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FOREWORD 

This report was prepared by Skelly and Loy, Engineers and 
Consultants, 2601 North Front Street, Harrisburg, Pennsylvania, 
under USBM Contract Number J 0285023. The contract was completed 
under the Mining Envirnnmental Research Program. It was adminis­
tered under the technical direction of Spokane Mining Research 
Center with Mr. Thomas Brady as Technical Project Officer . 
Ms. Darlene Wilson was the contract administi-ator for the Bureau of 
Mines. This report is a summary of the work recently completed 
as a p ar-t of this contract during the period October 1, 1978 to 
September 30, 1979. Thi s repo1· t was submitted by the a uthors on 
October 31 , 1 979. 
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INTRODUCTION 

Surface mining in the United States is one of the most productive 

and ~a fest methods of obtaining coal; however, in spite of being safer than 

underground mining, surface mining has evoked tremendous criticism due 

to the disruption of larqe areas of land. Previously fertile farmland turned 

into unsightly and unproductive wasteland is a serious reclamation problem. 

The disturbed soil may co11lt1in too 1na11y large rocks and will not be as pro­

ductive as the original soil. Farming in areas where no care has been taken 

to remove large rocks may result in damaqed farm equipment and smaller, 

sometimes less desirable harvests. 

To ensure that the soil maintains its productivity and permeability, 

many states have enacted laws and policies to control the size and quantity 

of rock in the topsoil. On the federal level, the Office of Surface Mining 

(OSM) has established stricl regulations governing reveqetation of the re­

claimed areas. Removing rocks from the topsoil is a fairly easy task; how ­

ever, mai ntai ni ng productivity levels is much more complex. requiring years 

of monito1· ing. The physical and chemical properties of the undisturbed soil 

can be characteri7Pd prior to mining, but the changes that occur during 

mining and reclamation are nol completely understood. Until these changes 

are understood, maintaining productivity levels will continue as a reclamation 

problem. 

In most large surface mines, scrapers are used for topsoil removal, 

stockpiling, and redistribution. Because of their availability, flexibility 

to load and haul different soil horizons, and maneuverability, scrapers are 
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used extensively in the mining indu'.:> try. However, compaction c;:iuseci 

during pickup and placement of the soil ,s detrimental to the agricultural 

root zone. When scrapers place clayey subsoi I, they can also cause internal 

soil drainage problems. 

After topsoil redistribution , the soil must be prepared for revege­

tation. If there are too many ldr-ge r-ocks in the topsoi I, graders may be 

used to eliminate them prior to revegetation. Since this method does not 

penetrate the soil, it is often inadequate and does not c;umply with many 

1·egula tions. When deepet· penetration is desired, rock rake'.:> attached to 

dozer'.:> are employed. Rakes can eliminate large rocks to depths of 18 inches 

and deeper, but do not removf' the smaller rocks less than 6 inches in size. 

While the spacing of tines on rock r"dkes is easily adjustable, if the tines 

arP spaced too close, the soil will be pushed in front of the dozer and rocks 

will not be eliminated. 

Since graders and rock rilkPs are not totally effective for rock re 

moval, some mining companies have elected to use rock pickers. However, 

their use by the mining industry is limited. Rock pickers are not classified 

as rnininq equipmP.nt, and an· generally sold as farming equipment. 

Why aren't rock pickers popular within the mining industry? Often 

the topsoil is so plentiful and free of large rocks there is simply no need for 

them. In addition. regulations governing reclamation generally have made 

no mention of the quantity of rock in the topsoil. Since rock pickers are 

generally associated with the farming indu~try, mining companies may not 

have explored the potentials of rock removal devices. 

1 2 



The following sections of the report will carefully outline the ex 

lent of the ,·ock problem throughout the United States; discuss in detail 

thf' l<'gal requirements that affect thf' reclamdtion process; analyzi· the 

"State of the Art" of current rock pickers including their physical limita 

tions; present an extensive economic and sensitivity analysis; describe the 

environmental effects that may take place; introduce some new concepts 

and methods of rock removal; and, finally, detail the benefits that can re 

suit from introducing rock pickers into the mining industry. 

- 13 . 
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TOPSOIL ROCK CONTENT INVESTIGATIONS 

In order to explore the feasibility of transferring topsoil rock 

r-emoval technology in its pr-esent state from its agricultur-al origin into 

surface mine ,-eclamation, nine repr-esentative mine sites were visitPd. Ry 

sampling rock contents of soils befor-P and after they were affected by mining, 

an indication of the need for incorporating rock removal into the reclamation 

plans could be ascertained. In addition, these investigations would be used 

to deduce the capability of current rock picker technology to function in 

mining environments. 

Havin~ been contractually limited to nine mine visits for this study, 

the selection of those sites was made by strPssing diversity. With the ex · 

ception of four mandatory visits lo mines that were affecting areas where 

the predominate, pre mining land USP. was farming, each site chosen pro­

vided a uniquP combination of topsoil quality, topography, climate, and 

method of mining. Further considerdtions were made of the states that 

had rock limitation r-equlations. In addition, mines usinq rock r-emoval de 

vices to improve reclamation were sought to assess successes and problems. 

Each mine visit consisted of a discussion with mine operators of min 

ing methods, availability of topsoil, over-burden characteristics, reclamation 

equipment, amount of land reclaimed annually, average amount of time spent 

on reclamation each year, and any particular reclamation problems experi­

enced at the mine. The operator would then providP a tour of his oper-ation 

for a firsthand view of mining practicpc; and rock content evaluation of the 

soils. 
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Rock content was evaluated by digging small test holes, then sep ­

arating and weighing the rock and soil components. Assuming a maximum 

mechanical picking depth (for optimum rock removal operation) of 12 inches, 

the samples w ere examined in two stages. The percent, by volume, of rock 

to soil was calculated for 0-6 inches and 6 12 inches. Seg1·egation of rocks 

fr·om soil wc1~ mac.le by consideri11u all rndterial p..issing through a one ind, 

sieve to be soil and all that i::. retained to be rock. Those rocks in excess 

of 3 inches in their smallest dimension were weighed separately; however, 

rn most cases this size fraction was a small portion of the total rock content. 

Test results for each mine are summa1-ized in Table 1. 

Mine CH 1 (area mine) is located in flat lying prime farmland of 

Indiana and exhibited abundant rock free loamy topsoil both before and 

after mining. Occasionally, this mine encountered shortages in topsoil 

during recli.lm ation which prompted them to utilizf' a rock picker on the 

sudc1ce of their qraded overburden prior to topsoil rc1)lacemenl. This mirw 

had no rocks above l" in diameter in its original or reclaimed topsoils. 

Mine CH 2 (a1-ea mine) is situated in flat prime far-mlands of centr-al 

1 llinois, which character-istic..:.illy contain abundant, rockfree, silty soils. 

This mine had no rock fragments lar-ger than 1" in diameter in its original 

and reclaimed topsoi Is. 

Mine CH - 3 (area mine) is affecting flat prime fdrmlands in southern 

1 llinoi s which characteristically contain abundant, rockfree, silty soils. 

This mine had no rock fragments larger than 1 11 in rliameter- in its original 

c1nd reclc1imcd top soi b. 
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TABLE 1 

TEST HOLE RESULTS 

ORIGINAL ROCK CONTENT (%) RECLAIMED ROCK CONTENT (%) 
MINE 
SITE Hole Depth Hole Hole Depth 

0-6" 6-12"(1 ) Avg. 0-6" 6-12"(1) 

CH- 1 * 0 0 0 

CH - 2* 0 0 0 

CH - 3* 0 0 0 

- --- - - - - - - -- -- - ,-- - - - --

CH-4 5 1 0 7.5 

- - 1-- - - .. - - - -

CH-5 0 0 0 

CH - 6 7 1 3 1 0 

CH-7 7 12. 5 9. 75 

CH-8* 0 0 0 

CH-9 7 10 8. 5 

* denotes mine s ites in prime f a1-m lancJs 

<1 )hole depths varied between 8 12" due to digging 
difficulties and topsoil thickness 

(2 >prior to rock picking step; after picking it is re­
turned to O for all categories 

- 1 9 -

0 0 

0 0 

-

0 0 

--

'i 6 

1 0(2 > 1 0< 2 > 

----

9 1 4 

9 1 4 

0 0 

5 7 

Hole 
Avg. 

0 

0 

0 

5.5 

1 0<2 > 

11. 5 

11. 5 

0 
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\!line CH-4 (contour min<') is being developed in a mountainous, 

·-;emi ar-id setting in New Mexico, which contained limited topsoils. The 

mining process manufactures soils through the degr·adation of decomposed 

sandstones. SuccPssful revf'getation was a problem in this han,h envi1·on 

ment. 

Mine CH S {modified area mine) is locdted in the rnlling hills of 

Ohio. Rock content is c1 recurrent reclamation problem. which is met by 

employin<J a rock windrower .rnd a rock picker. Loamy toµsoil is abundant, 

yet surface rock prevalence hinders revegetation efforts. 

Mine CH 6 (contour mine) is located in a mountainous section of 

southwester-n Virginia, where topsoil is loamy, rocky, and scar-ce. 

Mine CH - 7 (mountaintop r-emoval) is being dev<'loped in ..i mountain 

ous section of southwestern Virginia, where topsoil is loamy, rocky, and 

scarce. 

This visit to Mine CH-7 was of particular interest. In pr-ime farm 

land areas, topsoil can be stockpiled and redistributed following mining. 

Mountaintop removal, on the other- hand. is praLliced in steep slope at·eas 

where topsoil is thin and poorly productive. After a mountaintop removal 

oper·dtion is completP, a large level sui·face remains and. if the tupcuver 

ca n be sufficiently improved, a productive farm land might be possible, 

where none had previously exi s ted. Rock removal technology could figure 

greatly in this top cover improvement. 

Mine CH-8 (area mine} is affecting flat prime farmlands in Illinois 

which L.haractei-istical!y contain abundant, rock free soils. Rock content 

70 
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was not a significdnl problem al this mine; however, a rock picker had 

previously been used in a manner similar lo Mine CH 1. Toµsoil at this 

mine was of .1 silty nature. Thi~ mine had no rock fragments larger than 

l inch in diameter in its original and reclaimed topsoils. 

Mine CH 9 (contour mine of steeply pitching seams) is situated in 

Alabama. Topsoil was inherently rocky and scarce in this hilly, woodland 

area. 

These mines are representative of mining methods anrl conditions 

nationwidt~. The mining techniques dnci equipment used at these sites are 

typic.JI of current trends in mining, and the varied rock content and topsoil 

characteristics cover the range of the diversity present in surface coal mines 

acros s the countt·y. 

While test holes were generally less than one cubic foot in volume, 

they provided results that were consistent with the observed conditions 

exhibited in exposed cuts. The prevalence of rocks in excess of 6 inches 

was not prohibitive to rock picker operation at any of the mine sites. 

rurthermore, present day topsoil handling mPthods prevent the rock con­

tent of r-eplaced topsoil from being significantly greater than the original 

content. It is safe to say, that even if no 1·ock removal systems ;.ire used, 

no active mine will replace a topsoil media that exceeds or even approaches 

a 40','., rnck content (by volumP.) when using today's topsoil methods. It was 

observed that, in general, rock content per- size 91-adation was decreased 

as a result of the mining activities. Bl a sting, grouser traffic, geologic 

unloading, weatherinq, and material handling affect the rocks of a mine 
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site. When topsoil is scarce, these factors help to produce a supplemenldl 

soi I media to accomplish revegetation. As fur toµsoi I rock size degradation, 

this is prompted by grouser traffic, material handling, and weathering 

(including frost action). 

One exception to the representativeness of the percentages listed 

in Table 1 could be for the mountaintop removal site (Mine CH 7). Being 

in its initial stage of development caused it to be more exemplary of d con­

tour mine. In addition, the pi· ese nce of a 50 fuot thick ~andy shale (which 

b readily degradable) as the top rock strata may have provided a top cover 

rock content less rocky than might be found at locations were more resis 

Lant rock types exist. 

No abandoned mined sites were sampled or visited; therefore, no 

rockiness documentation can be provided here. However, previous exper-­

ienu:! with abandoned mined lands indicate~ that the worst rock content con­

ditions will occur in areas where backfilling and reclamation were accom ­

plished by indiscriminant overburden casting. This would preclude the pre 

sence of original topsoi I, since the mining progression would initially cast 

the topsoils and then continue to backfill, until the blasted toprock frag ­

ments were heaped on last. All other methods allow for more burial of bed­

rock fragments. For the mines where 1·emai ning spoi I piles represented over 

turned strata, normal reclamation efforts can restore the area to a condition 

of less than 40% rock content in the upper 6 inches of backfill. 

Determination of the scope of reclamation problems on abandoned 

mined lands is beyond the scope of this effort; howevet · , rock removal 
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technology must fiqure heavily in improving surface covet rehabilitation, 

if mined lands ar-c lo be r-eturned to agr-icultur-al use'::.. The nationwide 

extent of abc1ndoned mined lands is shown in I igur-e 2. 

Frnm the mine site investigations that wer-e conducted, it seems 

that the neerl for rnck removal equipment is highly localized and depen-

dent on regulation and post - mininq land use. Under the worst of conditions, 

top cover- should seldom exceed 40 'ii rock content. Where topsoi I can be 

saved and redistr-ibuted, rock content is not likely to exceed 20% rnck by 

volume. 

211 



- LEGEND -

D 10-25,000 Acres 

25-50,000 Acres 

8~~j 50-75,000 Acres 

h/'\)::") > 75 .000 Acres 

WYOMING 

DISTRIBUTION OF ABANDONED COAL MINED LANDS 
IN THE UNITED STATES 

FIGURE 2 



REGULATORY ROCK 

REMOVAL REQUIREMENTS 



REGULATORY ROCK REMOVAL REQUIREMENTS 

For years surface mining was conducted without concern for 

future land uses. Consequently, the overburden strata were overturned, 

burying the original topsoil, and abundant rock fragments were introduced 

into the soils. The resultant deterioration of land utility has prompted the 

promulgation of regulations to insure that every effort is made to restore 

mined areas to their original conditions. 

STATE REQUIREMENTS 

As states became increasingly concerned with the adverse effects 

of surface mining they began enacting and enforcing more stringent regu­

lations governing surfi:lce mine ope rat ions. Among the adverse effects of 

surface mining which were detected was "rock pollution". The contamina­

tion of the soils with an unnaturally high percentage of rocks and the 

prevalence of large rocks, at or near the surface, hindered revegetation 

efforts (especially where farming was c1tternpted as a post-mining land use). 

Thr current tendency of re~ulatory legislation is to aim toward requiring 

mine operators to return affected l._ind tu its ori~inal condition . Thus, the 

!>tales having the most rock free soil would need the most specific requlations 

on rock content limitations for the topsoil layer. However, it would also be 

evident that with proper handling these regulations should not pose a hard ­

ship on the reclamation efforts. 
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Table 2 provides a comparison of existing specific restrictions, 

implied r-egulations, and pending sudace mine amendments. The states 

that are shown as having ,,pecified r-egulations ar·e tho~e d e fining limitations 

of rock size and .'01· percent in the topsoil laycr-s of sur-face COdl mine 

recl,Hnation. Implied regulations are indefinite limitations p r-taining to 

rock content in the topsoil laye,-. Such limitations arP worried to the 

effect that 11 large rocks" will not hinder post mining land uses. The 

str-ictness of pending legislation was not discernaL,le; however, ..ilmost .JII 

pending legislation was exµected to reflect the intent of the new regulations 

promulgated for The Federal Office of Sur-face Mining (OSM). 

Among t hl' states that are monitoring topsoil rn1 .k content, the most 

strict regulations are found in fllinois, Indiana, Kansas, Oklahoma, and 

Vir·qinia . 

According to Illinois' Rule 1104, land that i::, ::.uitable for- row crops 

must be reclaimed to its original slate. When available in such depth, al 

least 18 inches of the darkened surface soil shall be segregated and replaced. 

In no case shall less than 8 inches of surf..1ce soil be segregated and 1·eplaced. 

The total soil thickness of topsoil and subsoil must be four feet. The subsoil 

shall contain no mo r e than 20 'b c oarse mat e t·ial gn::cJter than /mm in size by 

volume . No more than halt of the coarse mater-ial may be between 3 inches 

and IO inches in the greatest dimension. No fragments shall be greater than 

10 inches in size . 

Indiana r-equiri:-s that all exposed rocks larger than 6 inches in dia­

meter shall be buried (where practicable) unless they will disintegrate in less 
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TABLE 2 

STATE REGULATIONS ON TOPSOIL ROCK CONTENT 

STATE 

Alabama 0 • 
Alaska 0 0 

Arizona 0 0 

Arkansas 0 0 

California 0 0 
1---·-- - -

Colorado 0 0 

Connecticut 0 0 

Delaware 0 0 

Florida 0 0 

Georgia 0 0 

Hawaii 0 0 

Idaho 0 • 
Ill inois • 0 

Indiana • 0 

Iowa • • 
Kansas • 0 

>----- - - - - ·-

Kentucky 0 0 

Louisiana 0 0 

• z 
(!) 0 
z .=. -~ C ..J z U) 
LU -
ll. (!) 

UJ 
..J 

0 

0 

•* 
•* 
•* 
•"' 
0 

0 

0 

0 

0 

0 

•* 
0 

0 

• 
•"' 
•* 

CURRENT POLICY 

Replace as was 

None 

None 

None 

None 
------- ------ - - -------i 

None 

None 

None 

None 

None 

None 

Replace as was 

No 1 011 rocks in top 4 feet 

Bury 611 rock at least 611 deep 

Implemented interim OSM regulations 8/78 

Bur-y 611 rocks at least 6" deep 
- ··- ·-----'- -------i 

Replace as was 
-----------------, 

Replace as was 
1------- - --- 1------+-- - - - --1-- ---+-- ---------------------t 

Maine 0 0 0 None 

Maryland 0 • •* Replace as was 

Massach usetts 0 0 0 None 

0 0 •* Michigan Replace as was 
- -- - - -- - · ---- l------.. ----- l--- --+----------- --------- ----1 

Minnesota 0 0 • - ------
Mississippi 0 0 •* ,__ _______________ _ _ __ - - -- - -

Missouri 0 0 

LEGEND : e Yes 0 No 

Requires removal of 6 11 rocks from sur-face 

None 

Requires r-emoval of excess rock 

* Will Conform to Office of Surface Mining 
(OSM) Regulation!c>. 
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TABLE 2 (Cont'd.) 

STATE REGULATIONS ON TOPSOIL ROCK CONTENT 

(I) CJ) 

Q z z 
0 C 0 ~w 
t- LU W -

~ t- - t- t-
STATE: -<< ...J < < u t- ...J n. t- ...J w (I) :::) :E (I) ::::) 

0. C, - C, 
(J) w w 

a: a: 

Montana 0 0 

N ebraska 0 0 

Nevada 0 0 

New Hampshire 0 0 

New Jersey 0 0 

New Mexico 0 0 

New York 0 0 

Noi-th Carolina 0 0 

North Dakota 0 • 
O hio 0 • 
Oklahoma • 0 

Oregon 0 0 

Pennsylvania 0 0 

Rhode Island 0 0 

South Carolina 0 0 

South Dakota 0 0 

Tennessee 0 • -- -- -
T e xas 0 0 

~ ---- - .. - - - - - ----- - · 

Utah 0 0 
- -- - - - >-- -- ·--
Vermont 0 0 

Virgini a • 0 

Washington 0 0 

West Virginia 0 • >---- -
Wi sconsin 0 0 

Wyoming 0 • .. 

LEGEND : • y P.S 0 No 

. 
z 

" 0 z .:: -~ 
0 ...J z (I) 
w ·-
0. C, 

w 
...J 

. ,., 

0 

0 

0 

0 

•* 
0 

0 

• 
0 

• 
• 
•* 
0 

0 

0 

•* 
•* 
•* 
0 

0 

0 

•* 
j 0 

•* 

CURRENT POLICY 

Replace as was 

None 

None 

None 

None 

None 

None 

Requires removal from tillable lands 

Requires removal from tillable lands 

Requires removal from tillable lands 

A dop ted i n t erim OSM r eg u la tion s 

None 

Replace as was 

None 

None 

Replzce as was 

Requires r emo v a l o f 6" roc k s from s u rface 

Replace as was 
·- >-

None 

None 

Replace as was 

Replace as was 

Must remove exposed boulders from surface 

None 

Rep lace as was 

* Will Conform to Office of Surface Mining 
( 0'.:>M) Req ulations. 
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than three years. It is further specified that the buried rocks will be 

covered by a minimum of 6 inches of soil and in tillable land a minimum of 

18 inches of soi I shall cover them. 

lowc::l stipulates that less than 1 O':. of the surface layer (defined as 

6 inches) can contain rock fragments in excess of 3 inches. 

Kansas specifies that all exposed rocks larger than 6 inches in 

diameter shall be buried (where practicable) unless they will disintegrate 

in less than three years. Buried rocks shall be covered by a minimum of 

6 inches of soil. 

Oklahoma recently enacted new regulations based upon the OSM 

interim program. They state that in areas that were formerly prime farm 

lands, less than 1 o·~ of the surface laye•- (defined as 6 inches) shall cont..iin 

rock fragment!:> in exces~ of 3 inche~. However, once the final OSM 

regulatory prngram is implemented this restriction may be dropped. 

Virginia's regulations state "The surface should be free of rocks 

larger than 3 inches in diameter and have 1 / 3 to 1 / 2 by weight of sand, 

sift, and clay sized material. Too much silt and clay, which derives pri­

marily from shale, tends to seal overburden from rainfall . However, too 

much rock material is very difficult to vegetate". 

Maryland is listed as having implied requ!ation!:> on rock content. 

I ts directives say that grading should attempt to minimize the presenct• of 

any large rocks in the surface . 

Another implied rork content limitation exists in Tennessefl, where 

operators must bury large rocks 01- place them in drainways or water rE'­

tarding structures. 
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West Virginia men,,ly requires that the reclaimed surface must 

permit the u •,e of farm implements. This indirectly limit::; the presence of 

Pxposer.l bould er-s without giving any c.iuali fyinq parameters. 

Wyomin g a lso omits quantitative limitations, yet c il1 '. S contempora 

n eous r es tr-icti o n s on ro k r emoval . "Tree s, large rocks , and other waste 

mat e rial whic h hinde r r edi s tribution of to psoil shall be separ-atf'd from the 

top soil before s tockpiling; if subsoil is to be used as a substitute for topsoil. 

all lar-ge r-ocks and other waste mater-ial which may hinder redistribution shall 

bP separated before stockpil i nci". 

In summary, Table;:> shows that only 12':. of the states specify 

rock LOntent limitation s , while 14 · , only h av e implied rock rest r ictions . 

In total, only 26% of the states have made any commitmPnt to rnck content 

regulation. Even in view of the fact that 48 ";, of all states have pending 

IPgislation. it is highly unlikely that thei· e will be a significant n a tional 

in crease in rock content r eg ulation s . The sta tes with pending laws were 

prompted to include rnck content r-estrid inns to comply with the interim 

regulatory program of OSM. Subsequently, a revised requlatory program 

was formulated, and its implemenli.ltion will not effect a change in state 

legislation toward more rock content limitations . 

FEDERAL REQUIREMENTS 

The permanent regulatot· y program of the Office of SurfacP MininCJ 

(OSM) does not hav e any regulations pertaining to the s ize or p e r cent by 

volume of rocks in a reclaimed area. However. OSM does indirectly prevent 

34 -



an increc1se in 1-ock content by requiring that each soil horizon (distinct 

soil layer) be removed separately, stored separately, and replaced as they 

were originally. fhis is aimed at eliminating the possibilities of mixing 

sublayer rock fragments into thP upper soils and of overturning the 

strata. 

Topsoil Removal 

Orne vegetation is removed from a mine site, OSM requires that 

the topsoil must be scraped off bPforE": drilling blast holPs, blasting, and/or 

mining is initic..1ted. All topsoil must be removed and stored separately. 

In thin topsoil conditions, where the topsoil is less than 6 inches, a 6 inch 

layer (that includes all the available A horizon and the unconsolidated ma­

terials immediately below it) must be removed, stored and redistributed as 

the surface soil layer. Some exceptions can be made if it can be shown that 

the re will be no adverse effects on full rPstoration of the premining qualities. 

T opsoil Redistribution 

A ftt:r final grading and before the replacement of topsoil, OSM 

stat es that the regraded land shall be s< drified or otherwise treated to 1•lim­

inate slippaqe sudaces and to promote root penetration. If the mine opPrator 

can demonstrate that no harm will be caused to the r-evegetation success, 

sc arification may be conducted after topsoil distribution. The topsoil and 

other materials must be redistl"'ibuted in a manner that achieves an aµprox­

imately uniform thickness consistant with the approved post mining land use. 
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Redistr ihution of topsoil must prevent excess compaction and erosion by 

wind or- water prior to plantinCJ. 
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STATE OF THE ART OF ROCK PICKERS 

CHARACTl::RISTIC FORMS OF ROCK PICKERS 

Many of today's rock removal devices have evolved from the potato 

farming business. As a result, most of the rock pickers are designed to 

pick rocks above 2 inches minimum diameter. Stones larger than 2 inches 

are removed prior to potato planting, in order to reduce the number of 

stones harvested along with potatoes. Table 3 lists the general specifica 

lions of currently available rock pickers. In instances where companies 

manufacture more than one size rock picker, only the largest models have 

been included in the table. 

The mechanisms used in rock pickers to separate the soil and the 

rock can be classified into four categories: potato chain, rotating rake, 

rotating c..age, and passive rake. 

Potato Chain Rock Picker 

,-he potato chain (Figure 3) is the most common separation mechanism 

used to separate rocks from soils. These rock pickers are towed behind a 

trador mounted on the draft arms of a three point hitch. Power is obtained 

from the t1·actor 1 s power take off (PTO) shaft. The rock picker consists of 

three 1. <1sic components ; the digging head, the conveying potato chain and 

a storage hopper. 

The digging head can take two forms. It is normally either a fixed 

bl.ide or a rotating rake. The fixed blade pick up method uses a steel 



TABLE 3 

ROCK PICKER 

HITCH RAKE MAXIMUM MINIMUM HOPPER 

COMPANY MODEL PENETAA TION 
ROCK SIZF. ROCK SIZE CAPACITY 

TYPE BAR Cu . Yd 
... 

( 21 Armor IJ.ct a l 
Se .-ic~ E 

S tan rt;i ,·d Hutal 
] 4" 20 11 lbs. 1 1 , 2" 1. 2 

l' ruc.JuLb P. T.O . i ,1 ~ 
t o 

- - ---

14jO e ~tl,m d U76 Hy<J,·auli . F i xed i tu 3" 11)00 lb~ I ] ' 4" 1 . J 

--
121 D eg .Iman 

R 57 0 s P . T.0 . Ro t.:,t 
Indus tries , lld. Pull ,ng 2 t u 3" No t A v Ji lable 4" 1.0 

(3) H ...rl ey Rock A High 
P . T .O. 

R.otal 
2 ] " 20" 2" 1. 1 

f'iLkc r· Co . Lift i n g 
t o 

-- --·-- - --- -- -·· 

(41 1mptc·r ial We ll.ling Ml' I C J nt 
Hyd,·Julic f ixed 111, 1• j" o. 9 fl r. 1-1',1< liin~ . lld. 1 U 

~-- ----·- - - - . 1---- --· . -- - -- .---·-· 

( i )L eon' s Manufac 
A 7 OU Hy<Jr-aul i <-

Ro l a I 
l " 20" 2" 2 . J 

t u,· i n g Co .. lld . in <:_J 

-

(l l Lo e k wouc.l Corp. 
H yd ,·a Ii ft P . T . O . Vi bra t 

8" 200 lbs . 3 / 4" ; I . 2 5 
L0 6630 00207 511 0 i 119 

--- -
f 2 i McC onnell Manu 

Bi n Type 
P. T .0 . 

Fi x ecl 6 " IO" 2" 1. ~ 
lac 1urin 9 Co . Inc. S t a nda r d 

-

(4 1,V,Ee l,·oe Di v i sion 8 D Hi Bu y llycl , .:,u l ic. F i x ecl t1 " 20 0 lbs . 2'' 0 . CJ 

-
(i l N. P. e l so n 40 

r.T .O. Rota I 
2 to SH 9" I l / 2" . 7S 

S ta n dJ1· c.J 111 ~1 
- -.----- - - - ··-- - ~ --- --· - --- -

( I! P,·a tl Farm s Moc.lei n P .T .O . 
F i ><CCI 0 10 9" 2 41 1 2" 5. U 

S ta11<.fan.l 

- -- - - - - - - - - -~ - -- -. 

(2l Hc,c k l<1nu 
RulilVl'yc r 

J P11111l 
Ro l<1 ry 1 2° 1 O" l " IL 0 

Manufoc. l u,·rn<J 111 t t I, 

>-- --- - . - - ---- -- -

( 21 Roc.. k () 111 .11 i~. 
IJDW S P . T.U . HotJ r y 0 2.1111 2" 1, l, 

ltd. 

- -

(?: Schult 
RS - H P.T .0 . o ,· 

Rotary 7 3" 28" 2" 2. 4 to 
H19h L i ft Hyd,·aul i 

--
(1 1 S t einma n /\lan u 

~IJR O II yc.J r auli l F ix eel 2 I t> 11•· 1011 2" I . 2 
fdL lu1· 11 19, I nL. 

- - ----- - - -- - - - - -- - -- - ------
( 1 ) f hon,;:,~ [quip Hr,,,p, ·d 

D1·..iwbd 1· l-1 x ,·tl tu 1.''' Not Av.:i i laule 1 1 17. ' ' 1. I) 
n, Ill , Lid. I y p e 

- - - - - - - - - --

(4 ) Wc_ t Co A I 111 D,·,1wlJJ 1· Kot .:i ,· y Nut Av.ii l; ,IJl c, 2~" 2 I / 2" 1. I 

,-. - - - - -- - - - - · - . - · -
( 2) Wi tUfl '.) in 

Hn t k fl;,1·ve~1,.•r 
HD ~H I' . T .n. 1<01 .11·y 2 '" q" 'j ()() 11,~. I" I . I, 

11 l.l Nil . • II 1•,, 1.110 < h,1111 1 ) 1 l(ol. 11111• 1 ll.,lu · , \1 llol.il111q 1 .. ,q , · (ii) l'.r·.~iv, · 11.,k,· 
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TINE 
ADJUSTMENT 

No 

~ 

Yes 

Not Av ailable 

Y es 

No 

Nn 
f- - --

Nu 

- -- --

No 

No --- -

Ye., 

No 

--
No 

No 

No 

.... 

N" 

No 

No 

No 

-

HORSE POWER 
REQUIRED 

40 

J S 

·-

70 

50 

Not Available 

60 

-

~.o RO 

TABLE 3 (Cont'd.) 

SPECIFICATIONS 

SPEED OF 
WEIGHT 

DUMPING 
OPERATION HEIGHT 

1 to 5 mph 4700# 7' 6" 

0 tu 4 11111h ', 5011 :! G' 4" 

to 5 mph ~5oou 5' O" 

2 to 4 mph 681 u,: 6' O" 

- -
Not 

Available 1500 /i I 3' (>" 

2 to 3 mph 000011 2' 6" 

- ·--- - -· - - .. 

lj 11, r, 111ph II/ r, 0 # f,' ~II 

- - -·-- ·- - - --

45 0 lo 4 mph 38 30 R (,' O" 

45 0 to 11 mph 2800 # 7' Fi" 

--- - -

7 0 tn 6 mph 1500 11 4' O" 

250 0 to 6 mph 3750 # 1 2' O" 

125 2 to 4 m p h 13, 000 # 1 O' O" 

Not 
Available ) to 4 m p h 6900ff 8' O" 

so 2to3mph 5000 '! 8' 6" 

·io > S mµh 1 J'iOjj 3' 4" 

- - - - - - - -
,, ,, 0 to 8 nii,h 280 0 " 7 ' O" 

) 40 2 l o 4 m p h 25 10 # 6 ' 8" 

60 1 l o 4 mph 48 50 # 8 ' - O" 

41 

LENGTH SWATH 
1979 PRICE 

(F.O.B. Factory) 

I 3' O'' 5' 6" $ S, 22 0 

IO' O" 8' O" $ 2,895 

·-

1 3' G" 5' O" s 5 ,546 

- --
)J' O" 8' O" ·, I 1, 260 

1 2' O" 5' O" $ 2, 200 

lfi' O" 4' IO" $ 8 , 1 35 

2 I' 'I'' ll' O" s o ,H3 7 

---- - --· 

16' O" 8' O" $ ~.97 8 

17' O" o' O" s 2 , 5GS 
-

IO' O" b' O" s 3 , JIIQ 

30' O" 1 O' 7" $25 ,000 

34' O" 8' O" $3 1 , 400 

20' O" 20' O" $ 9 , 897 

1 4' 4" 5' O" $ 7 ,600 

, J ' O" 3' 6" $ 1. 6 7 S 

- - - r- . ·--

20 ' G" 7' 7" ';, 6 ,08 2 

14 1 )" 8 ' O" $ 3 ,459 

15' O" 5' 3" s 6 ,2 00 



O.;: Adapted From Rockland 

Ill... 0-s, ~~ Product literature 
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POTATO CHAIN SEPARATION MODE 
FIGURE 3 

blade to lift a layer of soil and rocks from the surface. Forward motion of 

the rock picker forcf"s this material into the separation mechanism. The 

cutting depth is hydraulically variable on somP models to permit adjustment 

while in operation. Soil conditions and operating speed affect the depth 

of penetration. In general, the deeper the cut the slower the rnck picker 

must travel tn avoid overloadinq the separatinq mechanism. The fixed 

LJl<Jde µick uµ mrthod is used on many models in c onjunction with potato 

chain, rotating cage, or passive rake separation modes. 
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The rotating rake pick up method utilizes a rotating, spring loaded, 

combing reel and a gri II type apron or blade to remove rocks from the 

soil. The revolving reel is a steel bar with hardened teeth which loosen 

the soil. As the reel rotates through the soil, rocks are forced up and over 

the grill and finally onto a conveyor or into a hopper. Soil is forced through 

the grill by the rotating reel and returns to the surface. 

After the material passes over the digging head, it is deposited 

on the conveyo,.. (potato chain). Most conveyors are heavy duty and made 

of steel mesh. Any soi I remaining on the conveyor is si fled through before 

the rocks are deposited in a storage hopper. Though storage hoppers are 

more common, some models <.1re available with discharge c.onveyors for dir­

ect truck loading. 

Conced[ed large rocks or stumps can seriously damage these rock 

pickers, so most of the potato chain pickers are protected with an adjustc1ble 

clutch or a shear pin in the> drive line. Other models of this variety are 

protected by J heavy duty spring loaded digging head. With safety fea­

tures such as these, serious downtime can be reduced. 

Any aqricultural trc1ctor with sufficient horsepower and a PTO can 

operate this type of i-ock picker . Horsepower requirements vary from 50 

to 250 hp depending on the size and depth of application. The PTO units 

are required to have 500 to 1000 rpm; again, this varies with the size of 

the rock picker. Hydraulics are necessary to control the digging depth 

and to empty the rear hopµer. 
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Before the rock picker can be effective in fdrming applications, the 

land must be prerared . All stumps must be removed and the soil should be 

loose anJ dry. A disc han·ow or chisel plow is recommended to loosen soil 

materials. 

Production depends 011 three important factors: the type and condi ­

tion of the soil, the amount of rock to be removed and the digging depth re­

quired. Since a wide variety of conditions affect production, manufacturers 

drf' reluctant to give any estimated production rates. Normally, a 3 or 4 

inch layer of soil dnd stones is lifted onto the moving chain. As the chain 

vibrates, the soil mass is broken U!J causing the smaller particles to fall 

throu~h the chain. However, if the soil load is too heavy or too moist, the 

chain does not vibrate and the <:.Oil particles are carried over the chain with 

the rock and deposited into the hopper. To eliminate this, the machine must 

be oµerated dl a slower ground speed or at a shallower rlepth. 

Double sieving of the soil is the major disadvantage of the potato 

chain. The returning chain traveb un<..ler the separating chain and there­

fore, all the soil must pass through the two sections of chain. Some small 

stones or flat rocks pass through thP upper chain, but do not pass immediately 

through the returning lower chain. These stones can jam the machine as they 

try to pass around the lower sprocket and roller with the chain. The results 

can be rapid chain wear or chain breakage. 
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Rotating Rake Rock Picker 

The rotating rake is generally best suited to surface and shallow 

rock picking. The rocks must be loose and free or else the spring loaded 

rake teeth will ride over them. As the rake turns, it lifts rocks up onto 

a screen which allow::; the soil to drop out while the rock is directed into 

a collection box. These machines require dry, vegetation free soil since 

vegetation and damp soil bind the separation mechanism and make it in­

operative. 

Rotating rake rock pickers operate on the principle of a rotating, 

spring loaded picking reel passing over a heavy grill bar type apron ( Fig· 

ure 4). The depth at which the leading edge bar of the apron runs through 

the soil is controlled hydraulically, on most models, from the tractor. The 

,..JCtion of the reel teeth loosens the rock, helps to break up clods, and 

r·dpidly moves the rock back into the hopper. Manufacturers claim that cun­

tinuous picking operation even during tight turns is possible. They also 

claim a speed range from 1 to 5 mph, depending on soil conditions. Self · 

cleaning action and very little jamming should be attained using rake rock 

pickers. The design of the aprons is Denerally such that, when used for 

surface work on pasture or sod, the machine will take all the surface rock 

with little tearing of the sod. 
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STONE BOX 

ROTATING RAKE 

ROTATING RAKE SEPARATION MODE 
FIGURE 4 
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DIRECTION 
OF TRAVEL 
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Adapted From Degelman 

Product Literature 



Again, the rotating rake rock pickers are towed behind an agri 

cultural tractor. Most of the models require a PTO, although some of the 

smaller, less expensive models are hydraulically driven. The major differ 

ence between a rotating rake and a potato chain rock picker is that the 

rotating rake forces rocks into the hopp~r, while the potato chain type 

utilize~ a chain conveyor to transfer rocks to the hopper. 

Rotating Cage Rock Picker 

The rntating cage rock picker ( Figure 5) does not penetrate the 

soil; rocks must be windrowed before this machine is employed. A rotating 

shaft pushes the rocks onto d cunveyor belt that transfers them into the 

rotating cage. As the cage turns, tumbling rocks break up dirt clods, 

liberating soil particles that can fall through the cage openings and return 

lo the ground. The inclined cage directs the rocks through the length of 

the c...ige to the rear conveyor, which deposits them into a storage hopper or 

following trucks. 

For best performance by this type of rock picker, the rocks should 

not be mixed with excessive amounts of soil and vegetation. The separation 

area of this machine is the smallest of the four types. If plant material is 

encountered, it tends to clog the cage openings and reduce the available 

separation area even more. 
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ROTATING CAGE 

ROTATING CAGE SEPARATION MODE 

FIGURE 5 

Adapted From Harley 

Product Literature 



Rotating cage rock pickers are also towed behind an agricultural 

tractor and they are powered by a PTO and hydraulics. The overall length 

of these machines may cause turning problems in tight areas, since they are 

considerably longer than other rock pickers. 

Passive Rake Rock Picker 

Passive rake rock pickers (Figure 6) are the least complicated of 

all the available rock pickers. Most passive rake rock pickers have a fixed 

rake with adjustilble tines. They .lre not designed to penetrate the soil 

more than a few inches. As the passive rake is towed behind a tractor, the 

rocks are maintained on the 11 L11 !:;haped tines, while the fine particles fall 

through. When the tines are full of rocks, the collecting head is hydrau­

lically Ii fted and dumped into the rear storage hopper. For effective opera 

tion, the soil must be loose and dry. 

Passive rake rock pickers are pulled behind an agricultural tractor 

and only require hydraulic pressure for operation. Very little maintenance 

is required on these rock pickers, since only the sp1·ing steel tines come in 

contact with the soil. Horsepower requirements are minimal, due to their 

small size and shallow penetration. Most passive rakes have easily adjust 

able tines, which is one item most other rock pickers are not equipped with. 

Passive rake rock pickers should do well for light duty applications. How­

ever, wet, clayey soil conditions render them less effective than rock pickers 

that are equipped with rock/soil separation mechanisms. 
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PHYSICAL LIMITATIONS OF ROCK PICKERS 

This section includes a brief summary of some of the major cap· 

abilities and requirements of rock pickers listed in Table 3. 

Penetration 

Penetration depths stated by the rock picker manufacturers range 

from O to 12 inches. Several variables affect the penetration depth, such 

as operating speed, type of soi I, weather conditions, and most important, 

the looseness of the soi!. Before a rock picker can be used effectively, the 

soi I must be broken up by other equipment ( such as a disc harrow or a 

rock rake). Most rock picker manufacturers recommended that the soil 

be previously loosened and relatively dry before a rock picker is uti Ii zed. 

Since most mining companies do not have farm equipment, a rock rake 

attached to a dozer blade would be the most economical method to break up 

the soi I. 

Size of Rocks Picked 

Rock sizes that can be hand led by rock pickers vary considerably. 

A minimum rock size of 2 inches is recommended by most manufacturers, while 

the maximum rock size that could be handled varied from 10 to 44 inches. 

For the rock picker to handle a large size rock, it must be near the surface; 

otherwise, the rake bar will either force it deeper Into the soil or just ride 

over it. Many of the rake bars are spring loaded to avoid breakage if a 

large rock is encountered. This safety feature is strongly recommended to 

minimize downtime for the equipment. 
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As the rocks dre removed from the soil, they can be loaded into a 

hopper, or they can be windrowed. Most of the rock pickers listed in 

Table 3 utilize a hopper to temporarily store the rocks. After the hoppet· 

is filled to c...ipacity, the rock pickPi is hauled to a disposal site and dumped. 

A few models are able to dump into a truck for faster haulage to the disposal 

area. Since dumping of the rock bin is a unproductive function, a further 

time-saving can be attained by cunveying the rocks into following trucks. 

This method greatly reduces unproductive time, although it doe!:> require 

more operJting expense. Using this conveyor method, more acres can be 

cleared more quickly than when hoppers are userl. 

Hopper Capacity 

Hopper capacities ranqed from a minimum uf . 75 cubic yards to a 

maximum of 8. 0 cubic yards, although most of the rock pickers had a hopper 

capacity of l. 5 to 2. 4 cubic yards. Assuminct a rock picker has a penetra­

tion depth of 6 inches and the soil rontained l l. rock, with a ground speed 

of 3 miles per hour, it would only tJke 3. 2 minutes to fill a 2 cubic yards 

capacity hopper. Even thuugh the above calculation is hypothetical, it 

rlearly shows how quickly a hopper can be filled. Similarly, if the soil 

content was 20'::. ro,k, a 2 cubic yards capacity hopper would be filled in 

only 19 seconds. 
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Horsepowe r_: Requirements 

Horsepower requirements for the towing tractor vary considerdbly 

among the rock pickers. The horsepower of currently available tractors 

ranges from 7 to 250. The majority of manufacturers recommend a tractor 

of about 50 horsepower to tow the machines. Since numerous variables 

affect horsepower requirements, it would be wise to be over powered 

rather than under-powered. 

The majority of rock pickers use a Society of Automative Engineers 

category Ill power -take-off (PTO). The PTO is generally used to drive 

the rake bar and provide hydraulics for the hopper and other systems. 

Ope rating Speeds 

Rock picker manufacturers are rather reluctant to stipulate ranges 

of operating speed, since thi ~ greatly depends on site conditions. However. 

sufficient data has been obtained to indicate an operating speed range from 

1 /2 to 10 miles per hour. This is a significant range, although manufacturers 

stated that most owners operate their machines within the 2 to 4 miles per 

hour range. 

When rock conditions are severe, operators may make more than one 

pass; the first pass at a slower ~peed, and later passe~ at increased ~peed. 

Most oper ato r s can visually determine how effective the rock picker is 

working, and can adjust their ground speed accordingly. 
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Slope Limits 

The steepness of slope affects all earth movinq equipment. including 

ruck pickers. Generally. rock pickP.rs arn employed in flat lying or gently 

rolliny prime fdrmland regions. where the slope is not a problem. However, 

when rock pickers are used on steep slopes, the maximum degree of slope 

in most cases wi 11 be determined by the tractor towing the rock picker. 

Tht.~ slope witl affect the rotating cage and potato chain rock pickers more 

than the passive r-;.ike type, since the rotating cage and potato chain con -

veyor arc set at angles for optimum performance. 

When steep slopes are encountered, rock pickPrS can still be effec­

tively utilized. Some of the manufacturers have optional flotiltional tirPs 

which c;:in assist the rock picker on steep slopes. 

Slopes in excess of 30% pose severe limitatiuns for farm tractors 

and would; there fore. hinder the use of rock pickers. However. remova I 

of rncks from sloped surfaces will amplify the erosive effects of surface 

water runoff and may be 111ore d<'trimental than lhP rock prevJlence-

Thus, it can be said that ror.k pickers can operate wherever it is practical 

to 1·emove rocks. 

Machine Weight 

The weight of rock pickers, even when fully loaded. wi II not pre­

sent any compaction problems uuring reLlamation. Tht' heaviest rock picker 

(13,000 pounds) uses large rubber tires to minimize ground pressure. 



Depending on the size of the rock pickers, weights ranged from 1,350 

pounds to 13,000 pounds. Even if hopper capacities were substantially in­

creased, the overal I weight would not affect compaction such that revegetil­

tion would be reduced. 

Lenclh a nd Widt h 

The most importc::1nt of these dimensions is length. This dimension 

Lan affect the turning radius of equipment. In restricted space areas, 

shorter models may prove more desirable than the longer equipment. 

The width on many of the machines has been restricted to 8 feet. 

This restriction on the width enables the machines to be transported via 

flatbed trailers without special permit~ . 

ROCK RAKES 

Another form of rock rPmoval devicP is the rock rake. Table 4 lists 

the general specifications of some popular models. Rock rakes can either 

be dragged behind a tractor or pushed by a dozer. The dragged varieties 

are used for light duty application and will not penetrate the surface. 

Dragged rakes only windrow surface rock and debris. Other methods must 

be used to pick up the windrowed material. 

The push type rock rakes are attached to the front of a dozer. 

They can be effectively used to remove large rocks and vegetation from 

thP soil. Again, since the rocks are not piLked up, they must be µushed 

into a pi le or burial pit. The tines on the rake are generally about 12 inches 
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apai-t and can penetrate the surface up to 21 inches. Push type rock rakes 

are most often employed for clear-i ng and gr-ubbing operations. They can 

assist r-ock pickers by removing large rocks and loosening the soil. 

CRITERIA USED TO SELECT ROCK REMOVAL EQUIPMENT 

Selecting rock removal eq ui pmcnl is dependent on soi I conditions, 

size of rocks, whether 1-ocks are on thP. surface or buried, and amount of 

rocks present in the soil . Tables 3 and q can assist in selecting the most 

suitable machine for specifi<..: needs. 

For applications where most of the rocks are on the surface, any of 

the smaller models will perform satisfacto1·ily, since they are f->t'"imarily de 

s iyned lor sud ace rock. Some of l he sma Iler models, and .JI I of the rotating 

cage variety require that rocks be windrowed before the rock picker can 

be utilized. Auxiliary rake equipmen t may be necessary when selecting 

this type of rock removal equipment. 

The hopper capacity is the one variable which must be carefully 

selected. For an efficient operation. there are t hreP. inime fJctors which dict<..1te 

the size of the hopper : Distance the rock picker must travel to dispose of 

rocks, the percent of rocks in the soil, and the desired depth of rock - free 

soil. As these factors increase, the hopper capacity should also increase 

accordingly. Of the three, the distance traveled to dump the rocks is most 

sensitive, and should be kept to a minimum at all times for an economical 

operdtion. 

'., 7 



When the percent of rock and the depth of rock free soil increase, 

a larger rock picker is recommended. The hopper capacity is also critical 

on these larger and more complex machines. Furthermore, even though 

some manufacturers claim their machines can achieve up to 12 inches of 

penetration, they also highly recommend that the soil be relatively dry and 

previously loosened by other methods. Rock picker~ are not designed Ii ke 

scrapers, and, if they are used in wet or compacted soil, efficiency is 

reduced and mechanieci! failure" , will '.:>urely result. 
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OPERATIONAL ANALYSIS OF SELECTED 
CASE HISTORY MINES 

In order to assess the cost and practicality of implementing rock 

removal techniques in present day mining schemes, the study proCf~sses 

out lined in this segment of the repor-t wen" persued . Firs l, all operations 

at two 01 the mines visited, titled here Case History Mines #8 and #9, 

were mapped, orqanized and costed through a discounted cash flow 

analysis. In addition, topsoil recovery and reclamation costs of the other 

seven (7) visited mines were as::,essed dnd are presented iri Appendix A. 

With the above mine costs available, a sensitivity analysis was pre 

pared to determine the impact of rork removal proct>sses on the scenario 

mines. Costs developed for the scenario mines have been projected to the 

other- seven ope1·ations studied. 

Case History Mine #8 is a typical miciwestern area mine in a prime 

farm region. Topography and soil conditions are well suited for implemen­

tation of a rock picker into the reclamation plan. 

Since the economics of introducing a rock pick.er will vary with the 

mine type, size and soil rock content, a smaller mine providing a more 

difficult application was chosen for Case History Mine #9. Case History 

Mine #9 affects 30 acre~ per year. versus 1 90 acres for Case History Mine 

#8, ancJ is a contour mine located in the Cahaba coalfield of Alabama. The 

surrounding countryside is typically hilly. forestPd and rocky terrain. 
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CASE HISTORY MINE #8 

Ca::;e History Mine #8, illustrated in Figure 7, is a typical midwestern 

area mine in a prime farm region, which produces l, 350,000 tons of coal per 

year-. The topogr-aphy is character-i sti<..:al ly flat to gently rolling cropland. 

ClimatiL conditions for this area t·anqe from 42°F to 60°F annual mean temp­

eratures with total precipitation varying from 36- 50 inche!:> yearly. 

Coal seam thicknesses total 48 inches for the Herrin (No. 6) coal 

and Harrisburg (No. 5) coal; these seams are flat lying with less than a 2 

degr-ee dip in any direction. Overburden analysis indicates 30 feet of un 

consolidated material, 3 4 feet of sandstone above the #6 seam and 25 feet 

of s,mdstone and shale between the #6 and #5 coal seams. Topsoil is an 

average of 4 feet thick with the A Horizon being 18 inches and the B and C 

Horizons of 1 8 inc he!:> and 12 inches, respectively. 

Unit Oper-ations 

Topsoil Removal 

Topsoil removal begins with the pr·eparation of 3 stockpile areas 

according to the following: 

The A Horizon is r-emoved from the first strikeline 
cut area with a 31 cubic yar-d scraper and is 
stored separately on an A Horizon stockpile. 

The [3 and C stockpile at·ea is cleared of the A 
Horizon in preparation for stot·ing the B and 
C subsoil. 
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The D Ho,·izon from the first strikeline cut must be 
stockpiled separately, until the mine progression 
has reached its last cut, and the D sub~oit can be 
replaced. The D stockpile ar-ea must be clec1red 
and the A, B, and C soil removed dnd stored in 
their respective areas. 

Since it is impossible to begin reclamation until the mine has ad 

vanced a minimum of 3 complete strikeline cuts, the topsoil for the additional 

two strikeline cuts is also stored. Reclamation begins after 3 cuts and top 

soil is directly replaced on the spoil drea from this point on. 

Drilling and B la sting 

Drilling is accomplished in two eight hour shifts per day using a 

truck mounted 10 3/4 inch drill which averages 17 holes per shift. A drill 

hole pattern of 21' x 24' is used, and blast holes average 70 feet in depth. 

The blasting agent used is ANFO. Loading of GOO lbs. per hole causes the 

overlying strata to be sufficiently fractured and provides easier digging for 

thf' dragline . 

Overbw den Handling 

Overburden material is 1-emoved in two benches. The 31 foot lower 

bench employs a 40 cubic yard electric shovel excavating material and cast · 

ing into its previous cut. Working ahead of the shovel, on the upper bench, 

is a 44 cubic yard dragline that rernovl?s 40 feet of the upper bench material 

casting it on top of the shovel's previous spoil. These: operations are shown 

in cross section in Fiqure 8. When mining opet·ations have reached the end 
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of d cut, which is approximately 5,500 feet in length, both the shovel and 

dragline must deadhead and relocate at the beginning of the new cut. With 

adequate distance maintained betwPPn dragline and shovel, delays for relo­

cating are almo5t nonexistent. 

Coa I Loading and Handling 

Coal loading and haulag~ i~ conducted on a daily basis utilizing two 

12 cubic yard coal loading shovels working the upper and lower bench. This 

operation rem a ins a minim um of 100 feet behind the drag I ine operation. lni 

tially, the coal seam is loosened by onP of the reclamation dozers, equipped 

with a ripper. lach 12 Lubic yard shovel loads company owned 1 00 ton coal 

haulers for the two mile round tr-ip to the tipple. 

Reclamation and Topsoil Replacement 

Regrading operations commP.nce with the completion of the third 

cut. Reclamation dozprs beqin by capping the spoil pile and burying large 

rocks and boulders. Dozers scarify the surface by blackblading in prepara 

lion for the replacement of the B and C subsoil by scrapers. From this 

point on, the replacement of the· A Horizon and the B and C Horizons pro­

ceeds immediately as a continuous operation of direct r-emoval and replacement 

in the regraded backfill area. At thP end of mining, the final cut is filled with 

the stored initial cut material and topsoil from the stockpiled area. Seeding 

is also conducted concurrently with the advanLement of the mine. Using a 
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hydroseeder and tractor. a mixture of tall fescue, pasture grasses and 

fe~·tilizer is applied to establish growth and regenerate soil conditions before 

the planting of row crops. 

CAS[ HISTORY MINE #9 

Case History Mine #9, illustrated in Figure 9, is located in the Cahaba 

coalfields of Alabama at the beginning of the Appalachians. where it produces 

approximately 147. 000 tons annually. Topography at this site r-anges from 

rolling to moderately steep hills. Pr-e-mining land use is mainly forested 

with sporadic farming throughout. Climatic conditions are influenced by 

the Great Plains weather and rainfall ranges between 56 and 64 inches per 

year. with severe hail storms during the winter months. Mean minimum temp 

erature is about 45 '1 F with mean maximum at 80°F. with 0°F readings for 

shor t per-iods of time. 

Coal seam thickness of the No. 6 seam (Herrin) tota Is 36 inches and 

it is assumed to be flat lying . Overburden consists of 20 feet of unconsoli ­

Jated mate r ial and 60 feet of shale and sandstone above the No. 6 seam. 

Case History Mine # 9 is a conventiondl contuur stripping operation that uses 

a 9 cul>ic yard dragline and scrape1-s assisted by bulldozer s. A 7 cubic yard 

front - end loader loads coal into contr-acted coal haulers for delivery to a coal 

broker. 

Unit Operation s 

Clearing and Gr-ubbing 

Vegetative cover dl this 30 acre site cons ists of small diameter hcird 
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woods with ver-y I ittle of mar-ketable value. C lear-ing is accomplished by 

doLer-s knocking down trees, r-emov ing stumps, and pi ling material at pr-e 

deter-mined sites fo1· burning. The clear-ing and grubbing oper-ation is kept 

well ahead of the mining operation. 

T opso i I RPmova_!_ 

Topsoil removal methods for this site ar-e essentially the same as 

described in site one. Scraper-~ and dozers remove 12 inches of topsoil and 

stockpile it at var-ious locations for easier replacement. With the limited 

amount of this mater-ial, there is no need for segr-egation. 

Dr-illing and Blasting 

This mine uses a ti-.'. inch diameter air rotary blast hole drill for 

holes on 12 foot centers. The entire 80 feet of overburden is blasted to 

facilitate easier removal by thf' scrapers and dr-agline. Drilling schedules 

for- this site require two 1 O hour· shifts per day, 345 days per year. 

Overburde11 Handling 

Primary stripping units for overburden r-emoval are cl 9 cubic yard 

dr-agline and a 30 cubic yard push- pull scraper. During the initial cuts, the 

upper 20 feet of overburden is removed with a scraper and stored until there 

is sufficient advancement in the backstack area to allow direct removal and 

replacement. The lower 60 feet of overbur-den above the coal is removed 

with the 9 cubic yar-d dr-aqline utilizin~ the extended bench method of removal. 

DuP to the draqlinc 1 s insuffo .ient boom lenqth for- corr-eel spoil plaLement, it 

68 



• MINING DIRECTION \ • . 

z 
0 -u, 
u, 
U.I 
a: 

"' 0 
a: 
a. 
U.I 
z -I 
+ 

·~. . ' ' .. 
. ,,,, ,, ,,, •'· ,1 1, .. , ... 

•' .. 
, 1 , , ,d , 1,, 

,, .. ,, . ... ... . 
,,, . .1 ·, , 

. , ,, •''·. .... , \, 
,,,, , 

.,I, 

Pit Floor 

' I 

I 
I, I 

, \ I 

\\, 

.,/. 

, .1/ , 

,,l( 

. , ' · 

.-.-.-~_~.-.:~ -. ;J'IT -Y-"--r - ----- -- - - ---- - -, . 
[ • • · , • . ' I I I , 1 

.. ~-i~hw~-11 ...L,-, '-- -. - --\~ . [;:©~: 

0 ,......., 50 

® 
~ 

,oo 

SCALE IN FEET 

,,I , 
,\V , , ,, ( , ,, \(, 

,,I I, 

'-. 
, . . ,,. ··"· .. ,. di,. 

, \I .. .'.,,, 
.,,r. 

• 11 , 
1/ , 

,i; , 
., .... 

L_ ___ _ 

Drill 
, Bench 

,II . ,1 ( , . , / 

.di, , 1l , .l f. . 
·"· , 11, ... ,,. 

,II, ,\, ,I.', .,, ,\,. ,,,. 
,\(, . 

,11, . .,\I, ,,, 

,·. Reclamation 
.,I , . .d1, 111 / , 

.ti, 

.i t ,, 

... ,, .. 
,\ /, ,, \1. , 

. II . ,, . ,1,,. 
,I,', , 111 

,I 
,111, . 

,1 1 , " '· 
·"'·· 

II ,Hf,, 

.1 / ,, 

,,. ' . ~' '' · . 
_1 i1, .. .,,. 

,\, 

·"· 
I , 

,a1 , , . 

.\\ 

,II . . •' ., . 
,dJ 

DRAGLINE BENCH 

Highwall 
To Haul Road • 

EQUIPMENT IDENTIFICATION 

G)COALHAULAGE TRUCK 
@ FRONT-END LOADER 

@ DOZER 

@) OVERBURDEN DRIL 

@ DRAGLINE (9 C.Y.) 
@ SCRAPER 

MINING SEQUENCE - CASE HISTORY MINE NO. 9 
FIGURE 9 



must rehandle approximately 27 percent of its materidl to create the extended 

bench. This will allow the dragline to achieve thP. proper distance, and mater­

ial angle of reposC' necessary to prevent spoil roll back. This operation is 

scheduled two l O hour shifts per day, 345 days per year. Scraper scheduling 

required to maintain an adequate c.Jistdnce in advance of the. dragline is one 

l O hour shift per day, 345 days per yea1·. These operations are shown in 

cross section in Figure 10. 

Coal Removc1l and Loading 

Coal loading and haulage is conducted on an dS · needed basis. A 

doz~r cleans and r-ips the coal fot· the 7 cubic yard front - end loader to load 

25 ton contracted coal hauler-s to be tr.insported to a coal broker- for pro­

ce~sing before being sold on the open market. 

Rec la ma tion and Topsoil Replacement 

The sequence of this operation is very s imilar to that described 

in Case History Mine #8. Spoil pilPs are graded before the replacement of the 

scraper- overburden and then regraded . ..ind scarified before topsoi I replace­

ment. The final cut is filled with the initial cut and the excess scraper 

material that was previously stored. Re~eeding and fertilizing is through 

the use of ...i hydroseeder and tractor. 
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SENSITIVITY ANALYSIS 

Introduction 

There are several methods available for evaluating the unknowns 

involved in investment decisions. The sensitivity analysis approach is one 

way in which to quantitatively incorporate risk and uncertainty into analyses. 

This approach refers to an assessment of the relative magnitude of 

the change in onP particular element re:>c;ulting from varying another element 

over a wide range of valu<'S. If no drastic change re::.ults. the situation is 

said not to be sensitive to uncertainties regarding that varied element. On 

the other hand, if a small change in the estimate of one element will drastically 

affect the desired result, the situation is said to be very sensitive to changes 

in the estimates of that element. 

Some typical parameters that often are allowed to vary for sensitivity 

analysis include initial investment, selling price, operating cost, projec.:t life 

dnd salvage vcilue. In this study. the sensitivity analysis was perfor-med 

on the top soi I remova I and reclamation efforts per acre. 

Variable Par-ameter Descriptions 

In order to determine the affects of implementing a rock picker into 

the reclamation plans. a sensitivity analysis was performed. While keeping 

certain c1·i teria constant and varying those items which would most likely 

fluctuate, sensitivity graphs were constructed. Criteria held constant 

throughout this analysis were : 
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1. 6 inch effective penetration depth of rock picker 
2. 8 foot effective picking width 
:1. 5 mph qround speed during dumping cycle 
4. GO second dump cycle 
5. $30,000 cost for- r-ock picker and tr-actor 
G. 7l hour- shifts 
7. UMW operator- for- tr·,1ctor- (Gr-ade 1) 

8. 90~. availability of rock picker and tractor-

I terns considered as var-iable wP.r-e : 

1. Operating speed-varying from 1 to 5 mph 
2. Hopper- Cdpacity - varying from 4 to 16 cubic yards 
J. Haul distance to dump-varying from O to 5000 feet 
4. Hopper- versus dir~ct loading 

r::ach of th(• four variable items above was qr-aphed as a function of 

thP. per-cent of ,-ock contained in the top soi I. These analyses of the relation­

ship between the r-ock content of the topsoi[ and the horsepower required 

to remove that rock (expressed in hor-sepower ·hours ,' acre) provide a visual 

display of the sensitivity of the rec lamation effort to these variables. The 

graphs in Figures 11 18 we,-e plotted for each variable; the percent of rock 

on the horizontal axis (varied from s-2oi), and the corresponding horsepower­

hours / acre value on the vertical axis. 

Horsepower- hour / acre units were chosen to portray the incremental 

increases in the rock removal effort as the rock content increased in order 

to provide a reldtionshiµ of universal and timeless applicdtion. These units 

reveal the physical energy required to accomplish given tasks by summing 

the products of the total available potential flywheel horsepower outputs of 

all contributing pieces of equipment multiplied times the total hours over 

which they werC' applied. This figure is, in turn, divided by the number 

of acres reclaimed. These units <.:an be converted to cost /acre in a single 
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step, at any future point in time, by simply multiplying times a conversion 

factor. 

Each graph shows the effort required to remove the topsoil rocks 

to a depth of six inches using a direct acting rock picker. Each graph 

begins at a rock content of 5'.; , since removal of rock is not anticipated below 

such a nomina l value. 

The basic assumptions for cletern1ininu the rock picker's cycle time 

were a l mph operating speed, 4 cubic yard hopper capacity, 5,000 foot 

average haul distance, and hopper loading ( instead of direct loading into 

trucks). 

Varying Haul DistancP. 

I ig ures 11 and 12 1·evea I that as the haul di stance incr·eases from 

0 to 5000 feet and the percent of rock increases from 5 to 20~. the horsepower­

hours Pxpended per acre also inc rease. This is a directly proportional 

relalion:.;hip. The i:-icrease in exr~enrled Pnergy is causPd by the increasing 

cycle time. As the percent of rock content increases, the number of timf'5 

the dumping cycle must take place is increased. Also, cycle times increase 

as haul distdnces increase, resultinq in lower production rates. 

From Figure 11 it can be seen that at a r . rock content and a 

4000 foot haul distance, the effort required was calculated to be approximately 

148,900 horsepower hours per acre. The f-'ercent of difference between this 

new effort and the effort without a rock picker is 0. 40%, which is a very 

minur <...hange. The percent of differen<...e between the maximum rock removal 
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effort of 149,800 horsepower- hours / acre for 20 o rock content and the 

effort without a rock picker is 1. 0~, while Figut'e 12 show,:; a 1. 3~ difference. 

Both of these changes are minimal and the relationships c..in bP considen~d to 

be very i nsensi live. 

Also, as the haulaqe distances decrease, higher rock content has 

less of an e ffect on productivity, due to the faster cycle times. This end 

result is the reason for the slopes of thP lines being flatter as the haul 

distances decredse. 

Varying Operati ng Speed 

The gr-aphs pr-esented in rigures 13 and 14 illustrate the relationship 

of oper-ating speed, percent rnck, and effort per acr-e for reclamation and 

topsoi I removal. Picking speeds vary from 1 to 5 mph and, again, rock 

content t ,rnges frum S to 20 ·.·,. This effort to speed relationship is inversely 

proportional in that, as the speed is increased, the effort expended decreased. 

This rPsults from higher- speeds c ,iusing shor-ter cycle times and consequential 

higher productivity. The percPnt of rock to effor-t relationship is dir-ectly 

pruportional fur reasons expla ined in th(· previous section. 

From Figur-e 13, it con bf' seen that for- a 10% rock content and a 

picking speed of 3 mph, topsoil r-emoval and r-eclamation efforts will expend 

148,575 horsepowPr hours per acre. The percent of change hen': is only 

0. 19%. Overall, the per-cents ot change in Figures 13 and 14 are the same 

as in the previous section, again, rPvf'aling a highly insensitive situation. 
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Varying Hoppe_r Capaci!_y 

Different hopper sizes on the rock picker will definitely affect 

production, for obvious reasons. Larger hopper cdpacities result in higher 

pt ·1)c..luc tivity. Cycle times are essentially the same using larqe or small 

hop1Jc1-~. how e ve1· , mon! m ;1ter i;1I i!> 11 ,111 !:> po1· tc!cl with l,11·qc1· 1>11tis, n.:!:,ullitHJ 

in hiqher productivity. Figures 15 and lG ar(! yraphs dep icting the rP.sulls 

of varying the hopper cJpacity from 4 lo 16 cubic yc1rds. Another inversely 

prnportional relationship is exemplified here in that, as hopper capacity 

increases, the effort expended per acre decreases, due to the increased 

productivity. Again, a!> in the other sections, topsoil removal and reclama 

tion efforts per acre increase as the percent of rock i ncreases. 

Figure 15 shows a 1. 0' . difference between the highest rock picker 

effort and the reclamation effort wi thoul a rock picker . Figure 16 reveals 

a 1. 3~ difference. A highly incensitiv,... situation is again revealed here as 

in the previous graphs. 

The flattening slopes of the hiqher hopper capacity lines is due to 

the void ratios having less of an eftect in the larger hoppers than in the 

~mailer hoppers. The percent of void space would be less in a 16 cubic 

yard hopper than a straight line relationship would reveal. 

Hopper vs Direct Loading 

The utilization of direct loadinq to trucks for material transportation 

(as opposed to hoppe,- loadinci) ..-eveals an increased effort expenditure 

du~ to the additional equipment required. This is illustrated in Figures 17 
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and 18. These figures :::.how that employing a 350 horsepower truck is 

generally an excessive equifJment depluyment , since a truck is not helpful 

until thf-' haul distance approaches a mile ur the percent of rock becomes 

high. Yet even at these horsepower hour break even points one truck 

cannot keep up with the rate that a 4 cubic yard hopper will fill. l f 

a second truck is added they can keep up with the rock picker, however, 

more of an effort must be expended than if the roc k picker operated alone. 

Thus, in all instances (up to 20° rock content) direct loadout uses more 

effort than operating the rock picker alone. 

When the rock content exceeds 2oi a nd the haul distance approaches 

one mile, dirncl loadout c~n offer an effort rPduction that will be effective. 

Worst Case Analysi'.:> 

When estimating the impact of additional or innovative equipment 

(or concepts) on the overall operation, sensitivity analysis reveals areas 

where adjustments could bf> made for estimating purposes, if the end result 

i:, highly sensitive with t·espect to that particular factor. Further investi­

gation into evaluation could be accomplished by a worst case analysis. When 

conducting a worst case analysis, the objective is to define thr most adverse 

set of circumstancPs that could feasibly be encountered during thf' unit 

operation. 

Thf' rock picker portion of the topsoil removal and reclamation effort 

for Case History Mines #8 and # 9 was subjected to a worst case analysis to 

determine the net effect on the ovrrall oper·dting effort per ton. Factors 
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selected to depict the worst case were a 1 mph operating speed. 4 cubic 

yard hopper capacity. 5000 foot haul distance, 20~ rock content. and direct 

loading into trucks. 

Applying these factors to Case History Mine UB's reclamation effort 

per ton of 16. 0312 horsepower· hours per ton compared with 15. 030 horse 

power hou,-!::> p c 1- lon wilhout d nKk picket·, the difference is 0. 0012 horse 

power hour µe1· ton. Case History Mine #9 rcsullecJ in a 0.0107 horseµower­

hour per ton increc1se or 0. 03:i ':, difference ( from 30. 2588 to 30. 2695 horse· 

power hour increase per ton). 

As can be seen from the figures above. lhe incorporation of a rock 

picker into an operator's reclamation plan results in d minimal additional 

effort. 

Required operating time is also low and readily sequenced into 

norm a I rel lamation activities. By using a worst case situation (assuming: 

l mph pick in~ speed. 20% rock content. 5 mph dump speed, 5000 feel to 

dump site. 8 foot swath. 4 ,ubic yard hopper and 6 inch penetration) it 

takes 8 hours to clear l acre of land. Assuming the ~ame ~pecifics. yet 

using a more realistic 10 ':, roLk content. will require only 3 hours per acre. 

Sume benefits to be realized would be improving the value of the 

lc1nd, increasing crop yield. improving aesthetics. and favorable public 

reaction to a company genuinely interested in improving post-mined lands 

and uses. 
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Projected Rock Picker Efforts 

Tablt· 5 presenh the topsoil removal and reclamation efforts with 

projecti:>d rock picker effort for all nine mine sites visitP.d. Unit efforts for 

topsoil removal and reclamation for the first seven sites are developed in 

Appendix A. Lffort data obtained from the sensitivity analysis were used 

to compute the projected rock picker costs. 

Also included in Table 5, are topsoil removal and reclamation efforts 

per ton of coal with dnd without the ..1ddition of a rock picker. 
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MINE 
SITE 

CH-1 

CH-2 

CH- 3 

CH-4 

CH-5 

CH- 6 

CH-7 

CH- 8 

CH-9 

AVERAGE 

TABLE 5 

TOPSOIL REMOVAL AND RECLAMATION 

EFFORTS WITH PROJECTED 

ROCK PICKER EFFORTS 

EFFORT PROJECTED EFFORT 
WITHOUT ROCK PICKER WITH ROCK PICKER 

·-
H.P. - Hrs.I Acre H.P. - Hrs./Ton H.P. - Hrs./Acre H.P. - Hrs./Ton 

44,900 5.0652 46,462 5.0668 

-- - - - - · 

72,700 15.9942 74,262 15.9958 

35,100 9.3535 36,662 9 .3558 

123,100 11 .3315 124,662 11.3363 

- --- -- - - - - -- - -
7,500 3.6608 9,062 3.6761 

217,100 15.5063 218,662 15.5175 

25,700 11.4131 27,262 11 .4247 

- - - - . -
113,900 16.0300 115,462 16.0312 

- -

148,300 30.2588 149,862 30.2695 

- - - -- -- - - -·-

87,600 13.1793 89,151 13.1860 
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ENVIRONMENTAL IMPACT 

Rocks are a natural component of soi I; yet. at times they <.cm be 

detrimental to revegetation efforts. Large rocks hinder attempts to seed 

an area. A prevalence of rock on or near the surface retards the estab­

lishment of vegetative cover by restricting root growth and limiting mois­

ture distribution. 

As a side effect of this impedence to vegetation, there will be an 

increase in the amount of sedimentation that occurs. Erosion, trans­

portation, and deposition of soi I particles impairs environmental quality. 

The source area is robbed of nut1·ient-providing soil, the transporting 

water becomes turbid and affects the aquatic life of the receiving stream, 

and the point of deposition can result in a t.logged stream channel. lake, 

or pond, or in suffocation of productive land. 

There can also be harmful effects on the wildlife from erosion and 

sedimentation in the form of destruction of their refuge areas. These are 

often damaged or destroyed without being noticed, since they are remote 

from the "affected area". 

Past mininq practices IP.d to mixing of consolidated and unconsoli · 

dated strata within the samP spoil pilf'. In the proci=>ss, the strata were 

inverted, making it impossiblP to replace the topsoil in its original condi 

lion. In order to alleviate the destruction of the natural soil conditions, 

st..ites began requiring separate handling of the topsoil. Those states which 

had no inhe1·ent rock problems in their topsoils required that post mining 

conditions shall be as rock free . Thus, the only stipulated rock content 
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limitations in reclamation standards are those which reflect the natural soil 

conditions prior to mining. 

Recently, implementation of the Federal surface mine law forced 

the segregation of soil horizons to be implemented nationwide. This 

practice has had a noticeable effect on those states without previous rock 

content restrictions. An extreme decrease in the contamination of topsoils 

by rocks is apparent. In essence, if an operator complies with the OSM 

regulations, the reclaimed areas should be of equal quality to their pre­

mining conditions. 

Fur the operator who plans to improve the land use from its pre 

mining status, the employmE:!nt of a rock removal system is effective and rela ­

tively inexpensive. The economic impact on both the small and large oper 

ators is sliqht, as shown by the previous sensitivity graphs and unit cost 

Pstimates. In terms of the cost vs. benefit, any ar-ea whose land use has 

been improved will be man' valuablP than it was. The cost of utilizing a 

rock removal system that is properly sized for the volume of rock removal 

necessary can be more than offset by tht· increased land value. 

In some an~as, the degree of successful revegetation could be im ­

proved by using a rock removal system. This would be inexpensive insur­

ance that an affected area will only need to be planted once to initiate sue -

cessful revegetation. Such problem areas, where rock content hinders the 

success of a planting attempt, could be remedied by rock removcJI efforts. 

Areas like the semiarid southwest, where topsoil is of limited quan ­

tity and poor quality and is underlain by decomposed sandstones, the proba-
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bility of successful establishment of vegetative cover may be improved by 

special rock reduction methods. The productivity of a reclaimed area might 

be improved by employing a machinP that resembles the "Triter", which was 

formedy marketed by the Hes ton Corp. The "Triter" is a rock picker which 

crushes the rock it engulfs and returns the reduced rock particles to the 

ground. It would seem that if this type of rock reduction was applied to 

the upper subsoil layers, it would increase the amount of soil material, 

improve the availability of soluble minerals for plant nutrients, increase 

the moisture retention capabilities of the root medium, and accelerate the 

development of soi I horizons. 

A possible disadvant...1ge of using rock pickers in the reclamation of 

surface mines would occu1· when the removal of rocks accelerates the erosion 

of restored slopes. Removdl of the resistance to e1-osion, which rocks pro 

vide, may allow excessive gullying to occur. This disadvantage of rock 

removal could be eliminated by frequent terraces. or contour plowing. 

raking, or discing. These prnctices retard surfa(..e flow velocities, re 

ducing the water's erosive power. 

Areas that a re reclaimed for farming uses wil I experience the re· 

occurenLe of rocks periodically, due to the combined effects of repetitive 

plowing patterns, siltation, and frost action. Plowing overt urns the topsoil 

and, if the same plowing pattern is repeated year after year, the result is 

a late1·aJ shift of soil, which is most pronounced on sloring ground. Silta ­

tion c..:an carry away thin layers of topsoils, which decreases the rock cover. 

Finally, frnst action physically pushes rocks toward the surface . Separately 
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thP.se are minor factors. yet collectively they will allow rocks below the clear­

ed level to migrate up into the tillage zone. This return of rocks will take 

vat-ying amounts of time depending on the depth of rock removal and the 

depth of frost p(•netration. Overall, the infiltration of rocks into the tillage 

area is extremely slow and not a formidable problem; the current mining 

practices wi II provide a reoccurrence rate similar to the adjacent, unmined 

lands of similar strata-
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NEW CONCEPTS TO IMPROVE TOPSOIL 
ROCK REMOVAL TECHNOLOGY 

During the course of these investigations, the soil rock content 

prnblem in agricultural areas was found to be less c1·itical than originally 

anticipated. This is primarily true because current methods to remove 

stone and replace top soi Is are reasonably effective in preventing significant 

rock contamination. Even at surface mines or in abandoned mined land areas 

where ve1·y litLIP soil is available for cover material, the dction of dozer·s 

leveling spoil ,.ind weathering tends to reduc<' top cover rock limitinq the 

surfdce soil rock content to 40 % or less. The need for improved rock removal 

teLhnoloqy beyond thdt presently available is not wide r-anging and of 

immediate importance to the mining industry. 

There ar-e, however, some specific types of mining r-elated problems 

that rould be better- solwid with improved rock handling equipment. Abandoned 

mined lands may often have coar-se, r-esistant rock mate1·ials on the surface. 

Present rock removal equipment would be hard pressed to renovate these 

kinds of lands efficiently if rock content exceeds 20 '~. Likewise, on mountain 

top removal sites wher-e lar-qe, flat, L..irmable (but poor soil quality), expanses 

have IJe,pn creatPd, a more advanced rock remov,.JI system could produce a 

more productivP land than would otherwise be possible'. 

The main requirement of systems employed to upyrade lands just 

described would be to make them larger and more rugged than current 

equipment. Several conceptual pieces of equipment follow. They include 

a modified scraper, rock picker with a hopper, a rnck picker- with direct 

loadout, <l rock culler-, and dn ultrasonic er-usher-. 
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MODIFIED SCRAPER 

Figure 19 displays the modified scraper concept. Since scrapers 

are widely used for topsoi I redi st ri but ion, this concept can eliminate rocks 

from being replaced with the topsoil. As the topsoil is being redeposited by 

the scraper, a vibrating steel grill will maintain rocks larger than 3 inches 

inside the scriJper . After all the topsoil is discharged, the remaining rocks 

can be dumped in a predetermined burial pit. The vibrating steel grill can 

be raised up for dumping the roc ks and for conventional soil pick up. 

Since this concept is a modification to currently available equipment, 

development costs should be minimal. Also it could be utilized wherever 

scrapers are employed for topsoi I redistribution. Relatively dry soil would 

be required for efficient operation. Its intended use is for soils containing 

a moderate amount of rocks. Since this concept rides on rubber tires, maxi 

mum slope limitation should be kept to less than 15 ':, . The equipment will 

weigh approximately 96,000 lbs. and haVf~ i.Jbout 330 horsepower . 

Estimated develoµment costs for this concept are in the range of 

$15,000 to $50,000 excluding the cost of the scraµer. With successful im­

plementation of this concept. rocks could be removed during topsoil red is 

tribution. thus eliminating the need for other rock removal equipment. 

Estimated availability for this modified scraper should be 90 ':- . 
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ROCK PICKER WITH HOPPER 

The rock picker with hopper storage concept (Figure 20) is basi­

C.dlly the ~ame as the rock picker with conveyor load out (Figure 21). The 

only difference between the two is that the discharge conveyor has been 

,~lim inatecJ, and a hyd1·aulically operated rock hopper is used to temporari !y 

~tore the rocks. It is intended to be u sed fu1- soils containing a minimum of 

rock, since using a conveyor di~char-ge ;.ind following l rue ks would not be 

economical for this application. 

The major components, (rnck r-ake, pick u1) blade, agitdtinq rollers 

and vibrating steel mesh conveyor) are thE: same as the conveyor discharge 

concept. With maximum slope set at 22 ~, 12 inches of soil penetration could 

still bP mairll<1ined. The most impo1·tant consider,Hion in selecting ..i ho1)pc1· 

tyµe rnck picke r is the capacity of the rock storage hopper. Referring to 

Figurrs 1 S and 1 G quiLkly r-eveab that the overall operating cust is very 

sensitive to the volume of the hoppe1·. An 8 cubic yard capacity should be 

·; ufficient for minimum rock conditions, but when percent rock increases 

beyond ls·~ careful consideration must be 9iven in selecting the hoppPr size. 

The estimated costs for this concept ..ire in the range of $125,000 to $175,000. 

The bulk of this cost will bf' absorbed by thr. dozer type chassis, with con­

cept development taking 1-3 years for this 330 horsepower, 155,000 pound 

rock pick, ir. Availability is anticipated to approximate 90 t . 
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ROCK PICKER WITH DIRECT LOADING 

Figure 21 displays a combined new concept of rock removal. Using 

a modified dozer, a rnck rake initially loosens the soil ,.ind pushes large rocks 

to one side. Next up to 12 inches of soi I is picked up with an adjustable 

blade. A series of rollers breaks up the clods, moving the rock and soil to 

a conveyor. Using a meshed, vibrating steel conveyor, fine particles would 

fall through to the ground, while the rocks are conveyed to a storage hopper. 

The storage hopper. also equipped with a conveyor belt, would transport 

the rocks to following truck~. The 330 horsepower rock picker, weighing 

approximately 1 tiO, 000 lbs., would ride on wide grouser type tracks to mini­

mize ground pressure and reduce compaction, and increase its slope capa­

bility to a maximum limit of 20° to 22°. This concept could be used after 

topsoil redistribution for active mine reclamation or after clearing and grub 

bing in abandoned mined lands. Planting could follow directly afterwards, 

depending on weather and soi I conditions, thus eliminating the need for 

plowing or discing. One or two rock trucks would be 1·equired depending 

on hopper capacity and percent rock in the soil. 

This machine has potential for both surface mine and abandoned 

mined lands reclamation. Since this concept incorporates current technology 

into a new design, development costs would be minimal, implementation into 

the reclamation plan would be easy, and the benefits received could be sub 

stantial. Development of this concept will take 1 -3 years. The e~timated 

cost of this conceptual equipment is in the range of $150,000 to $200,000, 

with much of this cost for the purchase of a dozer type chassis. Estimated 

availability for- this machine should be 90'~. 
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ROCK PICKER WITH CRUSHER 

The concept of selectively removing rocks from the soil, crushing 

them to a predetermined size, and redepositing the fines on the surface is 

presented by Figure 22. Pictorally, the storage hopper from the direct 

load out concept has been replacerl with a jaw and rol I crusher. The dis­

charge conveyor has been moved to the rear of the machine so the fines can 

bc- spread evenly on the surface. 

The main components of the concept are rock rake, an adjustable 

pick - up blade, agitating rollers, vibrating chain conveyor, primary jaw 

er-usher, secondary rnll crusher, and finally a discharge conveyor, all 

afixed to a dozer type chassis. Once the topsoil has been redistributed, 

the rock µicker /crusher would first loosen the soil and expose large rocks 

with the rock rake. Material less than 12 inches would pass through the 

rake teeth and up to 12 inches of soil would be lifted from the surface by an 

adjustable blade. Agitatin(J rollers would break up any lumps and move the 

material uniformly to a steel mesh vibrating conveyor. Material less than 

inch in size would fc:111 through the mesh and return to the surface, while 

rocks would be deposited into the primary jaw crusher. The rocks would be 

initially crushed down to 3 inches in size, and finally recrushed to 1 inch by 

the secondary r-oll er-usher. After- crushing, an ar-ticulated rear mounted 

conveyor would spr-ead this material evenly over the surface. 

Oper-ating speed of the rock picker /crusher would have to be care·­

ful ly matched to the output of the crushers. This system would el iminate 

the need for rock disposal, althouqh d disc ha1-row would be required to 
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mix the soi I and crushed rocks prior to planting. Adapting the rock picker/ 

crusher components to a dozer type frame may prove difficult and costly, 

due to the physic..al size of the rock crushing equipment. The 230,000 pound, 

400 horsepower rock picker /crusher would take about 3- 5 years to develop. 

Using dozer tracks will enable the rock picker/crusher to negotiate slopes 

up to a miximum of 22~ .. The estimated costs for this concept would be from 

$250,000 to $350,000, with an estimated availability of 85%. The rock picker/ 

crusher would have more potential in moderately rocky soil conditions, and 

could also be used for abandoned mined lands reclamat ion. 

ROCK CUTTER 

fhe rock cutter concept (Figure 23) is a rather unique method to 

improve topsoil conditions. All other rock removal equipment must pick up 

..i laye1· of soil { up to about 12 inches) in order to selectively separate rock 

from soil. However, the rock cutter concept, using a series of highspeed 

carbide cutters, will loosen, and cut rocks to 1 inch in size without lifting 

the soi I from the surface. 

The components for this conept include a modified dozer type frame, 

a rock rake to loosen the soil, three rows of cutters, and a protective shield 

to prevent any rock fragments from flying from the cutters. Three staggered 

rows of 27 inch diameter cutters will progressively reduce rock size to 1 inch. 

The oppositely rotating rows of cutters have been staggered to eliminate rocks 

from jamming between any two cutters. The depth and spacing of the cutters 

varies, so that rocks are reduced in size gradually . Operating speed will 

depend on the size and quantity of rock in the soil; however, speeds of l 
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to 5 mph are anticipated. Penetration capabilities for the rock cutter con­

cept are set at 12 inches maximum depth and the wide grouser type tracks 

should enable the 190,000 lb. rock cutter to negotiate slopes up to 22 '~ . 

Estimated availability should be ssi for this 400 horsepower machine. De­

velopment of this concept will take about 2- 5 years. 

Topsoil conditions will affect the amount of dust and noise caused 

by the high speed cutters. Maintaining sharp cutters will increase the 

effectiveness of this machine; and regularly scheduled maintenance is a 

must since large quantities of ha1-d rock or sandstone will greatly reduce 

the life of the cutters. The estimated costs for the rock cutte1- concept are 

from $250,000 to $300,000. The rock cutte,- concept should have potential 

in severely rocky areas, and in abandoned mined lands where topsoil is 

limited. Adding the proper soil nutrients after utilizing this concept could 

well improve the soil conditions of thousands of acres of abandoned mined 

lands throughout the United States. 

ULTRASONICS APPLIED TO ROCK CRUSHING 

The field of ultrasonics is currently being explored to determine 

its usefulness in a couple of related applications that may provide trans 

ferable technology for rock removal practices. Ultrasonics (high pitched 

sounds above the audible range) is being used to propagate vibration which 

adds a mechanical advantage to cutting and ripping edges as well as crush­

ing plates. 
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By applying vibration to a ripper tooth. subsoiler. or rock picker 

cutting edge could, according lo current studies, increase the effectiveness 

of these implements. The vibration of a cutting tool appears to decrease the 

frictional resistence to penetration and would seem lo have a primary separa 

tion affect of rocks from the soil containing it. This separation would result 

from the larger rock particles being pushed upward by the advancing tool 

while smaller soil particles would be sifted down into the subsequent voids. 

There have also been experimpnts with vibratory activated crushers 

that were reported to have moderate success . Claims have been made that 

this type of crusher c.dn reduce rock to powder in a single step, instead of 

the normal 2 or 3 stage c rushing process. It is also purported that there 

i~ a significant reduction in the horsepower required by the sonic crusher 

compared to standard crushers as well as a decrease in the maintenance 

required. The sonic crusher is said to weigh only one- forth what a gyratory 

crusher weighs. 

If these claims prove to be true it might be seleLtively used in 

combination with a rock µicke r to eliminate the di s posal phase of rock removal. 

If such a crusher could be madE'. portable , its implementation might be more 

feasible than completely revamping r: urrent rock pickers or mobilizing standard 

crushPrs . However, therP. are several physic...il complications to overcome before 

field employment can b e attained. The vibr..itiun a s soci;:itcd with traveling 

over rough ground must be isolated from interfering with the c rusher' s 

operational vibration. Secondly, the crusher must have an adequate feed 

- 11 3 -



rate to keep up with a rock picker and yet compact enough to be maneuverable. 

Finally, once the feed rate is adequate. the mass of the crusher must still 

be of portable size. Economic.ally, its production cost may be excessive in 

order to overcome the physical complications and incorporate resonant drive 

bars of sufficient size and metalic quality. A major concern could be the 

need for high quality metal that could withstand the sustained vibration 

induced stresses. 
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CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

The mandatory segregated removal. storage. and replacement of soil 

horizons during coal minin1 virtually eliminates the introduction of bedrock 

fragments into the reclaimed topsoil layer. This requirement is aimed at re · 

tur11inq mined lands to their original state, thus the rock content should be 

unchanged. Rock removal importance to the mining industry lies in land 

bf'nefiriat ion and 1' eclaimin<:1 abandoned mined lands. 

It is apparent that national implementation of rock pickers by thf' 

m1n1ng industry is neither necessary nor probable. However, for tho!:>e in­

stance!:> when land use improvement is desired, a r ock removal system may 

prove to be surprisinqly cost effective. 

Of the currently available designs, studies show that the direct 

acting r-ock pickers (Figures 3-5), those which continuously loosen and 

sieve a layer of soi I. perform bet te1· .rnd mot· e efficiently than cyclic acting 

m.::Jchinec; ( Figur0 6). Pas si ve 1·dkes often bounce off large rocks or force 

them deepe1· into the !:>Oil. makinq them less effective fur rock removal. In 

addition, they <1re slower due lo the required stop s for emptying the rake 

i11lo I lie ·. torc1qe hopper and for dun1pin g lhc s torage hopper. These two non · 

p1·oduclive c.. ycles of a 3 cycle opc..!ration s_;reatly limit productivity rates as 

cunipared to the continuous direc t acting types of rock pickers. 
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Land Beneficiation 

Surfdce mine operators with a vested interest in the prnper-ties they 

mine could be shown that, for a nominal investment of capital and effort, a 

;izable valuation inu·ease could be Je1· ived. 

In areas whe,·e the former optimum land use was woodlands due to 

an inherently excessive rock content, this land could conceivably be up 

graded to gr·..1sslands. Likewise, in areas where cropland is scarce, a suit ­

able substitute might be produced from previous 9rasslands or even wood 

lands. 

The most impressive cost/benefit results, however, would be up 

91-ading rocky wasteland into a developable property. There are many 

rninable areas with rocky or no topsoil and abundant bedrock outcrops. 

When these areas ar-e mined, an increased amount of soil materials are pro­

duced. The incorµoration of a roLk picker to decrease its rock content 

would manufac tur-e land of a quality that surpasses all ih surroundings. 

T he financial advantage of a rock removal system begins even bP · 

fore the r eclamation is comµkted on a severely rocky site. The removal of 

boulder- s and /or the r e duction of the r-oc:k content can decrease the plantinq 

cost by permitting the mechanical preparation of a proper seed bed, mech­

anical tr-ee planting and imprnved revegetation success. Thus, the initial 

cost of planting as well as the probability of partial or total replanting (to 

mPPl the bond r- e lease ,-equirements) will be reduced . 
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REC OMMEN DAT IONS 

There are numerous manufacturers currently producing rock re· 

moval devices, all of which are properly designed to accomplish the specific 

task or removing rocks from on or near the surface. The simplest type, 

which has no penetration or separc:.1tion capabilities, accomplishes the elim 

ination of surface rock problems. These basic machines are affordable, 

effective, practically mainten,rnce free, have a definitf.> market, and there is 

little, if anything, that can be done to improve their design or demand. In 

view of this. no recommended changes can be made in the design of direct 

loading (passive rake variety) type rock pickers. The larger more sophis 

ticc.1ted rock pickers have also reached near optimum development for their 

standard designs. While minor refinements could be made to some models 

for special conditions, these would only result in slight improvements. 

S ignificant improvement,:; in rock removal technology will, therefore. 

require innovative concepts to be implemented. Yet, until a more positive 

demand becomes apparent to the rock picker manufacturers, fundamental 

n·search and development (R f, D) of new concepts will not be done. Since 

present technology meets the current market demand, as well as being ade 

quately functional, it seems that a more difficult application must be required 

on a large scale. Thus, a new, more demanding rock removal problem would 

have to be introduced. Such an impetus would most likely be initiated as a 

side .Jffect of an attempt to rehabilitate abandoned mined areas. 

Typical conditions of an abandoned mined lands present a severe 

challenge to reclamation efforts. The unsegregated ovPrburden spoil pilf>s 
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contain overturned strata that is hopelessly mixed together. Topsoil buried 

under these piles are adversely affected by the resultant suffocations, leach­

ing, and rock contamination. With the exception of those areas having natu­

rally t1bundant rock free soils ( 20- 40 feet thick), very little suitable topsoil 

material can be spread over the r-egraded areas. Depending on the natural 

topsoil availability, the contractor must< hoose between purchasing topsoil 

elsewhere or salvaging the original soils. 

Recent federal regulations require that states submit a reclamation 

plan for their abandoned mined lands. A specialized reclamation device 

could hav0 great potential to help achieve this reclamation. However, these 

two fdcts alone won't be able to demonstr·ate the available market that is re­

quired to convince manufacturers to invest their money in developing new 

machinery. The research and development Cdn only be stimulated by offering 

R f, D funds in the form of qrants or demonstration projects. The justifica 

tion for such funding will also need to be shown. By examining the funding 

that will be required to reclaim the nation's abandoned mined lands, a sub 

stantial savings may ue c1ble to be predicted as a result of developing a more 

cost efficient way of procuring sufficient quantities of topsoil material that 

will insure an acceptable revegetation. 

Currently, many states are taking inventories of their abandoned 

mined lands. A guide, which will help states formulate their required aban 

doned mined lands ,]Ian, was recently completed by Skelly and Loy and is 

entitled "Approaching an Abandoned Mined Ldnds Reclamation .'Development 

Plan". The sitP specific information qathered in preparation of these plans 

could be used to study the cost effectiveness of developing and employing 

a new rock remova I concept. 
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TABLE 8 

ROCK PICKER MANUFACTURERS 

Armor Metal Products 
H~lena, Mon tan a 'i9601 
Tel. ( 406) 442 - 5560 

Bestland 
Viel Manufacturing Co . 
P.O. Box 632 
Billings, Montana 59103 
Tel. (406) 252-6808 

Degelman I ndust r-ies Ltd. 
P. 0. Box 480 Industrial Drive 
Regina, Saskatchewan. Canada S 4P3B 1 
Tel. (306) 543-4447 

Harley Rock Picker Co. 
Clarissa, Minnesota St:i'-140 
Tel. (218) 756 - 2378 

Imperial Weldinri F, Machine, Ltd. 
Saskatchewan, Canada 
Tel. (306) 653- 0992 

Leon's Manufacturing Co. l.td. 
York ton. Saskatchewan, Canada 53N 2X 3 
Tel. (306) 783- 6592 

Lock wood Corp. 
Box 160 
Gering, Nebraska 69341 
Tel. ( 308) 436- 5051 

McConnell Manufacturing Co. Inc. 
McConnell Avenuf' 
Prattsburg, New York 1487 3 
Tel. (607) 522 - 3701 

Melroe Division 
Clark Equipment Co. 
Gwinner, North Dakota 
Tel. (701) 222 ~000 
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TABLE 6 (Cont'd.) 

ROCK PICKER MANUFACTURERS 

N. D . Nelson 
17 Valley Road 
Butler, New Jersey 07405 
Tel. {201) 838 0173 

Pratt Farms 
l:3ox 1 'J7 
Aberdeen, Idaho 83210 
Tel. ( 208) 397 4662 

Rockland Manufacturing Company 
P.O. Box 5 
Bedfot cl. Pennsylvania 15522 
Tel. (814) 623 1115 

Rock-0-Matic 
R . B ussieu f, Sons 
P. 0. Box 117 
Vonda. Saskatchewan, Canada 
Te I . ( 3 0 6) 2 5 8- 2 o 7 4 

Schulte Industries L imited 
P.O. Box 70 
Englefeld, Saskatchewan, Canada 
Tel. ( 306) 287- 3155 

Steinman Mfg. Div. 
P.O. Box 197 
Canington, North Dakota 
Tel. ( 701) 6S2- 3197 

Thomas Equipment ltd. 
P.O. Box 130 
Centreville, New Brunswick, Canada 
Tel. (306) 276-4511 

Westgo Industries 
West Fargo and Mi not, North Dakota 
Tel. (701) 282 - 3277 

Wisconsin Rock Ha,-vester 
Route I Rox 1 88 
Wiscons in Rapids. Wisconsin 54494 
Tel. (715) 421- 7 992 
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TABLE 7 

ROCK RAKE MANUFACTURERS 

Austin Products Inc. 
P.O. Box 22217 
Dallas. Texas 75222 
Tel. (214) 651 0733 

Brillion Iron Works 
Brillion. Wi scon s in c;4110 
Tel. (414) 756 - 2121 

Derielman Industri e s I td. 
P.O. Box 480 Industrial Drive 
Regina . Sa s katchewan, Canada S4P 3B 1 
Tel. (306) 543 - 4447 

Fleco Corporation 
Jacksonville. Florida 
Tel . ( 904) 354· 8361 

Rockland Manufacturing 
P.O. Rox 5 
Bed ford. Pennsylvania 15522 
Tel. (814) 623-1115 

York Modern Corporation 
Unadella, New York 13849 
Tel. (607) 36g.2631 
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FORLWORD 

This report wa!> µrepdred by Skelly and Loy, E.ngineers and 
Consullants, 2601 North Fronl Street, Harrisburg, Pennsylvania, 
under USBM Co ntra ct Numbet- J028 5023. The cont r a c t was completed 
under the Mining nvironmental Research Pro~ram. It was adminis 
tered under the technical direction of Spokane Mining Re search 
Center with Mr . T homas Brady as Technical Projec t Officer. 
Ms. Darlene Wilson was the contract administrator for the Bureau of 
Mines. This reµort is a summary of the work recently completed 
as a part o f this contract during the period Octobe r 1, 1 978 to 
September 30, l 979 ·r his report was submitted by the a uthors on 
Octobe r 31, 1 979. 

·, 



TABLE OF CONTENTS 

INTRODUCTION ....• 

SENSITIVITY ANALYSIS 

Al 

A; 

AJ 

A4 

A5 

Ab 

A7 

Bl 

R2 

B3 

B4 

B~ 

B6 

87 

B8 

B9 

810 

APPLNDIX TABLES 

CASE HISTORY MINE #1 UNIT OPERATIONS COST 

CASE. HISTORY MINE ff2 UNIT OPERATIONS COST 

CASE HISTORY MINE #3 UNIT OPERATIONS COST 

CASE HISTORY MINE #4 UNIT OPERATIONS COST 

CASE HISTORY MINE #5 UNIT OPERATIONS COST 

CAS E HISTORY MIN E U6 UNIT OPERATIONS COST 

CASE HISTORY MINE #7 UNIT OPERATIONS COST 

CASE HISTORY MINE #8 - ECONOMIC SUMMARY . 

EQUIPMENT COST SUMMARY (CAS E HI STORY MINE #8) 

MANNING TABLE (CASE HISTORY MINE #8) .. 

TOTAL ESTIMATED CAPITAL RLQUIREMENTS 
(CASL HISTORY MINE #8) ....... . 

ESTIMATED ANNUAL OPERATING COSTS 
(CASE HISTORY MINE #8) ....... . 

DEPRECIATION SCHEDULL (CASE HISTORY MINE #8) 

CASH FLOW ANALYSIS (CASE HISTORY MINE #8) 

UNIT OPERATION COST - TOPSOIL REMOVAL AND 
RECLAMATION (CASE HISTORY MINE: #8) ..... 

UNIT OPERATION COST - OVFRBURDEN STRIPPING 
(CAS E HISTORY MINE #8) .... . ........ . 

UNIT OPERATION COST - OVERBURDEN STRIPPING 
(CAS E HISTORY MINE #8) ... . ......... . 

- 3 -

5 

9 

A2 

AS 

AB 

At 0 

A 1 3 

A 16 

A 19 

Bl 

82 

B4 

B6 

B7 

B8 

89 

B 1 D 

B 11 

B 12 



B 11 

B 12 

Bn 

814 

815 

B1 6 

8 17 

B 18 

BT 9 

B 20 

[Pl 

B 22 

B 24 

B 2~ 

8 2(; 

TABLE OF CONTENTS (Cont'd.) 

UNIT OPER ATION COST -- COAL HAUi. AGE 
(CAS E HI STORY MIN E #8) . ...... . 

UNIT OPERATION COST - EXPLORATIUN 
(CASE HIST OR.Y MIN E #8) ....... . 

UN I T OPERA T ION COST - - MA I NT EN AN C E AND 
SUPERV ISORY OPER ATIONS (CASE HIST O RY 
MINE H8) .................. . 

UNIT Ol'ERAT ION COST -- SUMMARY ( C ASE 
HISTORY M INE #8) ........... .. . 

CAS E HI STORY MINE ff 9 ··- ECONOMIC SUMMARY. 

EQU IPMEN T COST SUMMARY (C ASE HIS rORY :\W ·ff #9) 

MANNING T ABL ( C ASE HI STO RY MINE #9) . 

T OTAL ESTIMAT ED CAPITAL R EQU IR EMENTc; 
(CASE HISTOR Y MI NE #9) . .... . 

ESTIMAT ED ANNUAL OPERATING COSTS (CASL 
HISTORY MINE #9) ........... . ... . 

DEPRECIATION SCHEDUL (CASE HISTORY J\11NE ,,9) 

CASH F LOW ANA LYSI S (C AS HISTORY MINc. :, 9) 

UNIT O PE RATION COST -- TO PSOIL REMOVAL AND 
R C L AMATION (C:ASE HISTORY MINE #9) ..... . 

UNIT OPERATION COST OV ERBURDEN STRIPPING 
(CAS E HIST ORY MIN E #9) . . ....... . . . 

UN IT OPER ATION COST · C OAL R EMOVAi AND 
LOADING (CAS - HISTORY MINE #9) ..... . 

UNIT OPERATION COST - MAINTENANC E AND 
SL~PERVI SORY OPERATION (CASE HIS T ORY 
MIN I: # 9) . . . . . . . . . . . . . . . . . . 

UNIT OPE RATION COST PLANNING AND 
DEVELOPMENT (CASE HIST ORY MINE #9). 

,, -

B 13 

B 1 4 

B 15 

B 17 

B 18 

I:) 1 9 

B 20 

B22 

8 23 

8 24 

B 25 

8 26 

B 27 

B 28 

B 29 

B JO 



INTRODUCTION 



INTRODUCTION 

This volume contains all the economi c analyses compiled during this 

study. The economic impact on specific reclamation unit operations costs 

was evaluated. 

A unit operations cost breakrlown is included for seven of the 

nine mine sites studied , while two selected mines were defined by a complete 

C d~h flow analysi s . 

All economic evaluations were made using 1979 costs and future 

r-eferences to this data must apply correction fc1ctors to account for the 

effects of inflat i on on labor, equipment costs, and fuel . 

7 . 



SENSITIVITY ANAL VSIS 



SENSITIVITY ANALYSIS 

Introduction 

There are several methods available for evaluating the unknowns 

involved in investment decisions. The sensitivity analysis approach is one 

WJY in which to quantitatively incorporate risk and uncertainty into analyses. 

This approach refers to the relative magnitude of the change in one par 

ticular element wl1ich can be varied over a wide ranqe of value·0, without drastic 

ally affecting the de!:>ired result, Lhe situation is ~aid not to be sensitive to 

uncertainties regarding that particular element. On th£' other hand, if a 

small change in the estimate of one element will drdstically affect the cir-sired 

result, the situation is said to be very sensitive to changes in the estimates 

of that element. 

Some typical parameters that often are allowed to vary for sensitivity 

analy s is include initial investment, !:,ellin~1 price, oper·dting cost. project life 

and salvage value. In this study, the sensitivity analysi!:> was performed 

on the top soi I removal and reclamation costs per acn· . 

Variilble Parame t e r Desc ript ion ~ 

In order to detrrmine the affects of irnplementin~J a rock pirker into 

the reclamation plan!:, of Case Hi!:>tory Mines #8 and #9, a sensitivity analysis 

was performed. Keeping certain criteria constant and varyinCJ those i terns 

which would most likely fluctuate, sensitivity graphs were constructed. 

Criteria held constant throughout this analysis were : 

- 1 1 -



l. 6 inch e ffective penetration depth of rock µickPr 
2. 8 foot e ffective picking width 
3. 5 mph ground speed during dumping cyr-.le 
4. 60 serond rlump cycle 
S. $30,000 cost for rock picker and tractor 
6. 7t; hour shift!:. 
7. UMW operator for tractor (Crade 1) 
8. 90 % availability of roLk picker dnd tr·actor 

I terns considered as variable were : 

1. Operating s peed - varying from 1 to '..i mph 
2. Hopper c apacity varying from 4 to 16 cubic yards 
3. Haul di s tan ce to dump - varying from O to 5000 feet 
4. HopfJP,- v e r s u s direct loading 

For each min e s ite , one of the dbove item s was varied while the 

other i terns remained con s tant. The currespondin g top soi I removdl and 

reclamation cost pe r acre was calculated for each combination. Graphs 

were plotted for each mim· ·~ite with the percent rnck on the horizontal axis 

(v a ried from O to 20 %), and the corresponding reclamation cost per acre on 

the vert ical ..ixis The four different parameters which u ff ect rock picker 

operatinri costs were all subjected to this procedu r e . 

The following graphs were completed for Case History Mine #8, (a 190 

acre area mine producin~1 1, 350,000 tons of coal pe r y e .:r) a nd Case History 

~.line /! 9, (a 30 aue mine producing 147,000 tons of coal annually). Each 

graph illustrates mine costs without a rock picker, a s well as the variable 

costs when a rnck picke r is included. Topsoil removal and reclamation costs 

for Case History Mine #8 we re $18,440 per dt:re and for Case History Mine 

#9 they were $25,530 per ac re. Resultant costs for including a rock picker 

began at 5%, since an area with a rock content le ss than 5% will not benefit 

from the s e1·vices of a 1·ock picker. 

1 ')_ 



The basic assumptions for determining the rock picker's cycle time 

were a S mph opr.rating speed, 4 cubic yard hopper capacity, '>000 foot 

average haul distance, ,rnd hopper loading {instead of direct loading to trucks). 

Varying Hau l Distance 

Figures l and 2 reveal that as the haul dist..inces increase from 

O to 5000 feet and the percent of rock increases from 5 to 20~. the costs 

per acre also increase. This is a directly proportional relationship. The 

cosb per acre are increasing due to the inc..rea~ing cycle tim('. As the 

percent of rock content increases, the number of times the dumping cycle 

must take placP. is increased. Also , as haul distances increase, cycle 

times increase resulting in lower production rates. 

From Figure 1 it can be seen that at an 8~, rock content and a 4000 

fool haul distance, costs per acre were calculated to be apµroximately 

$18,540. The percent of difference between this new cost and the cost 

without a rock picker is 0. 54 '7. , which is a very minor change. 

On Figure 1 the percent of difference between the maximum rock 

pirker of $18,610 and the cost without a rock picke r is O. 91 ~ . while Figure 

2 ~hows a 1. 92 ". difference. Doth of these changes are minimal and the 

1-elationships can be considereJ lo be very insen::.itive. 

Also, as the haulage distances decrease, the higher rock content 

has less of an effect on productivity due to tlw faster cycle times. This 

P.nd result is the reason for tlw slopes of the lines bf'ing flattf'r as the haul 

distances decrease. 

LI 
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Varying Operating Speed 

The graphs presented in Fiqur-es 3 and 4 illustrate the relationship 

of operating speed, percent rock, and costs per acre for r ec lamation and 

topsoi I removal. Pi king speeds range from 1 to :., mph and. again, rock 

content ranges from 5 to 20 ~. This co s t to speed relationship is inversely 

proportional , in that, as the speed is increa::,ed the co s ts per acre decrease. 

This is due to higher speed s cau sing s horter cy c le times and consequential 

higher productivity . The percent of rnck to cost relationship is dirPrtly 

proportional for reasons explained in the previou s section . 

;-=rom Fiqure 3, it can be seen that for a 1oi rock content and a 

picking speed of :; mph, topsoil remov<.11 and reclamation costs will be 

approximately $18,5 40 per acre. The percent of change her( '. is only 0. S4't,. 

Overall percent charge s in I igures 3 and 4 are the same a::, in the previous 

::,ection, again rev ealing a highly insen sitive situation. 

Varying Hopper Capaci ty 

Different hopper sizes on th<' rock picker will definitely affect pro 

duction, for obviou s reason s . Larger hopper capacities result in higher 

productivity. Cycle times a1·e essent ially the same using large or small 

hoppers; however, more mater-ial is transported with thP larger- ones, re 

suiting in the higher productivity. Figures 5 and 6 are graphs depicting 

the results of varying the hopper capa ity from 4 to 16 c ubic yards. Another 

inversely proportional tc•lationship i s e xemplified here, in that, as hopper 

1G . 
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capacity increases, costs per acre decrease, due to the increased productivity. 

Aqdin, as in the other sections. as the percent of rock increases, topsoil 

removal and reclamation costs per acre increase. 

Fiqure 5 shows a 1. sn. difference between the highest rock 

picker cost and the cost without a rock picker. Figure 6 reveals a 2. 31~ 

difference. A highly insensitive situation is again revealed here as in the 

previous graphs. 

The flattening slopes of the higher hopper capacity lines is due to 

the void ratios having less of an effect in the larqer hoppers than in the 

smaller hoppers. The percent of void space would be less in the 16 cubic 

yard hopper enabling even more production capacity than ..i straight line 

relationship would reveal. 

Hopper vs Direct Loading 

Utilizing continuous direct loadinq to trucks for material transpor 

tJtion (as opposed to hopper loadinf]) reveals a higher c:ost due to thP. 

<1dditional equipment required. This is illustrated in Figures 7 and 8. 

By comparing these costs for Case History Mine #8 reveals a 2. 00 '~ difference 

utilizing truck haulaqe and a 0. 92° difference utilizing hopper loading 

(assuming a 4 cubic yard hopper, SOOO foot haul distance, and a 5 mph 

picking speed). 

The same assumptions were used fo1· Case History Mine #9 in Figure 8 

for the rock picker and trucks. The percent of differences here were 

8. 37 'b and 2. 14~ between rock picker costs using truck hauling or hopper 

loading, and costs without a rnck picker respectively. 

21 
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All of the figure s for these relationships <:: till reveal an insensitive 

situation . The Case History Mine #9 difference of 8. 37':. for truck loading is 

higher than the p r evious differences , but it is still below l 01~ , which is 

considered a toll'rabli · ranqe . 

Wor s t C ase Analysis_ 

When estimdting the impact of additional ur innovdtive equipment 

(or concepts) on the uve1 ·all operation, sensitivity analy ·; is reveals areas 

where ddjustments could be made for estimating purposes, if the end result 

is highly sensitive with respect to that particular factor. Further investi 

gation into evaluation could be accomplished by a worst case analysis. When 

conducting ...i worst c..asP analysis, the objective is to define the most adverse 

s e t o f circumstance c; that could feasibly be encounter-ell during the unit 

operatior . . 

The rock picker portion of the topsoil removal and reclamation cost 

for both selected c a se hi s tory mines was subjected to a worst case analysis 

to determine the ne!. effect on the overall operating cost per ton. Factors 

selected to depict the worst case were a 1 mph operating speed, 4 cubic 

yard hopper capacity, 5000 foot haul distance, 20 \'. rock content, and direct 

loading into trucks. 

Applyina these factors to Case History JIB operating cost per ton 

of $15.166 compared with $ 15.111 per ton without a rock picker, the 

difference is $0.0'>5 per ton or 0.36 9a . Case History Mine #9 resulted in J $0.418 

per ton increase or a 1.48% diffe rence (from the $ 28 . 2 31 to $ 28.648 per ton 

increase ). 
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As can be seen from the above figures, the incorporation of a 

rock picker into an operator's reclamation plan results in .:i minimal addi · 

tional cost. 

Required operating time is also low and readily sequenced into 

normal reclamation activi lies. By using a worst case situation ( assumi nq: 

1 mph picking speed. 5 mph dump speed. 5000' to dump site, 8' swath, 

8 cy hopper, and 611 penetration) it takes 9 hours to clear 1 acre of land 

that contains 20':, of rock c.ontenl. Assuming the same operating specifics, 

yet using a more conservative 1 o·~ rock content. will require only 5 hours 

per acre. 

Some bene fi ls to be realized would be improving the value of the 

land, increasing crop yield, improving aesthetics, and favorable public 

reaction to a company genuinely interPsted in improving post-mined landc:; 

i.lnd uses. 

Projected Rock Picker Costs 

Table 1 presents the topsoil removal and reclamation costs with 

projected rock picker costs for the other sevf'n mine sites visited. Unit 

costs for topsoil removal and reclamation for the seven sites are developed 

in Appendix A. Cost data obtained from the sensitivity analysis were used 

tu compute the projected rock picker costs. 

Table 1 shows a $1220 averag e increase per acre by implementing 

a rock picker into the reclamation plan. To arrive at this cost the worst 

possible results from the sensitivity analysis were used. Since this will 
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not ulways occur, and, with so many variables to affect the actual topsoil 

removal and reclamation costs, a more realistic increase would be in the 

range of $600 to $900 pet· acre .. 

Also included in Table 1. are topsoil removal ,ind reclamation costs 

per ton of coal with and without the addition of a rnck picker. Since the 

tons of coal produc,~d from an acre of land can vary markedly, the ex· 

trapolated increa~e of':;,. 24 per ton is an ambiguou~ estimate at best. A 

redlistic increase in dollars per ton would be in the ranqe of$. 05 to $. 40. 
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TABLE 1 

TOPSOIL REMOVAL AND RECLAMATION 
COSTS WITH PROJECTED 

ROCK PICKER COSTS 

COST WITHOUT PROJECTED COST 
MINE ROCK PICKER WITH ROCK PICKER 
SITE 

$/Acre $/Ton $/Acre $/Ton 

CH - 1 6,300 0. 71 7, S20 0. 94 
- - - - - ·-- - - -I---- -- - - - -

CH - 2 9.320 2. OS 10,SOO l. 29 
- ---· - .. - - - - - - ·- ,_ _ --- --

CH 3 5.570 l. 48 (,, 790 1. 72 

CH 4 17,600 1. 65 1 B, BOO 1.89 

CH - 5 3,060 1. so 4,280 1 . 74 

CH - 6 3, no 2. 31 4,440 2. 55 

CH 7 l, 750 1. 67 4, 970 1. 91 

AVERAGE 6,970 l. 62 8, l 90 1 . 86 

AVERAGE 
INCREASE - - l, 22 0 0. 24 
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CAS[ HISTORY MINE #1 

General Mining Descriptio11_ 

This mine site is located in central Indiana along the eastern edge 

of the [dslern Interior Coal Basin. Geographicdlly loc..dted within a prime 

tc.1rmlzind reqiu11, the te1Tain is flat with abundant lhickn<·ss of '.:.Oils. 

Area mining is conducted tu recover the Seelyville coal seam at a 

str-ip rdtio of 20: 1 on a dip of less than 2° to the west. Typical overburden 

characteristics at this mine are approximately 6 feet of loess, 25 feet of 

glacial till, and 65 feet of shale. The Seelyville aver-ages 5 feet in thickness 

and consists of 11. 3'~ moisture, 11. 2% ash, 3. OS 'b sulfur, and a BTU value of 

11,080. This mine affects and reclaims 117 acres/year to produce an average 

of 1 , 033,000 tons. 

The topsoil (12 inches) is removed by scraper-sand stockpiled. 

Overbur-den removal and replacement is accomplished by a Bucyrus Erie 

2570 dragline. The coal is loaded out by a Marion shovf'I into over the ­

road haul trucks to a near-by plant. 
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TABLE A-1 

CASE HISTORY #1 
UNIT OPERATIONS COST 

Topsoil Removal and Reclamation 

Equipment 
f, Materials 
4 Bulldoze r s 
4 Scrapers 

Hydroseeder f, Trac.tor 
Farm Tractor (Int. H.) 

Fuel 
Bulldozers ($7.95 / hr. x 1,152 hrs./yr.) 
Scrapers ($8.0L/hr. x 1,152 hrs./yr.) 
Hydroseeder f, Tractor ($2.02/hr. x 1,152 hrs. /yr.) 
Int. H. Fa rm Tractor 
Seed (117 ac. @ 35 lbs. /ac. x $0. 70/lb.) 
Fertilizer (117 ac. @ 1,000 lbs.lac. x $0.04/lb.) 

Labor and 
Operatot· Cost 
Bulldozer Operators 
Scraper Operators 
RPvegetation Equip. Operators 

Auxiliary Oper-dtions 
Strip Licen se a n d Reclamation Fee 
Miscellaneous Equipment. Ovet-head 

and Supervision (608, l 00 x . 15) 

A 2 

Subtotal 

Total Unit Cost 

Cost/ Acre 

Cost /Ton 

= 

= 

= 

= 

Cost/Year 
$224,000 

248,000 
4,200 
2,200 

$ ci, 200 
9,300 
2,300 

$ 

2,900 
4,700 

4 J, 1 00 
43,100 
15,100 

$608,000 

$ 37,900 

$ 91, 200 
$737,000 

$ 6, 300 

$ 0. 71 



CAS[ HISTORY MINE #2 

Ge nera l Mining Desc ri p tion 

Mine #2 an area mine, is locdted in the western portion of the 

Illinois coalfields. Topo~Jraphy at this sit e is typical of the prime fannland 

n~gion, flat to gently rolling. Large farm lrdcls and pastureland dominalt' 

the area adjacent to the mine operation. Annual medn temperatures range 

from 42° to 62°. Total precipitation varies from 36 to 48 inches yearly , with 

some storms providing 2 to 3 inches in a 24 hour period. The Harrisburg 

Springfield (No. 5) coal seam is mined in three separate pits at this operation. 

Coal characteristics are : 10,400 BTU ; 9-12':,ash; 3~ sulfurand 42 ':, fixed 

cdrbons. The No. 5 seam ave,·dges 60 inches in thickness. The expected 

life at this site is 10 years with an estimated reserve of 10 million tons. 

Mining activities commence with the clearing and grubbing of small 

clusters of trees that are open burn Pd. Dozers and scrapers remove and 

stockpile 18 inches of A Horizon and 2. 5 feet of Band C Horizons. Then 

twenty to forty feet of glacial material is removed by a bucket wheel 

excavator with the spoil being directly cast across the pit. Working in 

conjunction with the BWI::: is a 40 cubic ya1·d stripping shovel which excdvates 

50 to 60 feet of shale overlying the coal . 

Bulldozers equipped with singlP shank rippers are used to loosen 

the coal for loading with a 10- 12 c ubic yard loading shovel, the haul units 

transport the coal to the coal preparation plant. After processing, the coal 

is shipped by unit trains and sold as steam coal. 
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Recl .. Hnation ;;quipment follows the stripµinsi operiJtion by a minimum 

of three spoil piles. Bulldozers gi·ade the spoil piles and s carify the surface. 

while pushing larqe rocks and boulders into the spoil pile furrows for burial. 

Scrapers replace the sub · soils first and then the A horizon. On an average, 

20 lbs. of grasses ,md legumes per acre are applied by aerial seeding. After 

about two years, thf' soil has assumed a new structure ;.ind row crops may be 

planted. The total reclaimed acreage per year is an approximated 220 acres. 

Annual production averagf's 1,000,000 tons . 
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TABLE A-2 

CASE HISTORY #2 
UNIT OPERATIONS COST 

Topsoil Removal f, Reclamation 

Equipment 
f. Materials 
11 8 ul lduzers ( D - 8) 
1 B ul lcJozer ( D- 7) 
5 Scrapers (637 Cat) 

Scraper (633 Cat) 

Fuel 
Bulldozers (D-8) ($5. 82/hr. x 2,760 hrs. /yr.) 
Bulldozers (D-7) ($3.88/hr. x 2,760 hrs./yr.) 
Scrapers (637) ($8.06/hr. x 2,760 hrs . .'yr.) 
Scrapers (633) ($8.06/hr. x 2,760 hrs./yr.) 

Seed f. Fertilizer 
(Aerial - Contracted Out t,i $27.00/Ac. x 220 Ac.) 

Labor and 
Operator Cost 
B ul I dozer Operators ( 5) 
Scraper Operators ( 6) 

Auxiliary Operations 
Strip License and Reclamation Fee 
Miscellaneous Equipment. Overhead 

and Supervision (1,390,000 x .15) 

Subtotal = 

Total Unit Cost = 

Cost /Y ear 
$ 22 3 ,000 

61,200 
517,000 

91,700 

$ 64,600 

$ 

10, 700 
111,000 

22,200 

5,900 

$ 129,000 
154,000 

$1,390,000 

$ 451,000 

209,000 
$2,0 50,000 

Cost/ Acre = $ 9,320 

2.05 Cost/Ton = $ 
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CASE HISTORY MINE #3 

General Mining Descri ption : 

Mine #3 is loca ted in southern Illinois. The surroundinq topo<Jraphy 

represenb t ypic.d I Midwesl<'rn terr-a in with approxi malely 50 ~ timberland, 2 5% 

pasture, and 25 i margindl cropland. The Midwest climate of this area {50° 

average temperature and 35 inches averaqe annual precipitdtion) causes the 

usual problems associated with weather (muddy haul roads, water in the (Jit, 

etc.). The one minable bituminous coal seam at this site is the Herrin (or 

No. li seam), which is 54 in c hes thick. This seam has a genPral post - prepara­

tion quality of 12.,000 E',TU, 8.5?, ash and 2 '~ sulfur and is utilized in steam 

power electric genera tor i-, . 

The ave1·age overburden thickness above the No. 6 seam is 70 feet 

and is composed of 1 4 foet of topsoil, 6- 7 feet of decomposed shale, 4 - 6 

feet of limestone t.1nd '..i 4 fept of medium to hard shales. These moderately 

bedded rock systrms are consolidated enough to warrant 10 3/4 inch drill 

holes on a 24 x 211 foot g r id pattern, and blasting with 600 pounds of ammonia 

nitrate mixed with diesel fuel (ANFO) per hole . Overburden handling at this 

mine is typical of the Midwest's area mining methods. Through the use of a 

dragline directly casting into their previously mined out pits or, when hi~her 

overburden depths are encountered, stripping shovels c1re incorporated to 

assist in overburden removal. Normally the shovels c reate buckwalls from 

the lower bench material, with draqlines removin9 upper bench material and 

placing it behind the buckwall. 

A 6 



Ripped coal is then loaded by coal loading shovels into 100 ton, 

bottom dump coal haulers and taken to the coal preparation plant. 

Reclamation efforts at this mine have been very successful with 

thP:ir technique of promoting plant qrowth. Due to poor topsoil composition 

and prior to OSM's four foot of topsoil regulations, this mine concluded 

through g...-eenhouse studies that a mixture of topsoil and graded cast over 

bur-df.'n produced as good and more often better- soil composition. It also 

achieved a higher- percent (in terms of covera~Je) per acre than without 

the mixture. As a result of these studies, the mine is now seeking variances 

to these topsoil r-egulations. Test results of reclaimed land revealed that this 

technique of topsoil handling did not change its r-oLk - free characteristic. 

The tol...11 tonnage mined per year is aµproximat ely 675, 700 tons with an aver 

agt> of 1 80 acres being r-eclaimed pe,- year-. 

A 7 



TABLE A-3 

CASE HISTORY #3 
UNIT OPERATIONS COST 

Topsoil Removal and Reclamation 

Equipment 
f, Materials 
2 Bulldozers ( D 8) 
4 Scrapers ( 6 '3 7 Cat) 

Fuel 
Bulldozers ($5.82 / hr. :< 1,848 hrs./yr.) 
Scr-Jpers ($8.06/hr. x 1,848 hrs. /yr.) 

Seed f, Fertilizer 
( Aerial - Contracted Out (£1 $62. 00/ Ac. x 1 80 Ac.) 

Labor and 
Operator Cost 
Bulldozer Operator ::. (2) 
Scraper Ope1·ator~ ( 4) 
Laborers ( 4) 

Auxiliary O p erations 
Strip License a nd Reclamation Fee 
Miscellaneous Equipment, Overhead 

and Supervision (552,000 x . 15) 

Subtotal 

Total Unit Cost = 

Cost I Acrf' =-

Cost/Ton =-

A · 8 

Cost/Year­
$ 74,500 

277,000 

$ 

$ 

$ 

$ 

$ 

10,800 
14,900 

11,200 

34,600 
69,200 
59,900 

552,000 

369,000 

82,000 
$1,000,000 

$ 5,570 

$ 1. 48 



CAS E HISTORY MINL #4 

Gener·d I Min inc. Descri .)lion 

Located in the Raton coalfield of northeastern New Mexico, Mine 

#4 lies at the foothills of the Rocky Mountains on the western edge of the 

Great Plains. Semiarid climatic conditions are prevalent in this area due 

to the influence of the Rocky Mountwin Range; the area currently under 

permit for mining is one of moderat<' to steeply sloping hills with light fo,-est 

and sparse vegetative groundcover. 

The York seam is extracted from an underground drift mine and 

then'! are two 1· elatively new surface mine pits mining metallurgical coal. 

Coal characteristics are : 14,000 BTU; 7.5% ash; o.s ~·. sulfur; and fixed 

carbon 38 .' .. The York seam at this site is fairly flat - lying with very few 

undulations and/or partings. This mine averages 321 , 000 tons per year. 

To remove coal from the surface pits, a contour mining method is 

used with an average of 70 feet of consolidated material and thinly bedded, 

friable shales, with 6 to 8 inches of topsoil. Pit #1 is located on a moderate 

sloping hill employing a 0- 9 bulldozer, and two 28 cubic yard scrapers for 

toi:--i~oil removal and stockpiling. Once the bench work, drilling and blasting 

has concluded, a 14 cubic yard draqline remove~ 70 feet of overburden cast ­

ing it to the previous mined-out cut. The coal is loaded into 25 ton coal 

haulers and transported to their preparation plant for- processing. 

Reclamation begins with the regradinq of the spoil material by a 

D 9 dozer which also serves to compact the material for stability. Scrapers 

then 1·edist1·ibute the topsoil material, followed by revegetation. This rela 

lively new surface mine has not reached full stripping potential and approxi ­

mately 30 acres have been reclaimed to date. 
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TABLE A-4 

CASE HISTORY #4 
UNIT OPERATIONS COST 

Topsoil Removal and Reclamation 

Equipment 
f, Materials 
1 Bulldozer 
2 Scrapers 

Hydroseeder [, Tr-actor 
Mulcher 

Fue l 
lBulldozer ($7.95/hr. x 1,920 hrs./yr.) 
2 Scrapers ( $8. 06 /hr. x 1,920 hrs. /yr.) 
1 Hydroseeder f, Tractor ($1.30/hr. x 1,920 hrs./yr.) 
Seed ( 30 ac . ~ SO lbs. / ac. x $0. 70/lb.) 
Fe,· ti Ii zer and Mulch ( 30 ac . ;, J l , 000 lbs. /ac. x 

( 30 aL . r,1 l, 000 lbs. / ac. x $0. 04/lb.) 

LalJor and 
0 perator Cost 
Bulldozer O perator 
Scraper Operators 
RP.ve9etation Crew ( 4) 

Auxiliary Operations 
Strip License and R eL lamation Fee 
Misc.el laneous Equipment, Overhead 

and Supervision (45/, 700 x .15) 

Subtotal 

Total Unit Cost 

Cost / Acre 

Cost /Ton 

A 10 

= 

.:: 

Cost/Year 
$ 93 ,300 

207,000 
4,000 
2,000 

$15,300 
15,500 
2,500 
1 , 000 

1 , 200 

$ 18,000 
36, 000 
62,200 

$458,000 

$ 2,300 

$68,700 
$529,000 

$ 17,600 

$ l. 6 5 



CASE HISTORY MINE #5 

General Mining Descri lion 

Mine #5 is locdted in Ohio, an drea characterized by gently ..-ollinu 

hills, pasturelands and moderately steep mountainous areas, with numerous 

small streams. Mine #5 exclusively mines the Pittsburgh coal seam. with 

average thickness of 36 inc...:hes. Mine 115 aver-c1ges 102,000 tons of coal mined 

per year. This seam dips gently to the southeust with minor undulations. 

The coal quality at this site averages 3- 4':i sulfur; 10- 15'~ ash (overdll) and 

, 1 BTU of 10,500, with the principle application being steam coal. 

The mining method employed at Mine #5 is a variation of the modified 

box cut contour operation, commP.ncing with clearing and grubbing of all 

trees, scrubs and brush. ThP variation in this mining plan are the methods 

used for topsoil removal. Topsoil material is no longer stored on the downslope 

side. Instead, it is stored in a predetermined storage area until replacement. 

Bulldozers construct drill benches to allow for 15 x 15 foot patterns to be 

drilled for blasting. After blasting. dozers push overburden material down 

to front end loaders to be hauled to the backstack area by 50 ton rock 

trucks. Reclamation dozers grade the backstack <.1rea to eliminate the high­

wall and bury oversize boulders. This backstack surface is scarified by 

bulldozers backblading before the top soi I is replaced. Scraµers then proceed 

to replace the 6 inches of topsoil mater i al for final reclamation. Rock rakes 

towed by farm tractors are used to windrow larger rocks in the topsoil. 

A rock picker, also towed by a farm tractor. is used to remove oversize 
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rock frorn the topsoil and stockpile them for removal. Since these rocks 

that are removed arr gene,-ally small in diameter ( < 6 inches), they are 

used to line their diversion and sedimentation ditches. Reseeding of the 

50 acre site is accomplished with a drill seeder for gentle slope areas and 

a hydroseeder and tr"actor for steeper slopes. 
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TABLE A-5 

CASE HISTORY #5 
UNIT OPERATIONS COST 

Topsoil Removal and Reclamation 

l::quipment 
& Ma terials 
2 Bulldozers ( D· 9) 
2 Scrapers ( 637 Cat) 
2 Farm Tractors ( IH 484) 
1 Drill Seeder ( I H 510) 

Amour Windrower 
Amour Rock Picker 

Fuel 
Bulldozers ($7.95/hr. x 160 hrs./yr.) 
Scrapers ($8.06/hr. x 160 hrs./yr.) 
Tractor s ($2.05/hr. x 160 hrs./yr.) 
Seed (SO ac. IQ 35 lbs. /ac. x $0.69 / 11..>.) 
Fer-tilizer (50 ac . 11 1,000 lbs.lac. x $0.037 .'lb.) 

Labor- and 
Operator Cost 
B ul I dozer- Operators ( 2) 
Scraper Operators { 2) 
Utility Equipment Operators ( 2) 

Aux i lia r-y Operations 
Strip License and Reclamation Fee 
Miscellaneous Equipment. Overhead 

..ind Supervision ( 111. 300 x . 15) 
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Subtotal 

Total Unit Cost 

Cost/Acre 

Cost /Ton 

= 

= 

= 

Cost/Year 
$15,600 

17,200 
300 
200 
300 
200 

$ 2,500 
2,600 

700 
1,200 
1. 900 

$ 23, 900 
23,900 
20, 800 

$111,000 

$ 25,000 

16. 700 
$153,000 

$ 3,060 

$ 1. 50 



CASE HISTORY MINE: #6 

General Mining Description 

Located in thf' southwestC'rn coal fields of Virginic:1, Mine #6 has 

typically steep hilled, densely for·ested and strcdm dissected terrain which 

is very characte1·istic of much of Appalachia. Climatic conditions at this 

site range from 45° F to S0°F average temperatures and the average annual 

rainfall is 50 inches. 

This multi - seam mountaintop operation extracts 140,000 tons per 

year of the Upper and Lower Banner seams. Coal thicknesses for both 

these seams dre aver.1ging ~ feet on this site. Coal quality fo1- these seams 

range from 2- 3~. moistur-e, .6- 1.1'.'.. sulfur, S.J- 8't,ash and 13,500-14,700 

fj ru. I ts pr-imary application is for both thP. domestic and steam markets. 

Gener-alized over-bur-den characteric;tics in the undisturbed ar-ea of the mine 

consist of apprnximately 50 feet of shale and sandstone, and 15· 20 feet of 

blue slate above the Upper Banner sedm. Below this seam is another 30 40 

foot band of r-eddish gray sandstone with 2 10 feet of blue slate above the 

Lower Banner- or ( big fork) seam. 

Mine U6 has been in operation since the ear-ly 19401 s. Eady mining 

methods at this site were contour stripping utilizing the shoot and shove 

met hod of overburden rt!movcJ I, t he1·eby leaving a 1 00 200 foot bench and 

highwall after mining the Lower Banner seam. Today's mining method of 

mountaintop 1·emoval has taken advantage of this established bench and is 

now mining the Upper and Lower Banner seams. Blasting of the overburden 

above the Upper BannPr Sl!am dir-ects the motion of the overburden into the 
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previously mined out cut. Finally, rock trucks and front-end loaders haul 

overburden to the backfill area. After coal removal of the Up1.wr Banner­

seam, blasting of the overburden above th(· Lower- IJi:1nne1· seam is conducted. 

The pounds per hole of explosive loading for this overburden is not as heavy 

as the Upper Banner overbw·den. Only .J desired fragmentation and small 

movement is necessary to facilitate easier pushing by the bulldozer to the 

loader. 

Coal loading once again is with front end loaders loading company 

owned 25 ton coal trucks. Coal is transµorted to their tipple for processinq 

and unit train loading. 

Reclamation at this mine is only in the beginning phases of the oper­

ation. A large valley fill area for their excess spoil material is being con­

structed and compacted in four foot lifts. With the lack of uniform topsoil 

thickness throughout thi~ 100 acre site, torsoil replacement will be accom· 

plished by blending the near surface shales with the available topsoil, to 

be redistributed by scrapers. 
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TABLE A-6 

CASE HISTORY #6 
UNIT OPERATIONS COST 

Equipment 
f, Materials 
1 Bulldozer {D9H) 

Bulldozer (D8K) 
Bulldozer ( D 5) 

Topsoil Removal and Reclamation 

3 - 35 Ton Rock Trucks 
2 - 9888 Front- End LoadPrs 

Cat 12G Grader 
Hydroseeder f, Trurk 

Fuel 
Bulldozer (D9H) ($7 . 95/ht· . x 712 hrs./yr.) 
Bulldozer (D8K) ($5.82/hr. x 712 hrs./yr.) 
Bulldozer (DS) ($2.04/hr. x 712 hrs . /yr.) 
~ 5 Ton Rock Trucks ( 3) ( $ 6 . 6 4 /hr . x 71 2 hrs . /yr . ) 
Front - End Loader s (2) ($7.28/hi· . x 712 hrs./y1·.) 
Graders ($2.86/hr. x 712 hrs. /yr.) 
Hydroseeder ($2.02 / hr. x 712 hrs . ." yr.) 
Seed {100 ac. (<1 35 lbs. / dc. x $0.70/lb.) 
Fertilizer (100 ac. C!..I 1,000 lbs.Jae. x $0.04/lb.) 

Ldbor and 
Operator Cost 
Bulldozer Operators 
Truck Drivers 
Loader Operators 
Grader Operator 
Revegetation Equipment Operator 
f, Helper 

Cost /Year 
$ 23,300 

13,400 
4,300 

39,500 
20,000 

4,600 
1,000 

$ 5,700 
4,100 
I, 500 

14,200 
10,400 

2,000 
I, 400 
2,500 
4,000 

$ 16,000 
15,200 
11 , 2 00 

5,100 
5,100 
4,900 

Subtotal = $209,000 

Auxiliary Operations 
Strip License and Reclamation Fee 
Miscellaneous Equipment, Overhead 

and Supe1·vision (209,400 x . 15) 
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Total Unit Cost 

Cost/Acre 

Cost / Ton 

$ 81,200 

31,LJOO 
$322 I 000 

$ 3,220 

$ 2. 31 



CASE HISTORY MINE #7 

General Mining Description 

Mine #7 is an operation located in southwest Virginia that recovers 

approximately 135,000 tons of steam grade coal per year from two seams ( Upper 

f, Lower Banner at five foot thickness). The mining method employed at 

the site is the conventional contour haulback with trucks and front-end 

loaders. Climatic conditions and coal quality are the same as described in 

Cdse Hi story Mine #6. Clea ring and 9rubbing of trees that have any economic 

value are cut and sold to a local sawmill. Other vegetative material is 

pushed by bulldozers to be burned or to be used as filter barriers below 

the outcrop to control water runoff. 

Overburden encountered has been relatively hard and consolidated, 

as a result of this condition, dri II benches have proven very difficult to 

construct. Often two drilling and blasting sets are required just to estab­

list the drill bench for the additionc1I 30 to 40 feet of ove1· burden above the 

top seam. The overburden parting between the upper and lower seams also 

requires heavy blasting. In this case delayed blasting is used to prevent 

throwing spoi I downslope. 

Through the use of bulldozers, the blasted overburden material 

is cut, ripped and pushed to a waiting loader wo1· king in the pit which, in 

turn, loads 35 and SO ton overburden haulers. These haulers transport 

the material to the advancing backfill area where a reclamation bulldozer 

trims and compacts the spoil to keep the backstack area uniform. 
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After the c.ual ha s been exposed, the surface is cleare.d and brushed 

p1-ior to breaking dnd removal by a 7 cubic yard loader. Two or three 

40 ton off-road coal haulers carry the coal either two miles to a pre­

determined stockpil e area or five to six miles to the tipple for processing, 

where it is sold ..is industrial steam coal. 

Past reclamation e fforts at this mine have c:oncentrated on back filling 

within approximately 30 feel of the highwall or to a level above the upf)P.r 

scam, whichever leaves the least amount of exrosed highwall B..ickfill is 

recompacted in lifts by dozers which re~ults in very good stability. Grading 

is done by back blading and dragging. Final reclamation of this 60 acre 

site utilizes fertilizer a nd mulch to stimulate growth of annual and perennial 

grasses as well c'> trees. 
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TABLE A-7 

CASE HISTORY #7 
UNIT OPERATIONS COST 

Topsoil Removal and Reclamation 

1-: quipment 
[, Materials 
1 Bulldozer (D9H) 

Bulldozer ( D 8K) 
1 Bulldozer (05) 
3 - 35 Ton Rock Trucks 
1 Hydroseeder f, Truck 

Fuel 
Bulldozer (DCJH) ($7.95/hr. x 717. hrs./yr.) 
Bulldozer (D8K) ($5 . 82/hr. x 712 hrs . /yr . ) 
Bu II dozer ( D 5) ( $ 2 . 0 4 / hr . x 71 2 hrs . /yr . ) 
35 Ton Rock Trucks ( 3) 

($6 . 64/hr. x 712 hrs./yr.) 
Hydroseeder ($2.02 / hr. x 712 hrs. /yr.) 
Seed (60 ac. ~1 35 lbs. / ac. x $0. 70 i lb.) 
Fertilizer (60 ac. ~1 1,000 lbs . / ac . x $0. 04/lb.) 

Labor and 
Opera tor Cost 
Bulldozer Operators 
Truck O rivers 
Revegetation Equipment Operator 
& Helper 

Auxiliary Operations. 
Strip License an d Reclamation ~ee 
Mi scellaneous Equipment , Ov e rhead 

and Supervision (153,000 x . 1 S) 

A 1 t) 

Subtotal 

Total Unit Cost 

Cost/ Acre = 

Cost/Ton 

Cost /Year 
$ 23,300 

13,400 
4,300 

39,500 
1,000 

$ 5,700 
4,100 
1,500 

14,200 
1,400 
1. 500 
2,400 

$16,000 
15,200 

S, 100 
4,900 

$158,000 

$48,700 

23,000 
$22 5,000 

$ 3,750 

$ 1. 67 
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TABLE B-1 

CASE HISTORY MINE #8 
ECONOMIC SUMMARY 

Annual Operating Costs 

Manpower 
Operating Supplies (Conventional) 
Auxiliary Cost 
Indirect Cost 
Fixed Cost 
Depreciation 

Total Annual Operating Cost 

Annua l Coa l Production 

Annual Cost Per To n 

Discounted Price Per Ton ( 15%) 

- $ 

Subtotals and totals are rounded to ~ignificant places. 

B-1 

2,400,000 
5,850,000 
6,764,000 
1,238,000 

587,000 
3,025,000 

19,865,000 

1,350,000 Tons 

$1 4. 71 

$18.82 



Topsoil Removal 
and Reclamation 

*B ultdozers 
Scrapers 

TABLE B-2 

EQUIPMENT COST SUMMARY 

Capacity 

410 H.P. 
31 C. Y. 

Quantity 

2 
4 

H yd roseeder E, Trac tor 

Overburden 
Stripping 

Air Rotary Drill~ 
Dragline 
Shovel 
B ul [dozer 

Coal Removal 
and Loading 

Coa I Shovels 

Coal Hdulage 

Coal Haul Trucks 

Exploration 

Drill 
*B ul I dozer 

Maintenc:1nce 

Grader 
Mechanic's Truc:ks 
Welder's Truck 
Fuel Truck 
Lube Truck 
Oil Truck 
E:.xplosive Truck:, 
Water Truck 

6 3 / 4" 
44 C. Y. 
40 C. Y. 
410 H . P. 

12 C. Y. 

100 Ton 

410 H.P. 

1 b 1 Blade 

3900 Gal. 

3900 Gal. 

B 2 

2 
1 

2 

6 

2 

1 
2 

Total Cost 

$ 560,000 
1,241,000 

21,000 
$1,822,000 

$1,050,000 
7,800,000 
7,000,000 

280,000 
$16,130,000 

$ 2,400,000 

$ 1. 952,000 

$ 

$ 

$ 

$ 

115,000 
280,000 
395,000 

112,000 
44,000 
14,000 
30,000 
10,000 
30,000 
48,000 
30,000 

318,000 



Administrative 

Pickup Tr-ucks 
S uper-v isory 

Pickup True ks 

TABLE B-2 (Cont'd.) 

EQUIPMENT COST SUMMARY 

Capacity Quantity 

6 

6 

Total Cost 

$ 

$ 
$ 

42,000 

42,000 
84,000 

Total Equipment Cost : $23,100,000 
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Topsoil Removal 
and Reclamation 

*Bulldozer Operators 
Scraper Operators 
Revegetation Equip-

ment Operator 
f, Helper 

Overburden 
Stripping 

Drillers 
Driller's Helpers 
Dragline Operator 
Shovel Ope1-ators 
Bulldozer Operatot-s 
Shooters 
Shooter's Helpers 
Oilers 

Coal Removal 
and Loading 

Shovel Operators 

Coal Haula e 

Truck Drivers 

Explo r ation 

Driller 
Driller's Helper 
*Bulldozer Operator 

TABLE B-3 

MANNING TABLE 

UMW Grade 

5 

5 

3 

3 
2 
5 
5 
5 
3 
2 
4 

5 

3 
3 
5 

8-4 

Tota l 

2 
8 

6 
6 
3 
3 
3 
2 
2 
3 

1 2 

Cost Per Year 

$ 51,700 
206,600 

23,300 
22,400 

$ 304,000 

$ 139,800 
135,500 

77 I 500 
77,500 
77,500 
46,600 
45,200 
72. 600 

$ 672,200 

$ 103,400 

$ 268,500 

$ 

$ 

23,300 
23,300 
25,800 
72,400 



TABLE B-3 (Cont'd .) 

MANNING TABLE 

Maintenance UMW Grade Total Cost Pe r Year 

Grader Operators 3 3 $ 69,900 
Mechanics 4 3 72, 600 
Mechanic's Helpers 2 3 67,700 
Welders 4 3 72,600 
Welder's Helpers 2 3 67,700 
Electricians 4 3 72,600 
Electrician's Helpers 3 3 69,900 
Truck Drivers 1 9 89,500 
Laborers 1 b 134,200 

$ 716,700 

Total Labor $2,137,000 

Administrative 

President $ 40,000 
Vice- President 35,000 
Superintendent 30,000 
Safety Officer 25,000 
Engineer , 25,000 
Foremen 3 66,000 
Accountant 1 15,000 
Secretaries 3 27,000 

Total Supervision = $ 263,000 

Tot,.il L..1bor f, Supervision - $2,400,000 
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TABLE B-4 

TOTAL ESTIMATED CAPITAL REQUIREMENTS 

Lxploralion, Power Faci Ii ties, 
Site Preparation, B uildinqs 
and Roads 

Water T1·eatment Fi..!ci!itiP.s 
Mining Equipment 

Field Indirect ( 2'.o of Total Direct) 
Engineering 
Overhead and Administ r ation 

Contingency ( 10~ of $26,200,000) 

$ 1,200,000 
20,000 

23,101,000 
Total Direct = $2 4,321,000 

$ 486,000 
150,000 

____ 1, 220,000 
Subtoti.JI ·- $26,177,000 

$ 2,618,_000 
Subtotal = $28,795,000 

Fee (2 i of $28,800 , 000) $ 576,000 
Total Mine Cost (Base !nsurancP. Tax) = $29,371,000 

Interest During Con s truc tion ( 5~. of $29,400,000) 
Working Capita! 

1,470,000 
2,730,000 

Total = $33,570,000 

ESTIMATED WORKING CAPITAL 

Direct Labor, 3 months 
Payroll Overhead, 3 months 
Operdting Suµpl ies, 3 months 
Indirect Costs, 3 months 
Fixed Costs, 0. s i of Insurance Base 

8 6 

Total 

$ 600,000 
210,000 

1,463,000 
310,000 
147,000 

$2,730,000 



TABLE B-5 

ESTIMATED ANNUAL OPERATING COSTS 

Direct Cost 

Labor 
Supervision 

Operating Supplies 

Fuel 
Lubricants 
Explosives 
Leased Equipment 
Parts, Materials and Miscellaneous 

Auxiliary Cost 

Royalty 
Power 
Communications 
Union Welfare 
Pay rol I Overhead 
Hea Ith and Safety 
Contract Coal Haulage 
Strip License and Reclamation Fee 

Indirect Cost: 1 5% of Labor, 

$2,137,000 
263,000 

Subtotal = $ 2,400,000 

$1,700,000 
271,000 

1,424,000 

2,460,000 
Subtota I = $ 5,855,000 

$2,700,000 
J06,000 

10,000 
2,700,000 

840,000 
19,000 

1 90 ,000 
Subtotal = $ 6,765,000 

Total Direct Cost = $15,015,000 

Superv ision, and Operating Supplies $ l, 238,000 

Fixed Cost: Taxes and Insurance, 
2% of Mine Cost $ 587,000 

Dep rec ia t ion $ 3,025,000 
Total Operating Cost = $19,865,000 
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TABLE B-6 

DEPRECIATION SCHEDULE 

I tern 

Drag I ine 
Stripping Shovel 
Coal Shovel 
Doze rs 
Scrapers 
Coal Haulers 
Drills (6 3 / 411 ) 

Grader 
Mechanic's Trucks 
Welder's Truck 
Water Truck 
Fuel Truck 
Lube Truck 
Oil Truck 
ExplosivE" Trucks 
Pickup True ks 
Drill ( 3") 
Hydroseeder f, Trac tor 

Exploration, Power Facilities, 
Site Preparation, Buildings 
and Roads 

Water Treatment Facilitif's 
Depreciation 
Depreciation : !=ield Ind ired, 
Engineering , Overhead and 
Administration, Contingency. 
Fee, and Interest During 
Construction 

Interim Equipment Cost 

Quantity 

2 
4 
4 
6 
2 

2 
1 
1 

2 
1 2 

1 

B - 8 

St. Line 
Depree. /Yrs. Yearly Char.9..e_ 

20 
20 
10 

3 
3 
5 
5 
8 
3 
3 
3 
3 
3 
3 
3 
3 

5 

20 

$ 390,000 
350,000 
240,000 
373,000 
414,000 
390,000 
210,000 

$ 

14,000 
15,000 

5,000 
10,000 
10,000 

1,000 
10,000 
16,000 
28,000 
23,000 
4,000 

60,000 

20 1,000 

20 326,000 

135,000 
Total = $3,025,000 



TABLE B-7 

CASH FLOW ANALYSIS 

Present Worth Present Worth Present Worth 
Capital Cash 

Year Factor al Capital Investment Cash Flow Value 
Flow Investment 

15 Percent at 15 Percent 

0 3 3, 57 1, 000 33, 5 71 , 000 1 0000 33 ,571,000 

1 135 , 000 7, 04 7 ,000 8696 1 17 , 000 

2 135 , 000 7,0 47,000 756 1 10 2, 000 

3 2, 7 !l G, OOO 4, 3 96 , 000 5 75 1,83 2.000 

4 1 3':i, 000 7 ,0 47, 000 57 18 77,000 

5 3 , 273 ,000 3 , 90 9,000 4972 1, 6 27 ,000 

6 2, 78 6 , 000 4 , 396, 000 4323 1 , 204 ,000 

7 1 35 ,000 7,04 7, 000 3759 ':i l . 000 

8 247 ,000 b,9 3'.i,000 3 26 8 1. 000 
-

9 2 ,7 86 , 0 00 lJ. 3 %, 000 284 3 79 2 , 000 

10 12 ,6 73 , 0 00 5 , 49 1 ,00 0 <.' 4 7 2 3 , 133 ,0 0 0 

1 1 1 35 , 000 7 ,0 47,0 0 0 ? 14 9 !~. 000 

12 2,7 86 ,0 0 0 4 , 3'36 , 00 0 1869 5 21,000 

13 1 35 ,000 7 , 047, 0 00 1625 2 1. . 0 00 

14 1 35 , 0 00 7 , 0 47, 000 141 4 19 , 000 

15 13 . 724 , 000 - 6 , 542 ,000 1 229 1 ,6 87 ,000 

16 247,0 0 0 6 , 935 , 0 00 1068 2n.OOO 

17 1 35 , 000 7,047 ,0 00 0930 1 3 . 000 
-

18 2, 7 86 , 0 0 0 l j , 3 9fi , 0 0 0 0 808 225 ,000 
-

19 1 35,000 7, 0 47 ,000 0702 9 ,000 

20 3, 0 2S, OOO 10 , 207 ,00 0 061 1 18 4,000 

Total 4li, 95 11, uoo 

R 1- ~t, , 95Ll , 000 6 . 2 5 9 ..l s 7, 1 R 2, 0 00 

Less d epi-eciat ion $ 3,0 2S ,OOQ 

Deple tion ~ 11 t prof i t $ 4 . 157,000 

Gross P.-ofit :- 1 / 0. 7 5 X $ Ll,1 57 , 00 0 -: $ 5 , 5 43 .000 

Sale,; = S 19 ,864 ,000 + $5, 5 43 ,0 00 $ 25 , 40 7 ,000 

G1-o ss p l"O fj t $ 5,54 3 , 000 

Dep le tion ( 1 0~ of sa l~s ) s 2 , 772 .f' '.'0 

Taxable income. s 2. "77 '1 . 0 0 0 

Fede,-a l Income Tax ( at SO ~). $ 1..,__~8 5~QOO 

N e t pm fit $ 1 ,385 ,0 00 

A11nua l Cas h Flow $ 1 . 385 , 0 00 1 $ 3 ,0 25 , 000 1 $2 . 772 . 000 - .... 7. 182 ,0 0 0 
S 1 8 . 82 ··,ell1n g Price P e i· T0n $2 5 ,40 7 .000 : 1 , 350,000 T on s 
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al 15 Percent 

3 ·1,s, 1 . 000 

G, 1 2 8 ,0 0 0 

5,328 ,000 

2,890, 0 0 0 

4,0 29 , 000 

1 ,944, 0 0 0 

1 , 89 1 , 000 

2 ,G 49 , 00 0 

l ,H, 7 ,000 

1, 25 0, 000 

1 . 357 , 1)0 0 
-

1 , 5 13, 0 00 

822,000 

1 • 1 45 , 000 

99fi , 00 0 

- 80 4, 00 0 

74 1, 0 00 

655,0 00 

35 r; . 000 

495 ,000 

G24 , 000 

l } 



TABLE B-8 

UNIT OPERATION COSTS 
TOPSOIL REMOVAL AND RECLAMATION 

Equipment and Materi a ls 

Fuel 

4 Scrapers (CAT 31 cy) 
2 - Bulldozers (CAT D 9) 
1 - Hydroseeder and Tractor 

4 - Scrapers (31 cy) ($8.06/hr. x 22,080 hrs./yr.) 
2 - Bulldozers (D - 9) ($7.95/hr. x 11,044 hrs./yr.) 

- Hydrose eder and Tractor ($3.80/hr. x 
2, 7 6 0 hrs. /yr . ) 

Seed 

190 ac. at 50 lb~. /ac x <,Q. 69/lb. 

Fertilizer 

190 ac. at 1,000 lbs.lac. x $0.037/lb. 

Labor and O perato r Costs 

Scraper Operators 
Bulldozer Operator 
Reve9etation Equipment Operator 

and Helper 

Auxiliary Operations 

Strip LicensP and Reclamation Fee 
Misc ellaneous Equipment, Overhead and 

Supervision (12,623,000 x .17) 

Subtotal 

Total 

Subtotals and totals are rounded to significant places. 
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Cost/Year 

$ 414,000 
187,000 

4,000 

178,000 
87,800 

10,500 

6,600 

7,000 

206,600 
51,700 
23,300 
22,400 

$ 1 , 1 98, 900 

190,000 

,2,144,000 
$3,533,000 



TABLE B-9 

UNIT OPERATION COSTS 
OVERBURDEN STRIPPING 

Equipment and Materials 

Fuel 

2 - Air Rotary Drill (6 3/4") 
1 - Dragline (B.E. 44 cy) 
1 - Shovel ( B. E. 40 cy) 

- Bulldozer (D-9) 

Air Rotary Drill ($7.61/hr. x 16,560 hrs./yr.) 
Dragline (Electric Power) 
Shovel (Electric Power) 
Bulldozer ($7.95/hr. x 8,280) 

Explosives Cost 

Labor and Operator Costs 

Drillers 
Driller's Helper 
Dragline Operator 
Shovel Operator 
B ul I dozer Operator 
Shooter 
Shooter's Helper 
Oilers 

Auxiliary Operations 

Miscellaneous Equipment, Overhead and 
Supervision (12,623,000 x . 60} 
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Subtotal 

Total 

$ 

Cost /Year 

210,000 
390,000 
350,000 

93,300 

126,000 
256,000 
256,000 

65,800 

1,424,000 

139,800 
135,800 

77, 500 
17, 500 
77, 500 
46,600 
45,200 
72,600 

$ 3,843,600 

7,319,300 
$11,163,000 



TABLE B-10 

UNIT OPERATION COSTS 
COAL REMOVAL AND LOADING 

Equipment and M~terials 

2 Shovels 

Fuel 

2 - Shovels ( E lectric Power) 

La bo r and Operation Costs 

Shovel Operators 
Subtotal 

Auxiliary Operations 

Miscellaneous Equipment, Overhead and 
Supervision (12,623,000 x . 06) 
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Total 

Cost/Year 

$ 240,000 

93,800 

103,400 
$ 437, 200 

881,600 
$ 1,319,000 



TABLE B-11 

UNIT OPERATION COSTS 
COAL HAULAGE 

§_q uipment and Materials 

6 Coal Haul Trucks ( 100 ton) 

Fuel 

Coal Haul Trucks ( $9. 60/hr. x 33, 120 hrs. /yr.) 

Labor and Operations Cost 

1 0 Truck Drivers 

Auxiliary Operations 

Miscellaneous Equipment. Overhead and 
Supervision (12,623,000 x .14) 

B 13 

Subtota I 

Total 

Cost /Year 

$ 390,000 

318,000 

268,500 
$ 976,500 

$1,891,500 
2,868,000 



TABLE B-12 

UNIT OPERATION COSTS 
EXPLORATION 

Equiµment and Materials 

- Drill 

Fuel 

- Dozer 

Drill ($4.08/hr. x 2,760 hrs./yr.) 
Dozer ($7.95 / hr. x 2,760 hrs./yr.) 

Labor and Operato r Costs 

Driller 
Driller's Helper 
Dozer Operator 

Au xili a r y Operations 

Miscellaneous Equipment, Overhead and 
Supervision (12,623,000 x . 03) 

A 14 

Subtotal 

Total 

Cost /Year 

$ 21,000 
93,300 

11,300 
21,900 

23,300 
22,300 
25, 800 

$218,900 

376,700 
$596,000 



TABLE B-13 

UNIT OPERATION COSTS 
MAINTENANCE AND SUPERVISORY OPERATIONS 

Equipment and _Material 

Fuel 

1 - Grader 
2 - Mechanic Trucks 
1 - Welder Truck 
1 - Fuel Truck 
1 - Oil Truck 
2 - Explosive Trucks , - Water Truck 
1 - Lube Truck 

1 2 - Pick-ups 
Subtotal 

Grader ($5. 30/hr. x 2,760 hrs. 'yr.) 
Mechanic Truck ($3.80/hr. x 5,520 hrs./yr.) 
Welder Truck ($3.80/hr. x 5,520 hrs./yr.) 
Fuel Truck ($5.18/hr. x 2,760 hrs./yt·.) 
Oil Truck ($5.18/hr. x 5,520 hrs./yr.) 
Explosive Truck ($3.80/hr. x 12,420 hrs./yr.) 
Water Truck ($5.18/hr. x 2,760 hrs./yr.) 
Lube Truck ($5.18/hr. x 2,760 hrs./yr.) 
Pick- up ($2. 99/hr. x 33,120 hrs. /yr.) 
Lubricants 
Parts, Materials, Miscellaneous 

Subtotal 

Labor and Supe rvi s ory Personnel 

Grader Operator 
Mechanics 
Mechanic's Helpers 
Welder 
Welder's Helpers 
Electricians 
Electrician's Helpers 
Truck Drivers 
Laborers 
Supervisory Personnel 

Subtotal 

0 15 

$ 

$ 

14,000 
15,000 
5,000 

10,000 
10,000 
16,000 
10,000 

1,000 
28,000 

109,000 

14,600 
21,000 
21,000 
14,300 
28,600 
4·;, 200 
14,300 
14,300 
99,000 

271,000 
2,455,000 

sI. ·ooo, ooo 

69, 900 
72,600 
67,700 
72, 600 
67,700 
72,600 
69,900 
89,500 

134,000 
263,000 --···-

$ 980,000 



TABLE B-13 (Cont'd.) 

UNIT OPERATION COSTS 
MAINTE:NANCE AND SUPERVISORY OPERATIONS 

Auxilliary Costs 

Communications 
Union Welfare 
Payroll Overhead 
Health and Sc:1fety 
Royalty 
Indirect CosL. 
Fixed Costs 
Interim Equipment Cost 
Power 

Subtotal 

Total 

PLANNING AND DEVELOPMENT 

Power Facilities , Site Preparation, 
Buildings and Roads 

Field Indirec t 
F. ngineering 
Overhead and Administ1-c..1tion 
Contingency 
Fee 
Interest During Construction 
Work ing 

B 16 

Total 

10,000 
2,700,000 

840,000 
18,000 

2,700,000 
1, 238,000 

587,000 
135,000 
306,000 

$8,534,000 

$12,623,000 

61,000 
24,300 

7, 500 
61,000 

131,000 
28,800 
73,500 

137,000 
$524, 000 



TABLE B-14 

UNIT OPERATION COSTS 
SUMMARY 

Topsoil Removal and Reclamation 

Overburden Stripping 

Coal Removal and Loading 

Coal Haulage 

Exploration 

Planning and Development 
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Total 

Cost /Year 

$ 3,533,000 

11,163,000 

1,319,000 

2,868,000 

596, 000 

524,000 

20,003,000 



TABLE B-15 

CASE HISTORY MINE #9 
ECONOMIC SUMMARY 

Annual Operating Cost~; 

Manpower 
Operating Supplies (Conventional) 
Auxiliary Cost 
I ndi reel Cost 
Fixed Cost 
Depreciation 

Total Annual Operating Cost 

Ann ua l Coal Production 

Annual Cost Per Ton 

Discounted Price Per Ton ( 15%) 

Subtotals and total~ are rounded to significant places. 
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$ 846,000 
1,203,000 

996,000 
307,000 

75,000 
726,000 

4,153,000 

14 7, 000 Tons 

$28. 25 

$33. 00 



TABLEB-16 

EQUIPMENT COST SUMMARY 

Top~oil Removal 
and Reclamation 

8 ulldozer 
Scraper 
Hydroseeder f, Tractor 

Overburden 
Stripping 

Air Rotary Drill 
B ul ldozet· s w /Rippers 
Dragline 
Explosives Truck 

Coal Removal 
and Loading 

Front- End Loader 

Coal Haulage 

Contracted Out (!) $1. 75 /Ton 

Exploration 

Con tr acted Out 

Ma in tenance 

Grader 
Maintenance Truck 
Parts Truck 

Adm inistrative 

Pickup Trucks 

Capacity 

524 H.P. 
30 C. Y. 

Quantity 

li ! 11 

410 H.P. 
9 C. Y. 

7 C. Y. 

Total Cost of 

B-19 

2 

1 

5 

Equipment 

Total Co~t 

$ 320,000 
297,000 
21,000 

$ 638,000 

$ 200,000 
560,000 
900,000 
14,000 

$1,Gn,ooo 

$ 212,000 

$ 102,000 
20,000 
11 , 000 

$ 133,000 

Leased 

$2,657,000 



Topsoil Removal 
and Reclamation 

B ul I dozer Operator 
Scraper 
Revegetation E:q uipmen t 

Operator 
f, Helper 

Overburden 
Stripping 

Drillers 
Drillers' Helpers 
Shooters 
Shooters' Helpers 
Bulldozer Opera lor :~ 
Drag I ine OpP.ra to1· s 
lJ r· .Jg Ii n e O i I er s 

Coal Removal 
and Loading 

Ludd er Opera tor 

Coal Haulage 

TABLE B-17 

MANNING TABLE 

Total 

2 
2 
2 
2 
2 
1 
3 

Contracted Out C!cl $1. 75/Ton 

Exploration 

Contracted Out 

Maintenance 

Grader Operator 
Mechanic 
Mechanic's Helper 
Welder 
Laborer 

Subtotal 

Cost Per Year 

$ 35,600 
35,600 

16,900 
16,200 

$104, 300 

$ 64,200 
61,800 
64,200 
61,800 
71,300 
71,300 
66,800 

$461,400 

$18,700 

$ 32,100 
33,400 
32,100 
33,400 
30,900 

= $161,900 

Total Labor = $746,000 
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Administrative 

President 
Superintendent 
roremen 
Safety Officer 
Engineer 
Secretary 

TABLE 8-17 (Cont'd.) 

MANNING TABLE 

Total 

1 
1 
2 
1 

Total Supervision 

Total Labor f, Supervision 
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Cost Per Year 

$ 8,000 ( 20 %) 
9,000 ( 30%) 

50,000 (100 %) 
16,000 ( 60%) 
8,000 ( 30%) 
9,000 ( 100':i) 

$100,000 

$846,000 



TABLE B-18 

TOTAL ESTIMATED CAPITAL REQUIREMENTS 

Exµloration, Treatment Facilities, 
Si le Preparation, Bui ldinqs, 
and Roads 

Mining Equipment 
$ 200,000 

2,657,000 
Total Direct = $2,857,000 

Field Indirect (2 \·. of Total Direct) 
Engineering 
Overhead and Adm inistrd lion 

Contingency ( 10~ of $3,352,000) 

Fee ( 2i of $3,687,000) 

Subtotal 

Subtotal 

=-

$ 57,000 
15,000 

423,000 
$3,352,000 

335,000 
$3,687,000 

74,000 
Total Mine Cost (Base Insurance Tax) = $3,761,000 

Interest During Con st ruction ( 5% of $3, 76 l, 000) 
Working Capital 

= 188,000 
--~,000 

Total = $4,637,000 

ESTIMATED WORKING CAPITAL 

Leased Equipment, 3 months 
Direct Labor, 3 month~ 
Payroll Overhead, 3 months 
Operating Supplies, 3 months 
Indirect Costs, 3 months 
Fixed Costs, 0. s·:. of Insurance Base 
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$ 5,000 
212,000 

74,000 
301,000 
77,000 
19,000 

Total = $ 688,000 



TABLE B-19 

ESTIMATED ANNUAL OPERATING COSTS 

Direct Cost 

Labor 
Supervision 

Operating Supplies 

Fuel 
Lubricants 
Lxplosives 
Leased Equipment 
Parts. Materials and Miscellaneous 

Auxiliary Cost 

Royalty 
Power 
Communications 
Union Welfare 
Payroll Overhead 
Health and Safety 
Contract Coal Haulage 

Subtotal 

$ 746,000 
100,000 

$ 846,000 

$ 282,000 
95,000 

465,000 
20,000 

341,000 
Subtotal = $1,203,000 

$ 147,000 
1 2. 000 
10,000 

257,000 
29b,OOO 

8,000 
257,000 

Coal Preparation Plan Seed ;,md Fertilizer 
Strip License and Reclamation Fee 

1,000 
8,000 

Indirect Cost : 15~. of Labor, 
Supervision, and Operating Supplies 

Fixed Cost: Taxes and Insurance, 
2'~ of Mine Cost 

Depreciation 

Subtotal =- $ 996,000 

Total Direct Cost - $3,045,000 

$ 307,000 

75,000 

726, 000 
Total Operating Cost = $4,153,000 
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TABLE B-20 

DEPRECIATION SCHEDULE 

Item Quantity 

Bulldozer 
Hydroseeder & Tn:1ctor 
Air Rotary Drill 
Scraper 
Bulldozers w/Rippers 
Dragline 
Explosives Truck 
Front-lnd Loader 
Grader 
Maintenance Truck 
Parts Truck 

Exploration, Treatment 
Facilities, Site Preparation, 
B uildin 9s and Roads 

Depreciation: Field In 
di reel, Engineering, Over 
head and Administration, 
Contingency, Fee, and 
Interest During Construction 

Interim Equipment Cost 

2 
1 

B-24 

St. Line 
Depree. /Yrs. 

3 
5 
5 
3 

3 
1 0 

3 
3 
J 
3 
3 

20 

20 

Total 

Yea rly Charge 

$106,700 
4,200 

40,000 
99,000 

186, 700 
90,000 
4,700 

70,700 
34,000 
6,700 
3,700 

$ 10,000 

$ 54,600 

$ 1 5. 000 
$726,000 



Year 

0 

I 

2 

3 

4 

5 

6 
~ 

7 

8 

9 
- -

10 

11 

12 

13 

14 

,~ 
16 

17 

18 

19 

20 

TABLE B-21 

CASH FLOW ANALYSIS 

. -

Capital r.osh 
Present Worth Present Worth Present Worth 

Factor At Capital Investment Cash Flow Value 
Investment I-low 

15 Pere.en! Al 15 Percent At 15 Percent 

$4 , 637 .00U $ 4. 637 ,00G 10 000 $ 11, 637, 000 $II . 6 3 7. 0 0 0 
- --- -- - - - -- -- -

1 5 ,000 1,2 JJ, 00 0 869 6 1 J . 0 00 1 , 0 72 . 0 00 

15 ,000 1, 233, 00 0 . 7561 11, 00 0 932, 000 ·-
1, 55 1 , 000 30 3, 00 0 6575 1,020 , 000 199, 00 0 

15 , 000 1 .23 3, 00 0 .5 718 9 ,000 70 5 , 000 

236 ,000 1,012.000 4972 11 7. 000 50J, OO O 
---- - ~ 

1, 5':i 1 . 000 303 , 000 4323 6 70,00 0 1 .ll . 000 -- - - -- --- - - --~ -·--
1 5. 000 l .2.l .l. 0 00 3 7 59 (j, 000 4(,3,000 

------ ---- - -- --
1 5 , 00 () 1, 2.l .l,0 00 3269 5 ,00 0 403 , 00 0 

- ----- --- ·- - - - - f------ -
1 , S5 1 . 0 00 30 .l. 000 2 84 3 1,4 1. 000 Rr,. oon 

- - -
1,l J G,0 00 l 12 . uoo 2 47 2 n11 , ooo 28 , 000 

- - - - -
1 S . 000 1, 233, 00 0 2 149 3, 00 0 265 ,000 - -- - >-- ----

1. 55 1, 000 303,00 0 1869 2~0.000 57 , 000 
- - -- I---

1 5 . 000 I , 23J, 000 162 5 2 ,00 0 200,000 
- - -- - - --- - ---- -
15,000 1 , 233 , 00 0 1414 l, 00 0 174,000 

1 . 772 , 000 524 , 00 0 122 9 218 ,000 64,000 

15 ,000 l, 2 3J, 000 1068 2 .000 I 32 . 000 -- --
1 '.i . 000 1 , 213 , 00 0 0 930 1 , 000 11 4 . 000 

I. :i5 1. 000 30 3, 000 0808 125 ,000 24 ,000 
--·- >- - -- - ·-

15 .000 1, 23 3, 000 0 702 1,000 
- -- - - -- -

726 , 000 1,974 . 000 0611 114,000 

TOTAL $7 ,810.000 

R - 7. 8 10.000 : G.2J~U 
Le s dep,·e ic1 t ion 
Depletion -1 net profit 

Grn'> s profit 1 / 0 . 75 x $5 27.. 000 
Sa les S4. 1 ~2 .000 1 $696,000 

G1 uss r,·ofit. . . . . 
Depll:!tiun ( 1 O';. of sa le 
T axable Income ... 
Feder a l lncume Tax (at 500 ) 

Ne t Prnfit. . . . . 

r\1"iuil f C as h F low $ 17 4 , 00 0 1 $ 34 8.0 0U , S72 b,OOO 
Selli119 P1· ice Per Ton $4 , 8 48 .00 0 · 14 7. 000 Tons 
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S l. 2118 , 000 
$ 726 ,000 
$ 5 22 , 000 

$ b 9b, 000 
$ 4, 8 48 ,000 

$ 6% . 000 
$ - 348 ,000 
S 34 8 , 000 
S 174 , 000 
$ 174 ,000 

$1, 248 , 000 
' 33. 00 

86, 000 

111 . uoo 

0 



TABLE B-22 

UNIT OPERATION COSTS 
TOPSOIL REMOVAL AND RECLAMATION 

Equipment and Materials 

Bulldozer 

Fuel 

Scraper 
Hydroseeder and Trdctor 

Bulldozer ($7.95/hr. x 3,450 hrs./yr.) 
Scraper ($8.06 / hr. x 3,450 hrs./yr.) 
Hydr-oseeder and Tractor ($0.78/hr. x 2,000 hrs./yr.} 

Seed 

30 ac. (tl 40 lbs. /ac. x $0. 69/lb. 

Fertilizer 

30 ac. @ 1,000 lbs.lac. x $0.037/tb. 

Explosives 

Labor 

Bulldozer· Operator 
Scraper Operdtor 
Revegetation Equipment Operator 

and Helper 

Auxiliary Ope~ation s 

Subtotal 

Cost /Year 

$106,700 
99,000 

4,200 

27,400 
27,800 
1,560 

1, 000 

1 , 1 00 

35,600 
35,600 
16.900 
16,200 

$373,060 

S lri p License and Recldmation I :ee 8, 000 
Miscellaneous E.quipmenl, Overhead and 

Supervision ( $1, 'l28, 000 x . 20} 386,000 
Subtotal $J94, 000 

Total - $767,000 

Subtotals and tot'-Jls are rounded to significant places. 
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TABLE B-23 

UNIT OPERATION COSTS 
OVERBURDEN STRIPPING 

Equipment and Materials 

Air Rotary Drill 
Bulldozer with Ripper 
Drogline 

Fuel 

Exµlosives Truck 

Air Rotary Drill ($2.7S/hr. x G,900 hrs./yr.) 
Bulldozer with Ripper ($7.95/hr. x 6,900 hrs./yr.) 
Dragline ($12.26/hr. x 6,900 hrs./yr.) 
Explosives Truck ($1.08/hr. x 6,900 hrs./yr.) 
Explosives 

Labor 

Drillers 
Drillers Helpers 
Bulldozer Operators 
Dragline Operators 
Dragline Oilers 
Shooters 
Shooters Helpers 

Cost/Year 

$ 40,000 
1 86, 700 

90,000 
4,700 

19,000 
54,900 
84,600 

7,500 
465,000 

64,200 
61,800 
71,300 
71,300 
66,800 
64,200 
61,800 

Subtota I $1,414,000 

Auxiliary Operations 

Miscellaneous Equipment, Overhead and 
Supervision ( $1,928,000 x . 75) 

11 · 27 

Total 
1,446,000 

$2,860,000 



TABLE B-24 

UNIT OPERATION COSTS 
COAL REMOVAL AND LOADING 

Equipme nt a nd Ma t e r ia ls 

Front - end Loader 

Fuel 

Front- end Loader ($7 . 28/hr. x 2,000 hrs./yr.} 

Labor 

Front · end Loader Operator 

Auxiliary Operations 

Miscellaneous Equipment, Overhead and 
Supervision ($1,928,000 x . 05) 

COAL HAULAGE 

Contracted out @ $1. 75/ton for 147,000 tons 

EXPLORATION 

Contracted out @ $3. 00/foot for 1 , 200 feet 

B - 28 

Cost /Year 

$ 70,700 

14,600 

18,700 
Subtotal $104,000 

Total 
96,400 

$200,000 

$257,000 

$ 3,600 



TABLE B-25 

UNIT OPERATION COSTS 
MAINTENANCE AND SUPERVISORY OPERATIONS 

Equipment and Materials 

Fuel 

Grader 
Maintenance Truck 
Parts Truck 
Pick-up Truck 

Subtotal 

Grader ($2.95/hr. x 3,450 hrs./yr.) 
Maintenance Truck ($1.64/hr. x 3,450 hrs./yr.) 
Parts Truck ( $1. 04/hr. x 3,450 hrs. /yr.) 
Pick-up Truck ($1.04/hr. x 17,250 hrs./yr.) 
Lubricants 
Parts, Materials and Miscellaneous 

Labor a nd Supervisory Personnel 

Grader Operator 
Mechanic 
Mechanic 1 s Helper 
Welder 
Laborer 
Supervisory Personnel 

Auxiliary Costs 

Communications 
Union Welfare 
Payroll Overhead 
Health and Safety 
Royalty 
Indirect Costs 
Fixed Costs 
Interim Equipment Cost 
Power 
Seed Fertilizer 
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Subtotal 

Subtotal 

Subtotal 

Total 

$ 

$ 

34,000 
6,700 
3,700 

20,000 
64, !JOO 

10,200 
5,700 
3,600 

18,000 
95,000 

341,000 
$ 473,500 

32,000 
33,400 
32,100 
33,400 
30,900 

100,000 
$261,800 

10,000 
257,000 
296,000 

8,000 
147,000 
307,000 
75,000 
15,000 
12,000 
1,000 

$1,128,000 

$1,928,000 



TABLE B-26 

UNll OPERATION COSTS 
PLANNING AND DEVELOPMENT 

Treatment Facilities, Site Preparation, 
Buildings and Roads 

Field Indirects 

Engineerinq 

Over head and Administration 

Contingency 

Fee 

Interest During Construction 

Wo1·king Capital 

SUMMARY 

Topsoil Removal and Keclamation 

Overburden Stripping 

Coal Haulage 

Coi:ll Removal dnd Loading 

Exploration 

Plannin~ and Development 

R 30 

Total 

Total 

$ 

$ 

Cost /Year 

10,000 

3,000 

1. 000 

21,000 

17,000 

4,000 

9,000 

34,000 
99,000 

$ 767,000 

2,860,000 

257,000 

200,000 

3,600 

99,000 
$4, 187 , 000 
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