car r"' "i er s G 
\1,: ~i:T -:r·ucks 2 
~utJricat ::._,n and ft..:el +:r.i::i( 4 
rire che~ica1 truck 4 
Powder and ANFO loading truck 8 
Bathhouse, 0If1ce and ,a~phouse 
Underground machine shop 
Warehouse and supply ya~rl 
Forklif 1: 

Substation and distribution 
Rectifier (250 KW) 
Rectifier (150 KW) 
Rectifier (75 <W) 

l 
l 

14 
l 
q 

\Jc1t2r ~<mms (1C!,C! 1
~,'; '.!Pl': tc:tal) 16 

~1-:gh vcitage C:1b·l1:2 (B~~\'--t 0
) 20,000 ft 

Metnans detector 40 
P:;; ;~:;bl E' fire 

':: ;< ·~. : i ~~Li i she r \ ~~ 1:~1 1 b ) 
Fire s~ppression system 

for belt d.r i vc 
8 11 cir:,e ('>'late,' l·ine) 
4" p i;Je 1.watc!r 1 :ne) 
Spent ~hale dispns0l 

equipment 

Total direct cost .. 

2 
3,200 ft 

11,000 ft 

500,000 

4-103 

Cost per 
Unit 

$310,000 
180,000 
200,000 
164 ,oco 
250,000 
$126/ft 

7,400 
8,000 

450 
43 

235 
85 
30 

4·1,soo 
30,000 
30,000 
25,000 
28,000 

2,000,000 
l , 000 ,000 

130,000 
25,000 

900,000 
6,000 
4,900 
3,000 

33,000 
$7/ft 

235 

42 

600 
$t:-/ft 
$2 / -.,_ , -/ r l, 

Total Cost 

$2,480,000 
6,840,000 
1 , 600,000 

328,000 
2,500,000 
2,662,000 

74,000 
8,000 
5,000 

20,000 
3,000 

38,000 
l ,000 

249,000 
60,000 

120,000 
100,000 
224,000 

2,000,000 
l ,000,000 

130,000 
25,000 

900,000 
84,000 

5,000 
12,000 

528,000 
140,000 

10,000 

1,000 

1 , 00() 
13,000 
22,000 

500,000 ------
.$22,683,000 



Table 4.31 Capital Investment Summary, 30.175 MM tpy 
(Chamber and Pillar Mining) con 1 t 

ITEM Total Cost 

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

Mobilization charge (2% of line above) 
Total construction . . . ..... 
Consulting engineering fees, overhead, and 

administration (6% of line above). 
Subtota-: ............. . 

Environmental impact statement ..... . 
* Mine access (included are ven:ilation, 

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

* Preµroduction cost ..... . 
Net capital investment estimate .. . 

Value of oil in 2,590,000 tons of 20 gpt oil shale 
stockpiled or retorted during preproduction 
development (assumes $11/BBL) ......... . 

* Assumes capitalization 

4-] ()Ll 

C ? ,., F ci 

$? 04?,000 
24 725,000 

495,000 
25,220,000 

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

45,000,000 
3,469,000 

$77,20(),000 

$13,570,000 



T2blf. 4. Deor~ciasion Schedule, 30.175 MM tpy 
(Ch2.,:1ber- a.nd Pil·1ar :,lining) 

TffM 

Tv;o boo:n. hydr~1.u l i c3~ri ·1 l j umbc 
LHO macn1ne (12 yd ) 
Two drill reek bolt machi1e 
Prim0ry ventilation fan 
Porta~le imµact crusher 
60" fl 'JOr 111ounted belt conveyor 
/\,J;.;i; :J.,'J fan (production) 
Exh~ust f3n (~achine shop) 
Mine safetv et111ipr:~ent 
~~ater truck 
LJbricdtion and fuel tru:k 
Personnel carr1~r 
Powder and ANFC loading tru:k 
Bathhouse, o~fice and lamphouse 
Underqrourd f!kichinc shop 
War2h,::::use anl'.1 supply yard 
ForkliL 
SuostatLn 
RecLifier ?50 KW) 
Rectifier 150 KW) 
Rectifier 75 KW) 
~idter pt.:mps ( 10,iJQC) qpm t:utal) 
t11·o·n ,,olL'"P "Cl:..,1,=, ro. VV-4o) 
I ! ..) 1 \ , ..- ,1 ~j ~~ l. \. f.• I ..., , \.. , '\ 

B11 pir..;c ('~\·atC\'"' line) 
4" ni,1,, ( .. ,a·ri:c•r linf') r.... i- '- , ,, "' - ·, .... 

Spent srk1ci dispo7,i11 equipm2nt 
Shaft access and ventilation 
Preproductic~ aevelopment 
E riv-i rcrr11e n :a ·1 imp ac s ta t::rnen t 
Contingencies, mobi izaticn, 

and enqineeting 

H 

Straight-1 he 
depreciation (years) 

8 
8 

10 
30 
10 
10 
10 
30 

5 
10 
10 
10 
1n 'u 
30 
30 
30 
10 
30 
15 
15 
15 
15 
30 
15 
15 
10 
30 
30 
30 

30 

4-105 

Total 

Yearly char9e 

$ 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 
800 

35,200 
4,700 

900 
1 ,600 

50,000 
1 ,500 ,000 

115,600 
66,700 

$4,013,700 



Table 4.33 Estimated Yearly Interest Cost on Capitalized Items, 30.175 MM tpy 
(Chamber and Pillar Mining) 

Depreciable 
Life (yrs) 5 8 10 15 30 Total 

Capital 
required 176,000 9,320,000 8,014,000 668,000 59,028,000 77,206,000 

Interest 
charge 
l 0;~ 10,600 524,300 44n,100 35,600 3,049,800 4,061 ,000 

9. 5~~ 10,000 498, 100 418,700 33,800 2,897,300 3,357,900 

9c1 ,v 9,500 471,800 396,700 32, l 00 2,897,300 3,654,900 

8. 5~~ 9,000 445 ,fr'.)0 374,700 30,300 2,592,300 3,451,900 

8''' ,0 8,500 419,400 352,600 28,500 2,439,800 3,248,800 

4-106 
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7ah1e 4.34 Povi::r and ~!ater Cost, 30.17S MM tpy (Chantler and P'illar i'iir:ing) 

Nu1 11ber H. p. fJ. p. Hr. per K\.J 
() f pf~r total day full tctal 

Units Operation t; n i C Load Load ' . 1_0cU 

6 Two boom drilling jumbo l .-, r: 810 ~ C: c04 I ,J ..._; I ,) 

2 60 11 conveyor beH drive 010CJ SO() , ,-
597 ! (5 

8 Portable impact crush~r 600 ,1,8G'.J 1 5 3 ~ 581 

2 Pr·imary ventila::ion fan 2,000 4,000 {~ ,i 2,984 
10 l\uxi l iary fon 40 400 1S 29P, 

1 Auxiliary exhaust 
fan (machine shop) ·: n s 105 2t~, 78 

6 Rock bolt machine 151 90(] 1Q 
l"-.l 6 71 

Miscellaneous (underground) -- - - - . 

Miscellaneous (surface) -- -- --- --
.. , Shaft hoist (producticn) 10,0JO 30,000 20 22,380 ..) 

Shaft hoist (service) :.i, 000 5,800 20 -~, 730 

2 Spent shale disposal 100 200 2() l 50 
1 ') 
'<... Water pumps 425 !5, 1 on 24 3,800 

Total 

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

* Water assumed to be provided by site wells. 

Tota 1 Kt~H 
Requ i ren:e11t 

9 ,ClfA 

l (), 7 :i;? 

S3)7l2 

71 ,r~1 s 
4,476 

1 , 87? 

12,073 

·1, OOG 

1 , oorJ 
447,601 

74,600 

3,000 

91.200 -----

781,960 

Tota 1 * 
i~a ter 
( g pcl) 

01 ,noo 
9, 0'.10 

7,0()0 

10,000 

360,000 

467,000 



Table 4.35 Estimated ?reprodu:::tfon r:ost, 30.175 MM tpy 
(Chamber and Pillar Mining) 

ITEM 

Total labor and supervision 

Operating s~pplies 
Bi ts . . . . . . . . . . . . . 
Rock bolts, shells and plates. 
Fuel and lubrication . 
ANFO, wire and caps .. 
Drill steel and couplings. 
Contingencies (8%) ... 
Interest on capitalized 

equipment. (39 days) . 
Subtotal 

Power . 

Payroll ove~head (35%). 

Indirect costs (10% labor, suoervision, 
operating supplies) ....... . 

Fixed costs 
Depreciation (39 days) 
Taxes and insurance (3% of 
48,048,000 for 39 days) 

Total. 

* Total tons= 2,590,000 

C A M E R O N 
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Total Cost 

$1,234,000 

14,000 
34,000 
63,000 

146,000 
27,000 
23,000 

374,000 
681 ,()00 

397,000 

432,000 

154,000 

417,000 

154,000 

$3,469,000 

N E E R S 

Cost/Ton* 

$0.47 

0.26 

0. 15 

0. 17 

0.06 

0. 16 

0.07 

$1. 34 



Tab12 4.36 is a su~mary of the estimated annual production cost for 

an ;3:.,000 crd mining ooeration. Note that this cost i,·cludes only rnining 

costs and 10 processing costs. Also included are yearly interest, 

recl2r1ia·~ic;r1, explo)·ation, and environmentol monitoring costs. The total 

e:.tii,,ated cost per ten ·;s $1.04. 
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Table 4.3r..i Estin1atec! Annua1 Production Cost, 30.175 MM tpy 
(Chamber and Pi1ilar Mining) 

ITEM Cost/T /\nnual cost 

Direct costs 
Labor and supervision 
Operating supplies 

r,Jachine parts ... 
Lubrication and fuel 
Rock bolts, shells and 
Drill bits ..... 
ANFO, caps, and wire 
Dri 11 steel. . . . . 

iJlates. 

Ventilation (tubing, bulkheads). 
Spent shale disposal 

Subtotal 

Operating contingencies 
( 55; of line above) . . . 

Yearly interest cost ... 

Subtotal 

Power . . 

Reclamation 

Payroll overhead (35%). 

Exploration . 

Envi rornnental monitoring. 

Indirect costs (10% of labor, supervision, 
and operating supplies, not including 
yearly int.er,•';t :::ost) ......... . 

Fixed costs 
Taxes and insurance (3% of 
$48,048,000) 

Depreciation 

Total ..... . 

C A M E R 0 N 

4-110 
F: N 

<t 8,226,000 -~ 

627,800 
653,000 
82,000 

235,0()0 
1,920,000 

273,000 
123,000 
28Cl,OOO 

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 

N E E R S 

$0.27 

0.24 

0. 12 

0.03 

0.10 

0.02 

0.01 

0.04 

0.05 

0. 13 

$1 .04 



4.6 Dl::S[GN Mffl . .",,tJf,L'rS'.S OF E!_GO: U'VING SYSTEMS IN OIL SHALE 

Block caving is considerea ta be one of the lowest cost underground 

min-ing methods for 1,1ining large, thir:k or~ bodies. For block ca·,;ing 

to be successful, the ore must be weak or fractured enoush so that 

the ore does not ~rch or cave cat2strophically. As mentioned in :ection 

2, th2re are several are1s where ertensive leaching has occurred, result­

ing ir, fracturing ano reduce-J rock mass stren9th. These cY'eas n1c1y be 

readily adaptable tc block caving techniques. 

Current block r;asinq ;11ethods, as used i., the United States, can be 

readily identifieri hy their respective systems of ore transfer and haulage. 

The two most common ~echniques are s1usher loading and LHD loading. In 

the designs oresented heY'e, both systems are investigated to determine the 

·1m,1est cust system. Also included for each analysis are estimates of 

the cost of inc!ucinc3 c.0virg (cot1rn,:inly t1-:rrned bound&ry w,::akrnir:g) should 

the ore be difficult to cave. 

The following ~ections cover a review of literat~re and the designs 

of block cdving systems using slushers and LHD machines. Each analysis 

incl~des a description of the n1ine design from preproduction through 

nroduction costing. 

L] ,; , 
·t. L. I ~eview of Literature 

Pi con:prefitnsive (J-is:-:,ission cf block cavin~J is presented by Juiin 

and Tobie (1973) in the SME Minin~ Engineerinq Handbook. The paper in­

cltides a 92r1t,?1·a: c1escriptio,, of block caving together with pertinent 

t '. cases uo1e.:i. The listed advantages of block caving incl~de; (1) higher 

degree of sa.fe~y, (2) 10\\1 cc,st :"lining, (3) high degree of n:echanization, 

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

disadvantages rnentioned a(e (1) 111uch longer preprcduction development 

period, (2) drift ma"intenanr~e costs ari: higl:, (3) drift support costs 

are high, (4) systrrn is not f1exiblE, and (5) ore dilution is necessary 

and can be excessive. 
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Dravo Corporation (1974) ha'.; compiled a large amount of data fron; 

several blod caving operation'.,, throughout the vmrlci. Resource recovery 

rates are reported to vary from 67 to 1005: with dilution varying from 

10 to 15 Mining costs were founo to vary from $0.75 to $1.92 per ton 

of ore. 

Retardo (1972) discusses a Jlock caving system at the Philex Mine, 

Philippine Islands, that 1·ses the slusher system for primary ore haulage. 

Ore is scraped into ore :-13s'.::cs t.;·:">inc; 25 to 35 hp slushers and then loc.ded 

into ore cars. The distance between the slusher and haulage levels is 

approximately 30 feet. Total dai"ly production is approximately 21,000 

tpd with a 48 to 55 tons per manshift factor for development and pro­

ducticn, respectively. 

A n1odified 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 labor efficiency increased from five to 21 

tons per manshift, resulting in a decrease in production costs from $6.S6 

to $1 .96 per ton. 

Allsrnan (1964) su~Jgests r11inir:g oil shale by block caving and includes 

a system for res~oring the subsidence cavity using spent shale. The 

design inclJdes 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 

r:1'2r ton. 

4.6.2 Block Caving Design Using Slusher Transport 

The block caving system presente~ here is desiqned to mine a 2000-

foot thick ore body under 1000 feet of cover. The ore body is mined in 

three successive lifts starting at the top. The cavinJ system is retreat 

in nature and starts within an economic distance from the access area, 

estimated -,1i' u1·;c; aralysis to be 4,1()0 feet (Fie1ure 4.28), including 
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1100 fee-:: for a shaft pillar. E,'ch 1,anel contains nine blocks, 300 by 

300 feet square and 550 feet high. Ore i5 loaded directly into ore cars 

on the main haulage leVE!l from the Slusher dashes above and transported 

by trollej locomotive to a primary crusher at the shaft station. Ore 

is crushed i1 a 60-inch gyratory crusher and loaded ir,to skips to be 

hoisted to tne surface. The mine access consists of two 23-foot diameter 

µrociuc :io11 shafts, ore ;~8-foot dia11eter development shaft, one 23-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 pri111ary crus1ing facilities are cor,oleted. In­

cluded in preproduction development is driving the main haulage level 

to the ou+:er boundary, and drivinq the necessary footaqes of ventilation 

sub-drifts, slusher dashe3, and urdercutting drifts needed to produce 

F/i,!)()J tpd. 

fl.6.:?. l rireproduct ion Deve ·1 opment 

1£Ve7.. The prir1:ary functions of the :::o 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 
3 

dr-ill jur,1bos, 8 yd FEL's, 80-t:m rail cars, rock bolting and scalinc; 

machines, and truck mounted ANFJ ·oading n1achines. ~verage headinq 

rounds are 15 feet long with an estimated 45 feet oer day advance rate. 

~ock bolting provides primary back support and consists of 6-foot bolts 

or five-foot centers. Double track is l~id in the panel drifts to facil­

itate car l,,ading and increase track usa~Je. 

f'\n 85,000 tpd production rat,~ requires that the niain haulage drifts 

be driven around the boundary of the panels, and five ranel ctrifts be 

co111pleted. As the main haualge drifts are advanced, work also beGins 

on the ventilation levels, Table 4.37. 

V,r:c-1:~c'.ttcr Level. Figure 4.29 is an isometric drawing of a sinqle 

block in a panel showing the relationship between the haulage, production, 

and development levels. The p~i~ary functions of the ventilation level 

1; I\ M E: H CJ ~J L fl S 
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Tabie 4.37 

Description '.)f Task 

Develop shaft ccces£ drifts 

Drive rnmn haula(Je drifts 

Finish s!"iat1 ucce::;s area and 

machine shop 

F1rs1 ,,0nr:iatio1' crosscut 

znd I yd 14th 1 5tt'l Cnel 5th 

veflt, 1at1on crosscuts 

Drive 2nd, yd' 4tr' cn'.:l 5th 

panel drifts 

Dnve 108 s!usher d(1 shes 011d 

dn"ve finger raises 

Concrete the slusher dashes 

~amp up to the undercut leYel 

and drive u11der..:ut dr.ifts 

Fan dr,I, 01110,s 

Schedule of Prepr,-iducthin '.-/o·rk for Bleck Cavinn ,Jith 51,JshE:rs 

--·-----r)~y~ "' , ~-,_-r·:;:,: ·r 
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55 I · -
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:"i5 5~ 55 
73fi

1
()0C ··r 

I 

1------·-------·--·----]'0_ --------------!------ --·-· ?J4:10f)(1 

r-------- ··- --- 32 7 ·---------~-- --------

I 
1-----
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pr :.iduction 

Total 13,75( 1DOC 
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?,;re to ~w,Jvide a r~~turn air s::stem thc1t hes no woikino areas in which air 

is reused and to contl'(;] V::nt1iatil~1 in th€~ s1usher dashes. Figure Ll.30 

shm1s the overa·11 ven1:ilatior: layout. Tht'! prirr,cff.Y ventilation drifts are 

30 hy ?O fe~t and 20 feet below the nai~ haulage level. Access to the 

ventilation level is frou the rnain hau1age ·1eve·1 down a ten percent incline. 

Ventilation cro:1SClits (l~i by 15 feet) are driver. paralle1 to the panels at 

right an~Jles to the s"iusher dashes. As each crossc::ut pr:sses under tr1e end 

cf a s1usiler d.::1sh, a srnail diameter raise is dr .. iven to connect thF' tvm 

and con1plete the veritil-3·:bn circuit. Tv10 16-foJt diameter shafts as 

shown 1n figure 4.31. ar~ LSed for exhaust ventilation only and have no 

hoisting (ff service f2.ci 1 :Ue:· .. Equipment used to develop the ventil-

ation 1evel is sfr,·iiar t;_) thc:t used en the main haulage level. 

Dach~d. The floor of a s1us~er dash, at the intersection 

with a panel drift, is even with the roof of the panel drift. The slusher 

dashes are driver perpendicular to the panel drifts at a plus five percent 

grade alternately going east and west, Figure 4.31. The dashes are on 

GO-foot centers and completely concreter, havirg a finished inside dimension 

of 10 by 10 feet. /'1ccess to the slusl1er level is by incline from the 

tiaulagP level. On,, 1rorn deve1oprnent and production is l,1aded directly 

i,,+;o ore curs 1,,ithcut go·;ng through grizzlies er tr,rnsfer raises, Fioure 

4.32. 

',;;e,,. Finger i'ctises, shown in cross section in Figure 4.33, 

are the ore transfer raises from the undercut or- ,:avinc; ·1evel to the 

slusher level. The raises are spaced on 50-fnot centers under the caving 

zon2 so that an E:Vt':in dra,JdO\Ain of the ore is possible. To reduce ~vear, 

the raises are concreted t\vc-thirds of their len,_1th. Drivinq the raises 

is accomplishe~ using a combination cf drillinc juwbos and stopers. The 

in it i a l ci i men s i on of a r a i s e i s 10 by l O f e e t a t t he j u n ct i on of the s 1 u s he r 

dash with the top belled to produce an inverted cone. 

Undercut drifts are 10 by lCl feet in cross section, 

or 50-foot centers, and connect all of the finger raise drawpoints, Figure 

4.33. t\ccess to the under" cut level is by ,rn extension of the incline from 
3 

the haulage level to the slusher level. Smn1l-boor,1 jun1bos and 5 yd LHD 
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equipment is used to develop the level. Development riuck is dumped doV'm 

the finger raises. As develcpment proceeds, the pillars over the slusher 

dash are fan drilled to form a peaked pillar and blasted to remove supoort 

front the overlyincJ rock. The fan drill holes are three inches in diameter 

a n J aver a CJ i::: 2 O to 3 0 feet i n l en gt h . P i n a. r b 1 a st i n c: st a rt s i n 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, havin~ 

an average draw rate of 9 inches per day. The 9-inch draw rate, includinq 

s:usher do1m-tirne and operator eff'iciencies, gives an average block life of 

two years. The slusher dashes are manned by 54 slusher operators with each 

man respon•;ible for tv-10 slushel" cashes. Nine blocks are developed each year 

to ensure adequate production '.s maintained. The ore flows by gravity down 

the finger raises and is drawn b) a 150-hp slusher, with 84-inch scraper, 

along the slusher dash and droJped directly into 80-ton cars. Fifty-ton 

trolley locor;1ct1ves then pul"I ten-car trains to the pri111ary crusher, usino. 

a one-way traffic pattern. 

When development is completed on the first level, a second level 

is started. Men and e~uipment are gradually moved to the lower level so 

that there is no interruption in minimum daily production. Development 

ore is hoisted up a shaft used specifically for development hoisting. 

Increased production above 85,JOO tpd is possible by starting a si111ilar 

caving operation on t1e east side of the shaft area. The mining system, 

as it is designed here, has a ::::apacity, with some men and equipment 

aaditions, to produce up to 170,CCO tpd. 

4.E.2.3 Ventilation 

Air cuality requirements are computed considering a gassy mine, usina 

diesel eqLip111ent underground, and using only permissible and explosion 

proof machinery. Colorado ~ining 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 
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calcu:ation:. for estimated i~1;11e \/C!•t\Lit:·:on requfrernents dr'? presented 

in /\npend·:/ ::. 

:-\lr comes into the mine through the service and production shafts 

tc Fie :iain h,H;1age 1eve1 at ·i:he rate of approximately ·1,500,000 cfm. 

The air is then regulated throuqh the various panel drifts into the 

-~lusf,er das;1es and out ':·.hr VPntilat1on 1r-'vel. Tv10 large axial-vane 

fiv,s 1r1 eacn 0f t\•10 exhaust shafts,. Figure ll.30, are used to develop the 

required cir f 1 0\-'i. ,f\ 50 to 70~'. ,";fr fos•; is assur1ed through the caved 

Air ~uantity in the lndercut and slusher leve~s during development is 

;;kJ.inta·inr.::d through t~2 :..1se of :.E~ccndary fans. Two exhaust fans are used 

tn v0nt~late the ~a1nt2nance shop area. Dust suppression is accomplished 

by ;.,s1r~J vJJter S;:)rays i'd \.1 1etting muck piles i;efore :;1uckinq, 

4 6.2.4 Production Equiomert Selection 

fporndix C contains the calcu 1 ations used to estimate equip~ent size, 

auant1ties, and ~ycl~ times for ~ajor equipment items. The capital ex­

penditure tables in the fcllowins section o~ cost analysis summarize 

the equipment selections. 

,~valuation of capita1 equipnient for this large tonnag2 operation has 

ueie:n done rPly 1 nc; c;n:csc t::xc1 1!s1velv on current vendor data. \·!herever 

F0~' tl,is i·1 ·1tia; eva1uat1on opc:rator efficiencies and iTiinor 

e,;~nrJ,~£nt set up tiH1es were arproxfoated by considering only five hours 

of v;r,rking time ~Jer eight-hour shift. The mine has been designed on a 

tr:v·ee-shift, seve1·-day per wec::k v1ork schedul,::. For the purpose of includ­

ing holidays and unexpected work stoppages, a work year was considered 

to be 355 days. Equipment avai1<lbilities are estimated and range from 

65 to 90%, depending on use and past performance of similar models. 

C t.. M f: ~: ,- t ,; l 0, 



11.6.2'.'.) Froduction Cost 

The method of production costing for block caving using slushers is 

si111ilar to the format presented in the US13M (Staff, 1972, Katell and 

flemirig,,\iay, ·974)_ This costing method necessarily assumes that the oil 

shale mine is the only incorne source to the corporation; therefore, 

development costs (including mine access and hoisting) are capitilized. 

In reality, these costs would most likely be charged to production and 

deducted as negative cash flow in the overall corporate cash flow deter­

rnination. lxcluded in this analysis are royalty payments, welfare payments, 

and surface transportation costs. All costs were collected during first 

quarter, 1975. 

Table 4.38 ·1ists the sup1~nisory and hourly personnel needed for 

the operation of an .SS.,000 tpd nine. An additional 12;{ of the hourly 

manpower requirements are included to account for absenteeism. Figure 

4.34 is an example of the anticipated management flow chart for the 

underground mine only. Table 4.3<J is the capital investment summary 

that includes contingencies, rnobilization of capitalized equipment to 

mine site, consulting, environffental impact staten,ent, r1ine access, and 

preproduction developrnent. The total capital investment is estimated at 

S128,700,0CO, not including thE VJlue of oil in the development ore 

(est·i1:1ated to be worth $72,000,00:J). 

Table 4.40 is a straight-line depreciation schedule for the equip­

n:ent listecl in Table 4.39. Table t.41 is the estimated yearly interest 

cost on the money borrowed tc tinarce the capital equipment. In this 

table, interest rates from eight to ten percent are dssumed; however a 

rate of nine percent is used in the cost surrn11ary. Notice that the mine 

develupnieni: costs are capita"Ji::ec! over a period of 30 years. Power and 

water consumption, Table 4.42 ~re 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 

assur. 1erl 1:10-·e than enough 1vater wi"ll be available from the 111ine itself. 

Table 4.43 is the estimated cost of preproduction, including the cost of 

interest on cap"ital. The cost per ton fi,;iure is deterri1ined by dividing 

the total :ost by the amount of preproduction development ore ~13,750,000 
tons). 
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; 1a n n "in q i 2 h 1 2 , O . 1 7 5 ['Iii'. try 
(B~cck-CAvinq w th Slushers) 

Sci JJ " 
--- _, __ : •. i -

Super i nt~11dent 
i~dnii ni :,ti·,1 tive super·i ·· t.rndent 
:;fr:?r, l qii ,"1e foreman 

.t.1.ss i stant :_:1-: · ~,:t /ore·:.a.r: 
!)eve lo 1.:,rrie nt fo rema r 
P(cid:.:cticr foren:dr~ 
Chief rnech1n i cc 1 forernar: 
Ch~ef 2·;~ 1 ctr~cc1~l forerna.n 
Sr 1 ft me d·1 an i c fo 1 'e ;na n 
Production mechanic foreman 
Dcve1opn~nt mechanic foreman 
Shift e1ectrical foreman 
Ch i C! r er fJ i ~~ E· -~ r 
t\1ir·in~; eng·ineer 
C: Y'ct ft S11a n 
S:J1°veyor 
Sur--)eyot helper 
Safc·t_,; c: 1 rec:tu\' 
S'1fe :_,1 for,:~mar 
Busi r,ess manaoer 
Ac:r:o:.uitan t 
Purchasin~ supervisor 
WarehOl5E superv1~or 

Pay rei 11 I-;: q ,:-: n t 
~ 1! .:1 re h :·iu s c·n~an 
Stene<"]( :.r.· 1-

Se c r0:c ti:1 r y 
Executi vc secet<'f./ 
Mine geolcgist 

Subtotc:l 

Cota l 

'.l 
") 
..; 

l': 
27 

'} 
,) 

1 v 

3 
3 
1 
5 
2 
'} ,., 

3 
1 
I 

3 

' I 

4 
0 
'-

4 
0 
I 

l 

·1 oz-
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/\nnua ·1 Cost 
Per Enip 1 oyee 

$33,000 
25,00() 
27,001] 
22, CF}J 
20,000 
19,000 
rn ,ooo 
~s.oon 
21 ,000 
2·1 ,000 
19,000 
18 /)00 
rn, ooo 
19,000 
25,000 
20,000 

9,600 
10 ,soo 
9,00C 

19,000 
16,50 1

] 

18,001 
9,600 

14,400 
13,200 
6,000 
7 CI'(' 
{ ':J,) i 

7,2'JD 
6 ,t/)0 
7,800 
9, rJO(t 

1[~,noo 

/'rnnua ·1 C:Js t 
( 26{) 1~orkdays) 

$3.3,000 
25,000 
27 ,1')00 
22,000 
60,000 
57,000 

270,000 
486,000 

21 , 000 
21 , 000 
57,000 
54,000 
5,1,000 
57,000 
25,0CO 

100,000 
19,200 
3?,400 
27,000 
19,000 
49,500 
18,000 

9,6CO 
14,400 
13:1200 
24,000 
15,000 
28,800 
6,600 
7,800 
9,000 

lR,000 
$1 ,68.t'T, 500 
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Tab l e t. 38 Manning Table, 30.175 MM tpy 
(Block Caving with Slusners) cont'd. 

Pe r :; on n e 1 Total 
\./ages Per 

Day 

:~ ncie r!J..! ou nc~ 

:.n<; 11 er 
ur~ller helper 
Ff~ L opl:ra tG r 
urn operator 
Slusr1er oµerator 
Locor:1ot ·i ve operator 
Scaler and rock bolter 
Pov1derrnan 
T ·ackman 
Ve ri ti l at ion man 
Electrician, first class 
llec:trician, second class 
!) i pef i tte)· 
Pipefitter helper 
Mechanic, first class 
Mechanic, second class 
\tJa re hou ser:1ar1 
Concrete 11ar 
F orn1 rnan 
SuPfJ:yr11ar: 
Grader ope rat or 
Labot·er 
Cru she 1' opera tor 
batch plant operator 
TYL.ck driver 
i·1aster r:;echanic 
[Jispatcr1er 
Hc3.n9uµ man 
vie ·1 der 

Outside 

i'.ecnani c 
Mechanic helper 
Forklift cp?rator 
Larnp1".ar 
Hoistr:1an 
Janitur 
Ca~Jer:1J11 

Subtotal 

Subtotal 
Conti ·1gency for 

absenteeism (12~) 
Total 1abor and supervision 

C A M E R O N 

5;~ $51. Hl 
58 49. 96 
15 50.88 
29 50. 8<'.3 

196 51 . 81 
18 50.88 
43 5?. 81 
43 52. 81 
22 50.88 

7 50.88 
14 56.53 
14 52.go 

7 56. 58 
7 52.9C 

2 Ll 56.58 
2:4 52.90 
4 49. 96 

2'2 49. 96 
n 49. 96 
29 4q. 96 
4 50.88 

14 Ll9.?6 
4 52.90 
7 49. 96 
8 50.88 
4 56.58 
4 50.82 

44 56.5P, 
4 51 . 81 

74-9 

$54.76 
50. 8[3 

4 49. 96 
Ll 47.15 
8 51 . 70 
4 47.15 
4 !;'.). 77 

26 

93 ·sr-ro 

L~-126 

E N G N E E R S 

Annual Cost 
(260 \,Jorkdays) 

$721,300 
753,400 
198,400 
3C3,600 

2,640,200 
238,100 
590,400 
59 11 ,400 
291 ,()01) 

92,600 
206,000 
192,600 
103,000 
96,300 

353, ion 
330,100 

52,000 
285,300 
285,300 
376,](:1() 

52,900 
181 , 9()() 

55,000 
go, o.rio 

105,800 
58,800 
52,900 

647,300 
53,90() 

10,140,200 

$14,200 
13,200 
52,0'10 
49,000 

107,500 
49,000 
51,200 

$ 336,700 

1,2572200 
13,414,600 
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Table 4.3S Capital Ir,vest1nent Sur1mary, 30.175 MM tpy 
(Block Caving ~ith Slushers) 

r~u boom hydraulic dril~ jumbo 
:\,CJ boom rnedium drill jumbo 
T1-vo b,)or,1 sr;1a ·11 dri 11 j urnbo 
TlttO bOOlll fan drill 
F El_ ( :3 , d 1 

) 

: t1 r) ( :., v d 1 ~-1 l .I J / 

Slushers (150 hp) 
Scrapers (84") 
SO-ton trolley locomotive 
dO--to,1 cars (air brakes) 
30-ton trolley locomotive 
8-:on battery locomotive 
Flatcars and supply car 

Two drill rock bolt machine 
Person~el carrier 
Powder and ANFO loading truck 
Lubriccttion and fuel truck 
Serv1c= vehicle 
U~derground machine 
Mine r.1il (115 lb) 
First aid kit 
Trad u l ates 
rrea u,,:f ti es 

shop 

8atte,y charging equipment 
Road grader 
Larnp (i:nciuoing accessories) 
::.·;re cr1e1;1ic2l truck 
vJater truck 
Bathhouse, office and lamphouse 
~arehouse ard supply yard 
Forkl ·; Ft 
SGbstation and distribution 
1r,,:111s fun11ers and rectifiers 
~ 1 '] :1 ,; u 1 Li ;1 E:: cab l e ( 8 KV -4 ° ) 
:~etnc%: detE!ctor 

QLta 1t i ty 

6 

6 
6 
6 

l 2 
l 0,3 
108 

6 
60 

5 
2 

20 
20 
8 
6 
4 
4 

10 
l 

260,000 
30 

65,000 
6:5,000 

2 
2 

300 
4 
2 
l 
l 
l 
l 

::o,ooo ft 
L(O 

fJ or L t· 1 E f fr e ex t i n g u i s her ( 2 C 1 b ) 2 0 
?rirnar/ ventilation fan 4 
1"\u;·,i;iary fans 10 
Exh<:1ust fan:; (for rnachine shop) 2 
Self rescuer 800 
tel eµnone i, 1a~w phcnes) "!O 
Stretcher srt 10 
?umps (10,000 gprn total) 16 
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Cost ':'er 
Unit 

$318,00() 
62,000 
38,000 

300,000 
lE(),000 
140,000 
40,000 
6, l 00 

250,000 
23,000 

190,000 
75,000 
10,000 
20,000 

150,000 
41 , 500 
28,000 
30,000 
30,000 

1,000,000 
$4.81/ft 

30 
$2. 15 
$6.64 

10,000 
60,000 

85 
25,000 
30,000 

2,000,000 
130,000 
25,000 

900,000 

$7 /ft 
435 

42 
115,000 

7,400 
8,()00 

43 
450 
235 

33,000 

C A M E R O N ENG, NEERS 

Total Cost 

$1,860,000 
372,000 
228,000 

1,800,000 
960,000 

l , 680,000 
4,320,000 

659,000 
1,500,000 
1,380,000 

950,000 
150,000 
200,000 
400,000 

1,200,000 
249,000 
112,000 
120,000 
300,000 

1,000,000 
1,251,000 

l ,000 
140,000 
432,000 

20,000 
120,000 

6B,OOO 
100,000 
60,000 

2,000,000 
130,000 
25,000 

900,000 
200,000 
210,000 
10,000 

l ,000 
d60,000 

74,000 
16,000 
35,000 

5,000 
3,000 

528,000 



ap-ita1 lt1vrstrnent Sw;m~2.ry, 30. 175 MM t,py 
S1(,i:k Cav··in1J vi}it'1 :;1ushe.rs) co:1lt .. 

Corrpr·;~ss(.1/' 
Tc~I/ t t\,Ci< 

bO-inch gyratory crusner 
TrJck ma jni:enat;C~; n:Jchine 
rrncrete p1,'rnt 
Trc·! · 2y -.11:~e 

Total d~r~ct cast 
C,Jnti:;gerci~:s 

:,du~ctal ..... 

Quar. t ity 

s 
1 
2 

... r ~ncJ 
; Jl1 '=' u~.--

cost-.) 

Mobi ~ 'I::dt..;or, chc:rg::::: (2~ of the line above). 
Tota1 Construction. 
Ccm~,t;ltin9 engineerinq foE's, overhead 

and administrat~on (6% of lire abov~) 
Subtc;ta l ~ . . 

U:i<;t pe1' 
Unit 
2C:, 000 
30.00D 

l , 300,000 
50,000 

250,000 
~0.68/ft 

Env·i r::.,rner:tal fo1par:t stat2JT:f:mt. . , . . . . . . 
* ,·ie access (included 2re ·.;211til,.itit"1:1., production, 

and ser 1:ice sha.fts, bu c::loJb!c~ drum rroductiun r1oists, 
0n12 dot.ble drum c!eve"lopn12nt hoist, onE: double drum 
s2rvic,:; hoist, s,n·ge bir:s, crnc t',10 roL~ry dump 
n:ach i nes. . 

Subtotal ....... . 

* Preproduc~··i en cost .. 
Nc·t ct1pi ·t3·1 i nves~,1;1ent~ 

Va1ue of ni·i ir. 13 750,CC·· t,1ns of oil shale 

·k 

stockpi1ed o~ r2torceJ \Uring 
develc:J:1t.0 nt (a"<~L%e:; s, 1/Li:·1 ·1 

Assum~s cApitalizati0~ 

prepro~uct.ior, 

r.:; 0 N f: N <., ~J E. E R S 

Tota: Cost 

$100,000 
J0,000 

?,600,000 
50,000 

?:10 000 
..... __ es ,oco 
$29,347,000 

2,641 ,000 

3·1 , 988,000 

640,000 
'1? .6')J ono 
..) ._ ' '~C'"' -.-· 

1,9S8,000 
34 • sss :·ooff 
2,000,UOO 

50,538,000 
87,124,000 

41 , 572,000 
$1 ?8, 696,-000 

S72 ,024 ,OCO 



Tarilr0 4.40 Depreciation Schedule, 30.175 MM tpy 
(Block Caving with Slushers) 

IT!:M 

111/0 t:oorr: hyclrcu l i c dri 11 jumbo 
TtiG DOOil' rneciu::1 drill jumbo 
h10 tioorrr '.::!Ttc.l~ drill jumbo 
Tvm boo111 fan ori 11 
FEL t.8-yd ~: 
LliD 1:G tu ?-y,J 1

) 

Slusher (l~iO hp) 
Scraµers (84 11

) 

50-ton trollev locomotive 
80-ton car (a;r brakes) 
30-ton trolley locomotive 
~-tun ~attery locomotive 
Fiatcar and supply car 
Cur,crete vat 
iV,u c,,-:1 rock bolt machine 
i:ersunne l Cdrri ers 
,c::c;v.id,0

' d:r:'. 111ffO loading truck 
LuiJr·ication and fuel truck 
Service veh-c·le 
Lrde10round machine shop 
>1ine ra:1 ('15 lb) 
l rack p :ate:; 
Tr·ea ted ti E~~; 
,:at-~c-ry chai'ging equipment 
f-:oad grader 

~,a-:::hhcu'.:e, cffice and lamphou:;e 
t·Jc1.rerJuse and supµ-ly yard 
Fork:ih 
'.:iuustation dnd distributor 
Transformers and rectifiers 
Hiyh voltage cable 
Primary ven:ilation fan 
AuxiliMy ""an 
i::1.haust fan (for machine shop:· 
f•li ne safety equ i p1nent 
Pumps (10,000 gpm total) 
/1i r cor:1pres:,or 
Tovi r:ruc~ 
(~yrate:ry r;rusher 
TracK maint~nance machine 
Sn aft: acces:;, venti 1 ati on, rota r'Y 
E_nvironrnent,31 impact stat2meni: 

CAMERON 

Straight-line 
depreciation (years) 

8 
8 
3 
g 
n 
c) 

8 
15 
10 
15 
10 
15 
15 
1 0 
10 
10 
10 
10 
10 
10 
30 
30 
31: 
30 
l 0 
8 

l 0 
30 
30 
10 
30 
l 5 
30 
30 
l 0 
30 

~­
J 

-1 t:: 
I ,) 

rn 
10 
30 
-, 5 

dump 30 
30 
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Yearly charge 

$232,500 
46,500 
28,500 

225,000 
120,000 
210,000 
288 ,000 
65,900 

100,000 
138,000 
63,300 
10,000 
20,000 
40,000 

120,000 
24,900 
11 , 200 
12,000 
30,000 
33,300 
41 , 700 
4,700 

14,400 
2,000 

15,000 
6,000 

66,700 
4,300 
2,500 

30,000 
13,300 
7,000 

15,300 
i',400 

500 
44,600 
35,200 
10,000 
3,000 

86,700 
3,300 

l , 684 •. 600 
66,700 



Table 4.40 Depreciation Schedule, 30.175 MM tpy 
(Block Caving with Slushers) cont'd. 

Contingencies, mobilization, 
and engineering 

Concrete plant 
Tro 11 ey \'Ji re 
Preproduction rleveloomer:t 

C A M E R O N 

Stra i ght-1 ·j r.e 
d~preciation (years) 

30 
30 
30 
30 

Yearly charge 

$ 165,400 
8,300 
2,900 

l, 385,700 

Total $5,546,300 
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Table 4.41 Estimated Yearly Interest Cost on Capitilized Items, 30. 175 MM tpy 
(Block Caving with Slushers) 

Depreciable 
8 1. 0 15 Total Life (yrs) 5 30 

Capital 
Required 223,000 7,020,000 4 ,8,!9, 000 7,696,500 105,561,000 125,329,500 

Interest 
Charge 

10% 13,380 394,880 265,600 410,480 5,454,000 6,538,340 

9. s.; 12,700 375,130 252,300 389,960 5, 181 , 300 6,211,390 

9,1 
lo 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 

3•;' 
IQ l O, 700 315,900 212,500 328,380 4,363,200 5,230,680 
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Table 4.42 Power and Water Cost, 30.175 MM tpy (Bloc~ Caving with Slus s) 

1lui11ber 
of 

Ur.its 

4 
4 
t'r 

4 
6 
:1 
'-t 

, "· !U 

2 
-
:,) 

;1 
? 

" {. 

' (_ 

56 
8 

12 

Op.-!rat ion 

Two boom hydraulic ori l l jumbo 
Two bGorn hydraulic fan drill 
Tvw boom med i ur1 d r' i 11 j ur1bc 
Two boorn s:11a 11 dri 11 J u1::b-~, 
R0ck bo-iting n1achir;r: 
Pr i ma ry v" n ti 1 ii ti c-, r: '"zn i 
/\uxiliay fan 
t~~xr:aus t fan 
SO-ton troney locornctive 
30-tor! tr'.'"11-ley ·1oco1notive 
Doub~e druin noist 
(production) 

Double drum he st 
(service, deve opme1t) 
Underground crusher 
Slusher 
C0~pressor~ (1,000 cfrn) 
Pumps 

Miscellaneous (underground) 

Miscellaneous (surface) 

H.P. 
per 
unit 

13 
13 

150 
·1, 350 

·1 so 
lOS 
7?.0 
380 

10,000 

5,000 
700 
150 
100 
425 

', n 
:"1 " i~ • 

:otal 
lcr1d 

540 
s~w 

900 
5,400 
1, soo 

,·, -. ') 
l. ' t, 

3,GOO 
"l ,520 

20,000 

10,000 
1,400 
8,400 

800 
5. 100 

Hrs.per 
day f,111 

1 oaJ 

15 
l ,-,:> 
·15 
15 
1 \.~ 
l '-~; 

;~4 
24 
'J .. , 
!>I· 

15 
, r"' 

I'.) 

20 

20 
20 
15 
15 
24 

Electric power cost/yr= $0.013 X 895,470 X 355 ~ $4,132,600 

* Water assumed to be provided by site wells. 

l<~l 
tot::. l 
lGod 

403 
,103 

·-

671 
.. ' 

q . . ~\.1?7 
, , n g 

: s-; 
2,SBS 
1 1 .~ ') . ':).) 

"!4,914 

/,460 
1,044 
6,266 

597 
3~803 

l ,000 

1,000 

Tnta 1 

Tctc1l Kr~ 
)'equ l rements 

6 ,JL\.O 
6,040 

-
lZ~080 
0C,580 
2C)360 
3,760 

4l), 280 
17,000 

298,400 

l!l9,200 
2~J ~880 
94,000 
8,950 

91 , 300 

12,000 
1? 11/Y, 
I .... " J '--' lJ ----· 

895,470 

To alk 
,,.,a er 
( qpci) 
r:: ,, 
,) '+ ' 
54,000 
l-lQ,000 
30 ;i ooc 
33, 

12,GOO 

12,000 

6,000 

241,00() 



Table 4.43 Estimated Preproduction Cost, 30.175 MM tpy 
(Block Caving with Slushers) 

ITEM 

Total labor and supervision. 
Operating supplies 

Machine parts .... . 
Bits ........ . 
Rock bolts, shells, and plates 
Lubrication and fuel .. . 
ANFO, caps and wire ..... . 
Drill steel and couplin9s .. . 
Concrete . . . . . . . . . . 
Operating contingencies (8%) 
Interest on capitilized equipment 

(635 days) ....... . 

Subtotal. 

Power. . . . . . . . . . . . . . 
Payroll overhead (35%) ..... 
Indirect costs (10% of labor, 
supervision and operating supplies) 

Fixed cost: 
Depreciation (63:i days) .... 
Taxes and insurance (3% of 
52,214,000 for 635 days) ..... 

Total 

* Tot3l tons= 13,750,080 

4-134 

Total cost 

$12,631 ,00 

714,000 
103,000 
268,000 
900,000 
333,000 
88,000 

809,000 
257,000 

7,048,000 

10,519,000 

2,428,000 
4,421,000 

l ,610 ,000 

7,238,000 

2,725,000 

$41,572,000 

Cost/Ton* 

$0.97 

0.76 

0. 18 
0.32 

0. 12 

0.52 

0.20 

$3.02 

C A M E A O N E N G I N E E A S 



T0ble 4.44 is 3 sumn1ary of tr1e estimated annual product-ion cost for 

an 85,000 tpd minin] operation. It must be understood that this cost 

includes only mining costs and does not include processing costs. Also 

included are yearly interest, reclamation, exploration, and environmental 

monitoring costs. The total est"irnc1ted cost per ton is $1.35. 
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Table 4.44 Estimated Annual Production Cost, 30.175 MM tpy 
(Block Caving with Slushers) 

ITEM 

Direct costs 
Labor and supervision. 
Operating supplies 

Machine parts .. 
Dril 1 bits .... 
Rock bolts, shells and plates 
Fuel and lubrication ... 
ANrn, wire and caps .. . . . . 
Drill steel and coup.lings .. 
Concrete cost ....... . 

Sub to ta 1. 

Operating contingencies (5% 
of line above) ...... . 

Yearly interest cost (9%) .. 
Subtota 1. 

Power ...... . 
Reclamation ... . 
Payroll overhead (35%). 
Exploration ..... . 
Environmental monitoring. 

Indirect costs (10% of labor, 
supervision and operating supplies 
not including yearly interest cost). 

Fixed costs 
Taxes 2nd insurance (3% of mine 
cost, $52,214,000). 

Annual cost 

$13, 41 5 , 000 

733,000 
61,000 

152,000 
520,000 
200,000 
81,000 

415,000 
2,162,000 

108,000 
5,884,000 
8,154,000 

4,133,000 
1 , noo, ooo 
4,695,000 

500,000 
300,000 

1,569,000 

1,566,000 

Depreciation 5,546,000 

Tota 1 . . . . . . . . . $40,878,000 
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Cost/Ton 

$0.44 

0. 27 

0.14 
0.03 
0. 16 
0.02 
0. 01 

0.05 

0.05 

0.18 

$1 . 35 



dlock Cavin<J Desi:Jn Using LHf) Equipment 

The olock caving sys-t-21:1 ;1resented here is ,n rnary respects, similar 

to tne o~e discussed in Sectio~ 4.6.2. The major difference lies in the 

netnod of ore hand1ing. Ore is loaded into ore cars through transfer 

raises using LHD 0quipme~t. The main advantages of LHD's over slushers 

are: (1) Lli~J' s have gre::iter mobi Ii t.y ard can be eas-i"iy moved to different 

loading uoints in the evEnt of production interruption, and (2) LHD's 

can handle lar<Jer pieces of broken ore, thereby reducing secondary 

blasting ~nd drawpuint repair costs (Young, 1973). 

riaJ;age, ventilation, and undercut levels are simi'lar in both um 
and slusher des~gns. In the design using LHD's the haulage level is 

below the production level wit1 the ventilation level between the two, 

Figure 4.35. In the discussior that follows, preproduction development, 

product:on, ventilation, equipment selection, and production costing are 

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

ciES icm. 

4. 6. 3. 1 Preproduction Development 

PreorodGction development on the mai~ haulage level for block 

caving using LHr's is identical to the previous design. Drifts are 

driven using tt:e S.J,nc equir,ment with the same cycle times. Differences 

occur in the ~evelopme~~ oF production and ventilation levels. The main 

haulagf leve1 laycut is identical to that of the previous block caving 

desig11, Figure 4.2J, and req1,1~re:; the sa:ne developi:1ent time, Table 4.45. 

Pi·ohct ;_.,;,,·c.:l. ThE: production level for the LHD design is 40 

feet above the moin haul3ge level. Inclines are driven from the haulage 

level 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 production crosscuts, 14 by 12 feet, are driven 

parallel to, and directly above the panel drifts, Figure 4.36. Pro­

duction lines 12 by 12 feet are driven perpendicular to production 

crosscuts on 100-foot centers, Figure 4.37. Each block has three 

production lines for a total of 35 finger raises. At the end of each 
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Figure 4.~5 
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production line 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

boorn, pneurn.tic 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 e~pty ore cars. 

Ven:;ila 1:e:Jel. 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 is 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 ventilation circuit necessary for full production. 

Ventilation drifts are also driven to connect the 16-foot diameter 

exhaust ventilation shafts. 

Cnderc:ut Level.. Access to the undercut l eve 1 is by a ten by ten­

foot incline from the main haulage level 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. Finqer raises 

are holed through and muck dum~ed 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 1 s. 
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Undercut Level, Block Caving with LHD 1 s 



.::. : roductio11 

i,11; p,·oc.Juction requireu::nl:s fJr ead b;od are i,'er,tic,,! to that 

,~f llud: cavinc; usin:J slusher',. r total cif n, eiriht culiic ;ard Uffl's 

re ir1 ~rr~ transfer r,d:,es is then l)cdec intc ';C-tcn r:ii1 cars throu~1h 

l1;1clr,1u·i ir;al iy operated chute qate~;. fifty-ton trolley lucon:otives 

then !11u1 the ore to the qyrato,·y crushers at the shnft sL,;tior:. Five, 

SO-tu11 LY·olley loco111otives rrru:;t du11,p ten, ten-car ':itrinqs per !1our. 

:Jcv':lcpn1ent muck is hauled usinq J'.)-ton locomotives. The lra'v~ri'J 

l if" 1}c une block is apprcxi111:1t2l:1 one year with nine ne\v bloc~s brounht 

i;·to :11-oduction each year. t3lock·; ar"' brought into rroduction rritreatinn 

t1:\·1a,:i; the shaft area olonq :1 45 ,jee;ree cave 11ne. 

. ij. 3. 3 Vent i l ,, ; i or; 

t:.iy- quc:tntity requirements ar1~ colllputed considet·inri c1 riassy r;iine with 

ir~sel P<1uiprnent underqround ard 1sinrcJ only pen1·issible anrl ex;llosion 

proof machines. Colorado rnirirq la\vS (Colorado [3ur 0 au of 1 '.ines, 1q71 and 

State :Jf Cclorado, 1966) require ff, additional 75 cf111 of free air for 

each brake horsepower of diesel e1uipment used under~roun~. Preli~inary 

cJlcu-ictiors for estimated mine v2rrtilat·ion requirements are prrsented 

1n {1,ppendi1. C. 

Intake air enters the mine through the production and service shafts 

an~ is directed to the prcrluction level through inclines at each panel. 

fhe air is then circulated thrcugh the production crosscuts, renulated 

thr~ugh each operating production line, 1nct exits down a vertical raise 

to c e ventilation level. Two 12-foot, axial-vane exhaust fans located 

rn e2ch venti,ation shaft, are used to drav1 the air out of the l',ine. 

This ventilation network is designed so that air is not reused once 

i~ reRches the production level. 

PrndLction Equipnirnt Selection 

;,;:pe11dix C cnntains the ulculations used to t::sti!'~ate eriuip111ent 

~iz(~,. quant.ities, ,rnd cycle Lirne~ f0r major eq,1iiw1e11t iterns. The capital 
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expenditure tables int 

Evaluation of ca~ital AGuip~ent for this large ton~age cperation has 

1:•een dor;e rely-Ing ,: 1 ;,,,;s 21(C-i us i ve "I.'/ on c..1 rrent ver:c1or dctta. wherever 

pcs~ible, only th3t equipmE~t ct:rr~rtly manufactured, whether as a full 

~or this in1t al ~v~lua~iJr ope~atJr efficiencies and minor equip~ent 

set up ti~es wer~ a~prcxirnated by cons~dering only five hours of working 

rirr:2 pt~r· eight ho•ir ::11ift. Th!=: r;;ine hds be;,:,n designed on a three-shift .. 

',cv1::n-d0'/': pEr w:ek ,·trrk sd;cdu'1~. For Fie ourpo:.:1~ of inc:;uding holidays 

2nd dnr 11;)(:cted wo•'k '.; toppages, a \'vr;rk .1•eat· \!:as CCi,S i de red to be 355 days. 

E·-;·,~~,rr:ent availc:bi l i·~ies are esvinatec; 2.nd r.'Jr.g~; fror1 6S to 90;{,, depe0dinq 

Product i or1 Cos r. 

The method o+ p ct"lo:--: costing for block caving :.Jsing Li~D's is 

sinli 1 il.l° to the fcn:,a.t presented in thP USU1 (Staff, 1972, i<atell and 

!1erning1,,1;:,y, 1974) .. P-:i::; c.ost~n~J ii10thod necess2rily assumes tha.t the oil 

shale mine is the only inco,ne source to the corporatio~; th2refore, 

Ir: r2a·1ity, Uksc: c,-ists v!01;:ci most likely be charged to ornductfon and 

clcd1,:t.,::d as negr1t1ve c:Lh ':,Y.: in tr1e c:verall corporate cash flov1 deter­

r:1i.~acir,n. Exchrie·i in tiil~, analy::.is ar·e royaHy payments, 111elfc:.re 

during first quar~er, 1 915 

T::iblf: 4.46 lists the supervisory and hourly persorne1 11eeded for the 

oper·aticn ot an BS,000 tpd mine. An add"itional 12~; of the hourly manpov:er 

requirements a.re 1:~c:udf::d to account for atser1teeism. F-lgl're 4, 39 is o.r1 

exa:np1e o? the anticipate.1 mc.nagement f1m·; chart for the ·rnderground mine 

on1y. Table 4.47 is il·e ,:aJ;ta1 investment SJ~1rnary that includes con­

tingencies. mobilization of capitalized equipn~nt to mine site, consulting, 

en·.ritornnent2l imp2c:t. statc:ff;,::ri', ;nine access, ,:rnd prepr0duction dev21op-

n:ent. lhe tctal capi'Ci:ll ir:, 1 e.::;t.1r.Pnl- '.1r_..: e.st.i,mu·"t·P_n ~t· $12) 00°; QQf' ·1ot V - _ - ., • - • • ~ C " . , . - , _, • ' > ,) ' 
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Table 4.46 Manning Table 30.175 MM tpy 
(Block Caving with ~HD's) 

Personnel 

Sa_l a r_J 

Superintendent 
Administrative Superintendent 
General Mine foreman 
Mine fore111an 
Shi ft foreman 
Assistant shift foreman 
Development foreman 
Production foreman 
Chief mechanical foreman 
Chief electrical foreman 
Shift mechan"ic foreman 
Production mechanic foreman 
Development mechanic foreman 
Shift electrical foreman 
Chief engineer 
Mining engineer 
Draftsman 
Surveyor 
Surveyor helper 
Safety director 
Safety foreman 
l3usi ne';s lliana,jer 
Accountant 
Purchasing supervisor 
Warehouse supervisor 
~ia tchman 
Payrnl 1 acient 
\~areho:.iseman 
Stenographer 
Secretary 
Executive secretary 
Mine geologist 

Subtotal 

C A M E Fi ,, N 

rota l 

l 
l 
l 
l 
3 
3 

1 5 
i:4 

l 
l 
3 
3 
3 
3 
-, 

5 
2 
3 
3 
l 
3 
l 
l 
l 
l 
4 
2 
4 
1 
l 
l 
l 

99 
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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 
~$,-,-62-6, 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 
Drill er he 1 per 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, l 00 
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 49.96 324,700 
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 58,800 
Dispatcher 4 50.88 52,900 
Hipacker 22 56.58 323,600 
\~elder 4 51. 81 53,900 

Subtotal 655 $8,812,500 

Outside 

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 -n-36, 700 

Contingency for 
absenteeism (12%} 82 $1,098,000 

Total labor and supervision 862 rir:-s13, 706 
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C1,:i1ta 1 Investn1er,t Summary, J0.175 MM toy 
fBlnck Caving with LHD's) 

ITEM 

~wn ~norn hydraulic drill jumbo 
Tv:o b'.Jclrn rnecl~u;r, dr·ii1 jumbo 
T·,<;J bo~Pl sri~all drill jumbo 
Tvm bo\Jr:1 ,wrlrau:ic. fa;-i rJrill 
FEL I~,; 

LHD 
(:, y:1') 
(;} v,' 3 

) 

Stopr. r .. 
5.0-tc·,1 ·'.:to~ 1,::\1 locomotive 
80-[0i, ,n·1 car (air brakes) 
3CJ-tan trn·i ley 1ncon,otive 
8-t;.J11 b.:11:te,--_~,, locoir.ctiie 
Fl at c>~. (. an (i :~up pl J car 
Cor,cr::+:e ,;ats 
Twc d l' rock bnlt machi~e 

?cvdc·t :orid MFO ·ioadh~i 1.iuck 
i_,,t,r~:~iJtfor: ,ff,(; fu121 lY:.iCk 

Batt~r~ chai·~ng equipment 

r' i "r :_:::, : ~H?i·:1i ca i trL.1Ck. 

lin r,1 ,·unn rnad1 i ne shop 
t•,H ,,.,,., :·-:i, ·1· I 1 Vi l l·, \ 

, 1 ; I , • , .._~ , , , , ,,_, ., j 

Tr CC k p -I 2 t e ~.: 
Trc":a l.(':i J:.; e::, 
Lan10 (·ir,cluding accessories) 
~:2ter tni~k 
f"<2,.thhow,c., ,)fi i c:: cnct 1 aP1phot...se 
~~a f-ehoiJSC:: a ;·;cl Supply ya rd 
tork-1 ·i fi:. 
:::, 1.1 ti '.· L 2'; r i c n ;:i :·; d cJ ·j c, tr i bu to r 
frJrs ~·c:-·p1e.,,- O.!'H1 r0ctifi(~r 
High v o 1 ta~ e c 0. b ·1 e ;: f:; ~-.\/ - 1

~ u ) 

Me tr' c1r ,, <j 2 ",ec to Y' 

~ortable fi~e extinguisher (20 lb) 
f)r·; lilct :y \'2:lt ·i l ri t ·i fi fc:, 
.~dx. i 1 i ary fan 
Exhaust f.3.n (n·:a.ctnr:,:: shor) 
Se If res mer 
Telephone (rage phones) 
~:·~ret\:her- ~1::t 
F"irst a·irJ kit 
Wat.e,' pun1ps (lG,OOG gprn total) 
~t..!rnp res s ~) r 
ro\'/ trud 

Quantity 

6 
6 
6 
6 
6 
6 

3·1 
4 

6 
60 

5 
2 

20 
20 
8 
6 
4 
4 

10 
2 
2 
4 
1 

260,000 ft 
65,000 
65,000 

860 
2 
l 
l 
1 
l 

30. 000 ft 
40 
20 
4 

-i 0 
2 

800 
lO 
10 
30 
16 

5 
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C0st Per 
Unit 

$ 310,00D 
62,000 
38,(!00 

300,000 
160,000 
105,000 
145,45C 

2,700 
250,000 
23,000 

190,000 
75,000 
10,000 
20,000 

150,000 
Lll,500 
28,000 
30,000 
30,000 
rn.ooo 
60,000 
25,000 

1,000,000 
$4.8/foot 

$2, "15 
$6.64 

85 
30,000 

2,000,000 
130,0CO 

25,000 
900,000 

$7. 2/foot 
435 

~ •1 
0 t i:'.. 

115,000 
7,400 
8,000 

43 
450 
235 ', ("\ ,,u 

33,000 
20.000 
30 .0'.)0 

G A M f R O N f l\i N f [ H <:; 

Tota i Coe; t 

$1,860,000 
372,000 
228,000 

1,800, GOG 
960,000 
630,000 

5,673,000 
11 , GOO 

l , soo, 000 
1,380,000 

950,000 
150,000 
200,000 
40G, i)OO 

1,200,000 
249,000 
n 2 ,ooo 
120,000 
300,000 
20,000 

"i 20,000 
100,000 

, ,000,000 
l ,248,000 

140,000 
432,000 

73,000 
60.000 

2,000,000 
130,000 

25,000 
900,000 
148,000 
216,000 
17,000 

l ,000 
460,000 

71+,000 
16,000 
35,000 

5,000 
3,000 
1 , 000 

528,000 
100,000 

30.00CJ 



Table 4.47 Capital Investment Summary 30. 175 MM tpy 
(Block Caving with LHD's) con't 

ITEM 

60-inch gyratcry crusher 
Track maintenance machine 
Trolley wire 
Tv10 boom fan c:rill 
Compressor (350 hp) 

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

Subtotal . . . . . . ... 

Mobilization charge (2% of line atove) 
Total Construction ....... . 

Consulting engineering fees, overhead 
and administration (6% of line above) 

Subtotal ............ . 

Quantity 

2 
l 

130,000 ft 
2 
l 

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 
roJrns and t 11'/o rotary car dumps, two surge bins) 

Subtotal . . . . . . . 

* Preproduction cost 
Net capital investment 

Value of o-il in 10,419,000 tons ot oil shale 
stockpiled or retorted during preproduction 
development (assur'.;"'S :;11/!:/Jl) ...... . 

* Assumes capitalization. 
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Cost Per 
Unit 

l , 300,000 
50,000 

'.';O. 68/foot 
73,200 
50,000 

r· A M f H IJ N N f f: R S 

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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Deprec,c1tion Schedule, 30. 175 MM tpy 
(Blcok Caving with LHD's) 

r,:ul1c drill jumbo 
''C: j i 11 , cl r i l I jumbo 
,1:ul1 drill ju111bo 

: :), ; C i ,,,. r.,111 ic fan drill 

i ;ILJ I '/ l 

:-~ tr1 )(C (' 

:/)-'.on tr,lley ·1ocor:1otive 
'J- i,11 1 ·Yi le~' locomotive 
-L'.JI! Ldt:t~ry 1oco111otive 
' 1 -ir1r1 r•ii 1 c:r1r .'air brakes) 

F l , 1 , 3 r ,m d S Ii il p 1 y c a r 
(,:)I ( ([tr Vd tc; 
iv:,J cfr:11 rod brilt 111achine 
t"inc s;1fe;,y equipment 
h J ,1 de ,- r: n e: A N f O l o a d i n ~; t r u c k 
~,:bner,i:iun and fuel truck 
'; l'Y' V i Cf · \' f' h i r- .i e 
1Jr;,Jr~rq1, 1'nd 111t1chine shop 
T: 1, k ir :.i ttu/ l ey m2teri al 
i2c1Uer:1 cl1arqinq equipment 
1,;Udd 1.J ,,-(: f 1 'r'' 

"!;1:.ter"' ·_r·L;(_~. 

I: ,i thr.c,u' e office and l amphouse 
':,r'.Y': 1,c;u'e and s1Dply yard 

· : 1··c::a:_iur 1 ,ind distribution 
·', 1,- ,;,;lt,;,11e ::able (Bf(V-4°) 
':-1'::d(i ,·u1Li!ation fan 
_;!·:1: 1

0:, fru; (r11achine shon) 
;' ,. , l i ,1 r y f a n 
.. ·,t., , ;iurnr; r l C,OCJO qp1:i total) 

.,v', i' l,,,ry cr:J:.;her 
"> . , · 'enrnce 1;1achine 

i r c1 rs I , J t :' ,:, t a · d rectifier 
1 \'/CJ h u 11 . r a ~1 , ~ r i l l 
[_r,virCJ,,1,1c:11tal impact staternent 
lire c'·1r:1,:,1:al truck 

r) ( ,_. :J ; .. ( j -~ L, (. :- : C; n 
[ rJtlii'Y'P'C'(J,' () 
.'' ) ",_) I ) ' \ J 

' , , ·: ~~ 1 n 1• J t:'. n (: ·1 e s .. 
c~ n ~I -j :_, ~~ c r ~ n g 

dcve I con,en;: 
hp) 

111obil izatfon and 

St 1- a i CJ ht- l i n e 
aeprec1ation (years) 

8 
8 
8 
() 
u 

8 
8 
8 
(l 

l 5 
15 
15 
l 0 
lO 
10 
10 

5 
10 
l 0 
l 0 
30 
30 
10 

8 
10 
30 
30 
:0 
30 
30 
30 
30 
rn 
-is 
10 
10 
30 
15 
15 
8 

30 
10 
30 
30 
10 

30 
Total 

Yearly charge 

$232,500 
46,500 
28,500 

225,000 
120,000 
78,800 

709, 100 
l , 400 

100,000 
63,300 
10,000 

138,000 
20,000 
40,000 

120,000 
9,200 

11 , 200 
12,000 
30,000 
33,0CJCJ 
63,700 

2,000 
15 ,()CJ() 

6,000 
66,700 

4,300 
2,500 

30,000 
7,000 

15,400 
500 

7,400 
35,200 
10,000 

3,000 
36,700 

3,300 
9,900 

18,300 
66,700 
10,000 

1,684,600 
l ,207 ,900 

5,000 

172,000 
$5,561,600 
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2 .. fL_i'.J 6.30~6CD 

'") .. r~oc 597, 

? , 3Dli i)fA, 2Cll; 

~~, 20:J S3i , OCJC 

JS 30 To ta l 

,1,171,0CO 3,325,500 103,ViS,OOO 122,4~)8,300 

22·j ,400 - 77, 40(; 5,329,700 6, 40J, l[l!) I 

21 , .900 168,50(1 5,063,200 6,0B2 ~SCU I 

206,5CO E9,600 4,796,70(! 5,762,700 

195,000 150,800 [~,530,200 5,442 ,500 

183,SOO 141 ,900 4,263,700 5, 1 ?2 ,300 

c N C R S 



.-) li r\' 1p•"" 
\_.,'-.-l 2.1:0 .,ater ;_~ ;_-. : '--:{1 

_)U. \~;'·1 r-,-.:1,./ in } (~ 

~h111:t)e r ~_: i) H p , , • r • 

of D'?r . :) ra 1 

Uni Ls Operation Unit oad 

4 Tv,10 boorr: hydraulic dri 11 ju1t1bo l 35 540 
" Two boom hydraulic fan drill 135 540 '-+ 

~ 4 Two boom meaium drill jumbo 
~ 4 Two boom small drill jumbo - -

r n,..,..,....\~ hr\l+-iY1r1 rn::lrhino -u f\.U\.....f'- UVI l,IJl~ 111tt\..,r;111L. -
m 

4 Primary ventilation fan 1 , 350 5,400 
l 0 .L\uxiliary fan 150 l. 500 

2 Fan (machine shop) 105 210 
5 SO-ton trolley locomotive 120 3.600 

z. 4 30-ton trolley locomotive 38U l . 520 
2 nouble drum hoist, production IU.UUU 20,GGG 

+:.. 2 Double drum hoist, service and 
production 5,000 10. 000 

t_;i ) 60-i nch gyra tory ems her 700 l , 400 
.i::,, L 

8 Compressors (1000 cfm) 100 800 
l ,, 
I c_ Pumps 425 5, l 00 
2 Rotary dump 60 120 

Compressor 350 350 
r "1i see 11 aneous \ Ur.e1erqround) 

~iscel1aneous \Surface) 

~ower Ccst = :c.1 3 x 794. < 3 5 = 33.- 7,300 
* ~ater assumeG ~- e ;rcvided j; - ~~ ~e .~. 

~ 

l._ '.~ c,' ::> / 

Yrs. pe( 
day full 

l i~1a cl 

l 5 
15 
15 
1 5 
18 
24 
24 
24 
i ::i 
jj 
rin 
LU 

20 
0 n 
LU 

15 
24 
20 
l 5 

~W Total !otal~ 
total KW ~Jter 
load r'equire111ent:::, (,~pc, 

403 6.050 54,000 
403 6,050 54,000 

4,027 96,650 
1,120 26,880 

157 3,770 
2 'I 685 t/J, 2C'iC 
"': "': ';---: , --, 0 r, r. 
1,1.).) ii,0\.J\.J 

,n n,n ?OQ ?An 
l ! ,. J I! L.....,, .__, ' .... '--" ...-

7 J,1::17 149,140 

4i],C)(J0 

30,000 
33,000 

1 , 044 20,880 1 ;) , ,JOO 
59/ 8,960 

3,805 91,320 
90 l , 800 

261 3,920 

l ,000 l ~~ ,JOO 
, n 
I" ;_ 3. _ _..':_'_ _ _...:_·-_ ____ _ 

t: :.~ :i '. _l L ., 9 >"< r ,' (' 



. · .. :: i r::a t c 

'· 1i:-~ ;_, ;-·: ~ r~ t·~ r~2 ;1~-. :: 

2 r· -; 1 ~ b ·j ;_ s 

(. iJ f 1 s 1 I.JD 1 (: :; ·c ; (..1 n a;, c.'. t ~ Y-· ·~ :. 

:·\I\!~-0 " 1
-\ -1 r r~ o n r:! cc: p s . , ~ 

i)! i 1 ·; ~tf_'·2 1 C('1Uf), l nrJS 

C,on c,"e: ,: 
~)ub t:.u Lal 

Pc·~vr, 
Fayt0·1; c ,(::rnead 
T ' ' t ,.' l f~r' ~r·.cir.:=:ct (~U~-1..S ,. id 

) . 
of lab.Jr 

s u ;Jr:·; i es) 

i-:i ;v Cost 
De f'(_'(:~ar·!or, (~c~J~. \.1;-1:/·~) 
J ;_~ ::: ~~. r} ~ n \ d t' d n Ce ( ""'. ·-' C T 

, 5(}'-\ '; cc;::.; f n r :·~. f.( ~ (1 

* 

'T • .1 . .• ' 
( (__) l C1 I 

;.._ ~/: t: p u ··J 

Tot.a 1 Cc1~. t 

$1 i ,CUO, 

l~-·155 

,;i:,.,C,:")C) 

. 1·: { l~J 

~
161~-} Q,')P 

'.~, ',. _j '} 1J 00 
::~r)6, rJOO 

.oon 
!10'.J_, 0:J(: 

2,:J70.,CG8 

G,109,GOO 
o ):.o 7. coo 
L, .)Ci-\ ,UC}U 
3,:3:)0,000 

0.85 

0~22 
(L "ii' 

Q. 1 3 

0.23 

S3.49 



Esti111ated 1\nnual Prodllction Cost. 30.llf_i MM T.fJY 
(Block Caving viith I_H[l's) 

ITEM 
D1n·ct costs 

Labor and supervision 
Operating supplies .. 

Machine parts 
Lubrication, fuel and tires 
Rock bolts, shells and plate~ 
Dri-11 bits ....... . 
ANFO, caps and wire 
Drill steel and couplinss 
~'.:rncrete 

Subtotal 

Operating contingencies (5% Jf 

Po1ver 

line above) ..... 
Yearly interest cost (9%) 

Subtotal 

Reclamation ..... . 
Payroll over~ead (35%) 
E,x:ploration ..... 
Environmental monitoring 
lndirect costs (10~ of labor, super­

vision and operating supplies not 
including yearly interest cost) 

(ix.ed custs 
Taxes and insurance (3% of mine cost, 
$52,508,000). . .. . 
Depreciation ... . 

Total 
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Annual Cost 

$11,8711,000 

950,000 
l , 413,000 

202.000 
70,000 

250,000 
85,000 

420,000 
3,390,000 

170,000 
5,763,000 

-9,323:000 

3,687,000 
l , 000, 000 
4,156,000 

500,000 
300,000 

1,543,000 

1,575,000 
5,562,000 

$39,520,000 

N E E R S 

Cost/Ton 

$0.39 

0. 31 

O. l 2 
0.03 
0. 14 
0.02 
0.01 

O. 05 

0.05 
0. 19 

$T:-3T 



Drift Fan Drilling Stations fa~ 
J nduced C,::v ng 

C A 1,,1 t. 0 N !: ;,, G 



16, three-inch diameter holes ~n a vertical plane parallel tc the block 

houndary. :t is assumed that when two sides of a hlo(k are fan drilled 

and blasted, together with undercutting, :aving is induced. Boundary 

weakening is provided for all peripheral blocks. 

Additional costs include $75C,OOO for drilling equipment, $500,000 

per year for additional personnel, and $75,000 per year for operating 

supplies. fhe total additional production cost for this n1ethod is 

approximately S0.04 per ton. 
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r~ ;'CJ 1.rnd 

,] , i. 

ci"i ·1 i Sf:d 

ri ~it,;1c!; is intei·sected 

Trle soil 



·: u'.,-,' w.; .'.;,,'.,C!'-Jl:,. V'rec:ipitation rn the: study area has 

not b(,'.>n '1t'c1Sured tlut is pr:.1bcliJly about 1'5 to ·17 inches annually (Harbert 

:i.nd [;,~:''.!, 1c174), about half ol v,hi:.:h is believed to occut· as snml/. 

OccasicP,al thunderstorns durir.g late sum:ner can be seven, enough to 

ci.wsc flash flooding along the n1~jc1r drai:1ac;1es, such d'., fs(yan Gulch. Air 

temperaLure', c11"e cnaracterizeci by e>..tre111es varyinsJ fro,n over 100°F 

d:Jrir:c. ti,e ,,u11111:er morths, to --4Ci°F, or 101,;er, during wi'.1ter. 

Airflow is strongly influerced by th2 topography. local valley 

flow circ~l11ticn patterns are dependent on diurnal variations typically 

resulting i11 uµslope breezes during the daytime and downslope drainage 

winrj'.) at r1·iqht. However, in the presence of s·ignificant upper airflow, 

thesP valle:1 flow patterns ,~a11 be coriiplex and difficult to predict. In 

the bre;ader valley bott.ori1s, tcmpera1:ure inversions rnay be expected, 

e s p e ci a l 1 y du r i n g th e w i n t e r n 10 n t h s . 

'.'A1·/Clc:c J,.'(:te1·. Surface 1·/a·:;H is scarce in the study area, as it is 

in Uie rest of the P·iceance C:l'eek Basin. Ryan 1~ulch displays only 

·inter· itten: S:Jrface flow, pr mdril.:; during spring runoff. However, as 

mentioned p1"eviously., occasional severe thunderstorms can produce significant 

fl O\'/:) for short periods of ti Ile dLring late surnrier. Although no data on 

r~:;an lch f 1 Oi<IS have been found, the errat·ic nature of stream fl ow 

ur1dr~r such ,:ond·i ti ons is info 1Ted bJ data on Piceance Creek flow. 

t\ccorciing ti.: Coffin, Welder, ,rnd (lanzman (1971), the Piceance Creek 

(belovi H.yan Gulch) had an ave1'aqe flow of l?.5 cfs with extremes of 0.80 

to 4UO cfs. 

4. 7. I • ~'. !3iolo9ical [nvirori1ent 

Vegetation ·in t~e area consists of pinyon-juniper 

woodland, _(Jinus edulis, Junipern: _ _Jsteos _ _e_~_rma) mixed mountain shrub 

con1mucities, and grass·land in some of the primary drainage bottoms. 

Sacet)rush, Jl\rterni s i a Spp.) a component of rnost communities on a variety 

o+· sites, 11ay alsc occur as. tl1e characteristic species, especially v1here 

overrJrazing has histor·ica'lly occurred. fi.s in most semi-arid ecosystems, 

vegetation distribucion is st~ong·y influenced by slope and aspect. 
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[icct.,n1eci v2:.Jetaci.)i'1 L1vti:H.!.:r·ie·, :-ia·v·e ;.ci. beu1 cor:ducU~d Gr; thE: 

st 11dJ <1r1::a, Tl:8''cror;·, fofcv':dt:':::r1 '.JO the 1::-c-::urrence 3r",d (!is-:-·--lbution 

::1c.ry dS 

area veget0tion would be reaJi for a mere defin,tivE e!timate of 

unusually deep snuw cover, causiG~ 'arge nuMbers of them to die from 

s ta :"/at i on . 

There is insuff'kient ~,-:'v ,<1r:t10n Dt pre:,ent tc· ind:1cate precisely 

which portions of th~ Central Piceancc Creek Basin are most critical to de~r 

clear that any significant reducti0r iG 

cc N G 



{>((:,(I /;re as w he r 2 ·v 1~ 1
• y I i m ·i ': e d a i r qua I it y deg r a cl at i on 

C. 1 terJory 3 - Urban a·e,~s vih~re e'.XLtin(; µonut1or: is less than 

the secr1nc<1ry :,tanr!ard, allov,inq 1:::rn\ssions up to the 

s t a r, d a r' .) • 

P. 1 :Jres·::.:'.1t, U;2 lolora1:o oil ;i-.a12 ·'egion is l·ikely to be placed in 

cat,::~J,JY'/ :~, ii that ~ies~gna ion v,i!l nut. ·rnpede oil shale development. 

If r~is catc~cry proves too restri:tive, the region will probably be 

into ca~er~ory 3. Thes2 categories will be concerned only 

v1it:· pc1rr::u, 1ates anu oxidec level;, 

l)L 1,,ost i1 1 ;.)1Jr-':arce to ;he r,,inir:J, considered in this report, is the 

lkitotiD en particulate mdtt:,:r, ;ince this corl';traint covers atmospheric 

dLst v,hic:: 1111.y be expected frorn sh3-le hauling and handling. The only 

otn~r 0:10tant categories ~er!inent to mining are nitrogen oxides and 

.1rcr·,n:h::r,i, whicr1 may be p,oCiuced by blasting. ,l\lthough probably 

i'.,';,.J'Lf,-·iu1t to co::.ritute ·,i,_,lctix.s, the gases produced by underground 

>la;t\nq ,;huuh! lw consioered in t1E: desiqn of mine ventilation systems. 

1 !'~:u:; ex.ices and !1/d"ucarL,ors coJld al so be a problem along haul 

roads if ~rLck hauling or o~her he1vy ve~icular traffic is anticipated. 

:he" r:io:,sibili,:y of no.tur;:J rJa3 release by mining n1ust also be 

corisidered. Depenoing on the arnou1ts released, such gaseous hydro-

carbons could be subject to control under federal or state emissions 

I'- :1 t. er q iv: a I i t y Re q u 1 a ti ens 

~hr:: Col1rado lr:ate~ 1"ua 1·:t.y Co1trol :orr:n;ission, by autnority of the 

C<Jl,,r;-do ::at,:=!r Ouality Control t,ct of 1973, has issued standards for 

water 1udlity and classificdtions Jf state water bodies according to the 

sµer1r1c 1i~toric uses and future jesired Gses of each classified stream 

or· :::, .1,·. ~hi: f.orrn1·:s\0·1 1'., r,:qulc:t·i,r:s i:i.1SI) carry federal authority by 

1irti.1: -,· :::::,-\ ,1:>:j'.'::,vdl of c,,1c"'c,Jo'~ 11ate1° qL;ality proqrc1111, under the 

!--ec.i1::t;1; ;·1t1:-r Po1·1, r-icn ~ontr:·1 .~\111::::ndn:en'::'; of 1972. 
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1 e • ::i,i,::ission ~.2:,; nn1: cl,1ssified F'i:::f:,~:':ce C1'eE:k, th"c0 n12.in clrai;iage 

of thr: stt<\'./ area ccns 1 dered in this rep1:irt; howeve:-, it has cl,1ssified 

th~ White River into which P1cearce Creek flows. Above the White River 

~oth clJ:~2s 81 and p. d2signate waters as ''suitable for al1 purposes 

rh~ only differences between classes 

~.;1 and 2: i1re in th:-: v,/Jts:· t2nipua::un) changes resultin9 fror; effluent 

d1schJrge and in a slight;y lc~2r disso1ved oxygen content required for 

vir:·~c,rs .. 1·~f,c-:th~:r c1assifieci or not. P,mong tncse is tht~ Commission's 

preposition " . .,to 11:;:1i,n:ain ~;nlinity concentrations ,:\tor belm·1 present 

levels ... ," unti: sc:c:·, ,:.;i1e 2·~ suffici2r1t data and salinity-reduction 

techriolosiy i:H'e: availab1e tc, pennit the establishment of quantitat.·ive 

~, tanrJards. 

I" applying the Colcrado regulJtions, the state has authority to 

1s<:,,,2 dischar92 ~ermits tc• private developn:ents Ahere the discharge ·is 

in compl~ance 1·Jith bo:)1 stc1te and federal lavJ. If permits are issued 

which ao no~ comply with the liw, t~ey are subject to veto by the EPA. 

The Et)/1 i:·:1y also veto p<2rmhs v1hich ~r;n result in adverse effects on 

\vdt2r yuai ity i,; anc•ther stc;te. ::n the case of Federal developments, 

" --, r. ·, 
:.1 • l .. L ~ .._I 

/\ny l'e::lera·! 2cticn o~ tr.e magnitudE of the proposed oil sha·1e develc,p­

n,ent will, of CJurse, ')2 sul.iject to provisions of the national Environmental 

Policy Act (~EPA). erefore, public disclosure of the general development 

pla~s and submission of dn env1rorm~ntal i~pact statement will likely be 

required. Although NEPA alone does not constitute physical. statutory 

constraints on devel,J,JlllE:nr;, it does ptov"!de l2gal :ne.ans by v1hich other 

+edera1 agencies, statE: aDencies, erivh·onmental g:"oups and the general 

pub1·ic can object to or othc.nvisE e;,,.ert influence on prnject design, 

r. A r,, f ;~ 0 ,~ 

~ 1 r ,· 
r..i.- • o:::i 
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t1min<:J, and even its existence. Considering the magnitude of the mining 

effort ervisioned and its potential for ecological disturbance, signi­

ficant pLblic opposition to its commencement should be expected. 

4.7.2.4 Minerals Leasins 

Whether the proposed rniring operations are conducted by private 

industry alone, or in combination wHh 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 Oil Shale Leasing Program and announced U.S.D.I. intentions in 

regard tc new coal leasing pclicies are indicative, substantial environ-

1~ental 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 

n,ining 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 ~oth these factors relate to mining method and technology, as­

sociated environmental impacts will be discussed in the category, 

"technology-dependent" impacts. "Technology-independent" impacts are 

those which will be essentially the same, regardless of the underground 
mining approach. 
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per square !nile, averai::ie ,vinter carrying capacity, the a111ount of forage loss 

,·1ould be equivalent to 14 to 54 animals. Assuming the rr:ined area falls in 

the most critical winter range area, the true amount of range loss would 

probably fall somewhere between these two extremes. For a total herd size 

estin1ated to be 30,000 to 100,0JO head (~1ohnson and Alden, 1974), such 

potential losses should not be siqnificant. Under conditions of severe 

subsidence, the loss of habitat could total almost l ,500 acres. 

Under light subsidence, ot1er terrestrial wildlife besides deer 

would probably not suffer seriously. Although some reduction in habitat 

would likely occur, it would not be potentially critical to population 

survival. ~ost species are expected to reestablish in areas adjacent 

to disturbed land where the habitat would remain available. Although 

individuals of some less mobi'le species may \vell be exterminated, such 

losses woulj 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 formerly inhabited the disturbed area. 

1 ·~r..~ U.;e. The impact of the proposed program on land use in the 

study area 1,,iould 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 

light subsidence, neither of these ·1and uses would necessarily be lost 

in the long term. 

4.7.3.2 ~i~~ng Tec~nology Independent Impacts 

Juell:+::. The major detrirrH?ntal 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 regard. 
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':,:i.. ·i1ng \;ill reqtiire nust c.(,ir,1:r,,i :n·oc:ec\P'es. f-F cr:nveyor systeniS are 

natn·al g-:1s is t;cy <1''<3.iJ it off in advinr:e ,--:f r0 ininc; for commerlca1 pt'Oduction, 

Apprcxi:nJte1y ?00 ~1pn:, a,c::r'.'lc;E· '..!e:;F:n-:i. r.-,-;s water is ')Sec -lr: r1ininq 

cµe,':i·:io,,~:. fJr dril1ing, i.'.U'>t su .::('2·:;:c,irm, and perhnps for r·ydraulic 

backfil 1in;i, Of Fis ,:=1m0Lr::, ci,i>·o.-,'im0U'!Y 100 ,wr,i i:=, cxc.ected to be 

recycidi.;l,:,. The ,'erna n1nq 100 (~pm is ·:os r.'.J 1eakag,!, e1aporatiori, and 

0 i n d i ':' l ·i r, t h e s pc n t s i1 a l 2 s lu r ry u s e d ;' :; t b :.i c k f il 1 i r g . 

r1rct:r1c 1v&Ler fro,1, rni ne cie.v1atcrin~1. even t!wugh the c_wound water may be 

salir,e vv;;te'( is procJuu::; l:;y Lllnf' Je\'1aL:r;ng, 1,800 to 4,fJOO gp, \,;ill 

requirr di~posal eve~ if ~J 1~Grn use of t~e water is made in mining 

operat'\r:1n:.. P, sr1all pcri>it'n of ,'::. "::-<cess rray oe us2ble ;11 surface 

sper.t :.hale disposal. Tr;e i1r1pc1ct. uf ti1is a;nount of discharge on surface 

1,·ater q_;a1ity is probably ::oci gr2at: f::;r :'.Jc:n an alter:·ii::tiv,= to receive 

st=2iiou:; consideration, if JY'C'undi1ater i11 th~ nrine a.rea noes r;rove tCJ be 

Ds ove~ ~esirab1e since ~~2 process 

L1- I 71 
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--,----~ 

)l<:Suir:inq adequate technology for estab·1;;shing vegetation on spent 

·,hale 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 ~y companies developing oil 

shale. une company envisions placing the material in J natural drain­

age, sl0wly filling it from one end, and establishing vegetation stepwise, 
·in a longitudinal inanner down 1'.:he va"Jley 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 r1atural, uncontaminated runoff to pass under the disposal area 

'into the natural drainage belm,1 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 pi~irg the spent ~hale on a mesa. 

The 1t1e~hods fer ccntrolling contaminated runoff and leach water have 
not yet been deterrni ned. Both project approaches r11ay i nvo 1 ve p 1 a cement 

of soil over the spent shale to 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 

~1resented by the land subsidence which wi1·1 occur: placement of spent 

shale in the subsided area. Depending on the degree of subsidence, a 

Jisposal cavity estimated at 2CO to 800 feet deep over a one square mile 

area would be created by mining one subsidence unit, as previously defined. 
ro return this disposal cavity to ground level would require 200 to 800 mil­

lion cubic ytrds of material. For a daily spent shale production rate 

of 35,000 yd 3 assuming no backfilling underground, 16 years of spent 

jhale production would be required to fill the 800-foot deep cavity. 

For a 200-foot depth, with maxim~m ~ine backfilling, and excess spent 

shale production of 10,500 yd 3 per day, approximately 52 years of 

r:roduction v,/ould fill the cavity .. 0,lthough attractive at first con­

~ideration, such a scheme suffers some practical shortcomings. Jnless 

; suLsidence unit was prepared in ajvance by disposal of spent shale 

elsewhere, no disposal cavity would be ready as it was needed during 

•nining. The problem might be solved by systematic programming of the 
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' . . 
iT1in1ng u:11t. 

tne v1cdql:t uf "'.:his 1,;ateri;-il v.,0~:d advc-·scly :1ff2ct the olann~d s:;bsidence 

them, or others yet to b~ devis 

befcr2 f"easib111ti2s ca(, bci ci.::sc;sed. ~~c::··iciw; qrounrl vwter pollution by 

thi~ so:ub·:e sa1ts fi-i r. sr)ei~t sha~e \'IOt.;ld be difficult to oreverit if a 

b_; con,p;-ictfon, ther2b 

pending en the retorting process. 
' . ' vvn1cn can 

JC: r,~J the hazard 

be rendered almost i~permeable 

percolation. Gut jf a 

rn,der..i~::?I~' Pf.'rt!;:c>ab·lc n(;._:iff,:· \-.i':.S cut by rninfr:.:J and bordered the spent shalE, 

t:-12 irru~rfacc ne:ti·ffc, son ,:w :Dck and spent ,,ha.le would presen: l,ffge 

c0nt2.ct .:<re::;:, <·,1ci1 s11:Jb.!f' ;r,y::?,·L::L cGulci 111cve. n~e poss·ible sclution 

co t;1is ::JOtentL,1 p,'oi,1t:,:, >Jould be tc rei110·1e tr1":: salts from the spent 

other ~inerals, parti ular1 1 nahcGl ite arid dawsonite was accomplished 

~ontribute to the ~nvi;ormental mpRct Gf ~he total µroject, regardless 

associated construct1011, severRl mine-associated facilities have major 

impact:;. 
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,·.:. The land area required for 

power transn:iss 1 on, pipeline, anc r1ad corridors will be at least 

ternporarily removed from production as v1ildlife habitat. However, with 

the e,u~eption of roads, these c:orrijors can be rehabilitated follmving 

construction and pose no long-term in1pact 1~hreat. Electric power transmission 

lines built cccord·ing to BLM specifications for rnini111izing electrocution 

t1azard ~u birds v1il 1 not create an impact on ea~Jles or other large birds. 

tailin·:;s ponds 1'ihicn contain tcx'ic :naterials are constructed, they may 

const<tute hctzards to waterfow·, 1-,rhich seasonally frequent the Piceance 

Creek Llasin. Such ponds will al!;o d·isp·lace a small area of terrestrial 

wildlife habitat but the loss probably will not be significant. Construc­

tion of all such structures should be adequate to virtually eliminate 

any rr::asonable possibility of fa·ilure, whether or not the retained 

111ater1c1l is :oxic. 

,,z .·. ·:.1.,e. Raw o' l shale stored prior to retorting will 

requir'e a cettain amount of land. However, the crushed shale will not 

create a haz1rd to \'later 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 environmental stand­

µoint. After mining is finished, the area can be revegetated without 

serious difficulty, since no soil will have been removed. 

The volume of rock extracted from the 

develupri1ent Jf four mine shaft:; is estimated at 274,000 yd 3
• Since this 

,nateric1i will not have been subjected to ~1eathering like exposed surface 

rock, it ,-:ay constitute c: source oi pollution to surface v1aters, depend­

inq o:-, its cornposition. Pre-d1.~veloprnent core drilling should provide 

data 'Y this question. However, F it is found to bear unstable compounds 

which (Duld break down to create acid drainage or other hazards to the 

environment, it n1ay be necessary to build some type of containment 

structure. The amount of material involved is not so large as to preclude 

such an approach. Other ahernat·i'Jes include using the rock as concrete 

aggregate, road base, or fill ~ate~ial. 
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At least three types of 

en~i~0n~e0t~l impact will b2 created by construction of head frames, 

crushers, conveyors, and related faci I ities. Noise generated in the 

head frame assen1bly and by crushers can be a significant impact, depend­

ing on the design of these facilities. If the primary crusher is located 

undrrgrou~d as expected. its surface noise contribution will be non­

ex':stent. dow':'ver, :-;econdary ctLlshing, movement of shale to the sur­

f5ce, dLmp1ng, and transport to the stockpile would generate consider­

able noise ;f uncontro1~ed. High noise levels would be expec~ed to have 

si~nificant effects on wildlife e~pecially those species known to be 

relatively intolerant of human activity such as bear, mountain lion, and 

Eagles. In effect, human activi deLreases the amount of habitat 

available to these species because they tend to move out of the area as 

f1ui:1an 3ctivity increases. 

,~nothPr Potentially s·ignif'icant impact is degradation of air 

quality fro111 dust in the ·::rnnediat~: area of these installations. l\s 

discussed previously. dust suppression systems and procedures will 

probably be r~auired. 

Finally. the impact on aesthetics should be considered. A1though 

it prcbabl~ is impossible to completely eliminate this impact, it is 

quite possib~e to reduce 1: si;nif1cant1y. Some controls and restrictions 

on clevelop:;ient if.~1ated to aesthetics v~in probably be requ"!red by law, 

as tf12y a1·1-, in trie P,'')tot_ype on Shale Leasing Program. Exi.11:1ples of such 

ri;easures a:e restricting road and cnrridc,r widths to a minimum, aesthetic 

consi~eration of s~tes select?d tJ~ construction, and the compatible de­

signs, i~cluding color, of all huildings. 

4.7.4 CGst Estimates for Environmental Programs 

The following cost estimates are preliminary and are intended only 

as broad guidelines. All estimates are based en the previous experiences 

of similar work, except for the environmental damage nritigatio:i categor_'.i. 

T~is catego~y includes too ~any variables to be precise. The figure of 

S6,JOO,OOO is intended to include only the costs of structures and 
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,-ac:ilities accessory to the mine, a11d not basic modification or design 

chanqes 1~hich 111ay be necessary. 

4. 7. 4. l Baseline Data Collection 

Prnyram objective: Conduct fh!ld and laboratory studies in all 

envircn~ental disciplines pertaining to ecology, 

meteorology, and hydrology specifically of the 

selecte~ tract of land. 

Program duration: Two yea rs ( r11i n i mur1) 

F'rnS:Jram cost: s2,ooo,ooo 
11. 7. 4. 2 E.nvironrnental Mon"itoring 

Proc:iram objective: Conduct co•1tinuous 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 Environmental Damage Mitigation 

Progra111 objective: f1inimizE: serious environmental iripacts during 

both construction and operation cf mine by 

incorporating certain design modifications and 

operating procedures. 

Program duration: Irregular - design inputs early; intermittent 

specific measures for life of project. 
Pvoqra.n: cost: $6,000,C:80 

Research on Spent Shale Disposal 

Progra! 11 objective: Develop the technology for establishing permanent, 

beneficial vegetation on spent shale disposal 

area. 

lroqra111 duration: 

f·roqrarn cost: 

Five ye,:.rs 

Sl,50U,OOC 
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Working Area Safety 

The labor structure is s~t u~ so that wherever possible, no one man 

is 'dOrkin::i alone in a produ::t"ior or development area. This feature is 

cenerally standard -in highl'; 11ech:1nized operations and helps to reduce 

serious or fatal injuries. Page phones are also located near working 

areas and belt drives. t\.s 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. 

till underground employees ar'e n:quired to carry MESA approved self 

rescuers and dust respirators. Methane detectors are issued to all 

underground supervisors. ErnergPncy escape ways are provided in all 

~,hai-ts c1lo11g with safety r0Jr:1s ilt most phone locations. 

4.3.4 Equipment Safety Features 

The equipment used in the candidate mining systems are all classified 

as ::ierri1issible and have roll ovr:r and impact resistant protective 

canopies. All d-iesel equiprrient ilave exhaust scrubbers and mufflers to 

reduce hydrocarbon emissions and noise levels. Adequate standby equip­

went is provided so that preventative maintenance can be performed 

regularly, thus reducing the possibility of equipment fires, explosions, 

2.nd injL;ries. 

/;. 8. 5 Cost of Heal th a.nc! Sa.fety Program 

Table 4.53 is a breakdown of costs for various phases of the health 

and safety prograr:1 for each mining system. The largest item contri­

bu~ing to increased production :osts is the additional manpower required 

for working area safety. The cast of having permissible equipment is 

less than 20~ of the total additional cost. The total health and safety 

program cost is estimated to ra~ge from $0.02 to $0.04 per ton of pro­

duction (30.175 ~1M tpy), depending on the mining system. 
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4.9 CCST SUMMARY OF MINING 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 dre operating supplies necessary for 

:nine operaticn, contingencies, and yearly interest cost on capital items 

(9~ ). Payroll overhead is assumec to be 35.J. 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 

,jevelopment costs could be chargE'd. For example, if mine development 

were not charged to net capital 1nvestment 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~ed during the first quarter, 1975. 
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Table 4.54 Summary of Candidate Mining System Costs 

Labor & 
Net Capital Super-

Mining Investment vision ln'J PO\\let' 

Method* ~~($_) ($/_ton) ton) t<,-_n) 

113,434,100 0.26 n. 0. -I 3 

2 ~S.197.JUO 0. 2i 0. '32 0. lJ 

3 84, 14[;, 000 0.32 0.39 ,) . il 

4 77,200,000 0.27 U.24 0. l? 

5 125,710,000 '.J. 44 0.27 0.14 

6 122,872,000 0. 39 0.31 0. 12 

* l Sublevel stoping with full subsidence 

2 Sublevel stoping with spent shale backfill 

3 Advance entry and pillar 

4 Chamber and pillar 

5 Block caving with slushers 

6 Block caving with LHD's 

ua Coste; 
amct­

t ion 
r.\ -'.1 

.03 

0.03 

1J. :J"J 

o. 03 

0.03 

0. 03 

Payroll 
OvE'r·hr,ad 
I\/ tori) 

O.OY 

rl.1 11 

0. :1 

0. HJ 

0 .16 

0. 14 

Explora­
t 10n 

i_S_i_ton; 

0.02 

0.02 

0.02 

0.02 

ri. 02 

0.02 

ron­
menta l 

(_'i_/ _1:.9n) 

D. Qi 

lJ.rJ1 

0. 01 

0. 01 

0. 01 

0. 01 

Indirect 
_(j/tonl 

0 04 

0.04 

0.06 

0.04 

o.ns 
0.05 

Total 
Annual 

Fixed Cost 
(S/ton I Jj/ton) 

0.23 

CJ. 20 

G .19 

0.18 

0.23 

0. 24 

l. 15 

1. 12 

l. 2i 

i. 04 

1 . 35 

l. 31 

Preprod. 
Cost 

-_j_S__) --

E,,t.Vabe 
of Deve:. 
2-r~~.\21--

30,067,000 53,512,000 

15,430,000 17,087,000 

8,975,000 31,785,000 

3,469,000 13,570,000 

4l ,572,D0C 72,C,24,GCO 

36,262,000 54,576,000 





~ANKING OF MINING SYST~MS 

S('lection of 2 t2.:::rni•::ii 1 l_'! ar.d econ011ically suitable mining rr.ethod 

cor,\idc,r·inJ tr·e rnany c1:tr:'rn:1tives, becomes a comp1ex problem because c,f 

the ·i;,ter,:1stic,1 of the :nany '/ctriables. The prob1eiTi would be simple if 

the d2cision was based u~1Q11 or.·ly one criteria or factor. ~or example, 

if +he ~ecision criteri0 se:ect~d is production cost, the m1ning method 

with the lowest production cost is selested. The complexity af the 

problem may incredse cc0siderably with an increase in decision criteria. 

In rea·',tJ rankinq 3n.:,·1yses generally invo1v~ 111c1ny criteria having 

In ranking analyses the> mcist difficult part is to detf2rmine the 

~ei;hc of each criteria affecting the overall selection. A method called 

DARE (Decision Alternative RJtion Evaluation) is used for the ranking 

dnal:i,s'i::; of the candidatt' mining systems (Klee, 1970). 

5. l DESCRIPTICN OF MEr~oo 

n1e IJARE !n('thoci •·:as C:eve1oped by the U.S. Bureau of Solid vJaste 

Ma.nag2ri1ent c.s ar. offsnn,Jt of the c<:;lnplicated problems encountered in 

c:cli:l \oio.s~c ,·e::::arr-:" !1- is :.Lea to 1wovide a rational choice among 

alternativc:s ,,:1i11i:9 ,;;e-+:.,cds·, 0.::1sed on ;:;an2f\illy selected criteria. 

tp1·:1c i ned a qroup of professionals, who generate a 

v,.~i1Jhtec: '.r1c!ex n; f~ctcrs r•'ici th2:1 score the altcrne1tives using the 

ive·ighted i"actors. T:1e 2vaL1a:··on fa·:.:t:oi·s are clearly expressed and the 

values assigned by each prrfess1onal are readily identifiable. The 

1nethod inccr~nra~2~ both GJalitative data and quantitative factors. The 

use of qualitative data ~rtroa0ces subje:tivity into the final score. 

This subjectivity, however. 1s only as positive in the results as is the 

technical ability of the professional rerforming the ranking analysis. 

Quantitatlve data, where avdi~ab1e, are incorporated in the form of 

\'atios which aut0rnatical1y prnci:JCe the required ·,:eights. 
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:n general, a list of major factors and subfactors which can be 

used to evaluate alterantives ii; E:stablished. 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 list 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 quantitative, and the qualifications of the evaluators. 

SELECTION AND WEIGHI~G OF FACTORS AND SUBFACTORS 

Factors and their subfactors affecting the mining systems are 

identified and listed in Table 5.1. Minor factors are either excluded 

from the anllysis or included i~directly 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. 

:ACTOR SUBSCORES 

The ned 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 uf 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 01 either the investigators judgement, in cases where factors 

have no fixed value, or lineai· interpolation, for cases where factors 

have known ·,1alues. For example,. in health and safety, where no fixed 

value is available for a particular mining method, investigators used 

ti1eir own judgement. On the other hand, for production cost, which 

varied from $1.04 to $1.35 per ton, the best score was assigned to the 

method having the lowest cost. 

C A M E R O N E N G N E E R S 



Table :::i. ! Factors and W2i2hts Used 1n Ranking Analysis 

f\ 1 f>lU l pinent dHe J :.:;pmen t-
A, Preproduct'.on ti~c 

., 
r, '~ 

Stage of ~ethod d0velopment 
P:'Odt;cti \/; ~y 

3 1 C20itc1l ·irv,~strnrnt 
S2 Labor anJ supcrvi~inn 
33 Operut~~g cast 

Reso,Jf'ce P.ecovety' 

C1 M~niny selectivity 
C7 Percent extraction 

Recla~atic~ (Q,; 

Environmen!~l !~pact 

i:::1 So,:io-econo:1'( 
;::_,, \.fi1diife 
[~ L.ar.c1 ;1se 
L 
'- :. Uncr~rqround '.~pert s!,;,le disposal 

C A rA f ;;, 0 "I £. N G 

~-~f.9hts 

23 
27 
19 
31 

40 
:;.:8 
') ') 
_) ,) 

38 
t"? O,_ 

34 
23 
25 
18 

Total 

N E E R S 

24 

22 

20 

7 
I 

l"I 

16 

100 



Table 5.2 

Subfactors 

Subfactor 
Weight 

Mining* 
Method 

1 

2 

3 

4 

J 

6 

L. 

* 

Subfactor Scores anj Weights for Technical Feasibility 

·-

Ai /:i, 2 

23 I 27 

11 1 9 

rn 12 

I 23 5 
I 

I 1° '.J 2 

1 0 27 

10 27 

Method 

ME!thod 2 

Method 3 

Method 4 

Method 5 -

Method 6 -

A3 

19 31 

11 0 

13 

6 

14 

4 

7 Hl 

SublevE'l 

Tot 

4 

4 

3 

3 

al 

l 

4 

9 

5 

r;: ,3 

5 4 

Analysis 

Ratio K 

1. 07 1. 32 

0.89 l. 23 

0.90 l. 39 

l . 51 l. 54 

l. 02 1. 02 

- l. 00 
7.50 

stoping with ful 1 subsidence 

Subs cores 
s 

0. 18 

0. 16 

8. 19 

0.21 

0. 14 

0. 13 
T:oT 

Sub 1evE11 stoping with spent sha 1 e backfi 11 

Advance entry and pillar 

Chamber and pillar 

Block caving with slushers 

Block cav·ing with LHD's 
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Subtac~or ScJres and Weights for Mining Costs 

[ s:~o,,---r;~r~-r;-r----------r Analysis ----~ 

l-Subfactor --r-,---,- 1 1 1 '1 Subscores i 
/ Weig'it 140 I 28 I 33 I Total 

1

1 Ratio _j ._K __ +-

1 

. S i. 
:-·t'.i~i~a ------r,---t---r--- -r I 

i : le - nu I , - i , .. j 1' 11, I i : I jt) I:, 28 82 0.94 L05 0.16 

I , j 31 1 rn 21 i 76 I 1.01 1.11 11.12 

1 27 ;: l 3 3 81 0. 81 l . 06 0. 16 

,i 2 5 l 8 2 3 6 6 l . 3 5 0 . 2 0 

I S [,0 ! 28 21 I 89 j O. 97 I 
i r: ) ; I ') 3 2r, 11 6 - oo r. 16 i u I .) . I '- ' .) II ., - . '."- -1 -Uc__ 

I . j I ____ J_·.:,.52 1_ .00 L _____________ l. ______ ~ __ 1_______ ·--~ 

SL1bfactor Scor2s and ~'eights for Resource Recovery 

~~bfc~ctors_-i-::_c+ c, _]----~ Analysis I 
I Subfact:or I I I 2-p rbscores 
~---~:-~ht _______ J ___ 3 /~ --+---6 2 -+-- Tr, ta 1 Ra_t_i o---t __ K -<-:I - -is 
I ;.1 i :1·i 11~ ( I 
1 i'lethod j ! 
I I 

I l ::'II i ") I 25 2.00 1.40 I 0.24 

I 
I , 

I : ~~ I ;: I 

I 
30 I s 

I 30 ! s 
_L __ _L ___ _ 

50 1. 00 0.70 0. 12 

0.70 0 p • 'L 

0.92 0. 16 

1. 00 0.17 

so 0.76 

4 13 25 38 0.92 

35 1. 00 

6 
' 

35 I - J_l_.00 I ~ 
5.72 0.98 

·~--·---_.) __ ,___ -----
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Tc1ble 5,.:i Subfactor Scores and ',tJeights for Reclamation 
--------"·-------- -

[ Subfactcr 01 Analysis 
I 

r,hfactcc Wright 7 T 

Mining ~let hod 

1 6 

ctal Ratio K 

6 0. 17 l. 01 
") 
'- l l 3.DU 5.94 

3 3 3 0.33 l. 98 

4 l 6.00 6.00 

5 6 6 l. DO l. 00 

6 6 6 - - l. 00 
------

16.93 

l cib le 5. IS Subfactor Scores ana Weights for Environmental Impact 

Subfactor E E2 E "Tcl 
Su bf actor 
Weights 34 

t----------

Mining 
Method 

i 
l I 

! 
21 

2 18 

3 l7 

4 20 
r· 
.) 15 

6 16 

-----

23 

20 

10 

18 

8 

23 

20 

2: 

21 

l: 

2! 
21 

rn 

rn 
I 

9 

3 

13 

18 

Table 5.7 Subfactor Scores a~d Weights 

R{'. ~;:: :::·-~-W_e_i_g_h_t_~---~-6-, -.~.-- l 

f ning tlethod 1 
I 1 

7 
I 

·ota l 

7 

I 
2 6 

13 3 

6 

13 

I 
4 12 12 

I 5 

L s I 
-----------,'~ ---

4 

4 ! __ 
4 

4 

5-6 

Analysis 

Total Ratio K 

84 0.40 0.93 

34 l. 82 2.33 

62 0.55 l. 28 

34 2.38 2.33 

81 0.98 0.98 

79 - - l. 00 --
8.85 

for Health and Safety 

Analysis 

Ratio K 

0.86 0.56 

2 .17 0.65 

0.92 0.30 

0.33 0.33 

l. 00 l. 00 
- - l. 00 

---

3. 15 
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Subscores 
s 

D.06 

D. 35 

n. 1? 

0.35 

O.D6 

0.06 
. -

l. ()[) 

Subs cores 
s 

0. ll 

0.26 

0. 14 

0.26 

0. ll 

0. ll 
----

0.99 

Subscores S 

0. 15 

0. 17 

0.08 

0.09 

0.26 

0.26 
~ ---

l . 0 l 



\Jeiqhts for ei1cr, fa.cw~ are multiplied by the subscores for each 

minin(J method. Final scores for each rnin'ing method are obtained by 

summing the wei(Jhed scores for u 11 the factors. The ndning method having 

the highest score is considered to be the best mining method. Table 5.8 

is a summary of the ranking analvs1s. Listed below are the candidate 

mining systems with the nighest ranking first and lowest ranking last. 

Chambe, and pi ·11 a r 

Sublevel stop1ng with spent shale backfill 

.Suolevel sV'·pir.g with fu1l subsidence 

Block caving using LHD 1 s 

Black caving usinq slushers 

Advance entry and ri1lar 
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Table 5.8 Summary of Ranking Analysis Scores 

Tecr1n i ca i F ea 

M1!1inr1 Cust::::o 

i~ce r1-.-e t'\' 

:i i\ ~0 r 1 rlll rl t i O r1 

5. [n,•ironmental 
Impact 

6. Health and 
~~tpty 

1 U Lei i ... H ... 01-0 

Rank 

·,.,'c i ~ n ~ ,, 

.::'.4 

11 

1(:-1 

Sub1evel Stq)i11:; 
ru 11 Suri:..; i der1c (' 

5 _,b~ Sccirc~-

().1 

1(, 1,;1 

\J. rJ6 

0. 11 .rl 

C. 15 '). 40 

':-:iutJil'V~l Stup1n:1 
[,de k f i 1 i 

. 1 l, 

. 7-1 

u. ? (~6 

. l 7 (__/, 

,1;Jvand., r 11try 
dTi(j )' j i j 

,'Jt._· i 
~ u~s ('( 

(). ~ G /!. 56 

0.16 3.50 

C,.: = 
'J. IL 0. 

0. 14 l . 54 

0.08 . 22, 

14. 1? 

6 

Cha 1:ber dr111 

i 11 a r' 

?! 

ri_ 

C. i (1 

0. 26 

':.lg 

(JJ 

.1\[) 

~ . ,16 

.04 

2n 99 

fC~ ()(,~ l,,d', l f~,_j 

vii th ::i 1 usher·_, 

Sur-," r 

~-
\). 14 

11 

0.26 

,,., ,.::. ~ - J : 

.36 

3 ('jg 

.40 

l . ? 1 

4. 1 f1 

l'i h l 

Block C=n 1 

',',/it f1 

r , - _,_ 
I 0\, I.., 
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CONCLUSIONS ANO RECOMMENDA"fIONS 

An analysis of the technical feasibility and cost evaluation 

of candidate mining systems for mining the deeD oil shale deposits of 

the riceance Creek Basin has been conducted. The following conclusions 

and recommendations ar( ~ade. 

6.1 CONCLUSIONS 

1. Large scale, underground mining of the central Piceance Creek oil 

shale deposits is technica11y feasible and of low cost. Four of the six 

min~ng systems evaluated were selected as being the most promising for 

further evaluation. Thr:::se mining systems are: 

Chamber and pillar 

Sub: evel stoping vJith spent shale backfil 1 

Sub1evel storing with full subsidence 

Block caving using LHD 1 s 

The first two r1ethods have the lowest production cost and environmental 

impact. Mining s~lectiv1ty is greatest in chamber and pillar and 

lowest in block caving. However, if mining is conducted in the leached 

zone, block :av~~g may be the most desirable method. Resource recovery 

is highest in block caving and sublevel stoping with full subsidence and 

lowest in sublevel stoping with spent shale backfill. 

2. Adequat2 oil shale resources, averaging at least 20 gpt, are 

present in oroposed mine:; sit1-:: 2 and mirieable by either selective or buik 

rninfog methods. Enough recover.:ible resuves 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 oil shale mining on 

site 2. An expected flow rate of 10,000 gpm can be adequately handled with 

present technology. 
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.1 n,e rock rnechanics data on Green River oil shale in the central 

portion of the Piceance Creek Basin is insuffici0nt to determine design 

safety factors or failure probabilities. A physical testing program is 

needed to provide rnore 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 undi~rground oil shale mining, from 

both a socio-economic and ecological standpoint, will be significant. 

However, an oil shale mining industry can create long term, good paying 

jobs and serve to create strong and long lasting communities. Signifi­
cant areas of land 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 on the four most promising mining methods be initiated. These 

methods are: 

Chamber and pillar 

Sublevel stoping with spent shale backfill 

Sub level stoping with full subsidence 

Block caving using LHC'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 deta~led mine designs be performed considering 

site 2 as a possible prototype mine site. 
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3. An estimate of the socio-economic and ecological impact of each 

mining method shoJlo he ca~ductcci. 

4. Ac!dition2.l roe:~ r1echani::s data on the Green River Formation oil 

::.hale ne:a.1· the centra: :,cr:;·:,Jn of i=:iceu,-:ce Creek should be made available 

01 .. obtained through a dt i ·: 1 ing progra.rn. 

5, J\n economic r-:va~u0.tio11 of on shale mining by underground methods 

should be conducted that includes the estimated cost of processing and a 

n12rket value of th,::- sha1rJ c;;·: and associated recoverable mfoerals, 
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SECTION 7 

rHAS[ II R~POR7 OUTLINE 

As requirerl in s~ction 1-3, Article I 1n the contract award, an 

outline of the phase If report is presented. 
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3.2.3 Equipment Performance and Selection 
3.2.4 Rock Mechanics Analysis 
3.2.5 Refinement of Cost Data 

3.3 Refir.em~nt of Environmental Impact 
3.4 riininc; System Costing 

4. Eco~owic [v<lluation 

:L Conclusiotis 

6. Recorrnnenda ti o ns 

Appendices 
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SUBLEVEL STOPING METHODS 

1
1
,. l HEADING ROUND DESIGN 

A.2 PILLAR DRILLING AND BLASTING 
A.3 VENTILATION REQUIREMENTS 
A .4 M.t\JOH EQUIPMENT SELECTIOcl 
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fhe f,;;1cwinc.; head~ng r-ound c!esig:-:s have been c!eterni-ined by reviewing 

pertinent literaterature (Eas~ and Gardner, 1964 and Zambas et al, 1972) 

and v·isHinsi the Anvil coincs n1ir:e (Faraho Project). The rounds are 

bc.'.iic V-et;ts, loc.d::l1 c!id blasted with Af~FO. Figures A. I and A.2 are 

ti1e d.~s1'.1ns usec: -i" this ar~a1ysis to estimate drillin(] cycle t·irnes and 

he~jing round advance per shift. HolAs are drilled 2-1/2 to three inches 

1r diameter, 17 f2et ~eer, givi~g an estimated average ddvance of 15 feet 

;;er blast. Za11,ba, et al (1972) used a po1•1der factor bet.veen 0.6 and 0.7 

poun~s of ANFO per ton of oil shale to produce satisfactory fragmentation 

in a 40 by 60-~not, 25-foot deep round. For this analysis a powder 

factor of 0.S5 was considered to be satisfactory. 

f; two-boom dri"ll jurnbo, a'.,Su:ning an average drilling rate of five 

feet per minute, can drill a 30 by 2Q-foot round in about 32 minutes from 

one set :.1p, Actual c'rillirig rates for rotary hydraulic drills are eight 

to ten feet oer Minute; hcwever, to include down time, bit change, and 

unexpected stoppages a r2te of five feet per minute is used. A 20 by 

20-fout round 1s drilled in 28 minutes. When moving and set-up times 

are inc1uded, a r:unJ (20 hy 30-foot and 20 by 20-foot) can be drilled 

Once full oper1 stope production has been completed and the stope area 

is dra~vi1 er;pty the three exterior pil"lars are blasted into the stope. 

During the perio~ of open stope production the three pillars are drilled 

and prepared for blasting a total of 62,650 feet of fan drilling must be 

completed before the oillar:, are ready for blasting. With an avera0e 

dril:fo(:J rc:i:e of five fr.c:i,:. per minute over a peri·Jd of 37 days it will 

take approxin@tely three hours per shift for one two-boom drilling jumbo 

to preoare two stopes. Zambas et al (1972) estimates that a powder 

factor (PF) of 0.30 pounds of :.NFC per to~ of ore broken will produce 

satisfactory fragmentatio~. In the summary of calculations presented 

in Table A.l a PF of G.3~ has b~en used. 

CAMERON E N 3 N E E R S 



Figure A. l 

Figure A.2 
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r-·i~·iurt? t~J thtcuJh h .. 1 2(~~ ~::_>_1·1e 0~,~."?~·;ii·):-1~ r1f .oroposf.:d fan dr'i1: lc';,youts 

used in t.:;~s cna.l<eys-is,. f:. [.,,J ·,je ,:,f t(rl fe~t ~·;as bee;1 .J5::surned to be -che 

most rf:,iscr:ablE~ to 11se in th:s init·ial ana.lris. In reality it is believed 

th i s c' r't:c ' 

Lc~ding of the drill hales is cone w1th µneumatic ANFO loading 

2 1 e ct r1 c ti I a s t in ,J cap s . 

The blast1n0 sequcnLe cnn~is~s of ~nit~~tiri the end ~illar first, 

then tnr bac~ e d cf tne crowr pillar &rd bac~ half of the rib pillar, and 

void area. rhe volume \Y~i·~~1~ f0r the b1as~~d ore is approximately 

289,500 yci" awJ the vc·idmr of 1 n pl,-ice J~ll,,rs is apnroxiria.tely '.:87,0ClO 

yd~. ~!ith a swe i 1 fa,::-t- 1;r of 1. J::: thf2 vol urne of brokeri ore becc,r.ies 

,800 yJ i, ledvino i: voH a.rea of abo:;t 6C1S,})C) yd 3 Oi" a:J')Ut .117 cf the 

l,ackfil I c.:toiJ~nci '::':':t c, i-\:·~, ':":,,• sc:1:nc. ':uiW:k',r,zed here ate the a·ir rer;uire-

;rents 1:'.,'1,SJ(Y f,,;· dies,,·; e:qui::.w,ey:!. and men, for qassy 1r1~n·inq conditions 

State of Colorddn, 1J5f) 

.'.)ClCJ cfm is U''>:d a!,d will be supolied by four axial-
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Figure A.4 Crown Pillar Fan Drill Design for Sublevel Stoping with 
Ful 1 Subside:ac': 
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Table A. l Summary of Fari Drilling Oesiqns 

No. Feet No. Drilling ANFO 
Description Fans Footage J)ay~ Holes Tonnaqe time (hrs) ( 1 bs) --- -

Rib Pillar 
Fan Drills 14 27,790 7 :j l 252 56G,6,n 93 198,340 

Cro1vn F' i 11 ar· 
Fan Ori 11 s 46 27,370 740 598 456,000 92 160,0C)Q 

End Pillar 
Fan Drills 7 _Ji , 4 4 0 _ _J_;~ 98 70,580 22 24,700 

TOTAL (,7 6"1 ,600 l ,666 948 1,093,250 207 383,040 
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0eSCi~i.2t. !_(·_:;. 

FEL (·:;: y,; '~ ?: 
10:: 

I (H.' 

-; 00 

L tJc_o:nL,t i \'f-~ 

Tota1. 

Totd ·1 HP 

j :J () 

?00 

j 00~) 

964,llOO 

J0,000 

1 5, 000 

,75 11n0 
------·---·----

i 7i . 000 

---·- f ,F~GG 

i ,:-n9,ono 
__ 608 ,OOC) 

t~e typp cf w-:wk 2,,cj randl;r,q -,~ r,"c.:eives during duty cycles. In ']e:1era·!, 

avai'labi1nies bet•1vu::·, f;(:i a:;<; fL. hcve t::een app1ied to v-:irious types 

dnd iS estirr1ated 
. \ h w, ·c.1 

!~. 4. l Dr i ·1 l i r: g J 

eff-i c1 encv 

,; v;G:K c:<iy con'.,ists of thre2, 

High penetrati0n 'ate~ in ui1 shale ca~ be ac~ieved usinq rccary-

hyaraulic d~ills with crag bits. East 2nd Gar~ner (1964) published 

the results of clr 1n':~:· tests Jt the ll.nvii r·o1nt:: Minp anl repc,·t 
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cuss ion dri 11 ins;. J\ major nia11Lr"acL1rer of dr"il 'linq jurr.bos has a proto-

T..ype two bo::i111 jwnbo currently b,:irlri tested at the Occidental Oil Shale 

pilot 111ine ne,tr r;rand ,Junction, Colorado. Perforrr,ance data frorn this 

prototype machine has been useu tc1 deterriine headinq cycle times. 

The estimated drilling rdte 'n 20 gpt oil shale is at least eight frm 

1ier drill or 16 fpm per jur11bo for two to three inch holes. A Jrillinq 

efficiency of 6::i'', has been as:;uned and includes bit chan'}es, steel changes, 

and rninor 'fl2chanical proble11s (10 fprn per jur1bo). The heading rounds 

are dr,si;:n,1 +c:d so that an entire round can be drilled from one initial 

jumbo ,. '1'· The 30 by 20--foot drift has a total drill length of 314 feet, 

produci n(J a total dri n i ng ti rne of about 32 ri1i mites. /J, total dri 11 i nri 

tirne of aboJt 28 minutes is n1:!eded for the 20 iJy 20-foot FEL and sublevel 

drifts. Table A.2 shows the estinated role of the drilling jumbo in 

the full heading cycle. 

Each jurr1bo can realistically drill out three headinqs per shift. 

Uuriny full production the total number of jumbos needed are: 

/1,. [,_. 2 

1. Level and m,3in haulacre development . 3 

2. 

3. 

Stope developnent ... 

Subtotal. 

Standby (70~ availability) 

Tota-i ... 

f~an Dril 1 s 

. 3 

. 6 

. 2 

. 8 

At the present time a two-noom, rotary-hydraulic fan drill jumbo 

capable of drilling a 360 degree arc has not been developed. However, 

111anufacturers of drilling equipment have indicated that this type of 

1nachine is feasible at a reas:rnab e cost. 

A total cf 61,600 feet of ring drill inn is needed for the rillar 

drilling of one stope and 7~,11~ feet for angle stope production ring 

drilling. Although a large footage is drilled from one fan drill 

set u'.J and the 11oving di,;tance is much shorter, drill steel changes 

are a much larger factor than for headin~ jumbos. A drilling rate of 

ei9ht .. fp111 per ju111bo i; tr,eretore assumed to determine the quantity of 

~ac~ines needed. 
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Tab1eA.'Z Cychi ·r1:::e for ,~ 30 by 20-foot Heading Round 

[;escrintion 
·-··---·L--·-·-

1. Set up ~urnbo for dril1°ir!(J (30' x 20 1
) 

2. Dril 1 round 

3. Hoof b1) l t pr2vi ous round 

4. Breakdown jumbo for next set up 

5. Charging crew set up 

6. Move jumbo to next heading 

7. Charging crew :oad round 

8. Cnarging crew prepares for blast 

9. Blast and clear dust 

10. Muck rcw1c 
1 1 
I I• Advance track, pipe, ventilation, etc. 
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32 

70 

10 
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45 

60 

10 

30 
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Total Time 

0-30 

30-62 

0-70 

62-72 

72-92 

?2-117 

92-152 

15?-162 

162-192 

252-312 

N f E R S 



l. Stope floor fan drills. 2 

2. Sublevel stope fan dri 11 s ;; 

3. Pillar fan dri 1 ·1 s 2 

Subtotal 6 

4. Standby ( <:• 5''' {J 1,) av a i lab i l ity) . l 
Total. 7 

A.4.3 rain Locomotives 

The ca·culations used to determine tne size and quantity of locomrtives 

needea to adequately haul the required tonnages were simplified in this 

analysis. A maximum round trip length of 12,120 feet has been used and 

should be qt1ite a conservative estination. Track grade is estimated 

between 1/4 and l/2% with the shaft area at the low point. Loaded trains 

will have the grade in their favor and haul ten cars per trip. The 

follOiving data was used to estimate the weight of locomotive needed: 

l. 

2. 

3. 

4. 

5. 

6. 

Trailing load 

Rolling resistance of mine cars 

Frictional resistance of locomotive 

Grade resistance (0.3~iYi). 

Acceleration rate ... 

Coefficient of adhesion 

7. Locomotive weight for grades in favor 

of loads (loaded). 

8. Locomotive weight for grades in favor 

of loads (unloaded). 
9. Locomotive weight for grades in favor 

of loads (braking) 
10. Select a 40-ton locomotive. 

. l 000 tons 

. 8-lb/ton 

.15-lb/ton 

7-lb/ton 

0. l Sm~•s 2 

0.25 

32 tons 

13 tons 

37 tons 

Two, ten-car trains must be dumped every 20 minutes to produce the 
requ·i reel tonnage. Therefore, two WJ-ton 1 ocomoti ves 11i 11 be needed for 

full production plus one standby ]')cornotive. For development work on 

additional levels, two 30-ton locomotives will be used. 
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Stope onduction \1;~1 i:E:: a rcn:kate\'/ 12,(Y)O tr·•'l per stcpe or 80G 

tons oer snift. The brok~n vc1~~~ of 800 tons of oil shale ~s approxi­

Rail cars with an inside ~olume of 60 yd 3 and 80-ton 

caw2city will fit easilv wi1nin the 3~ ht 20-~oot drifts ard where needed, 

can :; (' duublf~ t rac keel. Thf aoproxi1;1ate s·i ze o7 a car ·1 s :.ine fret 
. , 

WlOe 

by six feet hi '.jh by 3 (J feet 'l on 1J .. (-; .~cc 
Ul ,.J are durr:red by rotary dump machines 

at the 3haft station ."\11 cars wi 1 l hav,?. pneum.Jtic air brakes. 

Two stopes will oe Sfrviced every :o minutes by two locomotives. While 

tvw Lrctins ure being hau'led <1r'd durnpE:'1, ,~11 six stnpes w·ill he loaciing 

empty ca rs, /1. tot.:1 l of 2(1 extra. cars v,' 1 11 be needed to hau 1 deve 1 cpment 

ore. The tota1 an:our:t of rail c0.rs reeded are: 

1. 

.:.. 

3. 

Li 

Cars being loaded .. 

Cars beir·9 ha,;1ed .. 

Development haulage. 

Subtota 1. 

Standby (88~ availability) .. 

Total 

60 

20 

20 

.100 

. 20 

. 120 

FE:L s·ize is lirnited to the dimensions of the ha11lage drifts and the 

machine turnin,J rJdius. The FEL used in these calculations has a payload 

capacit; o~ 33,000 00Jnrl~ (16.5 tons or 12 ~1d~). a height of 16-1/2 feet, 

v1idt:1 of 13 feet, and a turnirig radius Jf 68 feet. It is also capable of 

negotiating 12 tu lG\ yrades while load2d. To produce re~sorable muck­

ir:(] times, two ffL's are uss:d to Lari cars and vvi11 take approxim2tely 

one nour ta lo~d a total of 000 tons. 1he total amount of ~~L's ne~ded 

for full productio~ ir· 

1. 
') 

L' 

, 
..) . 

i';uckfog stopes, ... 

Sublevel development. 

Hou 12 (Je : eve i development 

Subtota·1 . 

Standby (6C availabi iity). 

, 12 

. 2 

. 3 

. 17 

' 7 
:otJl.... .24 

P,.-11 
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P, time .. motion analysis of cl FEL mucking a 30 by 20-foot heading round 

is given be"low. The heading round produces approximately 450 yd 3 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. 

Fill bucket. 10 sec 

2. Back to rail car (average 4 mph) 24 sec 

3. Turn and crowd one car 10 sec 

1+. Dump 4 sec 

!5. Turn 6 sec 

6. Forv1ard to face 1:a1ierage 5 :nph). 20 sec 

St'btotal. 74 sec 

7. Time to muck round (40 trips). 50 rii n 

8. Clean up time ... 10 min 

Total 60 min 

The mucking cycle time of the rEl. on a 20 by 20-foot head i n 1 w i 11 be 

approximately the same as that of 30 by 30-foot headings, due to a longer 

hauling distance. The rnuckinq time of the F[L is included in Table 

A.2, and it is anticipated that three FEL 1 s will support the development 

cJril 1 jumbos. 

A.4.6 ~oof Bolting and Scaling Machines 

Combining roof bolting and scaling machines into one unit should 

produce a nnre efficient operdt'ion and heading cycle time. Roof ',oLs are 

s~aced 5.4 feet center-to-center (side bolts 1-1/2 feet from ribs) with 

an avera(]e :1f Vi bolts installed per round. With an installation time 

of five 1ninutes per bo"lt it will take two machines appro;'.ir;i2tely 

40 minutes to set the bolts. A total of 70 minutes is used in Table 

A.2 to include additional time for scaling although both operations are 

si111ultaneous. 

Two roof bolting and scaling machines will be needed for each 

drillirig ju:nbo in use or a suJtotal of 12 machines . .A.vailability 

is estimated at 85%; therefore, a total of 14 machines are needed. 

,~- 12'. 
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Underground Crvs~ers 

Section 4.3.2 ds~cribes the selection and calculation of various 

sizes of gyrator,y :::·1.,;sher" Jnd their insta11ation costs. For both 

suhlevel stoping methods two, 60-inch gy1,atory crushers having a capacity 

of 2,900 tph a re userJ. Tv,o rotary durr:p mechanisms for un 1 oadi ng rail 

cars and two surge bins are also installed for each crusher installation. 

A.4,8 ANF0 Loading Trucks 

!!eadfog ar.d fan rl(iJl rouncs are loaded with 5,000 pound capacity, 

c~uck mounted, pneuma:ic ~harging machines. Bulk ANFO (prilled) is 

~~ec to charge the holes and can be loaded at a rate of approximately 

1600 po~nds per hour. Three machines are required for development, 

three for fan dri 11 s, and tv,o for standby for a total of eight. 
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B.l 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, 

(19611) and Zambas et al (1972). Tfie rounds are basic V-cuts, primed 

with electrlc caos and dynar,lite, a.nd charged with ANFO. Figures 8.1 and 

8.2 illustrate the round designs used in the analysis to determine 

drilling cycle times and neading round advance. The heading round for 

entry and pillar mining is drilled 22 feet deep with an expected average 

advance rate of 20 feet per blast. Bench blasting holes average 30 feet 

of vertical pull per blast with a "!5 foot burden. Chamber and pillar 

heading rounds are designed to get an average advance rate of 30 feet 

per blast. Faq d1·illing in the chamber drifts averages 520 feet of 

three-inch diameter holes having ten feet of burden. A powder factor of 

0.55 was JS2d far the heading round d~signs and 0.35 for the fan drill 

rounds. 

The 90 by 4n-foot neading rounds are ari1led from a single set up 

using a four-boom fr,tdr<lJ1 ic drilling jumbo. The 30 by 20-foot heading 

rounds use a conventional two-boom hydraulic drill jumbo. The drilling 

rate is a<osurned to be approx.imately six fprn per drill. 

B.2 VE~TILATION R[QUIREMENT~ 

The ventilatio~ require~ents for the advance entry and pillar and 

the chamber and pi~·1ar sysU:n1s a.~·e diffel'ent due to the variation in 

rnining teci1nique. [ach sjsten, is analyzed separately; hmvever, both 

consider gassy mining conditions and comply with Colorado mining laws 

(Colorado Bureau of Mines, 1971 and Stato of Colorado, 1966). 

B. 2. 1 Advance Entry and Pillar Design 

The law requires that 3,231.000 cfm of air be present to ventilate 

the mine. To insure the safety of men, control dus+., 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 the mine. 
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Total Feet = 2684 

No. Holes = 40 

Tons Broken = 4000 

lbs. ANFO = 2200 

Orilli"9 Time = 1.9 hrs. 

4" Dia Holes 

Total Feet = 448 

No. Holes = 14 

Tons Broken = 4500 

lbs. ANFO = 1575 
Drillino Time = 0.5 hrs . 
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' 1.,ittt~ol f ..... "tiof, of ~;; l~OOl'ld 

Figure B.2 
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CAME ,1 E N G 

"i\,Nl F;,13·1 = 296 
No. Hol<$s -~ :6 
Tr.im Broltlf!"i :.: 1344 

'.I,«. MJ.fO ::: 740 
Dri!~~ T;IT'llfJ "' 0.5 m. 

hie.~" 13 
Tons ~ ::: ~00 
lbs. ANFO : 209() 

Cn!ltng Time " 0.7 l,n. 
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De:;cri pt ion Quantit.z. HP/Unit Total HP J\·;r rE.q 1 d (cfm) 

LHD ( 12 yd 3 
) 

Four-Boom Drill Jumbo 

Two-Booni Vertical Drill 

Bulldozer 

Miscellaneous Equipment 

Subtota 1. 

Contingency (15%) 

Subtotal. . 

38 

5 

6 

8 

394 
l 5() 

l 00 

500 

350 men/shift 0 100 cfm each. 

B.2.2 

Contingency (15%) 

Subtota 1. . . 

Leakage ( 45%) 

Total. 

Chamber and Pillar Design 

15.000 1,125,000 

750 56,000 

600 45,000 

4,000 300,000 

5,000 375,000 

1,901,000 

286,000 

2,187,000 

35,000 

6,000 

2,228,000 

l ,003 ,000 

3,231 ,000 

Description Quantity HP/Unit Total HP Air Req'd (~frn) 

LHD (12 yd 3
) 38 

T1,fo-B0om Jumbo 8 

-:-1vo-Gco1r Rock Bolter 

Miscellaneous Equipment 

8 

394 

l 00 

l 00 

Subtotal. 

Contingency (15%) 

Subtota 1 . . 

350 men/shift@ 100 cfm each. 

Contingency (15%) 

Subtotal . . . 

Leakage (45%) 

Total. 

15,000 

800 

800 

2,000 

1,125,000 

6CJ,OOO 

60,000 

150,000 

1,395,000 

210,000 

1,605,000 

35,000 

6,000 

1,646,000 

741,000 

2,387,000 

The lav1 requil'es 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 0egulated 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. 
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The foll owing e1r1.: t selectiJn d~termi1rl:icns for major ~terns are 

based on bf!St es:~1r1ates c,f eq:.;ipment ,-ivailaoility, operator efficiency, 

iind qui prnent perfor~1,;:1 ,::E: ,. .'\v:,·i 1 Ab~: ity of eq,., i pment varies d("P(-'ndi nJ 

on the tY;Je cf· work 2na h:ind·! l nq it r2cei ves c\1 ri nq duty eye! es. ·r in 

general, av~ilabilities betw02n 55 ~rd BS~ have b~en app1ied to various 

type'; ot eq1r1 pmen~. in order tc. (1eterrninc th;:, number of standby machines 

needed. 

Operator efficie~~f has heen assumerl constant for all equipment and 

is estimated by cansiderinq J five-hour work shift (75% efficiency with 

err~ :o,n 1ur:ct, r.:er1od). /\ 1;mrkday consists oF three, c:qht-hour shifts, 

seven days pf~;~ i<Je,~:<. l qu~ p:rr:n: p2\'fon11.:rnce data r10S br.en taken from 

vendo:-- data public3.tior,. \,fhere necessary, modiricahonc.; have been made 

to t~ke into acc1~r~ ~µ2cial mi~ing ccnditian:. 

tL 3. 1 Drilling Equipment 

For ~sc in advance entry and pi~1ar ~ining, a drilling jumbo had to 

L2 selected thJt cc11ld drill a 40 by 90-foot face with only one set up. 

Aftf~r f;:?rsona·; c,,r1rr,mic;1t11..•n \•:it:t·1 a ma.:or rnamrf.:'lcturer a prototype drill­

mg J,,i~bo v:as se:ected, T:'1is jumbo is an autrnnutic four-boom rotary 

round. Ho1~s will be dril~~0 using four-inch ~iJneter drag bits. The 

es~imated ti~2 tr ccmol2tely rlri11 a round is 1.9 hours assumin0 

fo1,r-boo1:: dril:in::; j0:11oos ,-.i~n br~ rnaintair.ed \v·ith an estimated overall 

avai1abl1"lty nf 80\ (four in :1st: at any one tinie.). 

Benches drilled i~ t~e advance tntry and pillar mining will be 

accomplished ~ising ::1,11c--tccr,1 vrn.ic21 hydrau 11 c ,:::ti11h1g ju~nbos. This 

piece of equipment is presently available. Holes are drilled using 

four-inch diameter dras bits with a pene~ration rate of &bout eight fpm. 

The estimated time to dril~ out a 30-foot high by 90-foot wide bench 1s 

0.5 hour. Tht:re are six vertical dr"i1l jumbos maintained t~ith an es-
... . t 1 · - ' • l , •,s • , r -, )"' ( -F • • ) L-ima e0 overa! 1 ava1 ,cc·, 1,c' T< n.,. \,our Hi use at 2.ny or;e t1me . 
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The c~amber and pillar mine jesign will make use of a two-boom rotary 

hydraulic crilling jumbo similar to the one currently operating in a 

test mine rear Grand Junction, Colorado. 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 (rosscut 30 by 20 by 

450 feet long, is estimated tu be completely fan drilled in four days. A 

total of eiyht 1~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 p\llar 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 ~quipment 

evaluated 1i1ere front end loaders and load-haul-dump machines (LHD). 

Because the maximum haulage distance was estimated to be more than 1000 

feet in both r,iining systems, the LHD 1 s '.\/ere chosen. LHD's size is 

limited to the dimensions of the haulage entries and the travel speed. 

An LHD with a payload capaci~y of 33,000 pounds (12 yd 3
), 6.5 feet 

high and ten feet wide wa: chc,,en. The 12 yd 3 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 

urn':::. As another safety fec:·1:ure all LHDs are permissible and contain a 

fire suppression system. 

The LHD cycle time for muckinJ a 90 by 100-foot heading round is 
shovm below: 
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1 . 

2 .. 

4. 

Loadirig. 

Tur:': . 

6.. -r-i'rn0 t(1 r:uck (C .. ·i'id (207 trips 

20 sec 

10 ·:;ec 

.1% sec 

. 20 

. 10 

sec 
c-r-.r ... ,c ....... 

,250 .'P.C 

A totel cf eigirt he;..'.d1:iq rounds a:'? beii~s mucked at one time 

re~uirins r :otal of A total c'" fc,ff ndditior1:1l LHD 1 s are 

'1Sed tc conti:1uc·1:,1; n1u~~ tt,c c•:nr:'·, i-·uunds. As~,uminq an aiai1ab-:"1lty 

of 65\ a total of 38 LHO's are netrleci, 

' i. 

2. 

4. 

Loading. 

Turn . 
Travel (1244 ~0 ~t) 

Dump 

Turn 

9 .',ec 

. 170 sec 

. 18 sec 

9 sec 

. 22S s.ec 

... ~ .5~3 hrs 

LHD s. Foi:t L!-:t,,' s are used f0r deve::lopment. Using an 

3. 3., 3 Mob i ·i e Crus 

that b1asting fragment size, d".ing pol!Cier factors ·from 0.35 to 0.70, varies 

in ~ize up to four cubic fe~t. !n arlditior, tlasted oil shale tends to 

be quite abrasive, breaking ~rto pieces with sharp edges. Since both 

mining methcds use co~veyor he'ts it was necessary to select a crushing 

system that was portao1e a i;- ,J a ci:1.pctcity of apDroxirrw t:c~; 300 tph. 
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oil 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 800 to 1200 tph, 

was selected. Eight units are used for full production and with an 

availability of 75'.a a total of ten are required. 

G.3.4 Rock 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 ~~tries and it is 

estimated that it will take 25 winutes to scale and bolt a round. In the 

chamber drifts, five-foot belts 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 throughout 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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C.l V[NTILATION R~QUIREMENTS 

P1e Vt~ntilation requirernr::nts for block cavir,g \srith slushers and block 

caving with LHD's differ due to the type of equipment used underground. Each 

syste~ is analyzed separately considering gassy n:ining conditions and 

compl1irg with Colorado mining laws (Colorado Bureau of Mines, 1971 and 

St.ate uf c·oloradc:, 1966). 

Descrintion _____ :_:_,_:. __ 
Tv.',1-boom hydrau·iic dt11l j~1mbo 

T1110-boom med·ium drill .]urr,bo 

Two-boom fan drill 

Quantitv 
--"--

!l 

4 

HP/Unit 

135 

44 

TotaL!ir_ t\ir Reg 1 d (cfm) 
LL 1 , 000 

13,000 

4 135 

4 380 FEL 3 yd 3 1520 

8 250 l.HC 8 yd 2 2000 

Miscellaneous 4000 

C. 1 . 2 

Subtotal. . 

Cont~ngency (15%) 

Subtotal. 

28U men/shift@ 100 cfm each. 

Contingency {15%) 

Subtota 1. . . 

Leakage (45%) 

Total. 

Block Caving with LHD 1 s 

Totals of 1,500,000 and 3,000,000 cfm are used for block c~ving 

using slushers and blcck caving with LHD 1 s, respectively. 

C-lJ.-
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41 , 000 

114,000 

150,000 

300,000 

773 ,GOO 

ll§,OOQ_ 
889,000 

28,000 

__ 5, OO_Q_ 

992,000 

447,000 

1,439,000 



Descri1Y:ion Quantitj~_ HP /Unit Total HP Air Re9 1 d ~ ctrn 2 

Two-boom hyd~aulic dri 11 jumbo 4 135 540 41,000 

Two-boom medium drill jumbo 4 44 176 13,000 

Two-boom fan drill 4 135 540 40,000 

FEL ( 13 yd 3 
) 4 380 l , 520 114,00CJ 

LDH's (5 yd 3
) 4 300 l, 200 90,000 

LHD's ( 8 yd 3
) 31 380 ll , 780 884,000 

r1li see 11 aneou s 4,000 300,000 

Subtotal. 1,482,000 

Contingency I l C Cl) l ,J /o 222,000 

Subtotal. l, 704,000 

300 men/shift 0 100 cfm each. 30,000 

Contingency ( l i· o.•) J 0 5,000 

Subtotal. l, 739,000 

Leakage (437,) 783,000 

Total. 2,522,000 

C.2 MAJOR EQUIPMENT SELECTION 

Tr1e following equipment deterninations 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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C.2.l ?nduction P..rea :1equ1red 

B '. :Jc k s 1 z L: .. 

Ton:1iliJe factcr. 

30 y20 r reserves 

8G~OOO X 355 X 

Ore in block 

·) 0. 
,) \) . 

:300 X 300 X 550)~ 14.3 

Required number of blocks 

905,250,000 + 3,461,500 

SlocKs per level 

262 :- 3 

300 1 X 300 1 X 550' 

0.75 1 /day 
11L3 ft 3 /tor: 

905,250,000 tons 

3,461,500 tons 

262 

90 

A total o~ ten panels having nine blocks each are used for each level. 

If l-'l'OCL:ctfon i.; increased to 170,000 tpd, ten panels will be developed 
on the opposite side of the shaft. 

C.2.2 N~mber of Active Blocks 

81ock cr,Jduction 

''"'OQ X' '"~ x· r·· 7-) . 14 3 \J"'i" .JUU d"' ~ -;- •• 4,720 ~ons/day 

Full production blocks 

18 

Total blocks requirr.d i8 

C. 2. 1 Slushers and Scrapers 

Low profile, hi1ged blade scrapers were chosen to collect the muck 

from the dr&w r~irts and load directly into 80-ton rail cars. The 

hinged blade g-ives :caximurn flexibility during the retreat cycle by 

enabling the scraper blade to easily glide over broken muck. 

A 84-inch scraper is used with a 150 hp slusher. The following 

calculations s~ow the number of units required to meet total production 

of about 85,000 tp~. 
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Rope speed ..... . 

T11ta~ length of haul. 

Total time taken for one load 

De ·1 ay t i me . 

Total cycle time. 

Tonnage hauled per load 

lOJ.0 : (14.3 X '1.3) . 

Tonnage per hour (5.3 X 30) 

Nu~ber of slushers required 

85,000 :816 ....... 

200 feet/minute 

300 feet (round trip) 

1.5 minutes 

0.5 minutes/trip 

2.0 minutes 

5.3 tons 

160 tph 

. . . . . 104 

One-hundred-four slushers can meet the production which is less than the 
number of slusher lines selected (108). 

C.2.2 Block Caving with LH0 1 s 

LHD size is limited to the dirnensions of the haulage drifts and the 

machine turn"ir1g radius. The LHD 1 s chosen in these calculations have a 

payload capacity of 24,000 lbs (12 tons or 8 yd 3
) 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 1 s are capable of negotiating a 52% grade. The number of 

UlD' s required for 85,000 tpd 

Average haul ... 

Average LHD speed 

Load time 

are calculated assuming: 

Hc.ul time 

Dump time 

Number of tons per trip. . 
Number of trips per day .. 

Tonnage required from each 

Number of LHD 1 s per block 

9,440 : (400 X 9.28) .. 

block 

250 feet 

4 mph 

60 sec 

45 sec 

30 sec 

135 sec 

9.28 

l 5 

9,440 

. ....... 2. 5 

Therefore use three LHD 1 s per block or 27 LHD's for the nine blocks 
in production. 
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' ' ,, I r.i d ~t .. ~ ciane; drifts, nrodt1cti0n lines 

,., ... ,:, ,·,,.,_y fr·,,,,,;: y·d 3 L1.1D 1 •• are 
v,'ILI i- .... ~· 11 L,' '.J\.1 .) r1 . .') 

need'.~d. 

Sel2ctbn of LHL,':, i·,! muck t:~2 ;_1n0c:>tc1~ ddfts and crosscuts is done 

(~' ·'"\ ,·. 
L.,l.~J FEL's 

ore directly into rai1 c~r· 

C. ;.~, 4 ,ra i ,-1 

to those a~ app2ndix A.t.: 

-f <, 11e ... v11' 3 
' . .., . 

~sing this method 

LHD 1 s are ~eeded. 

Th,• r::1:nbc?r of units n~quired is based on 

;·ota 1. 

. ., 
c_ 

2 

. 6 - 8 yd 3 FEL's 

the locon1cti1,1es rr!aJ bs p1.i'li"ris: a_,~c thE: brc1.k-ing requirements .. In the 

b:cck c3.vin,; desigr; th-= ·io:c,'":CJtivi::3S :Pa.y ha\!e occZtsion to pull more 

than ten car? ever a much long2r distance (twc miles). A 50-ton trolley 

locomotive ,D'; S(:l2cced. /:;::;:_p 0ino 2: tv,o mi·ie hc,ul and an averaJe speed of 

2is_irit ·,r,i·les oer hcur, ·,i12 :,i·vin has a cycle ti:r1e of 15 mfr,utes. /J,t 640 

tons/train and 1 S r.iinutes ::er u (,in, it ·w i 11 take five 1 ocomot i ves to 

c-'fectively handle t:he r2quire'.: : '-',JJC1 tpci. \~itn 01,~ locornct1ve as a 

standby a total of s x S [00 locomotives are req~~red. 
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