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ABSTRACT

The rationale betund the development of overburden and
regraded spoil analytical daubases, and the apphcavon of
multd-dimensional spatial analysts 1echmques, 1s discussed 1n
relation 10 the requuement that reclaimabitity findings be
made for lands disturbed by surface coal mining operations
in the Southwesiern United Sumes.

Recent advancements in computer hardware and sofiware
now allow real ume graphic visualizauon, manipulauon and
volumetric cakulation of three-dumensional (3d) dawa True
34 analyucal wechmiques are being used dy the Office of
Surface Mining Reclamavion and Enforcememt (OSM) w
dewermine the locantons and the volumes of both unswtable
(porentially acxd- and wak-forming) and sunadle {non-wae
or non-acid-forming) matenals n overburden and regraded
spoils at surface coal mines in the Southwest, These methods
have greaty increased OSM's accurcy and efficiency by
quantifying tue three dumensional data for making and sup-
porting regulatory decisions pursuant 10 the Surface Muning
Conurol and Rectamauon 2 -t of 1977 (SMCRA).

in the future, these lechmques will be used in the develop-
ment and venficavon of special handling plans for wpsod
substitutes and supplements, and the sclective polavon of
acid- and tomc-forming materials. Concurrent wath the
development of these 3d analybcal lechmques, overburden
sampling and Quslny Assurance and Qualny Control
(QA/QC) programs have been developed 10 assure data
reliadility pnor 0 applying these technques 1n regulatory
decision making.

INTRODUCTION

The Office of Surface Miming, Reclamatson and Enforce-
ment (OSM) requires re-establishment of adequaz veget.
tive cover as a key element of the reclamation process
following the surface extracuion of coal. This requires the
identificsuon and analyses of potenually acd- and 1.
forming materals 1n the overburden 30 that these matenals
ren.not phced sh the root zoncs of reconstrucied the mune
20

The large amount of baseline overburden and regraded
spoil analyucal data, submitied to OSM in permst appiscation
packages and annual reports, frequendy results in exended
times to conduct technical reviews of these documents. Ac.
tual material quality and assocuted volumetrc analyses
determined from large amounts of basclne miormatson,
using traditional methods, not only can be ume consuming.
but also may be subject t0 errors by technics) reviewers.
Traditional methods, including paper analysis of bore hole
sample data and two-dimensional (2) geologic modeling,
have often been performed pnce during the permit review
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penod due 10 time constraints placed on the review, and the
ume consuming nature of these methods, This situation has
led to disagreements among permit technical reviewers, be-
tween OSM and the mining industry, and between OSM and
the public concemning final findings of mine reclaimability
and proposed mitigative measures of acid- and toxic-forming
materials. True 3d methods, that include real time 3d
analysis and volumerric calculations, allow the examination
of muluple operational scenarios; and, therefore, are sig-
nificanly more flexible in assessing remediation plans and
assocuted monitoring programs. Since these graphically in-
iensive methods produce graphical outputs that honor scat-
tered data, the output lesds w0 a better understanding of
enisung site conditions and supponts regulatory decisions on
proposed reclamation plang,

In an effort to support technical and regulstory findings
for permit approval and mine reclaimability, OSM has
developed overburden and regraded spoil datsbases and
associated )4 analytical tools for two muning operations in the
Southwest. These graphical displays are being used to iden-
uUfy and calculate volumes of acid- and toxic-forming
matenals in situ and suitable opsoil substitutes and supple-
ments 10 mingate these unsuitable matenials when they are
found i regraded spouls.

Thus paper describes 3d methodologies developed by
OSM 10 npidly asses the large quantities of spacial data for
muncs i the Southwesiern United States. OSM programs,
wuused 10 suppont the use of 3d techniques for regulatory
decson making at Fedenlly regulated surface coal mines,
are also ducussed,

BEGULATORY REQUIREMENTS

Publx Law 95-87, The Surface Mining Control and
Rectamabon Act of 1977 (SMCRA), requires that surface
cos! mine operatars identify potentially acid- and toxic-form-
1ng materals 1n geologic strata and in the reclaimed
handxcape. Once identified, the operator isrequired to cover
or et these matenals 10 mitigate adverse environmental
wmpacts. Specific regulations outlining procedures to meet
these requuwements include:

30 CFR 78022 (aX2):

“Each application shall include geologic information in suffi-
crent dewl 10 assist 1n determining all potentially acid- and
wax-forming strata down 1o and including the stratum im-
meduiely below the lowest coal seam 10 be mined;”

30 CFR 816.22 (b):

“Substitutes and Supplements. Selected overburden
matenals may be substituted for, or used as 8 supplement ©
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- display in numerous ways 10 better undermand internsl
. relationships contamned wathm the model, The model ean be
. ‘soued ©0 sny combinaton of wser-specified aumuth and
=} inclination or *grabbed” with the mouse and eragged 10 any

" desired erieatation. The model ean be siced atong the X, Y,

« .. ing® the mouse a1 the specific locauon where & sbice &5 o be
.o a1l three sides of the block model.

& While glicing and rotating the user can sl sekect g par.

-, ticular range of so-values surfaces to be displayed (o e
isplayed). This e referred 10 as Peeling® the block model
- 8t the selected iso-values. The user may ump grapheatly
: betweea muhiple models which gives the effect of
if posing the models. Forexample, 34 block models for
3 and SAR could be examined together 10 spauntly
-Gaiermine where the combined effects en reclumabdity of
: these gwo parameters is greatest,

s "l",mdlchnunwec:ﬁedmmnsammvdyn'dd- -
*i. made. This results in producing color filled sections on any

Another valuable feature of IVM s the ability to display -
feal o nterpolated drill hole information graphically within
ihe 34 block model. The user may *lick® the mouse on the -
Geswed sample focations and thereby Query the 3d data st
for that bocation. This aliows the user to rapidlycomparethe
haboratory everburden quality raw ¢ against the value of
the 34 bk;ctx mod:llodetermm :;tod;le accuracy. Detc‘:; ‘
minauon ©f mode] accuracy can also be accomplished
pamping between the 34 property mode! and 34 residual grid
focgpreaparameter, . Lo T

© Wathout ansiyticat procedures o quantlfy the block
model, the &:splay eapabilities 0o more than so many .

L Y

wetycolorful. prettypictures. VM afiows the nser toperform

8 full comptment of snalyses that include fnteractive grid
manpulston, 38 grid operstions and volumetrics. - Troe
three imensional techniques actually perform analysis on
four dimennona! data (X.YZ Value). These 3d methods
sllow the eapid analyus of multiple “what4f* scenarios,
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*Exposed ¢oal seams, scid- and toxic-forming matenals, and
combustible mutenials exposed, used, or produced dunng
. mining ghall be adequately covered with nontosic and non.
combustible material, or treated, (o control the impact on
sutface and ground water in accordance with 81641, 10

nt sustained combustion, and W mimmue adverse ef.
ects on plant growth and the spproved postmuing land use.”

Specific analytical parameters and prescribed bmits define
- powentally scid. and toric-forming matenals in the South.
west. The chemical parameters used by OSM 1o determine
material tosicity for mining eperauons in s regron are pH,
SAR, EC, stid-base potential, selemum, and boren.

Materia! eexture, saturauon perceauge and erosion facors

are the physical parameters used 10 determine materal
toxcityand suitadility. Operstors are recuved 10 sample and
analyze overburden snd regraded spoi! matenals for these

... parameters and from the snalytical resuts, idenuly ot acd-

v and toaic-formmng matenals in the everburden and regraded
. ;pous. and dewelop mugaton plans pursuant to SMCRA,
udbmission of all sampling and snalyuca! data & required for
fécntification of acid- and torxc-maicnals and plans for thew
miugation; and slumately 10 suppont permn spplicsuon ep-
proval ¢r denul by OSM. OSM compleies spatal daus
analyses and matenal venficauon by using true 3¢ analytcal
procedures.

In the Southwest, mitigation operatons nclude cowerng
«cid- and o2cforming spotl with an adequate depth of
. montoxc materasl, ususly four feet. Sutable materuls avad:

sble for misgauon are wually identfied i the evarburden
- strala by compenng the results of core ample grochemecal
snalyses 1o the surtadidny kmas ghown i Tedle 3. 1f deter.
mined surtadle, these overburden materuls ean be pixced
over capoll © mitigate potenually adverse environmental

. eflccts. Once redistiduted, these matigatie materals bee

come the rooting medwm of the reconsrucied mne sods
Therefore, all mivgative matcruls are considered © B¢ kp-
#0il supplements and must be suable sccording ©© OSM's
_ poot zone sunadidity guidelines.

. At OSM regulated mines in the Southwen, operaiors

sample regraded spoils on 330° eeniers (0 8 6eph of four feet
- Each one«foot increment sample 18 anslyzed for
suitabilitylonciy and scid generation poteata! (Tadle 1y §f
any of all sampled sncrements are determined 1 be Bax.

forming, then the operator redistibutes surtadle mmenals

over the touc maienal to schieve 8 prescnded Gepth, wmualty
of four feet. .

Approval of reclamation techniques at one Southwemern
mine, was contmgent gpon the dentificston of suradle
materisls i the overburden prior (o minmng Gisturbance 1a
Ktive mining areas, the was requred 10 sudma
gnalytical results from the highwall sampling program tha
was fnitiated by the operator 10 identfly swublke miugauve
materials. Resuks from the regraded spod and highwall
sampling, and eitigation programs are submitted to OSM on
&0 annual basis for review,

EBOCEDURES

. Owerburden core and regraded spoil amphing data for thes
mige were inpu; into a data basc management gystem

-

topbl! lf‘the operator demonstrates to the regulstory .(pBMS).mlliaingBorhnd'lRcﬂcxnﬁufe: lhputhfoin{a.""-

tion for each core hole included xy location (State Plane

coordinates), colter elevation, depth of sample and sample -

- analytical resutis. DBMS filters were thea deweloped b

Reflex 10 identify unsuitable and suitable gamples

pursuant
. the sutability quidelines approved in the mine permit -
. (Tabke 1), } R T I

Sundard non-gpatial statistical analysis was then pere -
formed on these data, Mean aralytical paramerer concentras -
tions, suitable parameter €oncentration percentages, and
unsuitable parameter concentration percentages were deters -

. mned for & preliminary dau review, From the filiered

daubases, reports and files were developed 50 these data
could be trunsferred 10 both the Interactive Surface Model.

ing Eomm (1SM), & 24 grided surface analytical toot, and

the Interacive Volume Modeling program (IVM) a true 34
snalysis tool, both by Dynamic Geaphics Inc,, Akemeds,
Californua, The ISMand IVM sofiware are currentlyrunning
on & Silicon Graphics Inc, Iris 4D/380 super minicomputer at

~_ the TIPS Nauona! Computer Center in Denwes, Colorado.

This combination of software and hardware allows users ©
rotste, zoom :nio, pan around, slice through and peel layers .
of the 3d block madel. Rapid real time mnteractive abilities

10 view the model are vitally important, because no single view

of the block model ean adequately revesl the complex”

geometr relationships contained within the model. The M
block models are created msing true 34 minimum kension
griddang or true 3d trend gridding. For the model deweloped
from the DBMS, minimum tension gridding wasused. Other
biock models may be created extemally from IVM using 34

kngnng.

Within IVM, the block model can be cakulated inenc of -
three ways  The first method calculates the true 34 grid
Woughout the volume defined dy the input data distribution
ot by the user. The second method restricts the Sakulation
of the gnd laterally 10 the area defined within s predefined
polygon (Le. imns X and Y but not Z), These methodsare .
mon spplcable i accessing overburden quality for those -
panameters or chemcal species, related 10 owverburden
quality, that are primarily due ¢ secondary deposition such
& many of the gace metals, selenium, sodium, ealcium and
magnesum. The third method allows the user to use pre-
vously calculated, faulied or unfaulied 24, surfaces ereated
n ISM, a3 hard boundanies which limit the 34 modeling
process in the X, Y and Z planes. These stratigraphically
controlicd and spatially kmited planes create 38 block -

. models that can then be stacked together 1o form one large

block model Stacking the blocks enables the scientist to -
dewelop & model of overburden quality and perform
volumetne cakulauons for quality values thatare
suaugraphacally gpecific whike ot allowing the modet 10 be
influenced by measured overburden qualtity values in everlys
g of underinng layers. Limiting the 3d modelisparticularly
uielul 1 examumnng the true 38 distribution of ehemical
paramesers (hal are most commonly associated with the
onginal paleodepositional environment such as pyrite sulfur
Gusurbution wathin 8 specific strata at the site. These proce.
Gures are sbsolutely necessary when limiting the block model

of ovesburden quality between the gurface topography and

deepent tore gampled 0 prevent gending beyond e limlts -
of svailadle data. Therefore, 34 block model stacking
provides & more realistic moded of chemical propenty varla. | -
uon wihin & ventcallylimnedgone, oo o0

Once the 34 block mode] is created, a 34 display file Is
ereated from the 34 block model. ThisdisplayRleisthe 34
equmvakentof 4 24 contour of iso-value map, The file containg
34 wo-value surtaces throughout the model These surfaces
e graphucally displayed as smooth, color-fitled, Gourawrd.
shaded 34 bodies. Once built, the user can manipulate the
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1SM wai1 uned 10 develop 29 prode of surlace topography
~ from exther digiuzed topographit maps, USCS Daptal Eleva:
. ton Models (DEMI) or i & general sense from bore Mole
<., collar elevavons, glong with § 24 strucuna! surface repres
. sentng the botiom of the core hoker. These 24 grds sere
- Inter wsed to *¢lp® e constramn ghe 38 black models of erica)

v were completed 1o facilitate 34 anslyns and assocuted
.. wolumetncs of the enocal 213 only withun the tone of
i - interest and © prechude 34 gnd or block mode! trending

.quoodl'nlunuorwmannumm
- (Figure 1), R

* The erntca! bmm'etei datadase washen used W ereate
.~ three dumensional scatizred data sets that included 34 sample
" locaton coordmates (X.Y, and clevaron, mgl), and the

b were introduced in1o IVM and used for 34 gnd gencranon,

. Resduals (dferences between 34 mode! values and geai-
tered dats values 8t & given point) were examuned and the
"y 028 regnded mnl! readunls were mummized and e 3
= model sccurately honored the 3d scattered dats. Reatume
“:4.1.3d graphica! gnalysis was then performed wath VM © deser-
<. gine the 3d spatad distibution of the powentally sod: and
. toxie-forming material slong with the )4 spatia! estent of
- gultsble topsoil sudstitutes. Cakutation of wlumes wathin

- adequate volume of suttable material 1o cover the potentatly
- effects on succu_:fu! revegetation at the gite (Figure 2).

R PR

suitabiltyparameters cutined i Tadle I, The icattered das -
© tue 34 gnalypcal wols, with rea! time 34 graphical and

o wiumetre cakulatons and real ume 34 gaphcal anstynt . wolumetnc anslyns, have greatly improved the efficiency of

. progresses. These techniques will also be used to determine
specific no-value ranges wasalsoperformed st thisteme. The
- volumetric gnalyses were used 10 determne if there was an -

13- &nd loxic-forming material 1o miugate powenual adverse
e Y Rhe ‘e ;lndnmded:poﬂ%dmfammumhwf
" analyses, OSM has deve overburden and segraded spoil

- Submitsion of overburden and regraded spoil data, in dig!

Figute 1 Two dimensonal gnds used to restct block model,

The esumated volumes needed 10 mitigate ™ 502 imi.' L
Mustrated i Figures 2 and 3, with four feet of non.

. tonc\sutadle matera! b spproximately 32,408,640 eubic

de Volumes of surtable materials avalladle i the owere | -
A, W the top of the fun minadle coa! seam, #s ap-

- " proumately 163,805,120 eubic vards. Suluble matertaly. -
" parameters eresied bythe IVM sofiware, These techaques -

availadle 1o thiny feet, that ean easily be handled for mitiga. -, SR
Lon, 13 spproumately 41936344 eubic yards (Figure 4), - .
Therefore, adequate volumes of suttadle matenals, that ean - -

be specuad handled economscally, exist in these muning areas - .

10 miugate séenulied oxi $pails as required, ‘

From the nwhosseéthk 6:cm;'cct. lechniul'ﬁng:enp n}erﬁ
made 0 suppon ‘s decision O gpprove opsoll - -
substnution and supplementation plans for the mine, Uszef -

[

malung re decisions associated with potentiatly acid.
8nd prx-formang materials assocuicd with surface ¢oal min. < - g
g seclamation un the Southwest, Three.dimensions) '/

snalyus will funther be used for vesification of permit com. .~ .. -
puance, sunable subsutute and supplement caage, and gp-.
proved muiganon operations of acld. and toxic-forming ..

materuls séentified 1 the regraded landscape as the mine

and support technxcal and reclamability finding for
pending mumne pemmuts, oo il

- Tofuther suppont the accuracyof iﬁllwirime;i.o"sérbnrdeu;

ther

sampling and quality assurance and Quality control program
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form. for use in both the 1SM and IVM sofiware 1s being
strongly recommended by these programs. These prograins
are now being utslized in the review of Federally regulated
mining operations 1 the Southwest. By requining specific
aampling and analyucs! methodologics and tontrol prixce-
dures, OSM and the coal muning industy can more accurately
describe premining landscapes, mutigaie sdvens envvun.
mqu! effects and beuer plan for & succeasfully reclamed
environment

Three Dimensional Spatial Distribution of
Potentially Toxic and Non-Toxic Forming Materials
View 1

. Three dimensiona!l distnbution of both Toxic and Non-Toxic
overburden matenals from top of coa! to surface topography.
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a : Three Dimensional Spatial Distribution of
' Potentially Toxic and Non-Toxic Forming Materials
View 2

s E R
. .
. oo . .
¢ \
.

Three dimensional distribution of both Toxic and Non-Toxic
' overburden materials from top of coal to surface topography. Vue
using increased vertica! inclination.
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Non-Toxic Forming / Suitable Material
Available for Mitigation to a Depth of 30 Feet

Cubic Yards

- g~
[ \
e -
7100
7000
nm 6900
6800
6700
Z exaggeration: 12.8 1 1 ) 1 | ] 6600
Azimuth: . 178.4 > 6500 6000 5500 5000 4500
Inclination: 231
VOLUME: Isolated non-toxic overburden materials from the surface to a depth of
41.936.344 30 feet. Demonstrating adequate volumes to meet regulatory

requirements and in support of OSM’'s reciaimability findings.




