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Abstract.—- The requirement for returp of mine spoil to
"approximate original contour" (AOC) is quite controversisl in the
Appalachians, Many AOC backfills are unsteble and prore to
failure, particulary in excessively steep topography.

Altervatives ro ACC exist which are more stable, environmentally.
and economically superior to complete AOC, and still eliminate the
highwall, when properly constructed in appropriate locales.
Widespread implementation of these slternative landforms would
reduce sediment lose from mined aress.

INTRODUCT1ON

Federal legislation {Surface Miring Control
and Reclamation Act of 1977--SMCRA) and resultant
state Permanent Regulatory Programs require
surface mine operators in the Appalachiane to
restore reclaimed land surfaces to their
"gpproximate original contour" (AOC) or the most
moderate slope possible to eliminate the
highwall. In sreas of steep relief, such as SW
Virginia, this provision has been highly
controversial. Many have alleged the AOC provision
leeds to unstsble post-mining slope conditionms,
excessive mining costs, incressed erosion, and
loss of post-mining land-use value. Until now,
little repearch, if any, has been conducted to
objectively evsluate the AOC provision in the
steeply sloping hard rock mining regions of
Appalachia.

The Congressionel Record indicates that
Congress gave sericus attention to the tradeoff
between environmental quality and economics during
the debate over SMCRA previous to its passage. The
Act defines approximate original contour as:
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and Reclamation,

“Approximate original contour" means that
surface configuration achieved by backfilling
and grading of the mined area so that the
reclaimed area, including any terracing of
access roads, closely resembles the general
surface configuration of the land prior to
mining and blends into and complements the
drainage pattern of the surrourding terrain,
with all highwalls and spoil piles
eliminated...(701(2)})

The Act specifically requives surface nining
operators to:

+v.grade in order to restore the approximate
original contour of the land with all
highwalls, spoil piles, end depressions
eliminated ... (515(b}(3))

The same provision was specifically stated for
areas of steep eslope mining, i.e areas wgere the
pre-mining ground slopes in excess of 20 .

In Virginia, the vast mejority of mined lands
are reclaimed to AOC. These lands are steeply
sloping both before and after mining. The purpose
of this research was to investigate the economic
and environmental effects of the AOC proviecions of
SMCRA in the steeply sloping topography of the
central Appalechian coel region. This report
summarizes major results in researching and
meeting three major objectives given below. A
detailed discussion of each aeparste study is
beyond the scope of this paper, but we hope that
the reader will consult the indivudual referenced
studies for more detail where needed.
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OVERALL OBJECTIVES

1. T¢ investigate the long—term stobility of AOC
backfills, and to evaluate tlie engineering
feasibility of this practice in the steeply
sloping areas of the centrel Appalochians.

2. To deterrine the costs of returning epoil to
AOC ve. plecing it in alternative stable fills,
and to identify, evaluste, and (uantify
potentisl land-use benefits foregonme when spoil
is returned to contour rather than placed in
the glternative fills.

3. To estivate the differences in water gquality,
paerticulerly sedimert load, associoted with
AOC and slternative landforms.

METHODS, RESULTS AND DISCUSSiOM
1. AOC Backfill Stability

The specific ¢kiectives of this portion of the
study were:

1. To eveluste factors contributing to slope
failure of ACC backfills in SW Virginia by
field cbservation of stable and unstable sites.

2. To determine the validity of commonly used
slope stebility models for predicting the
factor of safety and locating criticel failure
surfaces.

The need for resesrch to validate the uee of
the static factor of safety aes a measurement of
slope stability was documented by the Cormittee on
Fighwalls snd Approximate Criginal Contovr
(CORACC). This committee was created by the
Kstional Research Council (NRC) et the request of
the Office of Surface Mining to study AOC
reclamation in relation to rewmoval of highwalls.
The COHACC did not find evidence of significent
slope failurer in regions of steep topography.
However, it conceded that only & years had prsred
since enactment of SMCRA, an irsufficient time to
evaluste long-term slope stability (NRC, 1984).
Also, the study was conducted as a genersl survey
and therefore could nct critically evaluate the
slope stability issue from &« scientific viewpoint.
COBAOC recognized that situstions nay siise where
complete highwsll backfilling is undesirable for
stability reasons and recommended provisions
allowing partial highwall eliminatior.

Materials and Methods

Field Investigations During the couise of this
study, we obtrerved stzhle and vrststle sites
reclsimed under the provisions of SMCRA to
evaluate factors cortributing to slope
instability. All sites were located in Wise,
Dickenson, and Buchenan Counties, Virginia. Locsl
coal conpanies ¢esinted in site selection and
provided information on the minirg techniques
utiliged.

H2.

The study arvea is Jocated in the Appalechizn
FPlateau physiogrephic regiocr where the teopoprapty
is characterized by strong relief with long ridges
dissected by narrow winding streams. The SW
Virgiria coal fielde oi1c¢ covired by 66 1, 8,
Geological Survey maps with the following
distribuvtion of average slopes per map: (VA DMLR,
1980)

Tsble 1. Distribution of slope clasees in

tbe BW Virginie ceel fields. ...
% of Land Im Approxinste
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The geology of the region ik cheracterized by
jnterbedded sendstone, siltstone, skales, and coal
seama of the Pennsylvanian system. Units within
the system include the Harlen Bandstone, Wise
Formation, $ladeville Sandstone, Forton Formation,
Lee Formstion, and Pocahontss Formetion in
descending order.

We cbecerved 24 ACC backfill sites of which 11
appeared stable, 9 wvere failing, and 4 shoved
signs of instability. We deliberately chlose 2
range of unetable sites for study and the sbove
figures ere not intended to be represcntetive of
the frequency of AOC backfill elope feilures.
Since several sites were often on the same mine
and composed of the fare spoil waterisl, we
sampled on 12 different spoil typer.

Our field investigations included detailed
surveying of tramsects on mexinum intervals of 20
feet to obtain accurate cross~sections for
stability and to obtsin accurote crosg-secticns
for stability analyaes. On sites where slope
fsilure had significantly altered the original
surface, we utilized trensccts of the sd jocent
undisturbed f£ill combined with the originel mining
plans to reconstruct the surfsce prior to slope
feilure. We surveyed aress of seepege and rock
outcrop and made general field descriptions of the
rite snd spoil characteristics. We took bulk
spoil samples for strength analysis from the
exposed scarp face at failed sites and from pits
dug below the rooting zone on ¢teble slupes.

Laboratery dnalyses We determined the particle
size distribution by passing the samples through
4.75-wm. (No. &) erd 2,.00-mm (No. 18) sieves and
vred the pipette wethod for analysis of the <2-mm
fraction (Day, 1965): Compsction charscteristics
were by vodified procter (4.5.T.M., 1978). Direct
shear tests were utilized to determine the shear
strength parsmetere. Bamples were Tecompacted to
spproximate field density conditiors and strained
at normsl pressures of 24,48, and 96 kPa. Strain
ratee were coalculated from consolidation
characteristice to model drasined corditions.




Therefore, the test yields effective strength
parameters which are appropriate for modelirg
long-term strength conditions in spoil materials.

Computer. Medeling REAME (Retational

Equilibrium Analysis of Multilayered Embankments)
computer model was used in calculating slope
stability (Huang, 1983). REAME is adaptable to a
variety of surface mining sitvations and is widely
used by the mining industry in the southern
Appalachians. The program models rotational slope
failures uvsing the simplified Bishop method and is
capable of handling seversl layers of different
strength material, Seepage comditicns may be
defined by specifying the geometry of the phreatic
surface or using the pore water pressure ratio
{Ru) which is defined as:

X-sect. area of fill below phreatic surfzce
Ru = -——-
2 X total X-sectional asrea of fill

We utilized another computer model, SWASE
(Sliding Wedge Analysis of Sidehill Embankments),
for analysis of sites where planar foundation
feilures were also possible (Huang, 1983).

Results and Digcussion

Slope failures commonly occur in AOC backfills
in the Appslachian region, particularly in
steep—cslope contour wining eituations. Small
planar and rotational feilures may occcur
invediately after :mining, sometimes even before
vegetation is established. Larger, massive
failures usually are delayed for some time after
site closure, All. failurea within 5 years endanger
bond release, and beyond that time pose severe
problems for regulatory agencies and landbolders.
It is difficult to estimate just how many AQC
sites are feilure-~prone, but we believe the
problem is significant on a regional basis.

The computer model (REAME) vsed to evaluate
slope stability accurately predicted the location
and occurrence of slope failures in the field
Therefore, if properly used with accurate input
parameters, REAME should provide accurate
stability data. The planer failure model (SWASE)
was also effective in predicting field failures
under appropriate conditions. The variability of
shear strength due to differences in comnpaction or
wmaterial properties must always be considered when
using REAME. We found considerable differences
among the effective shear strength parameters ( g
and c; angle of internal friction and cohesion)
for differing materials (Bell and Daniels, 1985).
Quite often, materiels with nearly identical
particle size distributiors and field densities
had grossly different strength values., These
values are frequently estimated or extracted from
accepted references in the mine planning and
engineering process without actual testing. This
is obwiously & dangerous practice. Therefore, use
of conaervative values for shear strength
parameters is essential when performing highwall
backfill stability analyees, aince an adequate
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numbey of strengrh tests to eveluate variablility
are rarely perforned.

Major fzctors which were identified (Bell and
Daniels, 1985) as contributing te AOC slope
failure dncluded: 1} exceseively steep (>30%)
slopes, 2) excessive seepage inte the fill
resulting in development of positive pore water
pressures, 3} Placement of the toe cf the £i1}
beyond the edge ¢ the mining bench, and 4)
excessive acidic seepage causing rapic weathering
and subsquent reduction in spoil shear strength.

&1l A0C backfills are required to meet =
static safety factor of 1.3 besed on standard
geotechnical analyses. Steep backfills are often
designed based on spoil strength parameters that
are difficult or impossible to attain in the
field. Triforr and complete spoil compaction is
particularly difficult to obtain in AQOC backfills
since the speil is essentially ramped up and
dumped down into and over the backfill., Even
under idesl conditions, spoils ere seldonm
compacted in less than 1 m lifts, and recent
research (Saxena et #)., 1984) suggests that it
may be necessz1y tc compact spoils in ouch thinner
lifts to achieve acceptable densitier. Ancther
design error may result from inaccurate estimetion
of spoil strength as previously discussed. The
end result ig that many AOC backfills have been
constructed with slope angles in excess of the
maximum that can be expected to remsinm stable,
despite the requirement that stability analysie be
performed and despite the required miniwum =afety
factor of 1.3.

Most sites with slopes in excess f 2c¢
displayed some degree of slope instability. Very
shallow (6~12 inch) localized slides were common
on these sites and early stages of large scale
rotational slides were alao observed. Another
stability problem results from the corstruction «f
“pregnant™ backfills with bulging convex glopes.
This is common on long linear mountair elopes
where hollows are not available for excess spoil
disposal. This convex configuration leads to
localized sreas of instebility due to steep slopes
in the lower portion of the backfill,

Peductions in shear strength from weathering,
compared to similar dry epoils, were cbserved in
spoils high in siltstone. This, coupled with
development of positive pore water pressures, led
to extensive slope failures on only moderately
steep (<25°) slopes where seepage was a problem.
Over time, considerable downslope subsurface water
flow inte the backfills occurs, particularly when
long continucus slopes occur above the backfill.
Settlement cracks are common where the top of the
backfill meets the highwall, and serve as a
conduit for water moving downslope into the fill.
Smell, unmapped local depressions and drainageways
can also serve to concentrate water and move it
into the fill. Backfills wbich are down dip can
also receive considersble seepage through the
highwall, and frequently the coal sesm. It may
take many years for sufficient woter to accumulate




in a fill and wesken it viz development of pore
water pressules o1 accelcroted weathering.

Surmary and Conclusions

The following factors were identified as
contributing to slope failures at the sites
studied, and in the regicn as a whole:

1. Excessively steep (>30°) final
regraded surfaces.

2. Excessive seepage into fills causing
development of positive pore water
precsures and spoil strength reduction.

3. Placement of the toe of the fill beyond the
edge of the mining bench. This practice
does not meet current regulatory
requirements.

4. Excessive seepage causing rapid weathering
of siltstone spcils and subsguent reduction
in shear strength.

5. Inaccurate estimation of spoil strength ard
compaction charactes ietice ip £fill design.

Additionally, the REAME computer model was able
to accurately predict the location of failure
surfaces and their occurence.

I1. The Cost Of Return To AOC
ve. Alternative Lanforms

Introduction

The Appalachian coal mining region is subject
to & number of environments! and economic
problems; many are & result of the steeply sloping
topography. The extenaive surface mining
sctivities in the area appear to offer the
opportunity to proeduce wore favorable landforms at
minimsl marginel costs. Yet, despite this apparent
opportunity and the success of research efforts to
develop improved mine 8oil construction and
revegetstion techniques, the majority of the
wining and reclamation activities in the Virginia
coal region are carried out using conventional
pethods: reconstructing steeply sloping wmining
arcas to AOC. :

The purpose of this portion of the project was
to estimate the costs of coal surface mine
reclamation wethods designed to prepsre mined
lands for improved use in areas of steeply sloping
topography. The practice chosep for study was the
production of a postemining landform containing
extensive near-level areas &nd surface soils
suitable for agricultural use. This landform
includes backfilled highwalls and meets all
requirements of SMCRA other than the complete
return to AOC. Since proeduction of this landfore
required an alteration of the mining process, a
computer simulation approach te cost estimation

was chosen. Dve to the fect that the most widely
veed nining and reclamstion methods retuin wloping
lands to AOC, the coet of the alternmative

studied was estimated ae the change in oveacll
mining cost resulting fiom implepevtation of the
gliternative lendform (LA) vs. cooventional AOC
technigques. .

Methods

In order to cariy ovt this resesrch, a
computer-based mining and reclenstion cost
estimating systen was developed. COSTSUM is a set
of seven programa designed to snalyze date from
sctive surface mining sites, and determine spcil
bandling and reclamstion coste (2ipper ard
Paniels, 1986). OPSIM is a surface mining
eimulator designed to estimate the differences in
spoil handling costs among reclamation and
postmining landform alternatives (2iprer et ol.,
1985a). 1In sddition, Radian Corporstion”s CPS/P(
was used to generate graphics and to perform
volupetric snalyses (Radian Corp., 1986). These
tectniques were applied to s case study, a surface
wine at Awos Ridge in Wise County, Virginia, vhere
the improved reclamation techniques under study
were put into practice.

The pre-mining landform &t tbe case study site
consisted of s series of finger ridges protruding
from & central “spine", Amos Ridge (Fig. 1).
Resrly all of the land being mined had elopes in
excess of 200; this type of topography is coonon
throughout the region. During the course of
mining, three hollow fills are being comstructed
a0 that their upper surfaces are contiguous with
flat sreas on the tops of the finger ridges, which
are not being returned to ACC. All highwalls are
backfilled, but their slopes are considersbley
less than would be formed under complete AOC
wining. The final landform will include a broad,
near-level bench extending over the stripped
fingers and three filled hollows, which will
support an agricultural land uae {(livestock).
During the period of study, the firat bollow fill
wap completed, sasociated areas were mined and
reclaimed, and the second hollow fill was
initiated, This mining wethod has been termed
"Land form Alteration"” (LA).

Results

During this study, data on machinery operation
at the case-study site were recorded on a daily
basia (Zipper and Daniels, 1584} and anslyzed
using the COSTSUM programs, which were developed
for use in this study. The average cost of spoil
handling at Amos Ridge between 1 January 1984 and
1 August 1985 was estimated to be $1.50 per bank
ecubic yard {Tsble 2). Rowever, spoil handling
coste varied widely between minipng blocks. The
detailed output of the COSTSUM programs allowed
identification of high cost components and low
cost components of spoil handling within each
block, and thus the ressons for the sharp
varistions in spoil handling costs among the
various wining blocke (Zipper et al., 1985).




Figure 1.

Isometric representations of actual &nd possible mined

land forms at Amos Ridge. Each figure represents an area 1400 feet
equare. The figures are viewed from the southeast. (8.) The
pre-mining topography, showing finger ridges protruding from the
central “spine" of Amos Ridge at the western edge of the image.
(b.) & representation of the portion of the topography disturbed by
wining during the period of study. (c.) The post-mining landform
currently under construction, the LA cese. {(d.) The probeble
post-mining lendform, had the site been reclaimed to AOC,

Table 2. Components of average spoil

handl]ng cost at Apos Ridge

Component . § per _b_Q.JL..__._l
Clear and bench 0.01
Drill epd blast 0.41
Cerry and push 0.20
Load and haul
Dozer feed 0,07
Loading 0.35
Hauling 0,38
Dumpsite 0.09
Total 0,89
Rec lamation 0.08
Overhead 0.31
Totgl $1.90

]: a8 bank cubic yard is «
measure of overburden volume before
blasting and associated swell.,

The daily operations data collected &t the

site formed a basis for simulation procedures
(Zipper, 1986). Fiyer, the original model was
extensively modified, in order to meet the
modeling needs of this study. The modified wmodel
is called TOPSIM (TOPographiczlly-based surface
mining SIMulation). The first step of simulation
was to duplicete the actval mining plan as closely
as possible. Completion of this step showed that
the TOPSIM program was able to simulate the
drilling, dozer push, and loader carry operations
s0 as to produce costs nearly identicel the
COSTSUM cost figures. The TOPSIM-estimated
havling cost was 84% of the COSTSWM figure {see
Table 3).

The second step was to simelate mining of
the srea using conventicnal ACC techniques,
without varying the input varisbles defining spoil
vovement rates unlees such changes were clearly
dictated by the change in wmining plan. The
simulated drilling cost did nof change, due the




assumption that identicsl areas would be rined in
both cases. The total cost of deczer push and
loader carry opeiations weie estimated to decline
with implementation of thte AGC wining plan, gince
smaller quantities of spoil could be pushked or
carried to disposal in aress adjacent to the
wining block of origin. However, the hauling cost
was judged to increase with implementation of the
AOC mining plan, due to the increase in the
quentity of meterial hauled and the increase in
per-bank-cubic~yard hauling cost. The simulated
apoil handling cost of the AOC mining and
reclamation regime was $47,000 greater than the
sirvlated spoil handling cost of observed
practices (Table 3).

The third step of the cost comparison
procedures was to manually adjust the simulated
cost difference to compensate for non-modeled
factors (Table &4). This procedure wss carried out
using both liberal and conservative assumptions;
the estimeted effect of post—mining landform on
xining gost is between $0.14 and $G.58 per ton of
coal produced; simulation procedures indicate that
it is less expensive to mine using the alternative
techniques under study than conventiongl AOC
techniques.

The techniques under study also appear to
offer additional benefits to mining operators,

land owneis, and residents of local communities
(Bell et al., 1987). Primary smong these are the
increased land use potential and more favorable
environmental impact of the LA topography,
relative to the landform that would have been
produced using conventional AOC techniques.

Conc lusions

This study concludes that it js possible to
perform economically and environmentally scurd
mining and ieclepation procedurer in steeply
sloping topography, in spite of departure from
conventional AOC practices. The efforte te develop
site data collection and analysis procedures, and
surface mine operation modeling procedures, appea
to have been successful. Had mining at the Amos
Ridge rite been performed using conventional ACC
practices, it is likely that lees coal would have
been recovered due to the increased costs of spoil
digposal, relative to the glternative landform.
Since the pre-mining landform at the case study
site is similer to many others in the area, it is
possible that additional opportunites for improved
coal surface mining exist in the steeply-sloping
central Appalachian coal wining region. Many of
the factors preventing widespread inplementation
of these improved reclamation technologies could
be eliminated through cooperation between the
various firms of the industry and regulatory
sgencies (Zipper, 1987).

Table 3. Comparison of estimetes of spoil handling costs at
Amos Ridge: actual (COSTSUM) ve. simulated (TOPSIM),
by postwmining landform (LA vs. AOC).

Cost errrnmcecene Egtimation Method =—====ccrmm=
Type COSTSIM - LA TOPSIM ~ LA TOPSIM - AOC
Total
Drill $149,026 $150,041 $149,998
Carry and push 141,659 140,648 108,531
Carry 48,378 38,757
Push 92,270 69,774
Load and haul 574,184 483,070 563,370
Total cost $864 869 $773,765 $821,904
Per-bcy )
brill $0.206 $0.207 $0.207
Carry and push 0.643 0.639 0.598
Pugh 0.471 0.447
Carry 0.785 0.735
Load and haul 1.134 0.954 1,034
Total $1.190 $1.065 $1.131
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Teble 4. Adjustment of TOPSIM-estimated (cst difference

between landform alternatives due

to nen-modeled

factors, liberal and comservative assumptions.

Conservative
Assumption

Liberal
Assumption

Spoil bandling cost difference

{ACC > LA) $47 ,000 $39,000
Rollow fill 1 costs:
Design (3 engineer work
days plus one
draftsman worl dry) - IGGUZ - lO(J(.'3
Bonding - ZoC - 2000
Construction and reclamation - 31,000 - 32,000
Reclamation of mined area
covered by HF! {apprex.
1.3 acres, $2500 per acre) + 3250 + 3250
Additional grading cests, AOC
slopes south HF! (approx.
2.5 gcres, $1000 per acre) + 2500 + 2500
Work road and dunpsites, AGC
slopes south HFl (approx.
130000 bey) + 5500 + 400
Weather-related hauling delays + 15,000
Total $41,000 $10,000
Total per ton of coal $0.58 $0.14

—_—

: partipation in Virginia Surfoce Mine Reclawation Fund
(bonding pool) at $1500 per acre, assuming 60X release
after 3 years, B0Z release after 5 years, full release

. after B years; $12,50/$1000/annun. bonding fee.

o

assumptions &a& above.

I11. Potential Soil Erosion On AOC Slopes

The cbjectives of this portion of the study
were to evaluate potential rates of soil loss from
AOC backfills, to determire the primary factors
affecting backfill erodibility and to compare
expected soil loss among the AOC study sites.

Materisls and Methods

We estimated soil erosion rates at each site
using the Universal Soil Loss Equation (U.S.L.F.):

Potential Soil Loss = RKCP(LK}
Soil erodibility facters (K) were calculated
from measured soil properties by the method of

Vischneier et. al. (1971). We obteined our annual
rainfall erosivity value (R) from published tables

W7

standard performance bond, $15000 per ascre, other

by Wischmeier and Swmith (1978) for SW Virginia.
Site survey dats was used to calculate the
topographic factor (L&8). No special management
practices were assumed (P wss set = 1 for all
cases) and crop factors (C) corresponding to no
vegetation, 75% cover by locust with 60%
herbaceous cover, 20%¥ and B0X herbaceous cover
only, erd native fcrest conditions were utilized.
These vegetaticon conditions represent typical
situations for surface-mined lands st various
stages of revegetation. We obteined € values from
published tebles by Wischmeier &and Smith (1978).

Jte G.S5.L.F. was developed for epplicaticn to
agricultural situations and its extrapolation to
s0il and topographic conditions encounted ir
Appelachisn surface mining ie uncertain. While
the equation may not produce sccuratce predictions
of absolute quanitites of soil loss, it ie a




valuable tool for comparing relative rates of soil
loss for verious vegetstion and topog:ephic
conditions encountered in surface-mining. Our
goal in thie portion of the project was to make
relative compasriscns of potential soil loss smorg
the verious study sites and not necessarily to
predict absolute quantities of potentigl scil
loss.

Many of the AOC slopes observed were irregular
in shape snd therefore were broken down into
several segrernts requiring different L5 factors.
We calculated the contribution of each slope
segment to the total LS factor by the method
outlined by Wischmeier and Smith (1978) and Castro
and Zobeck (1986) for irregula:r slopes utilizing
£0i) leeg fractions. Since our segment lengths
were frequently unequal, we weighted the
calculgted fractions by segpent length. Overall
1% wae calculsted by summing the products of the
L& vealues for each segment and the weighted soil
loss fraction.

Results and Discussion

Predicted Sgil loss: Predicted rates of moi)

loss were highest for ADC sites with spoils high
in siltstone and on excessively steep (>30x)
sites., Estimations of soil loss sre shown in
Table 5 and are based on aversge annual reinfall
conditions (E7 = 150) corditiors for sovthwestern
Virginia. General topographic features for each
site are given in Table 6 and spoil mechanical
properties in Table 7. The minimum and maximum )
slopes gre for the 20-foot segments we surveyed at
each site.

Table 5 - Predicted annusl soil loss by vege~

wtptive cover apd gite, ... ...

Vegetative Cover Cases

Site A B. ... c D E__

crerererirecome Mg /RA/YE —mmm—emmmm—eee
A 1233 247 44 16 14
K 1560 312 56 20 17
c 548 110 20 7 6
D 652 130 23 L] 7
E 1498 300 54 19 16
¥ 921 184 33 12 10
¢ 501 100 18 7 6
1 s46 109 20 7 6
J 811 162 29 11 9
13 738 148 27 10 8
L 786 157 28 10 9
M 1586 311 57 21, 12

A - No Vegetation. B - 20X Graes Cover
€ - 75% Cover by Black Locust Canopy and
60Z Grass Cover

D - 80% Graess Cover E - Native Forest

Calculated 80il-K factors were generslly low
{0.07 ~ 0.22) reflecting the high coarse fragment
content of the mine spoils. The higher K-factors
vere associated with spoils higher in silt. We
would expect the K-factorr of unvegeteted slopes to

decrcare with sucessive rainfall events as goil
tized naterial is eroded sway and the relative
coarse fragment content of the surface scil
incresses. This process wil] #1s0 geriously reduce
the preductivity cf the surface soil by diminishing
the wiater ond nutslent Lboldirg capecities within
the reoting zone. Therefore, rapid vegetation
esteblishment is essential to maintain the ability
of mine soila on steeply sloping AOC backfills to
sustain permanent vegetation.

Teble 6: Topographic data ¢nd soil=K fsctors by

Eite. .
Mininun  Fexitum Slope Soil
Site . $§lope flope Length  R-Factor
——~- degreeg ----- - meters -

2 21.0 33.9 62.2 .22
B 29.8 37.9 111.0 22
c 28.5 5.5 131.2 .07
D 18.4 23.6 120.2 16
E 25.0 39.0 26.1 .22
F 26.0 26.0 67.5 .15
G 28.0 32.0 95.8 .07
I 22.3 26.7 L2.7 .12
J 28.0 32.2 107.R .11
K 2.0 32.0 53.1 .10
L 32.4 55.8 9].4 .09

M 32,0 _ 7.5 ..Bl.s A8

The importance of esteblishing long-term
vegetation is dramatically illustrated in Table 5
by observing the rates of soil loss under various
vegetetive conditions. Establishment of only a 20%
grass cover should, theoretically, result in an
807 reduction in annusl soil loss. An 80X grass
cover should reduce soil loss to approximetely the
same level as existed prior to minimg under native
forest, sesuming topographic conditiore are
identical.

The quantity of soi) which asy be lost from an
uvnvegetated AOC backfill in a single rainfall
event cam be sigrnificant and, depending on
rainfsl] intereity and spoil composition, may
seriously reduce the cepacity of the surface soil
te support long-terw vegetation. Therefore, the
rapid esteblishment of an annual cover crop, such
as rye, millet, buckwheat, o1 crimson clover,
immedistely efter final regrading is essentisl to
maintein adequate soil productivity. Establishment
of vegetation on steeply sloping surfaces is more
effective at contrelling soil erosion then any of
the previously mentioped factors and shouvld be the
primary concern in erosion management. The
establishment of a successful vegetative cover
will incorporate orgenic metter into the soil
vhich, when combined with chemical and physica)l
weathering, will promote aggregietion and furtber
reducticns in soil erodibility.

We predict, under the assumptions of the
Universal Soil Loss Equation, that the highest
rates of goil loss will occur on sites A, R, F,
and M. These sites all shere tbe following two




Table 7: Particle size distribution and cowmpaction
charscteristics of nire spoils by site.

2.00 ~
Site Y .75-mm  4.75-mm Sand
A 31.3 7.3 9.6
B 31.8 6.9 10.4
C 66.6 &.5 12.])
D 45,9 11.2 5.1
E 32.1 8.2 9,2
F 58.0 8.0 9.5
G 42,3 21.8 5.0
b1 46.5 6.6 22.7
J 47.0 6.3 24.1
K 60.5 12,6 8.0
L 61.9 13.0 4.5
M 38.7 12.5 16.3

|

e —————— e ——

Optirum Maximum

Moisture Dry
83t Clay Content Density
J Hg/mJ
33.2 18.6 9.8 2,04
32,6 18.1 5.8 2.03

9.8 2.9 .8 2.18
24.7  13.} 7.0 2,07
33.0 17.5 5.9 2.06
17.8 6.7 10.2 2.02
13.0 17.9 8.9 2.17
15.3 a.8 7.8 2.14
15.0 7.6 ‘A NA
13.7 5.3 9.2 ?2.06
13.6 7.1 9.1 2.04
23.5 8.9 10.1 1,98

conditions: 1) excessively steep maximum slopes
(33.9 - 39.¢%) and 2) high spoil silt contents
(23.5 - 33.2%). Theste two factors in combingtion
creste highly erodible soil conditions. Therefore,
" to reduce sedimentetion and revegetation problems,
predominantly sandstone spoil or topsoil should be
used as 8 surface application on excessively steep
‘slopes if possible. Convetrsely, slopes should be
minimized in miping areas where eiltstone spoils
are the only avesilable topsoiling material.

Ve observed localized areas of excessively
steep (>30%) slopes on many sites. This situation
_often resvlts frow the crention of convex
" backfills which have localized aress of
. excessively steep slopes on the lower portion of
the fill. Convex shaped slopes are more erodible
than concave or straight slopes and failure to
account for slope shspe can cause considerable
error in soil lose estimations. (Custic 7rd
Zobeck, 1986). Convex slopes are frequently
generated due to two factors in combingtion : 1)
Blasted, unconsolidated spoil requires more volume
than consolidated overburden, therefore a greater
volune of raterisl is replaced in & backfill than
existed prior to mining; and 2} the economics of
many mining situations require placement of
maximum quantities of spoil on the mining bench,
rather than in hollow fills or other non-bench
epeil disposal areas.

Conclusions

Based on measured cenditicns iu the field and
resultant calculations of potential soil loss
uvrder the assumptions of the Universel Soil Loss
Equatior we conclude that:

1. Rapid establishment of & vegetative cover
is essential to prevent loss of so0il
productivity and excessive sedimentation op
AOC backfills. Vegetative establishment is
the most cffective method for controlling
soil erpsion.

9

2. Righ rates of scil loss were associsted
with high spoil silt contents. Therefore,
siltstone Bpoile should mnot he vsed 85 2
topsoil substitute on steep AOC backfills if
an alternstive meterial of suitable quality
and quantity, which is lower in silt
content, can be economically utilized.

Localized areas of excessively steep
slopee, predominantly reevlting from convex
slope shapes, contribute to higher rates of
soil loss. Straight or concsve elope shapes
should be utilized if possible.

4. Compared to steep AOC backfille,
generation of stable alternative
such as the LA landform shown in
would reduce totsl sediment loss due to
reduced zlope sngle and lengths, snd the
presence of flat bench terraces to intercept
wvater flow.

the
land forms
Fig. 2

IV. OVERALL SUMMARY AND CORCLUSIONS

The mejor conclusiops to be drawr frer this
study are:

1. Videspresd constructicn of ACC backfille in
steep slope topography with inherent slope
stability problems will likely have negative
environmental and economic consequences in
future yesrs.

Rjitvations exist where contour surface mining
spoil can be placed in stable fills, thereby
producing large areas of level lands capable of
improved use, at less cost than the mining
spoil can be placed in AOC backfille.

The erosive potential of steeply sloped

wmining aress can be redvced by minimizing slope
and siltstone contents of backfilled spoils,
rapid tevegetation, ond by placing wining spoil




in etable fille with extensive nenr-level
arese, tather than returning such lands to ADC,

The first purposc of SVCRA, as written into the
Act by Congress, if:

[to]l... protect society and the epvironment
from the adveree effects of surface coa) mining
operations (Sec. 102(a)).

The conclusione of this research indicate that
near-universal vse of AOC rining and reclamation
techniques in the steeply sloping topography of SW
Virginis and the central Appalschians does not
meet this purpose. Theve are situvsticrs where
construction of ADC backfille is.not om
eppropiiate form of recleration, given SMCRA”s
primary purpose. In order to assure that future
mining in steeply sleping regions meets the
purpose of SMCRA and serves the intereste of
mining comrunities, a number of changes are in
t1der.

¥irst of all, mining firms and regulatory
avthorities should work together to see that AOC
backfills are constructed only in locales where
they can be expected to remain stable.

Secondly, wining firre should comstruct
bsckfillr in a manper which is sensitive to site
conditions. Modeling of potential slope stability
during permit prepsistion should be performed
rigorously, based on actual data. Construction
techniques should be sdopted to conditions at the
site whick were not anticipsted in the drawing
room, such as seeps and localized excessively
steep aress. Regulatory auvthorities should be

- cooperative with mining firw attempts to weet

unanticipated site conditione.

Thirdly, when evaluating variance requests for
mwining plans to produce landforms capsble of
supporting improved land uses, regulatory
authorities should recognize that envircnoental
(ixproved hydrologic effects) and econmomic
{increosed coal recovery) benefits may result from
properly constructed alternatives to AOC. These
benefits will occur regardless of the land-use to
be implemented at the immediste conclusion of
vining, if revegetation is accomplished rapidly
and thoroughly.
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