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Abstract:
The major objective of this study is to estimate surface reclamation cost and compare reclamation costs
of various reclamation alternatives.

Cost estimates are generated for alternative reclamation goals of grazing, dryland crop, and various
combinations of grasslands and trees. Costs are estimated for recontouring of strip mine spoils to
various slopes.

The influence on reclamation cost of the depth of topsoil salvaged and redistributed on the recontoured
spoils and the effect of overburden depth on reclamation cost are also estimated.

Farm budgeting is used to estimate the reclamation costs. Recontouring costs are a function of the
volume of spoils moved and the distance the spoils must be moved. The volume of spoils moved is
estimated using a cross-sectional approach.

Some variables have a larger influence on reclamation cost than other variables. Overburden depth has
a large influence on reclamation cost. The reclaimed slope has a small influence on reclamation cost if
the overburden depth is small (7.04 yards); however, as the overburden depth increases, so does the
influence of the reclaimed slope on reclamation cost. (The range of reclaimed slopes considered are
from 0% - 20%.) As the highwall height increases or the reclaimed high-wall slope decreases, the cost
of recontouring the highwall increases.

The influence of highwall recontouring costs on the reclamation cost per acre varies widely due to mine
design along with the highwall height and reclaimed highwall slope. The cost of topsoiling varies
directly with the depth of topsoil desired. Topsoiling costs are a significant portion of reclamation cost
if only 2 inches of topsoil are desired on the reclaimed surface. (As topsoil depth increases on the
reclaimed surface, topsoiling cost assumes a larger portion of reclamation cost.) Reclamation goal may
or may not have a large influence on reclamation cost. Changing the reclamation goal from grazing to
cropland has a minor influence on reclamation costs while including trees (in great numbers) in the
reclamation goal will significantly increase reclamation cost.
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ABSTRACT

The major objective of this study is to estimate surface reclamation
cost and compare reclamation costs of various reclamation alternatives.
Cost estimates are'generapéd for alternative reclamation goals of grazing,
dryland crop, and various combinations of grasslands and trees. Costs
are estimated for recontoiring of strip mine spoils to various slopes.

The influence on reclamation cost of the depth of topsoil salvaged and .
redistributed on the recontoured spoils and the effect of overburden
depth on reclamation cost are also estimated.

Farm budgeting-is used to estimate the reclamation costs. Recon-
touring .costs are a function of the volume of spoils moved and the -
distance the spoils must be moved. The volume of spoils moved is
estimated using a cross-sectional approach.

Some variables have a larger influence on reclamation cost than v// '
other variables. Overburden depth has a large influence on reclamation "y
cost. The reclaimed slope has a small influence on reclamation cost
if the overburden depth is small (7.04 yards); however, as the over-—
burden depth increases, so does the influence of the reclaimed slope
on reclamation cost. (The range of reclaimed slopes considered are
from 0% - 20%.) As the highwall height increases or. the reclaimed high-~

“wall slope decreases, the cost of recontouring the highwall increases.

The influence of highwall recontouring costs on the reclamation cost

per acre varies widely due to mine design along with.the highwall height -
and reclaimed highwall slope. The cost of topsoiling varies directly
with the depth of topsoil desired. ' Topsoiling costs are a significant
portion of reclamation cost if only 2 inches of topsoil are desired on
the reclaimed surface. (As topsoil depth increases on the reclaimed
surface, topsoiling cost assumes a larger portion of reclamation cost.)
Reclamation goal may or may not have a large influence on reclamation
cost. Changing the reclamation goal from grazing to cropland.has a
minor influence on reclamation costs while including trees (in great
numbers) in the reclamation goal will significantly increase reclamation'
cost. )




Chapter 1
Introduction

é;he Monténa Coal Task force estimaféd that the mining of "Montana's
strippable (coal) resérves could disturb a maximum of about 770,000
acres."l Between 1968 and 1973, approximately 683 acres were disturbed
in ﬁontana by coal mining. It has been estimated that by the year 1980,
8,493 acres will be disturbed and by the yéar 2000, 209,540 acres
will be disturbed by coal mining in Montana.2 Therefore, a sizeable
area may be disturbed by coal miniﬁg in the next 25 year;>) Presently
most of the coal mined in Montana is strip mined in which the material
overlying the. coal seam (overburden) is "stripped" off,‘exposing-the
coél seam, and the coal is removed. The overburden is placed as spoil
after being stripped from above the coal ;seams strip mined spoil
banks have been labeled as unacceptable by portions of our éoéiéty.
Reclaiming the spoils to a productive state hopefully makes them mofe
acceptable. It has been projected that 735 acres will be strip mined

in 1975 in Montana.3 If only $1000 per acre is spent for reclamation,

lMontana Coal Task Force, '"Coal Development in Eastern Montana", January
1973, p. 14, :

2Montana Energy Advisory Council, Lt. Governor of Montama Bill Christian-
sen, Chairman, Coal Development, December 1974, p. 53,54. Most probable

estimates of future acreage disturbances used.

3NewsRelease,Christiansen, Bill, Lt. Governor of Montana, January 1975.
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then the total cost of reclamation in 1975 in Montana will be $735’000?4
Therefore a sigeable amount of money is being spent on reclamation and \/
the amount of ﬁoney spent on reclamation apparently will increase as

the rate of strip mining increases. Reclamation alternatives (as
explained in the next section) do exist and these alternatives do incur
differing costs. If large amounts of money are to be spent on reclam-
ation, then decision-makers should view the benefits and costs of

reclamation to choose a reclamation alternative.

Objective

The major objective pf this study‘is to estimate reclamation costé
and compare reclamation costs of various reclamation alternatives. Rec-—
lamation as refgrred to in this study is surface reclamation. Surface v/
reclamation includes recontouring of the sfrip mine spoils, stabilizing
the sufface, and providing a stable and productive vegetative cover.

Cost estimates will be generated for various alternative reclamation
goals. The reclamation goals considered are dryland crop, grazing, and
combinations of grassland and trees. Winter wheat will be used to
.represent the dryland crop, as winter wheat is the major dryland crop
grown in Montana in general, and particularly in tﬁe coal area.

The post—mining contour may be recoﬁtoured to various slopes.

Therefore,. cost estimates will be generated for various recontoured

4$1OOO per acre is probably a minimum figure for reclamation cost as
is iliustrated in later chapters.
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slopes at varying overburden depths.5

Economics 'is fhe science of choice. If decision—makers.ha¥e per—
fect knowledge, then optimal decisions or choices could be made. -
However, peffect knowledge is generally‘not the case,:so information

presented in this study may make decision-makers more knowledgeabie to’

‘choose among reclamation alternatives. Emphasis is placed on difference

in cost among reclamation alternatives, rather than the total.costs,
althougﬁ total cost estimates are presented. Economically speaking,
in decision-making the cost differentials among alternatives (along
with the differences in benefits) are the basis for determining the

optimum alternative (or alternatives).

Limitations of the Study

The reclamation cost estimates generated in this study are applic;'
abie to Eastern Montana. A1l or certain portions of this.stﬁdy may
be appiicable’to other areasﬂdepending upon the simiiarity'of character-
istics of other areas to those in Mon_tana.6 Certain areas within Montana
have characteristics which may cause estimated reclamation costs pre-

sented to be grossly understated. Revegetation may be inhibited by lack

5For those not familiar with the post-mining contour and recontoured
slope, a description of the post-mining contour, reclaimed contour,
mining process, and reclamation process- will be presented in Chapter 2.

6Similarity must include climate, soil type, vegetation which can be
grown, and environment.. However, portions of the study may apply to
dissimilar areas. For example, the cost estimates (and method of deter-
mining cost) for recontouring may apply to any area if the post-mining
contour and other factors are similar. '
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of sufficient or suitable water. The overburden may be unsuitable, as
a base for topsoil, inhibiting reveéefation and tﬁus influencing
reélamation cosf.

Othér factors which ﬁay'cause-thelgétimates of reclamation costs
presented to be inaccurate are use of,éqﬁipmént othef than that ;ssumed
in this study, séaspna;ity.af certain activities_within ﬁhe reclamation
pfocess, and the ogcasional occurencé éf‘a drought,of other unusual |
weather pfoblem; Often whétever equipment ié available Willibé used
for reclamation purposesl rather than. the bulldozer and scraber agsﬁmed

in this .study. For insténce, a dragline may be used for highwall re-

" duction rather than the assumed bulldozer. Use of equipment other than-

the assumed equipment may incur different costs and theréfore'caﬁée'
reclamation costs to.diffef from the presented estimates.- Some
activities in the rgclamation process are seasonal which influénces
reclamation cost. For example, grass seeding is seasénal and éan only
be accomplished, if revegetation is to be successful, at ceftain timés
of the year. Specific yea?s may allow'greater time fo? seasonal'
ac;ivities thaniéthérs due to yeérly fluctuation in temperatureyahd
moisture available in tﬁé soil. The incréaéed reclamation cost due to’
seasonality is difficﬁlt to'gstimate and therefore a."lﬁmp sum"‘é1léw—
ance has beén made fér seasonality in Chapter 5 undér "Miéce;laneqﬁsiaqd
Unallocated Costsﬁﬁ In certain yearé revegetative prdblemg may occur

which do not occur in average years. Poor response to revegetative
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éfforts may cause duplication of.revegetativg efforts and increased
reclamation costs. Problems which cause a poor response to re-
vegetation efforts include drought, short growing seasons, and extfeme

erosion from wind and water.

Thesis Design

Farm budgeting ié used to generate reclamation cost estimafeé. In
reconfouring and topsoiling, the yardage to betmoved must be estimated .
to obtain reclamation costs. A cross—-sectional gpprogch is used to
estiﬁatg the yardage moved.

Cﬁapter 2 explains the mining and reclamation process, the var-
iables considered in this study when estimating reclamation costs, aﬁd
defines terms as used in this study. Chapter 3 ﬁresents the méthod"
uée& to estimate the cost of recontou;ing strip mine spoils. Top—
soiliﬁg costs are estimé£ed in Chép£er 4 and revegetation,'ﬁiscél—
laneous, and unallocated costs are estimated in Chapter 5. In.Chapter

6, an example is presented to illustrate the entire process of es-—

timating the cost of reclamation and estimated reclamation cost of

several reclamation alternatives. Chapter 7 compares reclamation
costs of various reclamation alternatives, discusses needs for further

research, and includes some comments from the author.

Law

The State of Montana has prescribed certain requirements which x/
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must be met When,reciaiming strip mined lands. The maximum acceptable
reclaimed highwall slope is 20° or 36.417% (which is approximately three
units'of horizontal distance for each uni£ of vertica; distéﬁcg). The
areé‘must be cdﬁtouréd to approximate thé’original contour. All
available topsoil must bé removed and kept in such a condition'as to
sustain vegetation of at 1east the quaiity and of the same diversified
varieties as the topsoi; gustéined prior-tp its removal. The topsoil
must be returned to cover the‘mined area after recbntouring unless
another layer of material in the overburden is substitu?ed which-is
equally capable of supporting vegetatioﬁ. The soil shall héve'been
prepared such that "legumes, grasses, shrubs, and trees upon the area
of land affected" will produce and sustain a "suitable permanent diverse
vegetative cover capable of:
a) feeding and withstanding grazing pressure from a qﬁantity

and mixture of wildlife and livestock at least comparable

to that which the land could sustain prior.to the operation .

(mining); ‘

b) regeneratiﬁg under the naﬁural coﬁditioné prevailing at the
site, including occasional drought, heavy snowfall and °
strong winds; and

c) preventing soil erosion to the extent achieved prior to the
operation @ninipg)."7

Cost estimates are generated for procedures which are intended to.

meet the present surface reclamation law of the State. Cost estimates

'7Codes of Montana, Section 50-1044, passed 1974, both paraphrased and
directly quoted. ' ’




are also generated which may conflict with present Montana reclamation
laws. Over the long run, laws may be changed, therefore cost estimates

outside the law may be useful.




Chapter 2

Descr%ption'oflMiping Process,’Reclamation Process, and
Variables tq.be'Considered which Influence |
Reclamation.Cost |

Area styrip mining is practiced in relapively fiat terrain while Vﬂ
contour strip mining is practiced on rolling to very steep terrain. Y
In area strip mining, a trench or boxcut is madé through the material
covering the coal (ovgrbufden)-to expose the coal to be rémovéd and the
boxcqt is exteqded as far‘as desired. The overburden from this first
cut is pléced on the land adjacent to the cut. Tﬁe_coal is removed.
After the first cut is completed and the coal is removed, a second cut
is made parallel and adjacent to the'first cut, and the overburden
from the succeeding cuts is deposited in the previous cut. The deposited -
overburden is called spoils and the parallel ridges of spoils are
referred to as spoil banks. The last cut leaveé a trench bounded on
one side by the last spoil bank and on the other by a highwall equal
in height to the thickenss of the overburden and the coal seam. Refer

to Figure 2,01.

Reclamation Process
The reclamation process begins with salvaging the topsoii before

the overburden is "stripped" off. After the topsoil has been salvaged,

the overburden stripped off, and the coal removed, the spoilAbanks are




Figure 2.01. General Contour of the Post-mining Contour and
On-going Reclamation.
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recontoured to the éesired slope or contour. After recontouring, the
topsoil is-placed‘back on the surface and the area is reveget;ted.
Reduction of slope of the spoil banks and high&all is important V4
to reduce erosion and encourage vegetative establishment. It has been
estimated that as the percent 6f recontoured slope doubles, soil loss
increases by 2.6 times.8 Topsoiling is extremely impértant if revegeté—
tion is to be suécessful, unless a layef of material within the ovef—
‘burden is chemically and physically suitable and is placed on the sur-
face. Even if raw materials (after regontouring) can be revegetated,
in most cases: the additiénai cost of amendments, replanting of ba;e

spots, and extended maintenance of revegetaﬁed areas is greater than

: s 9 . . ' ' o
topsoiling costs. Revegetation is composed of seedbed preparation, +/°

seeding or planting, and fertilization. Seeding is important to establish
desirable species and to control erosion. Fertilization is a necéssity
.to establish optimum vegetation in most cases.
A cross-sectional approach will be used to determine the volume

of overburden to be moved in recontouring. ~The reclaimed contour used

8Environmental Protection in Surface Mining of Coal, Envirommental Pro-.
tection Technology Series, EPA-670/2-74~093, October 1974, p. 151.

d1bid, p. 168.

10Sindelar, Brian, W., Hodder, Richard L., Majerus, Mark E., Surface
Mined Land Reclamation in Montana, Research Report 40, Montana Agri-
cultural Experiment Station, Montana State University, Bozeman,
Montana, April 1973, p. 46-47. '
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to estimate the volume of overburden moved and to estimate recontouring

costs is only an approximation of the actual reclaimed contour. The

distinct angular contour of the reclaimed contour used to estimate the
volume of overburden moved is actually more rounded because the over-

burden is moved with a dozer. The actual and the assumed contours are

illustrated in Figure 2.02.

Figure 2.02. Cross-Section of Spoil Banks

Post-mining contour
— -~ Actual reclaimed contour
-.------ Assumed reclaimed contour

In later chapters, slope is expressed as a percentage. The
slope in terms of percentage is found by dividing the run (horizontal
distance) into the rise (vertical distance). The slope is in terms
of deviation from the general slope of the surrounding area. For

further clarification, refer to Figure 2.03.

For purposes of this study, it is assumed that the overburden is

of sufficient quality to provide an acceptable base upon which to
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Figure 2.03. Illustration of Slope of General Area
in Regard to Recontouring

Actual post mining contour
..... Reclaimed contour
+4++++ General slope of the area

deposit the topsoil and support vegetation. Also, this study assumes
that there is sufficient depth and quality of topsoil on the post mining

area to provide the desired topsoil on the recontoured spoils.

Description of Variables Which Influence Reclamation Cost

Mining and reclamation should be viewed as one continuous process v/
if the process is to be carried out in a timely and orderly manner.11
For purposes of this study, each activity within the reclamation mining
process directly related to reclamation (recontouring, topsoiling, and

revegetation) will be costed separately, but with regard to other

llEnvironmental Protection in Surface Mining of Coal; Environmental
Protection Technology Series, EPA-670/2-74-093 October 1974, p. 17.
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reclamation and mining activities.

Costs which are directly associated with reclamation activities
of recontouring, topsoiling and revegetation ﬁill be estimated. ihe v/
variables considered which influence recontouring costs are the.ambuﬁt' ¢
of overburden to be moved (a function-of the recontoured slope)'and
the distaﬁce the overburden is. to be moved. Topsoiling costs are
-inflﬁenced by the amount of topsoil salvaged and redistributed, the
distance the topsoil is to be moved, and the amount of topsoil to be °
stéckpiléd. Revegetation costs depend upon the revegefation goal, seed- .
bed preparation, type of plants deéired, and the amount of fertilizer‘
used. In each activity there afe other influences which affect rec-'
lamation cost butvthese are the most important variables influenéing"
reclamation cosfs and are the variablés considered in this s;udy.

Costs which.afe not included in this study include the cést of
information‘and data_gaihering activities; " For instance, the costs of
soii sampling.and preparétion of impact statements are not considered.A.
Costs of research, the ?raining or hiring of professional personnél
(exﬁerts in‘£he aréa of:feclamation), and the increased.coét to the
mining portion of the process (if such doeg océur) have not been sﬁb—
sumed iﬁ the cost estimates presented. Only those activities dired£l§. .
related to reclamation have been included.

Areas associated with the area to be strip mined ére.alsq disturbed. v/-. )

Among these associated areas are the tipple area; the railroad loop,
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other roads and administrative buildings which may alsofheed reclamation.
The cost of reclaiming the associated areas is not estimated in this

study.




Chapter 3
Recontouring of .Strip Mine Spoils

if the contour of the strip mine spoils is to be changed, then
certain costs will be incurred.: Through manipulation of the spoil.
banks, highwall, and ramp road, fhe coﬁtour can be changed; ;Ramb roads
run through and perpeﬁdiéular to the spoil banks to-the’level éf'thé -
Acoa1>seam and extend to the mining pit. The major vafiébles'affecting
the cost of.recontouring.afe: the volume of spoils ﬁoved, the‘disténce
. the spoils are moved, and the type of machinery used. Other variables
such as operator efficiency, operator wages, characteristics of the
particular spoil (i.e. rock versus sand), overhéad cost, whethe; or not
the machine is used exclusively for reclaiming or also for other work,
and management cost; also affect recontouring cost. In this.particular'
modél, the cost estimates for moving a cubic yard of spoil banks Willi
be estimated through methods prescribe& in the Caterpillar Pefformance
Handbook.12 All spoil banks will be assumed to be reshapéd with a D9
Cate?pilla? track—type tfactbr with a universal dozer. The ﬁ9 Cater-
pillar may or may not be the least cost machine for spoil bank manipu-
lation. Hoﬁeﬁer; the D9 (or similar machine) is being uéed at several

mines.

12Caterpillar Performance Handbook 5th Editionm, Caterpillar Tractor
Company, January 1975.
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FYor the:purpose of determining thé.yolume:of'dnerburden fo be
”moved 'tne ‘mining aréa-waé'divided intOVfour arené;_ Ihénénareas aré-d
" the 1n1t1a1 sp011 bank the f1na1 highwall the.ramp roads;'and tneAA
rémalnlng spoil bank areas Reference to Figures 3. Ol 3.02 and 3. 03-
" may bg helpful. Thg initial spoil bank érea, the highwal;‘area, and:
the remaining.spoil bank afea_ﬁust equallthe total ared; If the érea f
of the highwall; gnd the‘initdal npoil-bénk area can be found, ‘then
the drea of remaining spoiinbanks'can.be found. Tﬁg nolnné of yafdnge
to be moved will ne'fdund by eqnating the'afea to be filled with the
area to be moned, using the dfoés—sectionai illustratiéné ﬁo heip'
estimate thesd -'volumes.13 | |

-.The.post mining contour for the nighwall'aren’and the initial
énqi} bank are diffddult to work with geqmépfically. Usdng‘the nighwéli'
area as an example (fhe Same argumenfﬂcan'bé used fof”tne initial spnil::
bank area), and réferring to Figures 3.04 and 3.05, we note that the -
yardage to be moved is in tne sdme vicinity (from Poinn A td Point B).':A'
in both cross—sedtions. In-thelassuméd and actual cnntour, nhe yardage - -
moved to produce the desired contour is the same. (In tne asnuméd
contour area CDE is equal to afed EFG in fhe nctual contour b§~équal

triangles.) However, the yardage is moved a greater distance in the

13 ‘ o '
The derivation of the model for estlmatlng the yardage moved in-each -

area may‘be found in Appendix A.




Figure 3.01. General Contour of Mining Area
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Figure 3.03.

Post mining contour
— ——- - Reclaimed contour
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Figure 3.04.

Actual post mining contour
------- Assumed post mining contour
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Cross-section of Highwall Area

_OZ..




Figure 3.05.

Cross-Section of Highwall Area

Post mining contour
— — - Reclaimed contour
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assumed contour.

By equating the area to be moved with the area to be filled, the

yardage to be moved can be found. Therefore, referring'to‘Eigure'3.05,'

disturbed, ARl will swell when moved,,l4 so ARl (1 + swell factor) =
AR2). The area moved from the highwéil_side'musf be equal to AR2.and
thé'area‘méved from the overburdeﬁ'side.must equal AR3. This méfhod,
would appeaf to be phé"least cost method because:
a) no yardage is moved uphill;
b) . the yarddge moved from the highwall side is in general
more expensive to move because it has not previously
been disturbed and is more likely to need blasting or

ripping. (This model assumes that all pfeviously
undisturbed overburden needs ripping.)

More explanation of what certain variables mean as referenced in the

appendix and later chapters may be helpful. OVerbufden'depth is the .

thickness of thg material over the coal layer or seam. - The overburden

depth may be found in the. core sample data. - Overburden depth may :‘

. vary over the area mined and costed. 1If the core samples were taken

on regular intervals, then an average overburden depth can be found.

If the core Samplés were not taken at régulér intervals, pheh a
weighted average may be more appropriate. The époil bank depth is

considered to-be uniform .in the'highWall area, rémp road area, and

14Whén overburden-is moved, the overburden will swell. - The amount the
overburden swells when moved is known as the swell factor.

‘

- AR3 = AR4 and ARl = AR2. . (Actually, since ARl has not been préviousiy o




—23—.
initiai spoil bank area because ef the assumed contour. Realisticelly'
‘the speil bank depth is not uﬁiform, The depth of the spoil banks
may be definea as the'avetage distance‘between the surface ane the
bottom of the pit efter the coal hee been femovedl The assumed epoil"
bank depth may be found by multlplylng the overburden depth before :

mlning by 1 plus the swell’ factor.
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Chapter 4
- Topsoiling

During ;he process'of mining and‘féclamatioq; ;econtouring éﬁd
topsoiliné mﬁst Bé'coordiﬁatéd. |

The f&llowing pfq;edﬁres'providg a:ﬁefhod of-détermiﬁingAﬁop—,
'soiling coszunaer:optimum;condifions aﬁ& assumes thaf fopSoiiing —
"can be doné at'cérfain timéé of tﬁg yéar to provide fér erosion |
control, wéed éontrol, traﬁsplant advanfége, and to make seeaing,and
. stabilization o£ Fopsbil pbséible. ‘Mining proceeds_at a consistent"
_ rate not Being affected to any large extent by the seaéons“or tﬁe time
of the year. iherefore, the procedureufo find é éost_estimate for

.topsoiiing costias'ﬁresénted in this chapter is a minimum estimate -

i .

of topsoiling ngt and pfébably not the_évergge cqst of_tbpséiliﬁg,
In a later chéptef, under ﬁiscellanebuéi;ﬁd.@ﬁéilocatgd cost, $106
pef_a;re have béén adde&'té feclaﬁation:éosts;‘part of Wﬁich is to
. allow for not téééoiling.uﬁder optimum'topsoiling_cphdit&ons.~

- If fhé'tobsoil-is to be piaced back on'tﬁé surfacéiafter'mining,:
then the topsoil:must be salvaged Before‘strip mining and fediépfibuted
;fter“the spoil banks are recontouréa. The.cost.of.topsoil salvaging'
- and fedisfribu;ioq dépends on the volume of topsoilAmoved:per aére,-
the distance the tobsoil must be moved, the type of méchiné ﬁsed, and

the operating cost of that machine. (Other variables also affect
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cost but the aforementioned variables are the ones considered in this

study.)

Method of Determining the Volume of Topsoil Moved and the Influence of
the Recontoured Slope on Volume of Topsoil Salvaged and Redistributed.
The volume of topsoil salvaged and redistributed per acre depends
on the depth of topsoil available and the desired thickness placed on
the reclaimed contour. The original contour and the reclaimed contour
affect the volume of topsoil salvaged and redistributed. For example,
if the land is recontoured such that the average slope is 0.20, then
more topsoil must be salvaged to redistribute than if the contour slope

is 0 or the reclaimed contour is flat. (Figure 4.01)

Figure 4.01. Diagram of Slope Effect on Area

b
If we assume that b = 100 yards and the recontoured slope equals
0.20, then a = 20 because:
Reclaimed contour slope = 2/b

(b) (reclaimed contour slope)

a

a (100) (0.20)

20

W
I




Therefore:
c = a2 =+ b%
c = 102

A reclaimed contour with a slope of 0.20 will have 4_2% greater
- surface area than an acre which is flgt.-_The'percentage increase in |
surface éfea_for vafious-sigpes can.be found in Table 4.01, page-27.

The volume of topsoil salvaged and redistributed per acre alsb, v
depends on the depth of topsoil which will be ﬁresent after the top-
soil has been redistributed. More topsoil must behredistributed than
is present oﬁ the surface'after redistribution because‘of spillage and |
the‘fact that pért of the redistributed topsoil will sift.down into the
fecontéured spoils. . Approximately-76 to 907% of the topsoil salvaged
will be presenp on the surfaée:after topsoil redistribution,15 while
approximately 10 to 30% of the topsoil redistributed.ﬁillvsift into the
recontoured spoil banks (and be éénsidered lost). If 4 iﬁches of top-
soil are desired 6n thé reclaimed contour, and éO% bf‘thg tbpsoil.
salvaged is bresent after redistribution, 5 inches of topsoil must bé"
salvaged and re&istributed. (This is assuming the same general contour
or slope before mining.and aftér reqontouring.).

Working through an example may be helpful in illustréting how the

volume per acre of topsoil and the depth of';opsoil which must be

15Personal Interview, Reichmuth, Dr. Donald R., Associate Professor of
Civil Engineering, Montana State University, Bozeman, Montana, January
1975, -
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Table 4.01

. Conversion Factor for.the Difference Bétﬁeen quizontél
Area and Surface-Area Relative-to -
Various Average Surface Slopes

Average Surface Increase. in Surface’
Slope . i Area from Horizontal
- Area (néarest_l/SQO)

.00 R 0.000

O .
0.05 . .. 0.000 .
0.10 - 10.005 .
. 0.15 0.010
0.20 0.020
©0.25 0.030
0.30 0.045"
0.35 . : 0.060
0.40: = -0.075 .
0.50 0.120
0.60 0.165
0.70 0.220"
0.80 - 0.280
0.90." .- . 70.345 -
" 1.00 -. . 0.415 -
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salvaged can -be found. Let us assume that:

0.25 = original contour slope
0.20 = reclaimed contour slope
4" = depth of topsoil present on recontdured spoil barks after

topsoil redistribution

807 = the percentage of the redistributed topsoil present ‘on the
the recontoured mining area.

If 4" of topsoil are desired to be present after redistribution,
then 5" of topsoil must be salvagedlénd redist;ibutéd (4"/0.80 = 5").
'If the reclaimed:area:was flag, then 5"'£imeé 4840 square yards (the
area of an acre) 672.22 cubic yards per acre of'topsnil are salvaged apd.
redistributed. However, the reclaimed,slope”is 0.20 and”not flag.

- Referring to'fable 4.0i, the volume neceséary.to topsoil an acre with
an average sloﬁe of O.QO‘is 27 greater tﬁan.that for a flat acre.
Therefore, the nécessary.ydlume to topsoil an‘acré is equal to (1 + °
.0.02) (6?2.22 cubic'yérds) or 685.66 cubic yards. There must be 685.66
"cubic yards of topsoil salvaged per acre-fb fender.4"»of topsoil_on. .
the reclaimed contour.

The depth of_topsoil‘salvaged from the premiﬁing surface can also
bé foundi Dividing the volume per ‘acre of tqpsoil'salvaged by thé area
of .an acre'andtﬁe increase in surface‘areé‘because the preﬁinipg area
is not flat generatesAthe dépth of topsoil saivégedl In this‘examfle;
ghe'volume of topsoii salvaged equals:685.66 cubic yards;'the area of

an acre is 4840 yards, and the increase in surface area is 1.03 -so the’
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depth of topsoil salvaged is 4.93 incheé.

Method of Determining the Distance Topsoil is to be.Moved

The distance the topsoil must be moved depends upon the mine desigﬁ
and the method of topsoil salvaging and redistribution. The method of
topsoii salvaging and redistribution presented appeérs to minimize the
amount of topsoil stockpiled, which would appear to minimize the cost of
salvaging and redistributing topsoil. Stockpiling causes the loading
and unloading of the topsoil twice, while direct'transfer of the topsoil
from salvaging to redistribution requires the topsoil to be ioaded and
unloaded only once. Loading and unloading is very time consuming
relative to hauling and, therefore, is a major part 6f‘£he-topsoiiing
expense. If loading and unloading takes 1.2 minutes and hauling is
done at 25 MPH, then the time spent léading and unloading to stockpile
is equal to the time taken to haul the topsoil an extra 2640 feet or
1/2 mile. 1If stockpiling can be avoided by an extra haul distance (up
to 1/2 mile), then stockpiling of topsoil should be avoided.

Before mining begins, the tdpsoil must be salvaged from the area
where the initial spoil bank will be placed and adjacent areas to be
mined, to allow for the recontouring of £he initial spoil bank. for
purposes of this study, it is assumed that salvaging the topsoil from
where the first three mining passes will be made allows sufficien£
room for recontoufing the initial spoil bank. The topsoil from the

initial spoil bank area and the first three mining passes is stockpiled
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off the edge of the inifial spoil bank area and off.the'end'of'the firét"

th;ee-miniﬁg passes, respectively.
Figure 4.02. Diagram of Afea to be Topsoiled

Stockpile Area T

: T , .
Stockpile ~ = = —wm— =~ —— =~~~ — - — — . Stockpile
Area T . o s ‘Area I .
Stockpile - — ——Stockpile
-off end of . C T “ off end of
mining passes : <. " mining passes .

1, 2, and 3 =~ = e .1, 2, and 3

. Highwall Area

The topsoil from thé 4th pass is directly rediétfibuﬁéd‘on;AréafI.
The remaining portion of_fhe initia; sﬁqil bank area (referfed to éé-
area I').is'topsoiléd ftom the stockpiled tbpséil from'that area. .
‘.The topsoil from the 5th pass is.movéd diréctiy to:thé récdntqﬁréd_

_lst'pass,'the topsoil from.thé'6th pasé'to the 2nd pasé? the 7th to the

:

‘3rd;_etc; _(Thé first pass is where the second spoil bank.i$.lohated

. because the initial spoil bank is not a mining pass.)-
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The~topsoil from the stockpiles off the end of area I and the
first three miniﬁg passes is transportea to and redistributed‘on or
near the highwall area. |

Since the method Qf.topsoil salvaging and redisfributiﬁn‘hasfbeén
estab}ished; the diétéhce the topsoil must bé'moved can be_found. ?he‘-

. topsoil stockpiled from area I' will be moved back to area I'.
Figure 4.03. Diagram of Topsoil Area in' Initial Spoil Bank Area

" Stockpile Area TI'

Stockpile —w e e e el e Stockpile
Area 1 ’ : Area 1

Since the widtﬁ of area I equals the width of a mining.pass and Afea'ir
and Area I' is the area between the initial highwaii and the undistﬁrbeéh'
are&, the 1oﬁgest distance the topsoil is hauled is from aréa I' to
‘tﬂe I' topsoil stockpilex(tﬁe wi&th of area I') and fhe shortest
distance the topsoii'must be tranqurted ié 0 (refer to Figure 4.03).
 The averége ﬁéul distance is estimated as the average'bf the lﬁngeét
and shortest haﬁl distance. Gﬁaéhinery hourly production is genefally
computed relative to haul distance, so haul distance must be found.)
Haul distance for redistributing the topsoil .from the stockbile onto

" area A‘,ié.tﬁe same as for salvaging toésoil from area.l'.

The tbpsoil from mining passes l;'2, and 3 and area I is stock-
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piled off the ends of the respective areas. Thellongest,distance the
topsoil must be transported is half the distance of the length of a
mining pass or half the width of the mining erea; whlle the shortest -
distance the:topsoil must be transnorted is O to_the‘stoekpile.v There¥
fore, the averaée haul distance is l/4'9f the length of a‘miningfpass;
The-topsoll from nining pass 4 willAbe~moved directly‘tb Area I..-
The'lonéest haul distanceils equel to halt the length of nining bass 4 .
plus the Width.of mining pesses 4, 3, end 2 plus the width'of Area T,

plus half the length of area I. The shortest haul distance is the com-

'bined width of m1n1ng passes 1, 2 and 3. The average haul_distance is

the average of the longest and shortest haul distance. If the Width and

length of m1n1ng passes are uniform, the average haul d1stance is

‘(8 (w1dth of mining pass) + length of a m1n1ng pass)/2 Ihe-average

haul distance for direct dlstr1but10n of topsoil salvaged ftOmvmining
passes subsequent to minlng pass 4 is“eqnal to,the avetege haul distanee‘
of topsoil salvaged from.mlniné pass 4, if the length.and_width of minlng<
passes are uniform. ‘
The.topsoil'from the stockpiles off the end of nining ﬁassesll, 2,
and 3 and atee I is redistributed on or near the highwall area. The
longest haul distance is equal to the width.of area to be topsoiled,
(width ef area to be mined plus the width of the aﬂditidnel area due
to slope reductlon of the h1ghwall and the.recontoured initial sp01l

bank) minus the w1dth of area I' plus half the length of the hlghwall
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area. The shortest haul distaﬁcehis equal to the width of the miﬁing
area to be topsoiled minus the width of area I‘-minﬁs the width off .
mining passes 1, 2, and:3 and area I, minus ghe:width.of the a£ea where
the topsoillis'to.be redistributed on or near the‘ﬁighwall area. Théf
'width_of the area ﬁheré;phe topsoil is”to be.redistribufédqunﬂof.neaf
fhe:highwalléarea)'is approximatély equa;.to‘thé width éf ﬁiniﬁg passes
1, 2, and 3 énd area 1. ;Aﬁeragi;g the716ngest‘éﬁd.shortést hagl dis-

tance produces the dverage haul distarnce.




Chapter 5

Revegetation, Miscellaneous and Unallocated Cost

Estimation of Reyegetatioﬁ Cost

_The next step iﬁ.the reclamation process after to?soiling‘is“
revegetation. Revegetation should follow topsoiling as soon as possiblé
to prevent soil efosion aﬂd to allow for maxiﬂum advantage‘fo¥ desif—'
aBle species to bgcome established. ‘Even though revegetation is
‘seasonal, revegetation should be accomplished at the first.opportunityl

The reélamation goals which will be considered are grazing, |
dryland érop, and vérious combinations_bf grassland and trees. Arbrij
trarily the planting of the first crop hés #eén included -in reclamafio#

cost when reclaiming for dryland crop. Since winter wheat is the most

prevalent dryland crop in the mining area, winter wheat will be hsed to

represent the first dryland crop.
The ‘cost of revegetating to dryland crop depends on (per acre
basis):

cost:of winter wheat seed

amount of winter wheat seeded per acre

cost of fertilizer.

amount of fertilizer applied per acre

machinery cost of seed bed preparation per acre (1ncludes labor) .
machinery cost of seeding and fertilizing per acre (includes labor)
machinery cost of fertilizing per acre (includes labor)

(Machinery costs are included for fertilizing and seeding and _
also for fertilizing because some fertilizer will be banded when .
seeding and some. fertilizer will be broadcasted after seeding.).
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The cost of revegetating for grazing depends on (per.acre basis):
plant. seed mixture
seed cost
amount seeded per acre
amount of fertilizer applied per acre
cost of fertilizer
machinery cost of seed bed preparation per acre (includes labor)
machinery cost of fertilizing and seedlng per acre (includes labor)
. or aerial seeding
.machinery cost of fertilizing per acre (1ncludes labor)
The cost of revegetation with a combinatibn‘of grassland and trees

depends on (péf acre basis): o
cost of revegetatlon for grassland per acre (same as for graz1ng)
cost of tree tublings or seedlings :

_number of live trees.desired per acre. :
" machinery cost of plantlng seedlings or tubllngs
labor cost
Machinery costs are the same for grazing and cropland revegetation.i

Farm machinery used to revegetate recontoured and topsoiled spoil banks

incurs approximately four times the normal (fof farming) repair exbense

and half the normal life of farm machinery. Also a higher powered

" tractor is requifed to pulllmachiner§ for revegetative purposes in re-

claiming strip mined lands than is associated with normal farming

. 1s ' ‘ '

practices.

Machinér&, with estimated sizes, used to revegetate for dryland

crop and graziﬁg"include:.

16Personal Intervlew, Hodder, Richard L., Reclamation Research Montana .
State University, Bozeman, Montana, December 1974. '
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tractor, 90 horsepower diesel
drill with fertilizer attachment, 12 foot
tractor, 55 horsepower gas
fertilizer spreader, 12 foot
tandem disc, 12 foot
Additional machinery used in revegetating for grassland and trees

include:

tractor, 40 horsepower gas
post~hole digger

The seedbed will be prepared with a small disc pulled by the 55
horsepower tractor. The 96 horsepower tractor pulls (at a faster than
normal speed) for seeding and band fertilizing and the 55 horsepower
tractor pulls the fertiliéer spreader for broadcasting fertilizer. The
post-hole digger ‘is mounted on the 40 horsepower tractor for plaﬁting
tublings. |

Machinéry costs for revegetating to drylénd.crop and grazing are

estimated in Table 5.01.

Table 5.01. Machinery Cost Estimates for Dryland Crop and Grazing

Cost/acré17
Seedbed preparation $ 3.70
Seeding and band fertilizing 15.39
Broadcast fertilizing 5.74
Total $24.83

17Explanation of cost determination may be found in Appendix B.
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The amount.of'wihter‘Wheat séeded'pe% acré is estimated at 40 1bs.
If ﬁintef wheat seed costs,$§.00 per busﬁel, then ghe'cqst of wiﬁper.
wheat seed per acre is $4.00. |

A mixgure of grass and shrub seed has been selected to be feﬁfe¥
- sentative of seed mixtures used for revégetétipn t;'gfaziné.ahd'is
presented in Table 5.02.I (Grazing inclu&es,éra;ing.fbr farm animals
such-as cattle, shegp, and horses, asiwell:as'wildlife such as deef,~

antelope, and various game birds.)

.Table 5.02. Represeqtative Reveget@tidn Seed MixtufeAfbf Grazing18

Grass or Shrub 1lbs./acre cost/lb.19 cost/acre
Western wheatgrass 2% $1.60 $.4.00
Slender wheatgrass 2% 0.68 . ' 1.70
Green needlegrass 2% 5.00 . 12.50
Orchard grass 1 0.65 | . 0.65
Russian wildrye 135 0.65 . 0.99
Yellow blossom sweetclover 1 0.35 © 0.35
Alfalfa (Ranger) 1 1.00 1.00
Cicer ‘milkvetch 1 2.25 02,25
4-Wing saltbush 2 4.00° . 8.00
Greasewood 1 ©10.00 . 10.00
Total i6 $41.44

The cost of.the'seed mixture applied at the rate of 16 lbs. per

acre is estimated at $41.44 per acre. -

18Compiled byvéuthbr and reviewed by Richard L..Hodder, Reclamation -

Research, Montana State University, Bozeman, Montana, February 1975.

9Seed prlces recelved by telephone interview, Northrup King, Billlngs,
Montana, February 1975
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Recent revegetation research indicates that generallf‘a fertiliza—
tion rate of 50 ibs. qf available nitfdgen'and 75 1bs. of available
phosphorus per acre is optimum for the fafst yeaf.zo' Little o£ no
response to pqtassium haé'been found.z; If-ZSb lbs..of 20-30-0 is
applied per acre, then 50 lbs. of avaiiable nitrqgen aﬁd 75 1bs. of“
available phosphorus will be provided pér acre (phosphofus-is in ahe
form of P 0 ). At $242.40'per ton,zz'the cost per acre of fertilizing
is $30.30. | |

It is assumed that no further additives are neceésary for reveg-
etation to grazing and cropland. However, the success of féalamation
ia part depends upon'the 1oﬁg range managament-of strip mined 1ands,
whiah may inciude further additives.23 ‘A-cost summary bf ravegetation

to cropland and grazing is presented in Table 5.03.

20Persona1 Coﬁmunications, Hodder, Richard L., Reclamation Reséarch;

Montana State University, Bozeman, Montana, February, 1975.
21Hodder, Richard L., Sindelar, Brian W., et al., "Coal Mine Land
Reclamation Research', Research Report 30, Montana Agricultural
Experiment Station, Montana State Unlver31ty, Bozeman, Montana,
March 1972, p. 26.

i

22Fertllizer prices recelved from Peavey Company, Miles Clty, Montana,

February 1975.

23Reclamat10n Requlrements May Not be Achievable, Bllllngs Gazette,
Bllllngs, Montana March 12, 1975, p. 10.
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Table 5.03. Revegetation Cost Summary for Dryland Crop and

Grazing.
Revegetation' Machinery Cost
Goal (including labor) - Seed Fertilizer - Cost/acre
Cropland $24.83 $ 4.00 $30.30 $59;13
Grazing 24.83 41.44 30.30 96.57

1

Aerial seeding is an glternative ségding method. Aerial seeding
costs approximately $1 per acre24 and_requireé anut:twice as much seed
applied per acre as seediﬁg done with farm machinery:tolobtain the same
results. It is assumed that all fertilizer willvbe broédcasted ﬁith a
fertilizer spreader, and will be appligd at the same fafe as-previously
assumed. Table 5.04 presents a cost summary of both aerial seeding
and seeding with farm machinery. |

Table 5.04. Revegetation Cost Summary for Grazing (Aerial and
Farm Machinery Seeding).

Seeding Machiﬁery Cost

Method (including labor) Seed Fertilizer Cost/acre
Aerial $10. 44 $82.88 $30.30 . $123.62
Farm Machinery 24.83 41.44 30.30 " 96.57

Aerial seeding 1s more expensive than seeding with farm machinery.

If aerial seeding and seeding with farm machinery produce equal

24Personal Communications, Choate, Lyman, Aer1a1 Sprayer and Seeder,
Miles City, Montana, April 1975.
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revegetation results, it would appear that seeding with farm machinery
would be preferred, all else being equal.

Trees may be planted at various stages of growth and therefore
various machinery costs may be incurred along with various survival
rates. Three~foot £ﬁblings with 2 foét of root growth and seedings
7 to 10 dinches tall will be considereq. The tublings will be considefed
with and without plastic aproms. (Plastiq aprons are black pieces of
plastic cut in 6 foot diameter circles, split to tﬁe cente£ so that
the plastic can be placed around the base of a treeAin such a way that
the base of the tree is in the center oﬁ the plastic circle. The
plastic is held in place by soil placed afound the outer'edge of the
éircle.. The function of the plastic apron is to increase soil temper-

ature and conserve soil moisture in the root area.)

Table 5.05. Cost of Planting a Tree.

Stage of Tree25 : Machinery27 Total Surviva128 Cost/Live
Tree Growth Cost Labor Cost Cost Rate Tree
Tubling (without : R
Plastic Aprons) $1.00 _$0.33 $0.64 $1.97 0.7 $2.81
Tubling (with : :

Plastic Aprons) $1.50 1.00 . 0.64 3.14 0.9 3.38
Seedling 0.20 0.20 0.00 0.40 0.4 1.00

25Persona’l communications, Hodder, Richard L., Reclamation Research,
Montana State University, Bozeman, Montana, February, 1975,

26Labor valued at $4.00 per hour.
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The cost per acre of revegetation to gfassland and treés may be
estimated by adding the cost for revegetating to grazing (Table 5.04)

and the cost per tree (Table 5.05) times the number of trees desired.

Miscellaneous and Unallocated Costs

Miscellaneous and unallocated costs cover a variety of costs.
Miscellaneous costs vary widely due to the organization of the mining
company, state and local laws, mine design, and reclamation goal. WMis-
cellgﬂeous and unallocated costs cover overhead expense, taxes? bond
* expense, engineering ekpenée,'répair drainage systems, spediai Qildlife
habitat (buck brush, rock piles, etc.), miscellaneous machinery expense
(i.e. trﬁcks for hauling seed, fertilizer, and seedlings or tublings)
and additional topsoiling costs due to less than optimum topsoiling
conditions. For purposes of cost estimation for reclamation, miscel-
laneous and unallocated costs are estimatéd at $100'per acre.29 If
the miscellaneous and unallocated cost estimate is accurate for the
reclamation goals of cropland and grazing, then the estimate is under-
stated when trees are planted.

Before closing this section, the author would like to impress upon’

27Explanation of cost determination may be found in Appendix B.

28Personal Communications, Hodder, Richard L., Reclamation:Résearch,'

Montana State University, Bozeman, Montana, February 1975.
29E'sti'mated in a personal interview by Tom Gwyn, Public Relations, Knife
River Coal Company, October, 1974.
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the reader that this is not a biological study but a simulation and an

analysis of reclamation cost when the presented methods are followed.
' The degree of acceptability of reclamation produced by the presented

methods is not judged by the author.

4



Chapter Six
Reclamation Cost Examples

This chapter- will use methods and procedures presented in
previéus chapters to produce some reclamation cost estimates. The
assumed characteristics of the mining area are presented on page'Sé.
Machinery cost estimates are presented in Tables 6.01 and 6.02.

One example of coét generation will be Wo?kéd through fqr:illus—
trative purposes. The remaining reclamation estimates'(whiéh follow'
this chapter) hgve been produced using the'séme methods. 'The-exmamplé-

which will be worked through is on Table 6.03, page 57.

Generation of Recontouring Cost
The yardage per acre moved in recontouring is found as described
- in Chapter Three for the various areas. The c¢ost per yard moved depends
upon the distance the volume is moved as well as the volume of over-
burden ﬁovedr The average distéﬁce the-volume is to be moved is esti-
mated by averaging the 1pngest and shortest distan@e fheAvolume.is to be
moved. |
In thé initial spoil bank (ISBj‘area the bulldozer will push from

the peak of the ISB both directions. The longest push on the ISB side

C + Hl
RS
0.64 vyards + 3.32 yards
0.05

distance is the minimum of 50 feet. .The averageipush distance on the

distal to the undisturbed area is (refer to Figure A.04) or in

this example = 79.2 yards. The shortest push

distal;side of the ISB is (79;2 yards) (3 feet) + 50 fegt)/Z = 143.8 feet.
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The longest push on the side of the ISB proximal to the undisturbed -

area is g%-(refer to Figufe A.04) or in this example B,gZOSards = 66,4

yards. The shortest push distance is the minimum of 50 feet, The
average push distance on the proximal side of the ISB is ((66.4 yards)

(3 feet) + 50 feet)/2 = 119.6.feet. Averaging the push distance on the

143,.8 feet + 119.6 feet
2

which estimates the average push distance in the ISB area. Extrapolating

proximal and distal side of the ISB, = 131.7 feet,
from Table 6.01, page 54 the cost per yard moved is $0.054.

The longest push distance on the highwall side of the highwall area
is equal to Y where:

Y = ((RSO)(X) + C)/(RSW + RSO)

(derivation may be found in Appendix C)

RSO = reclaimed slope opposite highwall

RSW

It

reclaimed highwall slope

D~-DP D - DP +
RSW HS

X = total highwall area width or LE

(refer to Figures A.08 and A.10, LE is determined in the model for
éstimating spoils méﬁed'on the spéil'bank side of the highwall
area, Appendix A) |

C_= highwall height minus average ;poil bank height

or in this example

_ 7.04 vayxds - 4.38Ayards 7.04 vards - 4.38 vyards
- 0.05 - R 3

yards = 130,66 yards

X + 78.35

Y = ((0,05) (130.66 yards) + 0.64)/(0.20 + 0.05)
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= 28.69 yards or 86.07 feet

The shortest push distance is the minimum of 50 feét, .The average push

distance islso feet.; 86,07 feet = 68.04 feet.. The cost per yard moved

if $0‘043 since fhe éverage.push distance is less.than 100 fee; (refer -
té-Table 6.01, page’ 54);1”Ripping cost of‘$0.029'mﬁst.5é.addédﬂto ;hé'-
moviné cost 6f_$0.043 for é tbtal cost per yard moved of $0.072. .

The.longest pusﬁ'to recontour the slopé aéPOSite the ﬁighwall
(slope RSO, Figure A.lO):is equal to LE or 78.35 yards. The shdrfest
push distance is the minimum push disténce of 50 feet. fherefore, the
average push.distance is 142.25 feet. ‘Extfapblafing'from Tdblé 6.01,
page 54, the cost per ya;d moved is‘$b.057. | | |

In recontouring.ramp rbads, the longest push distance equals

E—-+ S whgre X = 083

L (deriﬁation‘méy be. found in Appendix
C) or in this example-gé—x%£§§'+ 16.97 yards = 29.97 yards or 89.91 feet..

‘The shortest push distance is the minimum of 50 feet and the average

push disﬁance'is 69.96 feet. Siﬁce tﬁe average push disténce is lgsé
than 100 feet the cost per yard moved is $0.043 (refer to Table 6?01, :
page 54). | |

The longest puéh distané; in the rémaining spdii baﬁk area is-
determined by tﬂe pit Widthp If the bulldozer pushes from thg.sﬁéil
bank peak to the spoil bank vee, the"longést push distance.equals half
the'distaﬁce,bétween Spsil bank peaks or half the mining pit Qidﬁh.

The shoftést'push disﬁanée is the minimum push distance of 50 feet. The
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assumed pit ﬁidth is 40 yards, therefo;é the average push disfénce is |
55 feet and the cost per yard moved is $0.043 (from Table 6.01, page 54).
.‘Multiplying the yardage per acre moved times the cost per yard
moved estimates recontouring cost per acre for various areas.

The number gf acres in each area included in the 1000 acres mined
may be found. In the ISB and highwall area, the acreage may be estimaped
by dividing the wvariable labeled ACRE'relétive to the apbropriate area
(refer to Ap?epdix A) by the length.Qf the ISB or highﬁall. Acres
included inAthe ISB area equal 4840 yards/78;84 vards or 61.38 acres
and acres included in thé‘highwall é;ea eduél 4846 yards/44.60 yards or
108.52 acres.

The number of acres included in thé fémp roads debends‘upon the
length of the ramp réad. The length of the ramp road is equal to éhe
width of the mining area.(lOOO vards) minus the final pit width (40
yards) plus the width of the ISB base (35.78.yards, refer‘to.Appendix
A) divided by the ramp road width equals the acres in a ramp road. ,Th?
acres included in a ramp road are 995.78 yards/186.15 yards or 5.35
" acres, The lOiramp roads present inlthg'example include~53.50 acres
of ramp road. |

The‘remaining spoil bank acreage méf-be found by subfracting the
ISB and highwall area in the example from fhe total acreage mined.

The remaining spéil bank acreage equals 1000 - 61.38-—-108/52 or

830.10 acres.
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Multiplying the cost per acre times the number of acres yields the
overburden manipulation or recontouring cost .in each area. Totaling the

cost of each area renders a total cost estimate of overburden manipulation.

Topsoiling Cost

To find the volume of topsbil to be salvaged, the volume of toﬁ—
soil to be redistributed must be determined. The volume of topsoil to
be salvaged and ¥édistributed depeﬁds upon the depth of topsoil desired
on reclaimed land, slope of reclaimed iaﬁd{ and the acreage to bé‘
topsoiled. |

The acreage to be topsoiled is grégtér than the area mined because
" of slope reduction in the highwall area and placing of the fsB gutside:'
the area to be mined. | |

If the width of the highwall area is known, the acreage included
in the highwall area can be found. The width of the highwall area is
equal to X where: | |
_D-D' D-D'

RS - 1S + LE (refer.to Figure A.10, Appendix A)

In this example, X equals 130.66 yardsl The acfeage in fhe highwall

X

(area.of an acré)
: X

(4840 square yards) _ ' -
(4840 yards)/ 130.6 yards 130.66 acres:

Since the recontoured slope on the highwall side differs frém'

area equals (length of highwall)/ or in this ex#mple

the recontoured slope opposite the highwall and therefore the voiuﬁe
of topsoil redistributed per acre heceésary to provide for same topsoil

depth is different, the area of both sloﬁes must be found. The width
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of the slope on the highwall side is Y where:

= ((RSO) (8) + C)/(RSW + RSO)
(derivation may be found in Appendix C)
RSO = reclaimed slope opposite»highWall
RSW = reclaimed highwall slope

X = highwall area width
C - highwall height - average sp011 bank height
Y ((0.05) (130.06). + 0.64)/(0.20 + 0. 05)

ll 1]

28, 69 yards
The acreage in the recontoured highwall slope is eqeal to

an_acre . :
) or in this example '

(length of highwell)/(area on

/(4840 square yards) _
. 28.69

The acreage in the slope opposite the highwall is equal to the

(4840 yards) 28 69 acres.

total acreage iﬁ the highwall area minus the acreage in the recontoured
highwall slope. In this example, the slope opposite Ehe highwall is
equal to 130.66 acres.minus 28.69 acres or 101.97 acres.

The acreege to be topsoiled in the IéB area may be found if the
width of the area is known. The width of the area to be topsoiled is
equal to L + % base of the ISB + H1/RS (refer to Appendix C) In ;his
example, the width is '61.38 yards+38.78 yards/2 + 3.23 yards/0.05 or

143.87 yards, The acreage in'.the ISB area to be topsoiled is equél_to

area of an acre)
width of ISB area

(4840 square yards) _
(4840 yards)/ 183.37 yards 143.87 acres.

The reémaining area is equal -to the total acres mined minus ISB

or in ‘this example

(length of ISB)/(

acreage mined minus the highwall acreage mined. In this example, the
remaining acreage equals 1000 ~ 61,39 - 108.52 - 830.10 acres.

As found in Chapter Four, the volume of topsoil necessary to
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éopsoil a flat acre 4'ihches deep is 672.22 cubic‘yards.

The yardage to be redistributed iﬁ each area equals the acres
‘times the converéion fé.ctor30 plus.oné times the yafdagé necéssary to
topsoil a flat acre. fotal acreage and yardage can be found by totaling
the appropriate column. The -average volume per acre of topsoil to be
redistributed equals the total volume.of topéoil divided by the acres.
to be topsoiled or 742,940.09 cubic.yérds~divided By 1,104,63 acres or
672.57 cubic yards per acre. | | ‘

The topsoil from the first three mining passes and a portion of
the ISB area is stockpiled and then redistributed‘on or near the
highwall area. As expiained in Chapter Four, the topsoil from area I'
will be stockpiled off the edge of area I' and the topsoil from mining
passes 1, 2, and 3 and a portion of the ISB area will be stockpiled
éff the end of the respective areas. The reﬁaining area will be top-
soiled by direct distribution (salvaging and redistribution topsoil
without stockpiling).

If the wi&éh-of I' is known, the acreage included in‘area I
can be found. The portiqn of the ISB area.included Qith the first
three mining passes is equal to the width of a mining béss. The width
of the area between the initial highﬁall and the undisturbed area is

equal to %'+.§% (refer to Figure A.04) or in this example §§;Z§§Zggy§

30The conversion factor is used if the area to be topsoiled is not flat

as explained in Chapter Four. Conversion factors may be found in
Table 4.01. ’
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3.32 yard . . . L ' ) g
+ 8% .29 ;;rzs Subtractlng the width of a mining pass from' the w1dth:

between the 1n1t1al hlghwall and the undlsturbed area or 84 29 yards

minus the 40 yards or 44.29 yards is the width of area I'. The total

acreage in area I' equals

area of an acre)
width of ‘area I'

, (4840 square vards) _ y
(4840 yards)/ 44.29 yards = 44.29 acres.

(length of ISB)/(

or in this example

The width of the first three mining passes plus a portion of the
ISB area is. equal to four times the width of mining pass or in this
exaﬁple, 160 yards. The acreage included in the first three mining

passes and a portion of the 1ISB area is

(area of an acre)
width of 4 mining passes

) , (4840 square yards)
(4840 yards)/ 160 yards

The acreage which is to be topsoiled by direct distribution is

(Length of the mining acre)/ or 'in this

example, = 160 acres.

equal to the total acreage to be topsoiled minus the acreage in area - °
1' minus the acreage in 4 mining pasaas or in this example, 1104.63
acres ~ 44,29 acres - 160 acres = 900.29 acres.

The average yardage moved per acre is.approximately the same as
theaaverage yardage per acre salvaged or in'this example, 672.57 cubic
yards per acre. Multiplying the yardage moved per acre times the
number of acres topsoiled produces the volume moved-for each area.

The cost per yard of moving the topsoil depends on the haul-dis- °

tance. Haul distance will be estimated by averaging the longestAand

shortest haul distance. In area I' the longest haul distance to the
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stockpile is equal to the width of area I' or 44.29 yards or 132.87
feet. Since the longest haul distance is less than 500 feet: (refer to
Table 6.02, page 55) the average haul distance is less than 500 feet and .
the cost per yard is $0.025. ’

The longest haul distance off the end of the fiist three mining
passes and a portion of the ISB area is equal to half the lengthvof a
mining pass. .The shortest haul distance is nearly 0O and will be con~
sidered O for the purposes of this study. Therefore, the average haul
distance is one~fourth of the length of a mining pass or in this
example, £§EQZZ§£QE = 1210 yards or 3630 feet. Extrapolating from
Table 6.02, page 55 cost per yard is $0.432.

When salvaging and redistributing topsoil without stockpiling or
directly distributing the topsoil, theelongest haul is equal to the
width of 4 mining passes pius the length of a mining pass or in this
example, 5(40 yards) + 4840 yards = 5040 yards. The. shortest haul

distance equals the width of three mining passes or in this example,

3(40 yards) = 120 yards. The average haul distance is

. 5040 yards + 120 vyards
2

Table 6.02, page 55, the cost per yard is $0.693.

= 2580 yards or 7740 feet. Extrapolating from

The. longest haul distance from the topsoil stockpiles off the
end of the first three mining passes and a portion of the ISB area .to
redistribute on or near the highwall area is equal to the width of the

mining area to be topsoiled minus the width of area I' plus half the
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" length of a mining pass.. The width of the mining area topsoiled equals

(total acreage to be topsoiled)(area of ‘an acre 'in square yards)
length of the mining area

or in this example),

(1104.63 acres)(4840 square yards) _ ‘
4840 yards 1104 63 yards. The longest.haul
4840 vards

distance is equal to 1104.63 yards - 44.29 yards + _____Z____ = 3480.34

yards. The shortest haul distance is equal to the width of the area to
be top501led minus the width of 8 mining passes minus the w1dth of area
‘I' or in this example, 1104. 63 yards - 44. 29 yards - 8(40 yards) =
730.34 yards. The average haul distance is 2110.34 yards or 6331.02
feetr Extrapolating from Table 6.02, paée55{ the cost per yard is.
$0.603.

Multiplying the cost per yard times the yerdage equals the cost of'
topsoiling, Totaling the column labeled cost renders an approximation

of the total cost of topsoiling.

" Generation of Revegetation, Miscellaneous, and Unallocated Costs
Revegetation cost equals the number of acres to be revegetated
(same as the number of acres to be topsoiled) times the cost per acre
' . 31 . L . N P
of revegetation. In this example, the revegetation goal .is. grazing.
Per acre revegetation:cost is $96.57 and the number of acres revegetated

is 1,104.63 acres. Total revegetation costs are estimated at $196,674.11

1Revegetatloncost estimates for various reclamation goals are presented
in Chapter Four.
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in this exépplé. Miscellaneoué and uhailocated costsfafé estimated.
by multiplying tﬁe cost per acfe times the.numbér of acres revegétated
or topsoiled.
| Tétaling the costs of_averburden,manipulation, topsoiling,
'-. revegeta;ing; and‘miscellénéous and ﬁnailocatea cost estimateé the_'~
total réélamation coéts., o | |

The readerlshou1d not§ thét sometiﬁgs during the'miﬁiqg process"
- the spoil banks may Eéﬂpartially leVeied; If'this is Fﬁe éééé, thé
cost of leveliné done for purposes of miniﬁé shoﬁla not be éilécated‘

to reclamation costs.
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Table 6.01

Machinery Cost for Overburden Manipulation

Push Distance Cost/yardl
(feet) (dollars)
1002 0.043
150 0.060
200 0.077
250 0.093
300 0.108
350 0.124
400 0.141
450 0.159
500 0.176
550 0.192
600 0.210
650 0.221

Minimum push distance is 50 feet.
Assumptions:

Equipment: D9 caterpillar tract-type tractor with universal blade.
Hourly operating costs at $42.74 per hour.3

Labor: valued at $8.00 per hour.

Efficiency: 85%

lnvrlvcd from the Caterpillar Performance Handbook, fifth ed., 197355
Section 4, page 21.

zPush distance of less than 50 feet is assumed to incur the same cost as
a 50 foot push.

5Catcrpil]ar Performance Handbook, fifth ed., 1975, Section 28, page 38.

Machinery Cost for Ripping

Ripping Cost: 0.029 per cubic yard4

Assumptions:
Equipment: D9 caterpillar track-type tractor with a tandem
ripper. Hourly operating costs at $42.74 per hour.
Efficiency: 85%

aDerived from Caterpillar Performance Handbook, fifth ed., 1975, Section 6.
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Table 6,02

Machinery Cost for Topsoiling

Haul Distance ‘Cqét/yardl
(feet) . (dollars)
5002 - 0.225
“1000 0.264
1500 0.296
2000 10.329
2500 0.360
3000 0.392
3500 0.424
4000 - 0.455
4500 0.487
5000 ° 0.519
6000 0.582
7000 . . 0.646"
8000 -0.710

Assumptions:

Equipment: 657 Push-pull wheel tractor scraper. ﬁourly
operating costs at $164.10 per hour.

Labor: valued.at $8.00 per hour.

Load factor: 0.80

lDerlved from the Caterpillar Performance. Handbook flfth ed. 1975,:
Section 11, pages 14, 52 53. - . -
2Haul dlstance of less than 500 feet is assumed to incur the same cost

as a 500 foot haul

3Caterpillar Performance Hendbook, fifth ed., 1975, Section 28, pege 39.
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Assumptiéns for Cost Examples

Area mined contains 1000 acres, 4840 yards long and 1000 yards
wide.' Highwall and initial spoil bank are 4840 yards long. Ramp
roads are spaced one quarter of a mile apart and ten are-presen;,m.
the mining area. The swell'factor.is 0.25. The overburden thickneés
is.uniform throughopt the area. The term topsoil in these ‘examples
is the specified inches of soil on the. surface prior to mining, which
may ér‘may not be scientifiéally topsoil._ Topsoil dep£h after reclam-
ation is 4 inches unléés otherwise stated. The highwall siope is
three and tﬁe spoil bank slope is 0.8;‘ The mining pit width or the
distance between spoil bank peaks is 40 yérds. The ramp road width_
is 10 yards. The area before mining haéia-lO% slope. Seeding is

assumed to be done with farm machinery.




Reclamation goal: grazing;

L

Table 6.03

Cost Summary

20%;

Topsoil depth: 4'"; Highwall height:
Overburden depth: 5.12 yards; Reclaimed highwall slope:

7.04 yards;

Initial spoil

bank and reclaimed slope opposite highwall: 5%; All other reclaimed slopes: 0%.

Recontouring Cost Summary

Yardage/acre Cost/yard Cost per

Area moved moved acre Acres Cost
Initial spoil bank 11,979.2 $0.054 $646.88 61.38 $39,705.49
Highwall (highwall side) 738.5 0.072 5307 108.52 3,7170.0%

(spoil bank side) 4,024.4 0.057 229.39 108.52 24,893.40
Ramp road 21,444.9 0.043 922.13 53.50 49,333.96
Remaining spoil banks 9,680.0 0.043 416.24 830.10 345,520.82

Total overburden cost $465,223.68

Topsoil to be Redistributed
Conversion Flat

Area Acres factor + 1 Acre Total Yardage
I[nitial spoil bank 143.87 1.000 672.22 96,712.29
Highwall (highwall side) 28.69 1.020 672,22 19,671.71

(spoil bank side) 101.97 1.000 672.22 68,546.27
Remaining spoil banks 830.10 1.000 672.22 558,009.82

Total acres topsoiled 1,104.63 Total yardage 742,940.09
672.57 yards of topsoil are salvaged per acre.
Topsoil Cost Summary
Average Cost

Area Acres Yardage/acre Yardage Yard Cost
Stockpiling (area I') 44,29 672.57 29,788.13 $0.225 $6,702.33

(1,2,3 & ISB) 160.00 67257 107,611,20 0.432 46,488.04
Direct distribution 900.34 672.57 605,541.67 0.693 419,640.37
Redistribution (area 1')44.29 672.57 29,788.13 4 0,225 6,702.33

(Highwall proximity) 160.00 672.57 107,611.20 0.603 64,889.55

Total topsoiling cost

Revegetation Cost

1,104.63 acres times $96.57 per acre = $106,674.11

Miscellaneous and Unallocated Costs

1104.63 acres times $100.00 per acre = $110,463.00

Recontour ing
Topsoiling
Revegetation

Miscellanous and unallocated costs

Total cost

Total Cost

Summary

$465,223.68
544,422.62
106.674.11

110,463.00

$1,226,783.41
Cost per acre mined 18 $1,226.78

$544,422.62
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Table 6.04

Cost Summary

Reclamation goal: grazing; Topsoil depth: 4"; Highwall height: 7.04 yards;
Overburden depth: 5.16 yards; Reclaimed highwall slope: 20%; All other

reclaimed slopes: 0%.
Recontouring Cost Summary

Yardage/acre Cost/yard Cost per

Area moved moved acre Acres Cost
Initial spoil bank 11,979:2 $0.054 $646.88 61.38 $39,705.49
Highwall (highwall side) 738.5 0.072 53 K7 108.52 5,770.01
(spoil bank side) 4,024.4 0.073 293.78 108.52 31,881.01
Ramp road 195872155 0.043 854.47 534150 45,714.15
Remaining spoil banks 9,075.0 0.043 390.23 830.10 323,929.92

Total overburden costs

Topsoil to be Redistributed

Conversion Flat

Area Acres factor + 1 acre
Initial spoil bank 143.87 1.000 672,22
Highwall (highwall side) 28.69 1.020 672.22
(spoil bank side) 101.97 1.000 672.22
Remaining spoil banks 830.10 1.000 672.22
Total acres topsoiled 1,104.63 Total yardage

672.57 yards of topsoil are salvaged per acre.

Topsoil Cost Summary

Average
Area Acres Yardage/acre Yardage
Stockpiling (area I') 44.29 672.57 29,788.13
(1,2,3 & 1ISB) 160.00 672.57 107,611.20
Direct distribution 900. 34 672.57 605,541.67
Redistribution (area 1')44.29 672.57 29,788.13
(highwall proximity)160.00 672.57 107,611.20

Total topsoiling cost
Revegetation Cost
1,104.63 acres times $96.57 per acre = $106,674.11
Miscellaneous and Unallocated Costs
1104.63 acres times $100.00 per acre = $110,463.00

Total Cost Summary

Recontouring $447,000.58
Topsolling 544,422.62
Revegetation 106,674.11
Miscellaneous and unallocated costs 110,463.00

Total cost $1,208,560.31
Cost per acre mined is $1,208.56

$447,000. 58

Total yardage

96,712.29
19,671.71
68,546.27

558,009.82
742,490.09

Cost
Yard Cost

$0.225 §6,702.33
0.432  46,488.04
0.693 419,640.37
04225 6,702.33
0.603 _64,889.55

$544,422.62
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Table 6.05

Cost Summary

Reclamation goal: grazing; Topsoil depth: 4"; Highwall height: 7.04 yards;
Overburden depth: 5.12 yards; Reclaimed highwall slope: 20%; All other
reclaimed slopes: 10%.
Recontouring Cost Summary
Yardage/acre Cost/yard Cost per

Area moved moved acre Acres Cost
Inftial spoll bank 1556715 $0.044 $689.55 36.94  $25,471.98
Highwall (highwall side) 1,296.9 0.072 93.38 78.35 7531632

(spoil bank side) 2,767.6 0.057 152725 78.35 12,359.71
Ramp road 18,298.5 0.043 786.84 53.50 42,095.94
Remaining spoil banks 8,470.0 0.043 364.21 884.71 322,220.22

Total overburden cost

Topsoil to be Redistributed

$409,464.17

Conversion Flat
Area Acres factor + 1 acre Total yardage
Initial spoil bank 103.20 1.005 672.22 69,719.97
Highwall (highwall side) 30.25 1.020 672.22 20,741.35
(spoil bank side) 54.00 1.005 672,22 36,481.38
Remaining spoil banks 884.71 1.005 672.22 597,693.35
Total acres topsoiled 1,072.16 Total yards salvaged 724,636.05

675.87 yards of topsoil must be salvaged per acre disturbed.

Topsoil Cost Summary

Average
Area Acres yardage/acre Yardage
Stockpiling (area 1') 26.26 675.87 17,748.35
Portion ISB area of 160.00 675.87 108,139.20
Mining passes 1,2,3
Remaining area 885.90 675.87 598,753.23
Redistribution (area 1')26.26 675.87 17,748.35
(highwall proximity) 160.00 675.57 108,139.20

Total topsoiling cost
Revegetation Cost
1,072.16 acres times $96.57 per acre = $103,538.49
Miscellaneous and Unallocated Costs
1,072.16 acres times $100 per acre = $107,216.00

Total Cost Summary

Recontouring $409,464.17
Topsoiling 534,522.39
Revegetation 103,538.49
Miscellaneous and unallocated costs 107,216.00

Total cost $1,154,741.05

Cost per acre mined is $1,154.74

Cost
yard

$0.225
0.432

0.693
0.225
0.600

Cost

$3,993°38
46,716.13

414,935.98
3,993.38

64,883.52
$534,522.39




-60-
Table 6.06

Cost Summary

Reclamation goal: grazing; Topsoil depth: 4'"; Highwall height: 7.04 yards;
Overburden depth: 5.12 yards; All reclaimed slopes: 57%.

Recontouring Cost Summary

Yardage/acre Cost/yard Cost per

Area . moved moved acre Acres Cost
Initial spoil bank 11,979.2 $0.055 $658.86 61.5 $40,519.89
Highwall (highwall side) 2,367.2 0.060 142.03 108.5 15,410.26

(spoil bank side) 4,024.4 0.073 293.78 108.5 31,875.13
Ramp road 21,444.9 0.043 922.13 53.5 49,333.96
Remaining spoil banks 9,075.0 0.043 390.23 830.0 323,890.90

Total overburden cost $461,030.14
Topsoil to be Redistributed

(Since all acreage is reclaimed to some slope, if total acreage is known, conversion
factor can be applied to all acres.)

Conversion Flat
Area Acres Factor + 1 acre Total yardage
Initial spoil bank 145.77
Highwall 15541 1.00 672.22 759,857.32
Remaining spoil banks 830.0

Total acres topsoiled 1,130.37
Average yardage per acre 672.22

Topsoil Cost Summary

Average Cost

Area Acres yardage/acre Yardage yard Cost
Stockpiling (area I')  44.27 672.22 25,759.18 $0.225 $6,695.82
(1,2,3 & ISB) 160.00 672.22 107,555.20 0.432 46,463,85
Direct distribution 926.10 672.22 622,542.94 0.693  431,422.25
Redistribution (Area T1')44.27 672.22 29,759.18 0.225 6,695.82
(highwall proximity) 160.00 672.22 107,555.20 0.608 65,393.56
Total topsoiling cost $556,671.30

Revegetation Cost
1,130.37 acres times $96.57 per acre = $109,159.83.
Miscellaneous and Unallocated Costs
1,130.37 acres times $100 per acre = $113,037.00.

Total Cost Summary

Recontouring $461,030.14
Topsoiling 556,671.30
Revegetation 109,159.83
Miscellaneous and unallocated costs 113,037.00

Total cost $1,239,898.27

Cost per acre mined is $1,239.90.
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Table 6.07
Cost Summary

Reclamation goal: grazing; Topsoil depth: 4"; Highwall height: 7.04 yards;
Overburden depth: 5.12 yards; All reclaimed slopes: 10%.

Recontouring Cost Summary
Yardage/acre Cost/yard Cost per

Arca moved moved acre Acres Cost
Initial spoil bank 15,671.5 $0.044 $689.50 36.04 $25,471.98
Highwall (highwall side) 2,266.2 0.046 104.25 78.35 8,167.99

(spoil bank side) 2,767.6 0.057 157575 78.35 12,359, 71
Ramp road 18,298.5 0.043 786.84 53.50 42,095.94
Remaining spoil banks 8.470.0 0.043 364.21 884.71 322,220.22

Total overburden cost 3410,315.84
Topsoil to be Redistributed
Conversion Flat

Area Acres Factor + 1 acre Total yardage
Initial spoil bank 103.2
Highwall 105.85 1.005 672.22 738,923.58
Remaining spoil banks 884.71

" Total acres topsoiled 1,093.76
675.58 yards of topsoil are salvaged per acre.

Topsoil Cost Summary

Average Cost

Area Acres yardage/acre Yardage yard Cost
Stockpiling (area I') 26.26 675.58 17,740.73 $0.225 $3,991.66
(1,2,3, & 1ISB) 160.00 675.58 108,092.80 0.432 46,696.09
Direct distribution 907.50 675.58 613,088.85 0.603  424,870.57
Redistribution (area 1')26.26 675.58 17,740.73 0.225 3599166
(highwall proximity) 160.00 675.58 108,092.80 0.605 65,396.14
Total topsoiling cost ; $544,946.12

Revegetation Cost
1,093.76 acres times $96.57 per acre = $105,624.40.
Miscellaneous and Unallocated Costs
1,093.76 acres times $100.00 per acre = $109,376.00.

Total Cost Summary

Recontouring $410,315.84
Topsoiling 544,946.12
Revegetation 105,624.40
Miscellaneous and unallocated costs 109,376.00

Total cost $1,170,262.36

Cost per acre mined is $1,170.26.
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Table 6.08
Cost Summary

Reclamation goal: grazing; Topsoil depth: 4"
Overburden depth: 5.12 yards; All reclaimed slop

Highwall height: 7.04 yards;

es: 20%.

Recontouring Cost Summary

Yardage/acre Cost/yar

d Cost per

Area moved moved acre Acres Cost
Initial spoil bank 20,717.9 $0.043 $890.87 20.25 $18,040.12
Highwall (highwall side) 1,401.5 0.072 100.91 62.35 6,291.74
(spoil bank side) 1,490.5 0.049 73.03 62.35 4,553.42
Ramp road 15,766.91 0.043 677.98 53550 36,27%..93
Remaining spoil banks 7,260.0 0.043 312.81 917.40 _286,393.93
Total overburden cost $351,551.14
Topsoil to be Redistributed
Conversion Flat
Area Acres Factor +1 Acre Total yardage
Initial spoil bank 73.07 3302 672.22 50,101.50
Highwall (highwall side) 39.73 1.02 672.22 27,241.45
(spoil bank side) 22.63 1.02 672.22 15,516.59
Remaining spoil banks 917.40 102 672.22 629,028.52
Total acres topsoiled 1,052.83 Total yards salvaged 721,888.06
685.66 yards of topsoil must be salvaged per acre.
Topsoil Cost Summary
Average Cost
Area Acres Yardage/acre Yardage yard Cost
Stockpiling (area I') 12.82 685.66 8,790.16 $0.225 ~ §1,997.79
Stockpiling ISB area 160.00 685.66 109,705.60 0.432 47,392.82
and mining passes 1, 2, & 3
Direct distribution 880.01 685.66 603,387.65 0.693 418,147.64
Redistribution (area 1')12.82 685.66 10,970.60 0.225: ' 47,392.82
(highwall proximity) 160.00 685.66 8,790.16 0.483 13997579
Total topsoiling cost $516,888.86
Revegetation Cost
1,052.83 acres times $96.57 per acre = $101,671.79.
Miscellaneous and Unallocated Costs

1,052.83 acres times $100.00 per acre = $105,283.

Total Cost Summary

00

Recontouring $351,551.14
Topsoiling 516,888.86
Revegetation 101,671.79
Miscellaneous and unallocated costs 105,283.00

Total cost $1,075,394.79

Cost per acre mined is $1,075.39.
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Table 6.09
Cost Summary

7.04 yards;
I reclaimed

es Cost

38  $39,705.49
52 3,277.30
52 31,881.01
50 45,714.15

Reelamatlon goal: grazling; Topsoil depth: 4'"; Highwall height:
Overburden depth:  5.12 yards; Reclalmed highwall slope: 357; Al
slopes:  HZ.
Recontouring Cost Summary
Yardage/acre Cost/yard Cost

Area moved moved acre Acr
Initial spoil bank 11,979.2 $0.054 $646.88 61.
Highwall (highwall side) 419.5 0.072 30.20 108.

(spoil bank side) 4,024 .4 0.073 293.78 108.
Ramp road 19,871.5 0.043 854.47 a3
Remaining spoil banks 9,075.0 0.043 390.23 830.

Total overburden cost

Topsoil to be Redistributed

Area

[nitial spoil bank

Highwall (highwall side)
(spoil bank side)

Remaining spoil banks

Conversion Flat
Acres factor + 1 acre
143.87 1.000 672522
16.03 1.060 672.22
99.38 1.000 672.22
830.10 1.000 672,22
089.38

Total acres topsoiled 15X

672.81 yards of topsoil are salvaged per acre.

Topsoil Cost Summary

Average
Area Acres yardage/acre Yardage
Stockpiling (area 1') 44,29 672.81 29798575
(152,3, & 1SB) 160.00 672.81 107,649.70
Direct distribution 885.09 672.81 595,497.40
Redistribution (area I') 44.29 672.81 29,798.75
(highwall proximity) 160.00 672.81 107,649.70

Total topsoiling cost

Revegetation Cost

1,089.38 acres times $96.57 pe

r acre

= $105,201.42.

Miscellaneous and Unallocated Costs

1,089.38 acres times $100.00 per acre = $108,938.00.

Total Cost Summary

Recontouring

Topsoiling

Revegetation

Miscellaneous and unallocated
Total cost

$444,507.87
537,183.52
105,201.42
costs_108,938.00
$1,195,830.81

Cost per acre mined is $1,195.83.

10 323,929.92

$444,507.87

Total yardage

96,712,29
11,422.23
66,805.22

558,009.82

Cost
yard

$0.225
0.432
0.693
0,225
0.600

732,949.56

Cost

$6,704.72
46,504.63
412,679.69
6,704.72
64,589.76
$537,183.52
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Table 6.10

Cost Summary

Reclamation goal: grazing; Topsoil depth: 4"; Highwall height: 22 yards;
Overburden depth: 16 yards; All reclaimed slopes: 5%.

Recontouring Cost Summary
Yardage/acre Cost/yard Cost/

Area moved moved acre Acres Cost
Inttial spoll bank 18,088.8 $0.084 $1,519.46 118.34 $179,812.89
Highwall (highwall side) 3,065.5 0.155 475.15 213,77 101,572.81

(spoll bank side) 12,077.4 0.122 1,473.44 213577 314,977.26
Ramp road 43,439.0 0.048 2,085.07 105.70 220,391.89
Remaining spoil banks 9,075.0 0.043 390.23 667.89 260,630.71

Total overburden cost $1,077,385.56
Topsoil to be Redistributed
Conversion Flat

Area Acres factor + 1 acre Total yardage
Initial spoil bank 259.98
Highwall 319.77 1.000 672:22 838,688.56
Remaining spoil banks 667.89

Total acres topsoiled 1,247.64
672.22 yards of topsoil are salvaged per acre.

Topsoil Cost Summary

Average Cost

Area Acres yardage/acre Yardage yard Cost
Stockpiling (area L')  101.64 672,22 63,324.4 $0.225  $15,372.99
(1,2,3 & 1SB) 160.00 672,22 20755552 0.432 46,463.85
Remaining area 986.00 672.22 662,808.9 0.693  459,326.56
Redistribution (area 1')101.64 672.22 68,324.4 0.225 15,372.99
(highwall proximity) 160.00 672.22 107,555.2 0.617 66,361.56
Total topsoiling cost 5602,897.95

Revegetation Cost
1,177.29 acres times $96.57 per acre = $113,690.89.
Miscellaneous and Unallocated Costs
1,177.29 acres times $100.00 per acre = $117,729.00.

Total Cost Summary

Recontouring $1,077,385.56
Topsoiling 602,897.95
Revegetation 113,690.89
Miscellaneous and unallocated costs 117,729.00

Total cost §1,944,480.51

Cost per acre mined is $1,944.48,




Reclamation goal: grazing; Topsoil depth:

Overburden depth: 16 yards;
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Table

6.11

Cost Summary

All reclaimed slopes: 10%.

Recontouring Cost Summary

4"; Highwall height: 22 yards;

Acres Cost

Yardage/acre Cost/yard Cost/

Area moved moved acre
Initial spoil bank 25,745.3 $0.065 $1,673.44
Highwall (highwall side) 6,548.9 0.117 766.22
(spoil bank side) 11,627.6 0.094 1,092.99
Ramp road 40,414.0 0.048 1,939.87
Remaining spoil banks 8,470.0 0.043 364.21

Total overburden cost

Topsoil to be Redistributed

Area

Initial spoil bank

Highwall

Remaining spoil banks
Total acres topsoiled 1,

Conversion Flat

Acres Factor + 1 acre
194.85

217.98 1.005 672.22
__176.60
179.43

675.58 yards of topsoil are salvaged per acre.

Topsoil Cost Summary

Average
Area Acres yardage/acre Yardage
Stockpiling (area 1') 74.03 675.58 50,013.19
(1,2,3 & ISB) 160.00 675.58 108,092.80
Remaining area 945.40 675.58 638,693.33
Redistribution (area 1') 74.03 675.58 50,013.19
(highwall proximity) 160.00 675.58 108,092.80

Total topsoiling cost

Revegetation Cost

1,179.43 acres times $96.57 per acre = $113,897.55.

Miscellaneous and Unallocated Costs

1,179.43 acres times $100.00 per acre = $117,943.00.

Total Cost Summary

Recontouring

Topsoiling

Revegetation

Miscellaneous and unallocated
Total cost

Cost per acre mined is $1,

$890,081.00
577,969.29
113,897.55

costs 117,943.00
$1,699,890.84

699.89.

70.82 $118,513.02
152,58 116,909.84
152,58 166,768.41
105.70 205,044.25

776.60 282,845.48

$890,081.00

Total yardage

796,800.58
Cost
yard Cost

$0.225 $11,252.97
0.432  46,696.09
0.693 442,614.47
0.225 11,252.97

0.612 _ 66,152.79
$577,969.29
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Table 6.12
Cost Summary

Reclamation goal: grazing; Topsoil depth: 4"; Highwall height: 22 yards;
Overburden depth: 16 yards; All reclaimed slopes: 20%.

Recontouring Cost Summary
Yardage/acre Cost/yard Cost/

Area moved moved acre Acres Cost
Initial spoil bank 33,023.7 $0.051 $1,684.21 38.93 $65,566.30
Highwall (highwall side) 7,769.1 0.099 769.14 109.83 84,474.65
(spoil bank side) 8,262.5 0.074 611.43 109.83 67,153.36
Ramp road 34,364.0 0.048 1,649.47 105.70 174,348.97
Remaining spoil banks 7,260.0 0.043 312.18 851.24 265,740.10
Total overburden cost $657,283.38
Topsoil to be Redistributed
Conversion Flat
Area Acres factor +1 acre Total yardage
Initial spoil bank 13111
Highwall 153.28 1.02 672,22 778,661.06
Remaining spoil banks 851.24

Total acres topsoiled 1,135.63
685.66 yards to topsoil must be salvaged per acre mined.

Topsoil Cost Summary

Average Cost

Area Acres Yardage/acre Yardage Yard Cost
Stockpiling (area 1') 52.18 685.66 35,7777 $0.225 $8,049.98
(1,2,3 & 1SB) 160.00 685.66 109,705.6 0.432  47,392.82
Remaining area 923.45 685.66 633,17257 0.693 438,788.68
Redistribution (area I')52.18 685.66 38,7717 0.225 8,049.98
(highwall proximity) 160.00 685.66 109,705.6 0.608 _66,701.00
Total topsoiling cost $568,982.46

Revegetation Cost
1,135.63 acres times $96.57 per acre = $109,667.78.
Miscellaneous and Unallocated Costs
1,135.63 acres times $100.00 per acre = $113,563.00.

Total Cost Summary

Recontouring $657,283.38
Topsoiling 568,982.46
Revegetation 109,667.78
Miscellaneous and unallocated costs 113,567.00

Total cost $1,449,500.62

Cost per acre mined is $1,449.50.




Reclamation goal: grazing;
Overburden depth: 16 yards;

slopes: 5%.

Area

Initial spoil bank
Highwall (highwall side)
(spoil bank side)
Ramp road
Remaining spoil banks
Total overburden cost

Area

Initial spoil bank
Highwall (highwall side)
(spoil bank side)
Remaining spoil banks
Total acres topsoiled
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Table 6.13

Cost Summary

Topsoil depth: 4"; Highwall height:

Recontouring Cost Summary

22 yards;

Reclaimed highwall slope: 20%; All reclaimed

Topsoil to be Redistributed

Conversion Flat

Acres factor + 1 acre

259.98 1.000 672,22

51.16 1.020 67222

184.66 1,000 672.22

667.89 1.000 672,22
1,163.69

672.81 yards of topsoil are salvaged per acre.

Topsoil Cost Summary

Average Cost

Area Acres yardage/acre Yardage yard
Stockpiling (area I1') 101.64 672.81 68,384.41 $0.225
(1,2,3' & 18B) 160.00 672.81 107,649.60 0.432
Direct distribution 902.05 672.81 606,908.26 0.693
Redistribution (area I1')101.64 672.81 68,384.41 0.225
(highwall proximity) 160.00 672.81 107,649.60 0.604

Total topsoiling cost

Revegetation Cost

1,163.69 acres time $96.57 per acre = $112,377.54.

Miscellaneous and Unallocated Costs

1,163.69 acres times $100.00 per acre = $116,369.00.

Recontouring
Topsoiling
Revegetation

Total Cost Summary

Miscellaneous and unallocated costs

Total cost

Cost per acre mined is $1,792.80.

$1,001,061.12

562,992.19
112,377.54

116,369.00
$1,792,799.85

Yardage/acre Cost/yard Cost/
moved moved acres Acres Cost
18,088.8 $0.084 $1,519.46 118.34 $179,812.89
1,640.4 0.072 118.11 213,77 25,248.37
12,077.4 0.122 1,473.44 21377 314,977.26
43,439.0 0.048 2,085.07 105.70 220,391.89
9,075.0 0.043 390.23 667.89 260,630.71

$1,001,061.12

Total yardage

174,763.75
35,078.59
124,132.14

448,969.01

Cost
$15,407,75
46,568.91
420,581.42
15,407.75
65,020.36
$562,992.19




‘ Reclamation goal:
Overburden depth:
slopes: 57%.

Area
Initial spoil bank

(spoil bank side)
Ramp road

Remaining spoil banks
Total overburden cost

Area
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Table 6.14
Cost Summary

grazing; Topsoil depth: 4'"; Highwall height: 22 vards;
16 yards; Reclaimed highwall slope: 35%; All reclaimed
Recontouring Cost Summary
Yardage/acre Cost/yard Cost per
moved moved acre Acres Cost
18,088.8 $0.084 $1,519.46  118.34 $179,812.89
side) 931.80 0.072 67.09 213.77 14,341.83
12,077.4 03122 1,473.44 213,77 314,977.26
43,439.0 0.048 2,085.07 105.70 220,391.89
9,075.0 0.043 390.23 667.89 260,630.71

$990,154.58

Topsoil to be Redistributed

\
Highwall (highwall

Area

Conversion Flat
Acres factor + 1 acre Total yardage
Initial spoil bank 259.98 1.000 672.22 1745763.75
Highwall (highwall side) 43.52 1.060 672,22 31,010.32
(spoil bank side) 184.66 1.000 672.22 124,132.14
Remaining spoil banks 667.89 1.000 672,22 448,969.01
Total acres topsoiled 1,156.05 778,875.22
673.74 yards of topsoll are salvaged per acre.
Topsoil Cost Summary
Average Cost
Acres yardage/acre Yardage yard Cost
Stockpiling (area 1') 101.64 673.74 68,478.9 $0.225 $15,407.75
(15253 & 18B) 160.00 673.74 107,789.4 0.432 46,568.91
Direct distribution 894.41 673.74 602,599.8 0.693 417,601.66
Redistribution (Area 1')101.64 673.74 68,478.9 0.225 15,407.75
(highwall proximity) 160.00 673.74 107,789.4 0.602 64,894.64

Recontouring
Topsoiling
Revegetation

Total cost

Total topsoiling cost

Miscellaneous and unallocated costs

$559,880.71

Revegetation Cost

1,156.05 acres times $96.57 per acre = $111,639.74.

Miscellaneous and Unallocated Costs

1,156.05 acres tlmes $100.00 per acre = $115,605.00.

Total Cost Summary

$990,154.58
559,880.71
111,639.74
115,605.00
$1,777,280.03

Cost per acre mined is $1,777.28.
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Table 6.15
Cost Summary
Reclamation goal: grazing; Topsoil depth: 4"; Highwall height: 44 yards;
Overburden depth: 32.00; All reclaimed slopes: 5%.
Recontouring Cost Summary
Yardage/acre Cost/yard Cost
Area moved moved acre Acres Cost
Initial spoil bank 22,910.4 $0.109 $2,497.23 179.88 $449,201.73
Highwall (highwall side) 9,101.2 0.184 1,674.62 342.77 574,009.49
(spoil bank side) 20534703 0.189 4,034.60 . 342.77 1,382,939.80
Ramp road 98,945.0 0.057 5,639.87 238,51 1,348:;165:30
Remaining spoil banks 9,075.0 0.043 390.23 477.35 186,276.29

Total overburden cost

Topsoil to be Redistributed

Conversion Flat
Area Acres factor + 1 acre
Initial spoil bank 369.20
Highwall 504.77 1.000 672.22
Remaining spoil banks 477.35
Total acres topsoiled 1,351.32
672.22 yards of topsoll are salvaged per acre.
Topsoil Cost Summary
Average
Area Acres yardage/acre Yardage
Stockpiling (area 1') 149.32 672.22 100,375.9
(1,2,3 & 1SB) 160.00 672,22 107, 555.2
Remaining area 1,042.00 672,22 700,453.2
Redistribution (area I') 149.32 672.22 100,375.9
(highwall proximity) 160.00 672.22 107,555.2

Total topsoiling cost

Revegetation Cost

1,351.32 acres times $96.57 per acre = $130,496.97.

Miscellaneous and Unallocated Costs

1,351.32 acres times $100 per acre = $135,132.00.

Total Cost Summary

Recontouring
Topsoiling
Revegetation

Miscellaneous and unallocated costs

Total cost

Cost per acre mined is $4,848.03

$3,937,592.61
644,806 .85
130,496.97
135,132.00
$%,848,028.43

|

Cost

yard
$0.225

0.432
0.693
0.225
0.630

$3,937,592.61

Total Yardage

908,384.33

Cost

$22,584.58
46,463.85
485,414.06
22,584.58
67,759.78
$644,806.85
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Table 6.16
Cost Summary

Reclamation goal: grazing; Topsoil depth: 4"; Highwall height: 44 yards;
Overburder depth: 32 yards; All reclaimed slopes: 10%.

Recontoured Cost Summary
Yardage/acre Cost/yard Cost/

Area moved moved acre Acres Cost
Initial spoil bank 31,143.0 $0.084 $2,616.01 107.34 $280,802.51
Highwall (highwall side) 11,114.0 0.163 1,811.58 244,74 443,366.08

(spoil bank side) 22537133 0.138 3,059.64 244,74 748,816.29
Ramp road 92,290.0 0.057 5,260.53 238.51 1,254,689.00
Remaining spoil banks 7,865.0 0.043 338.20 647.92 219,126.54

Total overburden cost $2,946,801.42
Topsoil to be Redistributed
Conversion Flat

Area Acres Factor + 1 Acre Total yardage
Initial spoil bank 264.16
Highwall 352.54 1.005 672,22 854,353,37
Remaining spoil banks 647.92

Total acres topsoiled 1,264.62
675.58 yards of topsoil must be salvaged per acre disturbed.

Topsoil Cost Summary

Average Cost

Area Acres yardage/acre Yardage yard Cost
Stockpiling (area 1') 116.82 675.58 78,921.3 $0.225 $17,757.29
(1,2,3 & ISB) 160.00 675.58 108,092.8 0.432 46,696.09
Remaining Area 987.80 675.58 667,337.9 0.693 462,465.16
Redistribution (area 1')116.82 675.58 78,921.3 0.225 17,757329
(highwall proximity) 160.00 675.58 108,092.8 0.620 67,017.54
Total topsoiling cost $611,693.37

Revegetation Cost
1,264.62 acres times $96.57 per acre = $122,124.35,
Miscellaneous and Unallocated Costs
1,264.62 acres times $100 per acre = $126,462.00.

Total Cost Summary

Recontouring $2,946,801.42
Topsoiling 611,693.37
Revegetation 122,124.35
Miscellaneous and unallocated costs 126,462.00

Total cost $3,807,081.14

Cost per acre mined is $3,807.08,.
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Table 6.17
Cost Summary

Reclamation goal: grazing; Topsoil depth: 4"; Highwall height: 44 yards;
Overburden depth: 32 yards; All reclaimed slopes: 20%.

Recontouring Cost Summary
Yardage/acre Cost/yard Cost/

Area moved moved acre Acres Cost
Initial spoil bank 38,778:1 $0.065 $2,520.58 59.19 $149,193.13
Highwall (highwall side) 13,541.1 05124 - 1,679:10 176.10 295,857.42

(spoil bank side) 18,740.4 0.106 1,986.48 176.20 350,017.77
Ramp road 78,980.0 0.057 4,501.86 238.51 ' 1,073,738.61
Remaining spoil banks 7,260.0 0.043 312.18 764.61 238,695.94

Total overburden cost $2,107,502.87
Topsoil to be Redistributed
Conversion Flat

Area Acres factor + 1 acre Total yardage
Initial spoil bank 187.81
Highwall 248.0 1,02 672.2 823,085.25
Remaining spoll banks 764.61

Total acres topsoiled 1,200.42
685.66 yards of topsoil are salvaged per acre.

Topsoil Cost Summary

Average Cost

Area Acres yardage/acre Yardage yard Cost
Stockpiling (area 1') 88.62 685.66 60,763,2 $0.225 $13,671.72
(1,2,3-& 1ISB) 160.00 685.66 109,705.6 0.432 47,392.82
Remaining area 951.80 685.66 652,611.2 0.693 452,259.56
Redistribution (area 1') 88.62 685.66 60,763.2 0.225 13,671.72
(highwall proximity) 160.00 685.66 109,705.6 0.613 67,249.53
Total topsolling cost $594,245.35

Revegetation Cost
1,200.42 acres times $96.57 per acre = $115,924.55.
Miscellaneous and Unallocated Costs
1,200.42 acres times $100.00 per acre = $120,042.00.

Total Cost Summary

Recontouring $2,107,502.87
Topsoiling 594,245.35
Revegetation 115,924.55
Miscellaneous and unallocated costs 120,042.00

Total cost $2,937,714.77

Cost per acre mined is $2,937.71.
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Table 6.18

Cost Summary

Reclamation goal: grazing: Topsoil depth: 4"; Highwall height: 44 yards;
Overburden depth: 32 yards; Reclaimed highwall slope: 20%; All reclaimed
slopes: 5%.
Recontouring Cost Summary
Yardage/acre Cost/yard Cost per

Area moved moved acre Acres Cost
Initial Spoil bank 22,910.4 $ 0.109 $2,497.23 179.88 $449,201.73
Highwall (highwall side 2,839.4 0.110 312.33 " 342.177 107,057.35

(spoil bank side) 21,3471 0.189 4,034,60 342.77 1,382,939.80
Ramp road 98,945.0 0.507 5,639:87  238.51 ' 1,345,165.30
Remaining spoil banks 9,075.0 0.043 390:23 " ~477.35 186,276.29

Total overburden cost

Topsoil to be Redistributed

$3,470,640.47

Conversion Flat
Area Acres Factor + 1 Acre Total yardage
Infitial spoil bank 369.20 1.000 672,22 248,183.62
Highwall (highwall side) 125.23 1.020 672,22 85,865.75
(spoil bank side) 260.94 1.000 672.22 175,409.08
Remaining spoil banks 477.35 1.000 672.22 320,884.21
Total acres topsoiled 1,232,772 830,342.66
673.59 yards of topsoil are salvaged per acre.
Topsoil Cost Summary
Average Cost
Area Acres yardage/acre Yardage yard Cost
Stockpiling (area I1') 149.32 673.59 100,580.45 $0.225 $22,630.60
(1,2,3 & ISB) 160.00 673.59 107,774.40 0.432 46,558.54
Direct distribution 880.00 673.59 592,759.20 0.693 410,782.12
Redistribution (area 1')149,32 673.59 100,580.45 0.225 22,630.60
(highwall proximity) 160.00 673.59 107,774.40 0.608 65,526.84

Total topsoiling cost
Revegetation Cost
1,232.72 acres time $96.57 per acre = $119,043.77.
Miscellaneous and Unallocated Costs
1,232.72 acres times $100,00 per acre = $123,272.00.

Total Cost Summary

$568,128.70

Recontouring $3,470,640.47
Topsoiling 568,128.70
Revegetation 119,043.77

Miscellaneous and unallocated costs

Total cost

123,272.00

$4,281,084.98

Cost per acre mined is $4,281.08
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Table 6.19

Cost Summary

Reclamation goal: grazing; Topsoil depth: 4"; Highwall height: 44 yards;
Overburden depth: 32 yards; Reclaimed highwall slope: 35%; All reclaimed
slopes: 5%.
Recontouring Cost Summary
Yardage/ acre Cost/yard Cost per

Area moved moved acre Acres Cost
Initial spoil bank 22,910.4 $0.109 $2,497.23 179.88  $449,201.73
Highwall (highwall side) 1,612.9 0.085 137.10 342.77 46,993.77

(spoil bank side) 21,347.1 0.189 4,034.60 342.77 1,382.939.80
Ramp road 98,945.0 0.057 5,639.87 238.51 1,345,165.30
Remaining spoil banks 9,075.0 0.043 390.23 . "477.35 186,276.29

Total overburden cost

Topsoil to be Redistributed

Conversion Flat
Area Acres Factor + 1 Acre
Initial spoil bank 369.20 1.000 672,22
Highwall (highwall side) 75.85 1.060 672.22
(spoil bank side) 290.92 1.000 672.22
Remaining spoil banks 477.35 1.000 672.22
Total acres topsoiles 14233.32
674.74 yards of topsoil are salvaged per acre.
Topsoill Cost Summary
Average
Area Acres yardage/acre Yardage
Stockpiling (area I') 149.32 674.74 100,752.17
(1,2,3 & ISB) 160.00 674.74 107,958.40
Direct distribution 904.00 674.74 609,964.96
Redistribution (Area 1')149.32 674.74 100,752.17
(highwall proximity) 160.00 674.74 107,958.40

Total topsoiling cost

Revegetation Cost

1,213.32 acres times $96.57 per acre = $117,170.31.
Miscellaneous and Unallocated Costs
1,213.32 acres times $100.00 per acre = $121,332.00.

Total Cost Summary

Recontour ing $3,410,576.89
Topsoiling 579,889.09
Revegetation 117,170.31
Miscellaneous and unallocated costs 121,332.00

Total cost 5&,228,968.29

Cost per acre mined 1is $4,284.45,

Cost
yard

$0.025
0.432
0.693
0,225
0.604

$3,410,576.89

Total Yardage
248,183.62
54,047.16
195,562.24

320,884.21
818,677.23

Cost

$22,669.24
46,638.03
422,705.71
22,669.24

65,206.87
$579,889.09
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Table 6.20
Topsoil Analysis
Changing the depth of topsoil has an effect on cost. If the topsoil

depth 1s increased by 50% (from 4" to 6"), the cost of topsoiling
increases by 50%.

Cost Summary

Reclamation goal: grazing; Topsoil depth: 6"; Highwall height: 7.04
yards; Overburden depth: 5.12 yards; Highwall slope: 20%; Slope
opposite highwall: 5%; Initial spoil bank: 5%; Remaining slope: 0%}
Original slope: O0%.

Total Cost Summary

Overburden manipulation $472,974.90
Topsoiling 810,293.19
Revegetation 105,852.30
Miscellaneous and unallocated costs 109,612.00

Total cost $1,498,732.39

Cost per acre mined is $1,498.73.

Cost Summary

Reclamation goal: grazing; Topsoil depth: 2"; Highwall height: 7.04
yards; Overburden depth: 5.12 yvards; Highwall slope 20%; Slope opposite
highwall: 5%; Initial spoil bank: 5%; Remaining slope: 0%; Original
slope: 0%.

Total Cost Summary

Overburden manipulation $ 472,974.90
Topsoiling 270,097.73
Revegetation 105,852.30
Miscellaneous and unallocated costs 109,612.00

Total cost 3958.536.93

Cost per acre mined is $958.54.




Chapter. 7 |
Summary, Conclusions, and Comments

Summary

This study has estimated the infiuence of overburden.depth, re-
claimed slope, topsoil depth desired, and reclamation goal on reclam-—
ation cost. This study does not provide a reclamation cost estimate
for every situation but provides a method of estim;ting reélamation
cost under certain conditions.

Overburden depth influences reclamation cost. For instance, with
a 5% reclaimed slope, the reclamation cost per acre increases from
$1,239.90 at 7.04 yardé éf overburden (Taple 7.01) depth to $4,848.03
at 44 yards or an increase in cost of 291%.
Table 7.0l.- Reclamation Cost per Acre of Various Overburden Depthé

and Reclaimed Slopes.32

Overburden depth (Yds.) 5.12 16 .32

Reclaimed Slope (%)

5 - : $1,239.90 $1,944.48  $4,848.03
10 1,170.26 1;699.89 3,807.08
20 _ 1,075.39 1,499.50 '2,937.71

Changing the .reclaimed slope has a larger effect on overburden

32Assumptions on page'56;
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manipulation cost as the depth of the overburden increases. Reclamation
cost per acre with an overburden depth of 7.04 yards increased from
$1,075.39 (Table 7.0l) with a reclaimed slope of 20% to $1,239.90 with

a reciaimed slope of 5%, wﬁich is é 152 increase in cost to reduce the
nsiope an additional 15%, Reclamation cost per acre with an overburden’
depth of ‘44 yards increases froﬁ $2,937.71 with a reclaimed slope of 20%
to'$4,848.03 with a feclaimed siope of 5% fdr an increase of 65% in costk
for an additional 15% slope reduction. Closer examination shows that
these costs increase at a greatef-rate in the highwall area, ramp road
area, and in the initial spoil bank area than in thé remaining spoilj
banks. (The cost per acre in the remaining spoil bank-area remains
constant as the overburden aepth increases and the slope remains the
same. Per acre costs are misleading in othér areas but total coéf for
otﬁer'areas indicate that the large cost increase is due fo changes in
cost in‘the ramp road, highwall, and initial spoil bank areas. Refer.

to Tablés 6.06 and-6.15.)

The sldpe of the reclaimed highﬁall affects the cost of reclamation.
Referring to Table 7.62, several concluéions can be reached. - As the’
reclaimed highwall slope decreasés, the reclamation cost increases more
than proportionately. For instance, if the higﬂwall height is 7.04 yards;
and the reclaimed highwall slope decreases from 35% to 20%, recontouring
costs increase from $3,277.30 to $5,770.01 for an increase in recon-

touring costs of 76%. However, if the reclaimed slope decreases from
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20% to 57, thé'recoﬁfouring cost increases from $5,770.01 to $15,410.26
for an iﬁcrease in cost of 167%. As'the highwall height increases, the .
more than proportionate increase in reéontduring cost becomes more
prohounced. As illustrated in Table 7,02;.the ﬁighwall height influ~
enced recontouring, and therefore the reclamation cost.. As the high-
wall height increases, the cost of recontouring the highwall incréases,
Table 7.02. Recontouring Cost per Acre of the Highwall in Regard to
Various Highwall Heights and Reclaimed Highwall Slopes.
Highwall Heights (Yds.) 7.04 22 44
Reclaimed Highwall Slope 9]

5 : $15,410.26 $101,572.81 $574,009.49

20 . 5,770.01  25,248.37  107,057.35
35 . 3,277.30  14,341.83  46,993.77

As the highwall slépe decreases, the area to be topsoiled and
revegetated also increases. The influence of recontouring to differing.
highwall slopes on average reclamation cost per acre over the entire
area to be reclaimed may be large or small, depending not only on the
slope of the reclaimed contour and highwall height but also upon the
design of the area to Be reclaimed. If the highwall area is felatively

small in comparison to the rest of the area to be reclaimed, then the

3Assumption on-'page 56.
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influence on per acre reclamation cost by the highwall area will be
:relafively small.  As taé highwall areé:becomes larger in relation to
the rest 6flthe_area to.bé:reclaimed, £hé inﬁlﬁence of various high-
wall heights aﬁd‘fééiaimed‘highwall slopes on xeélgmation cqstlbecomeé
' _largér. | | “
Topéoiling costs increase-almost propé;fiénaily-;o topsoil deﬁth
. desired (Table 7103); Thefefore, reciématioﬁ'cost per écre incre;ses
consisfently as desired topsoil depth iﬁcreases. ‘OQefburden deﬁth has
a sﬁail effect on the change in.topsqiling costs dug to chénges in
depth of topsoil desired. |
Table 7.03. Reclamation Cost per Acré df-Variéﬁs Overburden,Depéhs aﬁa
A Topsoil Depths.34 ) -
OVerbu;den depths . (Yds.) SLié ,'. 16‘ : 32

Toﬁsoil depths (in.) :

2 $961.61.  "$1,643.03 $4,525.63
4 ' 1,239.90 - 1,944.49 4,848.03 -
6 1,518.28 ~  2,245.93 "  .5,178.43

Reclaimed siope has a small effect on'topsoiling cost. (Top-
soiling costs increase by 2% from a 0% to a 20% reclaimed slope, and
have a smaller effect 6n total reclamation cqst.)

The reclamation goal ﬁay or may not have a large effect on

34Assuﬁp£ion oﬁ,pége,56{
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reclamation cost. Changing the reclamation goal from grazing (reélam—
ation cost $1,239,90 per acre, Table 7.04) to cropland (reclamation
cost $1,197.58 per acre) decreases_reclamation cost per acre by 3%.
However, changing the reclamation goallfrom grazing (reclamation cost
$1,239.90 per acrg) to gréziﬁg and trees - 1000 per acre (reclamation

cost $2,370,27 per acre) increases reclamation cost by 91%.

Table 7.04. Reclamation Cost per acre of Various Reclamation Goals.35

Goal . a B Tptal Reclamation Cost Per Acre
Grazing . S $1,239.90
Cropland 1,197.58

Grassland and Trees (1000 trees per
acre planted as seedlings) 2,370.27
The reclamation cost estimates as generated in this study may be
inaccurate in certain situations. For instance, other equipment may

be used for reclamation, rather than the equipment assumed, due to

"availability. Mining area'characteristics such as problems with water

or overburdén foxicity may have a large influence on reclamation cost.
and are not accounted for'in_this study. ,Even though éilowances have
been made for'seasonality of certain ;ctivities, weather may‘cause
reclamatidn cost to differ from estimatés. In certain céses, the

methods of revegetation may not provide an acceptable revegetation

35All assumptions are the ééme as for Table 6.06 except for the ;eclam—

ation goal.
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environment and other additions or amendments may become necessary.

Conclusions and Comments

Some variables have a larger influence on reclamation cost than
other &ariables. Overburden depth has a large influence on reclam-
ation cost, The reélaime& slope has a 'small dinfluence on reclamation
cost if the overburden dépth is smali (7.04 yaras); " however, as the
overburden depth increases, so does the influence of the reclaimed
slope on reclamation cost. (The range.of reclaimed slopes consideréd
are from 0% - 20%.,) As the highwall height increases or the reciaimed
highwall slope decreases, the cost of recontouring thé highwall increases.
The influence of highwall recontouring costs on the reciamation cost
per acre varies widely due to mine design along with the highwall
'height and reclaimed highwall slope. The COSt’Of topsoiling varies
directly with the depth of.topsoil desired. Topsoiling costs are a
significant portion of reélamation‘éoét if only 2 inches of‘topséil afe
desired on the recléimed surface. (As topsoil depfh increases on the
reclaimed surface, fopsoiling cost aésumes a larger portion of reclam- f
ation cost.) Reclamation goal may or may not have a large‘inflﬁence
on reclamation cost. Changing the reclamation goal frém grazing to‘
cropland has a minor influence on reclamation costs while including

trees (in great numbers) in the reclamation goal will significantly

increase reclamation cost.




-81-

Surface rgclamation cost may be only a part of reclamation costs.
Subwgurface reclamation may also be required and incur a cost. Exten-
sive sub—surface.reclémation could be'gﬁpeﬁsive (relative to surface
reclamation) especially where 6verburden-depth is gréat and many layers
of overburden must be segregated and/or replaced in a speqified.order.
Sub-surface aquifers may be disturbed during mining and reclamation of
these aquifers may be necessary. Replacement of aquifers woﬁld also
increase reclamation costs, especially if it becomes neéessary to
.replace the aquifer with material not:readily available in the area to
be reclaimed. It appears that the cost of sub-surface reclamation cost
requiring any segregation of overburden or replécement of an aquifer
Wéuld, at a minimum, equal the cost of surface reclamation.

The cost estimates érovide information to help reclamation decision-
makers. Hopefully a study will be done in which benefits of feclamétion.
will be determined and the optimum reclamation level estimated.

Certain external benefits or benefits not valued in the markef
place along with market value should be considered in a benefit study.

If the market value of the reclaimed land is less than the reclamation
cost, certain externalities must be éssumed if reclamation 1is justified..
Externalities which have been sugéested.include aesthetic beauty, hunting,
fishing, and simply thévknowledge tha.t the land is reclai@ed and

productive.
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Appendix A

Method of Estimating the Volume of Spoils Moved to Recontour the

Initial Spoil Bank Area.

Figure A.0l. Cross-section of Intial Spoil Bank Area - Actual

Post-Mining Contour

Initial

Figure A.02., Cross-section of Intial Spoil Bank Area - Assumed

Post-Mining Contour

Initial
Spoil Bnak

The same argument for use of the assumed contour to determine volume of
overburden moved; rather than the actual contour used in the high-wall
area, is again applicable here. (Refer to Figures A.0l and A.02.) Let

ARl equal the area of the initial spoil bank (Figure A.02).
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The area of ARl can be estimated because:

AR1 = D) (W) (SW + 1) Equation A.01
where: D = overburden depth
W = pit width

swell factor from undisturbed overburden to disturbed
spoil bank.

SW

For later calculation distance C, H, and B must be found (Figure A.03).

Figure A.03. Cross-section of the Initial Spoil Bank

Slope = 0S
AR1 H
B
AR1 = (H) (B) where: H = spoil bank height
2 B = spoil bank base

0S

N ||

where: O0S - spoil bank slope

Therefore, since ARl is known (from Equation A.01)

4AR1
0S

(0s) (B)

H phuoll S8 el AN

2 %
Also distance C can be found.
C=398 - (SW)(D) where; S = coal seam thickness

D overburden depth
SW = swell factor

The area under the reclaimed slope (area RSR1VU in Figure A.04) must




Figure A.04. Labeled Cross-section of Initial Spoil Bank Area

Slope RS _ -

o C{/U\—'—W
B
Sldpe = HS T

Post-mining Contour

Reclaimed Contour

_.gg_
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equal the area of the initial spoil bank in its assumed post~-mining
contour (afeé VXY). Deriving equations for determining the area under
the reclaimed contour énd the assumed ﬁost—mining contour and setting
these equations equal to each other Willnhelp find cerfain values, Which'
facilita?e the estimation of.volume of spoils to be'mbvea. In pérticular,
if H1 (Figure A.04) is found, the volume moved to recontour the iniéial
spoil bank area can be found. Setting up.a coordinate axis on Figure -
A.04 such that the point where the reclaimed slope meets the assumed
original contour of the spoil banks is the origin, and the X axis coin-

cides with the assumed contour of the spoil banks, will be helpful.

Let:
‘area AR = VXY
area AR2 = RST
area AR3 = VUTIW
area AR4 = SWR1
area AR5 = XIZ
area AR6 = ISZ
area AR7 = IXZS
The afea under the reclaimed siope (RSRlVU)'is
area RSRIVU = AR2 - AR3 + ARG,
If expressions. are found for AR2, AR3, apd AR4, an expression for the
-area of RSRlVﬁ can be fouﬁd.
(RT) (ST)

AR2 = —
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RT = x coordinate of Point S
ST = y coordinate of Point S.

If the coordinates of Point S are knowﬁ; then AR2 can be found. Thé>:
equation for the line representing the reclaimed,slopg on the.left
side (RS) 1is |

¥y = RS) @) | L .Equation Agoz; :
If H1 is somé vél@é‘eqﬁal'to the height of the recontoutgd iﬁitial
spbils bank frqﬁ the peakAté.the undisturbed sutface, then at Point S

y = H1 + C.

HL + C -

Substituting into Equétion A.02 x equals RS

(HL + C., HL + C)
RS RS

AR2 = (H1%)(E) + (HL)(F) + G

S coordinates

where: ~ E = 1/(2RS)

F = C/RS !
G - c*/2rs
AR3 = (VW _+ UT). (C)
—
W = B.2

.UT = B/2 + C/HS

2
_ (B +c”
AR3 = =77 fS
2
. _(®B)©C) +c”
Let: J = 2 s .
Thené

AR3 = J.
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ARG = (WR1) (H1)
WR1 = g%' because RS =~ B
) | TR
AR4 = H1®
2RS -

To f£find an exbression for AR7, an expression for AR5 and AR6 must be

found.
2
_ H3 ‘
AR5 = oS ‘
ARG = (IZ%(H4)
| H3
1Z = 2H3 becduse 0S = 1Z
0Ss ==
. 2
VETTY . H4
H4 = (IZ) (RS) because RS = —
2 C 1z
: 2

AR6 = (H3%) RS)
os . . -

Since.

AR7 = AR5 - ARG,
_m?_ @wdHes)

0s 0S

ART7

Assuming that the horizontal distance from Points R to V (hereafter .

referred to as L) is the portion considered to be reclaimed

m .c _B
TRs T2

L=% *=s

Dividing L into the area of an acre renders the distance-or length of

the cross—section needed to make an acre.

" AGRE = area:ofian'gére
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where: ACRE = the distance or length of the cross-section needed te
' make an ecre. 'Multipiying ACRE by AR7 produced a volume per acre besis.
ar4 = (%) (&) o
To find H1 seﬁ
ARL = AR2 - AR3 + ARG

ahd‘solve for_Hl.

Proceeding. to find AR7 which is the area to' be moved.

AR7 = AR5 - AR6 - .
AR5 = (H3) (1Z
2 .
, S ~ °  H3
2H3 . . _
L 1Z = - 03 _ | because 0s = 1z
H3 = H - H2. 2

H2 can be found if the y coordinate of Point I are known (y coordinate -
.of Point I minus C). The y coordinate cen be found since the equation.
of the line representing slope of the recontoured spoil bank ®S) is
.known and the line representing the left original spoil bank (Vi) can be . '
found. The equa;idﬁ fepfesenting Vi-ean‘ée:foﬁﬁd by the point-slope
method..'The slope is 0S and the coordinates‘of Point X are
iﬂlig_Q}.H + C).' fherefere the equation representing VX is

y = (0S) (x) + K-

_ (HL)(0S) _ (08)(C)

where: K =H + C RS T

Solving simultaneously,. the equations representing the lineé VX -and RS

for vy and subtracting C, H2 is produced.




H2 = K/(1 - 0S/RS)

Set: M = K/(1 - 0S/RS)

Therefore: H2 M

I

H3 =H-M

| Method of Estimating the Volume of Spoils Moved to Recontour the High-

wall Area

|
There are two variations of the reclaimed contour on the overbur-
den side of the highwall area.

Figure A.05. Cross-section of Highwall Area Variation 1.

P Post-mining contour

————-Reclaimed slope

Figure A.06. Cross—-section of Highwall Area Variation 2.

Post-mining contour

_____ Reclaimed slope
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Whether Variation 1 (Figure A.05) or Variation 2 (Figure A.06) is

incurred depends upon the depth of the overburden and the recontoured

.slope. First the derivation for Variation 2. See Figure A.07.

Knowns;
the pi£ width ; W
the depth of ‘spoils = H
the spoil bank slope = 08

the reclaimed slope - RSO

the highwall slope = HS

the highwall depth =D

By equating the area of overburden to be moved (AR3, Figﬁre A.07) with
the area to be filled (ARl plus AR2) the area moved can be found. ‘Find—
ing an expression for ARl, AR2, .and AR3 in terms of H1, setting ARL +
AR2 = ARB, agd solving for:Hl, the area moved can be estimafed. (For
convenience I have élsq uééd a coordinate system as shown in Figure
A.07.) 1In the coordinat; system all-glopes are positive except.the high—-
wall slope. H2 must be found in terms éf Hl. Two eduations can be
found for the Y value of point K. The Y value for point K can be |
generated from the equation representing the highwall slope (HS), the
spoil bank slope (0S), and the reclaimed-slope (RS). Setting the latter
two equations equal to each other, an expression for H2 can be fouﬁd in

termsvof HI; since H1 and H2 also equal the Y value of point K. The

formuia representing the highwall slope is Y1 = ~(HS) X1) = H1L and the o




Figure A.07

_-Slope HS
N
\\
\ \
E
D \
<56
‘ \ Slope = RSO
/ %
HIf
= w—\—\,_/

—  Post-mining contour

~ 7~ Reclaimed slope

Labeled Cross-section of Highwall Area Variation 2.

_26..
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formula representing the reclaimed élope‘is Y2 - (RSO) (X2) + H1. The
formula for line representing the spoil bénk slope can be found throﬁgh
the use of a point and a slope. The slope equals 0S. The point is

found when the Y axis equals 0. The point where the highwall meets
the bottom of thé pit can bg labeled ~H1/HS,0. (Since -Hl = H1/J, then N
J = -H1/HS.) Thgrefore, the point where ghg spoil bank meets the pit
bottom is W - Hl/HS,'O. 'The‘equation of tﬁe line representing spoil bank

slope is Y3 = (OS)(XB) + (08) (H1)/HS - (OS)(W). If the line representing

the spoil bank slope are solved,simultaneogsly, the expression resulting

gy HL_HL
* HS ~ RSO.
1.1
RSO 0S
Let:
1 1
C=%s0 " ©s

Solving for H2 in terms of HI:

W H1 H1

H2 = &=~ 5y @s) T @© @®so) ~ -
1 1
Let:P = @y@s) -~ ©@s) T 1
H2 =% ~ (HL(P).

Finding an expfession for . the area of AR2 in terms of HI:

_H2 (V- HL+HD

AR2 2 HS OS
Substituting for H2: . '
W@ , Enam , @eEm _ @a® @ m?)

AR2 = 55 = »(C)(@ES) T 2(08) (C) - 2 2HS 205 .
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ARl is a parrellogram. The area of this parrellogran can be found in
terms of HI. o

HL (W + W - HL + HL)

ARL = =5 HS O0S
2 2

N . H1® | H1
ARL = (W) (H) - 3o + 5o

Finding an expression for the area of AR3 in terms of HI:

(#3 - H3) (H3)
RSO 0S 2
1 -1

Let: Q= 3230 20S

AR3 =

AR3 = (H3%)(Q)

H3 = H - HL - H2 -

H3 = H - HL - %-— (P) (H1).
_ W
Let: R =H C
S=1+P

H3 = R - (S) (HL)

3= ®HQ@ -2 @) @)@ + D@ .
Setting AR3 equal to AR2 + ARl and solving for HIl:

AR3 = AR2 + AR1

0 = AR3 - AR2 - ARl

2
0= @H@ - 2@ @) @ + HmH @ - @@ +E2 -

@ _ @, e @ | eane |, @) -
20 - 2C 2(C) (H8) 2(C) (0S) 2 . 2HS
@) @m? . -

'208

Solve for Hl by the quadratic formula.

' H1, H2,.H3, AR1l, AR2, and AR3 a?e known or can be found by:'
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previously utilized formulas.
If Variation 1 (Figure A.08 is the appropriate cross section, then

Hl can be set at 0 and H2 = H3 = H/2 and:

AR1 = 0
AR2 - (H1) (Q)
AR3 = (H3)(Q).

The width of the area reclaimed must be known if the volume to be

moved is to be put on a per acre basis.

Figure A.08. Cross-section of the Highwall area to Determine Highwall

Width.
Slope = 0S
H3 g =
Slope = HS — *=._._Slope = RSO

o
E

Post-mining contour

- ----Reclaimed slope

A+ W4+ B 4+ C = the length of the reclaimed cross section referred

to as LE. (Refer to Figure A.08.)

Where: A = ﬁg (Remember HS is negative.)
Hi '+ H2
B =08
H3

RSO
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The area may be transferred to a volume per acre basis. Consider
LE to be one side of a rectangle with an area equal to an acre. The
other side must be equal to the area of an acre divided by LE.
Let: ACRE = area of an acre/LE
The volume per acre of yardage moved equals ACRE multiplied by AR3.

The volume of material which must be moved from the highwall side
to produce the desired reclaimed slope depends on the height of the
highwall, the desired slope on the highwall side, and the recontoured

slope on the spoil bank side (Figure A.09).

Figure A.09. Cross-section of the Highwall Area.

Slope = 0S

~ Slope = HS

"\~ _ Slope = RSW Slope = RSO

Post-mining contour

Reclaimed slope

We know:

Overburden depth plus coal seam = D

Reclaimed slope highwall side = RSW

Reclaimed slope spoil bank side = RSO

Spoil bank slope = 0S

Highwall slope = HS

Hl and W = from the Model on determining the yardage moved from
the spoil bank. (If the reclaimed slope from the spoil bank
side intersects the pit bottom, then W becomes the distance
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betwéen the intersection of the recontoured slope (spoil

bank side) and the pit bottom and where the spoil bank

intersects the pit bottom. Therefore, if Hl is .greater

than 0, then W=W* (original) or pit width but if H1 - O,

then W-W* (some new value).)
AR1 may be found is D' is known. D' is ‘defined as the vertical distance
from the pit bottom to the point where the highwall intersects the
reclaimed slope on the highwall .side. Refer to Figure A.10.. A solution
may be found for D' by finding an expfession for ARl and AR2 in terms
of D', setting ARl equal to AR2, and solving for D'. A coordinate
system such that the y axis passes point W in Figure A.10 and the X axis
coincides with the pit bottom will facilitate the finding of an

expression for AR2 in terms of knowns and D'.

In order to find the area of AR2 -through the coordinate ‘method

_points'A, B, C, W, X, Y, and Z must be found.

Z coordinates (0,0).

W coordinates (0,D')

A coordinates (-D',D)
HS

D' -+ _ HS
T then ZA = D' *

(Since HS =
Other coordinates can also be found. The equation of the line
representing the highwall. slope is Y = =(HS) (X) + D'

Setting Y = HL to find the coordinates of point B,

(' - D', H1)
- -HS '

B coordinates
The coordinateé of Point X can be.found with the use of the equa-
tions for -the lines representing the reclaimed slopes on the highwall

and spoil Bank side of the highwéll area. The equation for the line °




Labeled Cross-section Highwall Area

Post-mining contour

- — Reclaimed slope

Figure A.10.
Y
P‘,Slope = HS /1ope = RSO
~ ARl
S/\\\\/I/SIOpe=RSW / ”',_—’/'
e~ b f S
D' AR?2 e e ’/
e o e
5 Sl y s
P .
Z A Y

_-86-.




~99-
representing the reclaimed slope from highwall side is Y = FRSW(X) + D'
(Equation A,03), The equation for the line representing the reclaimed

slope from the spoil bank side can be found because the coordinates

of point B and the slopé are know. The equation is Y = (RSO)(X) + H1 -

(RSO) (H1) + (RSO) (DY)
.HS ' _HS )
Let J = H1 - £B§%%£Ell. Then the equation for the line represent-
. - ) '
ing the reclaimed slope, spoil bank side is Y = (RSO)(X) + J - £B§%%£2—l

(Equation (A.04), By solving Equations A.03 and A.04 simultaneously
the coordinates of an expression for point X cén be found.

Let: G = RSW - RSO

g = 250 21
T @©G)@ms) ¢
et _ 1
L = Xsw RSO
Mo B _ _HL_
(HS) (L) (RS0) (L)
N = L 1

(RS @) ~ @S) (L)

Point X coorainates =‘(é-+ OHYEK), M+ O

Since X qoordinates for points X, Y, and C are the same:
-Y coordinates equal (%-+ M) EK),0) '
C coordinates equal (%-+ ') X),H)

An expression for AR2 can now be found. ‘

AR2 = area WXYZ - area WZA - area ABCY - area BXC

@ +M+ OIM) I, o
RO G+ O

area WXYZ =

1+ XN
2

G
Let: P ~

3
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en Y - (P)(D,) (_) @0 E + WD () (D;)ao

, ‘ 2
area WZA = (2.2_)- (:_‘%S_)
_'?
~ 2HS |
area ABCY = (_]&%_ASD (H1)
- & o - 2D L1 o))
ARG e IR ACRICRE S o ot
w2
© Let: Q= (Hl)éJ) 2HS
_ HL
R = (H)X) + S

Area ABCY = 0 + (D') (R)

Area BXC=(M)
'_'_'_J ' l
BC=5+ O )(K)— S XC—M+(D)(N)-H1
Let: S =M - HL
-3 HL
T=5%+5gs
- - X
U=X- 35 .
- : - ! ] ,2 )
Area B X C .=.(S§(T) + (SDHE L EHM@ | @HWME) -

2 2 2

Now an expres'sion can be found for AR2 in terms of D'.

@ ()@ 00 0NE +(—D' )— Q
“G 2G 2 2HS

()@ . GO . M@ . 0'Hmwa)
7 7 5 + 2 + 2

AR2 = (P)(D") + (@) @' )(K) +

+ @)R)) -

An expression can also be found for ARl in terms of D',’
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Figure A.11l. Cross-section of Undisturbed Area to be Moved in

Highwall Area.

s M

Dll

Slope = RSW 2

Where: D" = D-D'

D" (@" _ D")(-1) (Must be multiplied by -1 since RSW and

fhe 2 RSW HS HS are negative. Consult Figure A.11.)

AR1 is the source of undisturbed overburden which will swell when moved

to area AR2 (refer to Figure A.10). Therefore multiplying ARl by a

swell factor (SW) and substituting D - D' for D",

W ¢ TR Y
RSW HS

2 2
a1 = WOOED. ) ) 1) swy - LLO )W)

Let:

D' can now be found by setting ARl = AR2 and solving. Substituting D'
in the formula to find ARl gives the area moved to recontour the high-
wall side of the highwall area. Multiplying ARl by the variable
labeled as ACRE in the model for the spoil bank side of the highwall
area, gives the volume per acre to recontour the highwall side of the

highwall area.
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Method of Determining the Volume of Spoils Moved to Recontour the Ramp

Road Area,

Figure A.12. Cross-section of Ramp Road.

Post-mining contour
Post-mining contour if ramp road were not presented.
.r-- ... Contour after recontouring

-

Referring to Figure A.12, the known variables are:

H = average overburden depth or spoil bank depth to the bottom
of where the coal seam was present

W = width of the ramp road

0S = overburden slope

RS = reclaimed slope

ARFA ABCDE = ARFA 1 which is the area to be found or the area
which must be moved to produce the desired slope

AREA AED = AREA 2

AREA ABCD = ARFA 3

If AREA 2 and AREA 3 are found, then AREA 1 can be found since:

AREA 1 = AREA 3 - AREFA 2.
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AREA 3 = (W' + 2CF)

|
! | 0S = H/CF
Therefore:
CF = H/0S and
W' = W+ 2H/0S.

AREA 3 can now be found.

ARFA 2 = (Euliﬁu)
2
Sihce:
HV
S = W
2
Therefore:

H' = (RS)(W'/2).

ARFA 2 can now be found and therefore AREA 1 can be -found.

The width of the cross-sectional or ramp road area is equal to
W'. The length of the area necessary to make an acre (ACRE) may be
found since ACRE = area of an acre/W'.

ACRE timea ARFA ~ 1 yields the volume per acre of spoils moved to

produce the desired sldﬁe.

Method of_Determining.the Volume of Spoils Moved to Recontour the

Remaining Spoil Banks.

The spoil banks appear in either one of these general forms. If

a standard pit width of 40 yards is assumed, then the spoil bank beaks
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must also be 40 yards apart. If spoil banks have an 0,8 spope, then
the spoil banks which have been produced from less than 5.12 yards of
overburden will have a space between them (assuming a swell factor of

25%) .

Figure A.13. Cross-section of Remaining Spoil Banks Produced from Less

than 5.12 Yards of Overburden.

PR R TR

Figure A.14, Cross-section of Remaining Spoil Banks Produced from

Greater than 5.12 Yards of Overburden.

Earlier in this section it was mentioned that one of the variables

affecting the cost of recontouring the spoil banks was the volume, in

cubic yards, of spoils to be moved.
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Figure A.15. Cross-section of Remaining Spoil Bank Produced from Less

than 5,12 Yards of Overburden showing Recontoured Slope.

Post-mining contour

Reclaimed contour

The volume moved (vertically cross-hatched area, Figure A.15) is
the volume to be filled (horizontally cross-hatched area). The yardage
or volume moved may be calculated by finding the vertical area of the
volume moved (vertically cross-hatched area) on a cross section and
multiplying by the length of the spoil banks. The spoil banks must have
a consistent shape for this model to hold true. Also, the model to
calculate volume assumes that the tops of the spoil banks are level and

not peaked as they are in fact. (Refer to Figure A.16.)

Figure A.16. Cross-section of Assumed and Actual Post-mining Contour of

Remaining Spoil Bank Area

Actual Shaii/////\\\\v////\\\\V////\\\\\«////\\\\v////\\\\\\\\
Assumed Shape’:}///
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The volume of overburden moved when mining, multiplied by the swell
factor, equals the volume of the spoil banks. Therefore, the area
of the cross section of the spoil bank will be found as:

AR1 - (D) (W) (SW + 1)
where:

ARl = area of the spoil banks

D = overburden depth

W = pit width

SW = swell factor.
The slope of the spoil banks are determined by physical characteristics
of the material being stripped and spoil banked. Therefore, if the
slope of the spoil bank is known, a relationship can be found between

the height and the base of the spoil banks (refer to Figure A.17) %

Figure A.17. Cross-section of a Spoil Bank.

h
L’-i/\/

h
0S =b
2

0S = slope of spoil banks

h = height of spoil banks

b = length of base
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Therefore:
_ (08) (b)
g 2
_ (W) ()
AR1 >
2
ARL = (Osg(b )

Since ARl is known, we let

b =[4 ARl
\| OS

Figure A.18. Labeled Cross-section of Remaining Spoil Bank Area.

Post-mining contour

Reclaimed contour

-

The area of JKMN (area to be moved) is equal to vertically cross-—

hatched area in Figure A.15. Area of JKMN - triangle JKM-triangle JNM.

Allow h' to equal some value to be found. Let area JKM = AR2.

To find AR2 we must find b'.

h!
08 = $173

2h'

! =
" 0S
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AR2 = (h')(b")
2
47

0S

h

|

To find the area of JMN (hereafter referred to as AR3) h'' must be

found. Assuming the reclaimed slope desired is known, then:

L
RS = %772 RS = reclaimed slope
A 4
b 0S
w6 B @B)
0S
(sl BN
2
_ A ®s)
OS2

Let the area to be moved (JKMN) equal AR4.

AR4 = AR2 - AR3
w?  @?)@s)
ARA S 2
0S
12
ARG = (A) (h'2).

Figure A.19. Labeled Cross-section of Remaining Spoil Bank Area.

. Post-mining contour

w -—- Reclaimed contour
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The atea to bé filled TMRSU (AR7) = area TMSU. (AR5) - area MRS (AR6).
If expressions are found for AR5 and AR6, an expression can be found -

for AR7. (Refer to Figure A,19,)

We know: W = pit width

b

spoil bank base

h''"!? =Ah - h'

(C+M8)(h''")
2

Therefore: AR5 =

Where: C=W- b

—_— 1ty
NS h .

Il
Q
+
N

Therefore:
1171

gtry + B
AR5 = (©)(@'") + g5

AR6 is a triangle.
2h¥'l‘(Hll|l)

AR6 = (C + g = \
An expression for h'''' can be found.
h"l'
RS = T+ zn
0S_
2
Rt = ®S)(C) + 2(h''")RS) .
. ' i OS .
-2

Substituting for h'''!

ARG = (BS)(C) +°(C) (W'Y (RS) + (') ®RS)(©) + (n'''%) ®S)
4 2 : 2(05) 0S

AR7 can now be found.
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AR7 = AR5 - AR6.

S @@ + @'Y - @)D - @GRS - GRS EC)
- o8 4 - 2 2(0S) -
- % RS) |
OS2

Let"

D1 = C - (C)(RS) - (RS)(C)

2 2(0S)
.1 _BRs |
E=0%s "~ 0s%
F=< ®)(CH
. 4 g

" Then AR7 = (h'''?)(E) + (b''')(D1) + F..
SinAce.h' ! ' .= h - h', _
L AR7 - @) (@) - 2('E):- @ @Y + @HE + ‘(h')l OL) - (h"™) Q1) + F.
Let: 6 = GH@® + 7+ W@ o
- 2@ - D1
Then AR7 = (h'%)(E) + (") () + G.
Equatirllg AR4, the area to be moved,:with AR7, ’tlile’ area to be
filled, then: h |
AR7 - AR4 = 0.
| sﬁbééituting f§n AR7 and AR4 . _
@A E + GG e - @@= o,
" Since E = o |

(') (I) + 6 - o.
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Therefore:

h' - -G/J and

ARG = (A) (n'%).

The area to be moved, AR4, is known.

To convert this area to a per acre basis, the area of an acre is
divided by the width of the pit.

Let:

ACRE = 4840/W

Then: area of an acre = (ACRE) (W)

When: W = pit width - distance between spoil bank peaks = b + C

4840 = square yards in an acre.

Multiplying AR4 by ACRE generates the volume moved per acre.

If h''' - h'''' is less than 0 (as in Figure A.20), then h' is

understated and so is AR4 and the volume per acre.

Figure A.20. Cross-section of Remaining Spoil Bank Area.

o...... Post-mining Contour

_ --_Reclaimed slope




¥
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If h'"'' minus h'''' is less than 0, then adjustménts must be made.
The expression representing the area for AR4 remains the same, but the

expression representing the area for AR7 changes.

ag7 = 2" (R)
2
Where: h''' - h.~ h'
—_— hl"' h"'
TR =755 ~ "®s
1 1
Let: P ~ 35 “Rs

TR = (h"‘)(P).

Therefore: ‘AR7 - (h"'z)(P)"

Put AR7 in terms of h' (h''' = h - h')

AR7 - (D) @) - 2() @) @) + b5

and set

AR4 = AR7. "

0 = AR7 - AR4

Substifuting for AR4 and A47

0- H® -2 WA + wHE = @H
Letting X = P - A

Y —2(h)(P5

vz = (%) @)
Then solving for h'
AR4 can now be found.

ARL = (h'z)(A).‘

Proceed from here as before.
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If the original spoil banks run tbgéther (refer to Figure 3.20), then

h = (0S) (W) because 0S = h and
2 b :
2
b = W since the'disiance‘befweén'spoil bank vees eqﬁals the pit

width and C = O since there is no distance between the .spoil banks.

'The rest of thé derivation is the same as before.
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Appendix B

Generation of Machinery Cost Estimates for Revegetationm.

Machinery cost estimates for September, 1972 are presented in ’

(2" 1;00'

Table . B.O1,

Table B.Ol. Machlnery Cost Estimates for Seedbed Preparatlon, Seedlng
and Ferti%kzing (banding), and also Fertlllzing (broad-
‘castlng) _ , _

' " New Performance Machine Fuel & .Lub. Repairs Labor37-
Machine © Price Rate Life Cost/br. Cost/hr. Cost/hr. .
Traetor‘90HP . : , _ : - .
(Diesel) 9600 . 12,000 . 0.86 - . 1.15 4.00 .-
Drill 12' 2100 . 2.8 A/hr. 1,000 1.84
Tractor 55HP C : -
(Gas) 6200 12,000 1.08 0.74  4.00
Fertilizer . 38 .. .

Spreader 12° 380 '2L8,A/hr.' 12,000 . 0.34
- Tandein Disc . o - .
© 5.6 A/hr. 2,000 ° 0.53

Updated-machinery cost estimates may be produced by use of an

-appropriate inflationary'factor.

are presented in Table B.02Z.

The appropriate.inflationary'factors,

6Bucher, Dr. Robert F., Estimating Per Hour Operating Expenses of Farm

Machinery,- Montana Agricultural Experiment Station, Montana State.

that for. the drill.

37 abor valued at $4/hr.

- University, Bozeman, Montana, September, 1972.

8Performance rate for fertlllzer spreader is assumed to. be the same as
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Table B.02. Inflationary Factor for‘Updating Machinery Cost Estimates.
39 ;39

Indexes September 1972 September 1974 Inflationary
and Ratios Price Index ‘ Price Index Factor
Farm Machinery 265 353 . 1.33.
Motor Supplies 149 : 219 1.47

If the inflationary factor for farmvﬁachinery is épplied to repaiﬁ
and original costs and for motor supplies is'applied to fuel and lubri-
cation éosts, more up to date costs can be found. Multiplyiﬁg the
updated repair qoéts by four and dividing the machine life in half
. makes theﬁ pertinent to revegetation.40 Depfeciation expense pe?ihoﬁr
may be found b& dividing the appfopriayg machine life into'the updated

new price. Ownership costs othef thép déﬁreciétion éré estimated at 6%
for interest, 0.6% for insurance, 17 for faxes, and 1% of thé average
value of the machine for ﬁouéing. Ownersﬁip costs equal 8.67% of the
average macﬁihe value or 4.3% of the new machine valde ﬁlus depreciation
‘expense.Al All costs may be put on a per acre basis by diﬁiding the

hourly operating costs by the performance rate. Per acre machinery cost

39News Release, Montana‘Crop and Livestock Reporting Service, USDA,
Montana Department of Agriculture, Agr1cultural Statistic Reportlng
Service, Helena, Montana, December, 1974. :

40Personal Interview, Hodder, Richard L., Reclamation Research, Montana
State University, Bozeman, Montana, September3‘1974.

lStevens, Delwin M., and Agee, Douglaé E., Using. Farm Machinery Efficient-
ly, Bulletin 482, Agricultural Experiment Station, University of
Wyoming, Laramie, Wyoming, December, 1967.
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of revegetation are estimated in Table B,03.

Table B,03. Estimated Per Acre Machinery Costs ‘for Revegetation.

Ownershi_p42 Fuel & Lub. Repair - Labor Activity

Activity "~ Cost/A. Cost/A. Cost/A. Cost/A. Cost/A.
Seed Béd‘ - . :
Preparation - - 1,47 0.28 1.24 0.71 3.70
Seeding and Band

Fertilizing ' 7.83 _ 0.45 - 5.68 1.43 15.39
Broadcast . '
Fertilizing 1.62 0.57 2,12 1.43 5.74

Total Costs 4 . 24.83

Machinery cost estimates for planting trees are presented in Table
B.04 (tractor estimates are updated from September, 1972 and post hole

digger estimates are current).

Table B.04. . Maéhinery Cost Estimates for Tree Pianting (Tublings). -

New Performance Machine  Fuel & Lub. Repairs

Machine Cost Rate Life Cost/hr. Cost/A.
Tractor 40HP : l o '

(Gas) 651743 12,00043 1.2543 . 3.1843
Post Hole 46344 12 holes/hr45 5,000holes'46 0.2446

4

2450 acres/year -are assumed to be reclaimed for purposes of éstimating
per acre ownership costs.

43Bucher, Dr. Robert F., Estimating Per Hour Operating Expenses of Farm
Machinery, Montana Agricultural Experiment Station, Montana State
University, Bozeman, Montana, September, 1972.
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The méchinery cost of planting tublings Without-plastic aprons
is the same as plantingithose with plﬁStic aprons. While plastic
aprons'are_ingtalled;'machinery is not used. No machinery is used to
‘plant seedlings. Using the methods presented in the previous section’
(Machinery Cost Estimates for Seeding and Fertilizing (banding and |

broadcasting)) the cost estimates presented in Table B,05 can be found.

Table B.05. Estimated Machinery Cost Per Tubling Planted.

Ownership47 Fuel & Lub. Repairs Total
Activity Cost/Tree Cost/Tree ~ Cost/Tree , Cost[Irge
Planting a E : .
Tubling 0.25 0.11 0.28 0,64

4Personal Interv1ew, Gallatin County Equlpment Bozeman, Montana,
January, 1975.

STelep‘hone Interview, Hodder, Richard L., Reclamation Research, Montana
State University, Bozeman, Montana, February, 1975.

46Labor-valued at $4/hr;
47

2500 tublings/year are assumed to be planted for purposes of estlmatlng
ownershlp costs per tubllng planted.
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Appendix C

Method of Determining the Length of the Recontoured Slope on the

Highwall Side of the Highwall Area.

Figure C.0l. Diagram to Determine Width of Recontoured Slope on the
Highwall Side of the Highwall Area.

Knowns:
X = highwall area width
C = highwall height - average spoil bank depth

RSW = reclaimed highwall slope
RSO = reclaimed slope opposite the highwall
H = highwall height
Let:
Y = length of the recontoured slope on the highwall side (the
distance to be found)

]
Il

+Y

-Y

H/Y

(H-C)/X -Y)

H=RSO (X - Y) +C

H = Y(RSW)

Y(RSW) = RSO(X) - RSO(Y) + C
Y = (RSO(X) + C)/ (RSW + RSO)

N
>N

]

w0

o
I

H should be computed and compared to actual highwall height. If H
is greater than the actual highwall height, then H should be set equal
to the highwall height and Y = H/HS.
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Method of Determining Average Push Distance in Ramp Road Area.

The push distance of the bulldozer may be estimated by averaging
the longest and shortest push distance. Assume that the overburden
displaced by the ramp road is placed on both sides of the ramp road.
The shortest push distance is the minimum and the longest push distance
is 1/2 the width of the ramp road area plus the width of the area

occupied by the yardage displaced by the ramp road.

Figure C.02. Cross-section of the Yardage Displaced by the Ramp Road.

T = height

X = base

0S = overburden slope (ARFA 4 and AREA 3 are estimated

ARFA 4 = (T)(X)/2 in procedures in Appendix A, Method
AREA 4 - AREA 3/2 of Determining the Volume of Spoils
AREA 3 is known Moved to Recontour the Ramp Road Area)

T = (0S(X)/2
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AREA 4 = (08) (0 (X) (/1/2)
2 : i
T

. 08
,Tﬁe longest push'distance equal W'48/2 + X or 1/2 the width of the
ramp road area plus the base of the displaced yardage. The average
push distance is approximated by averaging the shortest push distance

(minimum push distance) and the longest push distance (W'/2 + X).

48W' can be found byfthe method presented in Appendix A, Method of
Deétermining the Volume of Spoils Moved to Recontour the Ramp .Road

Area.
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