EVATEATTION OF ACTD BASE ACOOUNTING DATA
USING COMPUTER SPREADSHEETS!

Michael W. Smith and Keith B.C. Brady”

Arstract. Overbuarden analysis data in the form of acid-base
accounting (ABA) can be efficiently and effectively evaluated
using spreadsheet programs for personal computers. The Pennsyl-
vania Department of Envirocmmental Resources (PaDER), Bureau of
Mining amd Reclamation has developed a spreadsheet which
calculates several parameters from ABA data including
mass-weighted maximum potential acidity (MPA), neutralization
potential (NP) and net neutralization potemtial (NNP). The
spreadsheet also sumarizes the overburden analysis in terms of
the ratic of NP to MPA and the percent sandstone. With the
spreadsheet, aggregate overburden characteristics can be summar-
ized for an entire mine site.

Computer spreadsheet software is ideal for performing the
numercus repetitive calculations necessary in integrating large
quantities of ABA data. The 2PA spreadsheet integrates sulfur
content and neutralization potential data, as well as sample
interval thicknesses, the percentage of each unit spoiled, and
overburden unit weights. The area of influence of each drill
hole is determined and the actual mass of strata are calculated
by taking into account the geometry of the mine site and
overiurden unit weights., The ABA summary data can be campared
using a variety of significance thresholds for NP and percent
sulfur, and other factors can readily be charged to review their
impact. The spreadsheet approach permits more complex and
detailed analysis of overihwrden data and facilitates comparison
between calculation methods.

Additional KXey Words: overburden analysis, acid base accounting,

computer spreadsheet.

Introduction

Acid base accounting (Schek et al. 1978) is
the most commonly used overburden analysis tech—
nique for predicting the water quality likely to
result from a coal mining operation. In Pennsyl-
vania, acid base accounting (ABa) has heen used
since about 1979 and now accompanies approximately
fifty percent of current surface mining permit
applications. ABA evaluates the maximm potential
acidity (MPA) and the neutralization potential (NP)
from individual strata and expresses them as tons
per thousand tons of calcium carbonate equivalent.
As such, it has been used to identify potentially
acid-forming or alkaline-forming strata. Although
not originally intended for the purpose, ABA is
also used to predict postminivg water quality.
This is done by irdividually sampling all of the
strata within a proposed mine site. The weighted
aggregate of all samples are considered together to
evaluate the potential of the site te produce
acidic or alkaline water following mining.
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Us:i_ng. 2PA data for prediction of postmining
water quality requires the integration of the
chemical characteristics of each individual stratim
in crder to characterize the entire mine site. The
large wvolume of 2BA data which accompanies a
typical permit application makes it all but impos-
sible to accomplish this intuitively. However, the
Widespread availability of personal computers and
spreadsheet software greatly enhance one’s ability
to quantitatively and cbjectively evaluate ABA data
and to evaluate it using a variety of procedures.
This paper discusses a method developed by the
Permsylvania Department of Enwvirormental Resources
(PaDER) that offers a reliable and convenient means
of summarizing large volumes of overburden data.
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Using ABA data for prediction of postmining
water quality requires the integration of the
chemical characteristics of each individual stratum
in order to characterize the entire mine site. The
large volume of ARA data which accompanies a
typical permit application makes it all lut impos-
sible to accomplish this intuitively. However, the
widespread availability of personal computers and
spreadsheet software greatly enhance one’s ability
to quantitatively and cbjectively evaluate ABA data
and to evaluate it using a variety of procedures.
This paper discusses a method developed by the
Pernsylvania Department of Envirormmental Resources
(PaDER) that offers a reliable and convenient means
of sumarizing large volumes of overlaarden data.

History of Quantitative ARA Evaluation

Early users of ABA data as a predictor of
postmining water guality tended to balance the MPAa
against the NP for an overburden ocolumn giving
equal weight to the strata at the top and bottom.
It was presumed that the postmining water quality
would be determined by whichever factor predom-
inated. For example, where NP exceeded MPA, alk-
aline drainage would result. Issuance of surface
mining permits based on this assumption frequently
resulted in severe acid mine drainage pollution
{Brady and Hornberger 1989) leading to the realiza-
tion that modifications to ABA review procedures
were required for reliable predictions of postmin-
ing water quality.

The need for a simple method of computing and
surmarizing ABA data became essential in the early
1980's when coal companies began to propose the
addition of supplemental alkaline material as a
means of offsetting an NP deficiency (MPA > NP) and
the potential for acid production at a mine site.
Because of the large mumber of arithmetic opera-
tions reguired, the concept of using computer
spreadsheets for calculating the deficiencies scon
followed. Originally, calculations were weighted
only according to thickness. However, in most
cases the topography is hilly with flat-lying
strata so that the uppermost strata are not as
aerially extensive as lower strata, making volume
or mass-weighted calculations essential. Later de—
velopments in the utility of computer spreadsheet
software enabled the PaDFR to design more sophis-
ticated spreadsheets which consideredd mass or
volunetric weighting of each overburden sampling
interval.

As the use of ABA for postmining water
quality prediction became more widespread, the
spreadsheet was also used to summarize the data
mmerically for comparison with postmining water
quality. Again, this required a quantitative sum—
mary of the data which took into account the actual
velume or mass of each overburden sampling inter-
val. Two recent studies by diPretoro and Rauch
(1988) and Erickson and Hedin (1988) have compared
mumerical summations of ABA data with postmining
water quality. Because of the large number of mine
sites required for studies of this type and the
effort required to measure the areal extent of each
stratigraphic interval, precise volumetric calcula-
tions were not performed. diPretoro and Rauch
calculated volume—weighted sumary values by
assuming an idealized right—triargle shaped area to
be mined. Erickson and Hedin used essentially the
same method. This assumption was easily applied to
single core log data where the coal was not steeply
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dipping. However, it can only be considered as an
approximate technique for volumetric adjustment of
ABA data. In these studies, aggregate MPA and ag-
gregate NP were calculated. These volumes were
then used to determine the net neutralization
potential (MNP = NP — MPA) of the aggregate over—
burden volume and the NP/MPA ratio. Since the
strata are represented more realistically, they
fourd that volume—weighted calculations vyielded
better results than a columar (equal unit-volume
for all strata) approach.

Methodoloqgy

The current spreadsheet program used by the
PaDER includes several important parameters useful
in sumarizing aggregate overburden characteris—
tics. These include mass weighting using selected
unit weights according to rock type, the percentage
of aunit that is spoiled, ard threshold sig-
nificance Jlevels for NP and sulfur content. The
current spreadsheet represents a culmination of
efforts over the last several years. The concepts
presented here could be adopted with almost any
commercial spreadsheet software.

Figure 1 is a printout of the overburden cal-
culation spreadshest used by PaDER, showing the
layout of the input data and calculated results.
Data input is designed to mimic ABA reports cur-
rently in use. Mamial data input from the keyboard
is kept to a minimm. The only regquired input
colums are bottom depth, rock type, % sulfur, NP,
and fizz. All other values are either calculated
or can use predetermined defaults.

Area of Influence

The spreadsheet is designed to analyze ARA
data for individual drill holes. Where only cne
drill hole is available to characterize the cver-
burden at a given mine site, quantitative analysis
is simplified, although a single hole may not be
representative of the entire mine site. In most
cases, the information available from surface min-
ing permit applications in Pernsylvania is complete
enough such that a more rigorous approach to
quantitative evaluation of overburden analysis data
can be undertaken. Virtually every site in the
state has two (and usually more) overlurden holes.
Using the outcrop boundary and the limits of mining
as delineated in the permit application, the area
of influence of each drill heole can be approximated
using the Thiessen polygon method (Davis 1973 and
Brassington 1988).

An example Thiessen polygen construction at a
hypothetical mine site is shown in Figure 2. The
areas within each polygon are closer to the data
point (drill hole) in the center of the polygon
than they are to any other data point. In brief,
the polygons are constructed by drawing lines
between each drill hole. Each line is then bi-
sected with a perpendicular and the perpendiculars
are extended to form polygons. The area of each
polygon can be calculated using a planimeter and
this wvalue can be used as a factor in determining
actual volume or mass or for applying relative
weights to each drill hole. aAlthough there are
other more elaborate methods which could be
employed, they usually require many data points and
lengthy, complex calculations. The Thiessen method
is more representative than simple arithmetic



OVERBURDEN ANALYSIS SPREADSHEET PAGE-1
CLAY CL 3450
OFERATOR: MINE SITE 1 SHALE SH 3700
PERMIT NO: DR HOLE: D EXAMPLE SILTSTONE ST 3750 ALX ADD(t/a CaC03):
COUNTY:  LYCOMING TOWNSHEP s PINE SANDSTONE 85 3670 COAL SEAMS:
LIMESTONE IS 3670 STATE PLANE ZONE:
TERESHOLD SULFUR NP FIZZ COAL 0 1800 FEET (NORTH/SOUTH):
VALUES : 0 0.00 © CARBONOLITH CB 2580 FEET (EAST/WEST):
NUMBER OF INTERVALS 21 (Alt 4; Alt B to execute) OTHER or 2000 SURFACE ELEV. {FT):
BOTTOM THICKNESS ROCK FIZZ SULFUR NP DEFICIENCY ACRFAGE UNIT WI FRACTION  TONS TONS NET NP TONS OF
DEPTH (FT) FEET  TYPE RATING % JEXCESS TONS/AC-FT SPOILED  MPA NP (TONS) OVERBURDEN
7.00 7.00 0T 0 0.05 1,90 0.34 10.50 2000 1.00  229.6%  279.30 49,61 147000
14,00 7.00 S5 0 0.04  1.65 0.40 13.98 3670 1.00  448.89 592,54 143,65 359115
21.00 7.00 55 0 0.05 1.9 0.34 15.72 3670 1.00  630.94  767.22  136.28 403800
28.00 7.00 SH 0 0.07 128.99 26.80 17.46 3700 1.00  989.08 13107.86 12118.78 452151
33.00 500 <0 0 0.50 2.81  -13.22 18.70 1800 0.10 262,97 40.56  -222.41 16830
37.00 400 @ 0 0.08  32.42 0.92 19.69 3450 1.00  679.54  929.48  250.03 271776
16,00 9.00 88 O 0.07 2.41 0.22 21,93 3670 1.00 1584.53 1745.70  161.17 724358
60.00  14.00 S5 O 0.05 5.19 2.38 25.51 3670 1.00 3671.77 6775.66 3103.87 1305519
71.00  11.00 §§ © 0.12 15.82 12.07 28.14 3670 1.00  4260.41 17973.25 13712.B4 136110
B1.00 10,00 SH © 0.28 30.25 21,50 30.63 aroe 1.00  9915.58 34279.58 2436h.00 1133209
B2.00 1.00 SH © 1.29  2.81  -37.90 30.88 3700 1.00 4605.31  275.32 -54329.9% 114240
86.00 400 CL © 0.49  9.75 -5.56 31.87 3450 1.00 673447  L2BB.0O7 -2446.40 439802
90,00 4,00 CL © 0.59 7,09  -11.35 32.86 3450 1.00 8361.74 3215.L4 -5146.30 453518
52.50 2.50 0 © 0.95 2.66  -27.03 33.48 1800 0.10  &47.3n 40.08  -L407.26 15068
98.00 5.50 o 0.54 3.57  -13.31 34.85 3450 1.00 11159.56 2360.87 -8798.70 6461308
100,00 2.00 0 0.74 1.65  -21.48 35.35 1800 0.10  294.28 21.00  -273.28 12725
104,00 .00 & 0 0.19  5.45 -0.49 36,34 3450 1.00  2977.81 2733.31 -2u4.49 501525
121.00 17.00 SH O 0.12 33,04 29.29 40.57 3700 1.00 9568.66 Bu306.30 74737.63 2551643
127.00 .00 SH © 0.10  3.93 0.81 4Z.06 3700 1.00  2917.74 3669.36  751.61 933678
131.00 400 co o 0.68 3.17  -18.08 43.05 1800 0.10  658.69 98,26  -560.43 30997
132.00 .00 C D 0.10 2.91 -0,22 43.30 3450 1.00  486.83 43471  -32.12 149385
TOTAL OVERBURDEN VOL.{ACRE-FI): 3305 TOTAL (TONS): 70865.73 177933.85 107068.12 11813759
PERCENT SANDSTONE: 3% TOTAL {TONS/THOUSAND) : 6.00 15.06 9.06
DER RATIO: 2.51 AiPRETORO METHOD {T/TT): 6.71 15.77 .06
diPRETORO RATIO: 2,35
TONS/ACRE REQUIRED (1:1): 2472.70 EXCESS
_ABA SUMMARY VALUES USING % SULFUR * 62.5 = MPA:
DER RATIO: 1.26 TOTAL (TONS): 1451731.46 177933.85 36202.38
diPRETORO RATIO: 1.17 TOTAL (TONS/THOUSAND): 12.00 15.06 1.06
TONS/ACRE REQUIRED (1:1): 836.08 EXCESS diPRETORO METHOD (T/TT): 13.42 15.77 2.34
Figure 1. Example of acid base accounting spreadsheet printout.
averaging of drill hole data since each drill hole middle of the interval. This technicque is

represents a volume of overburden proportional to
its actual location within the mine site.

Volumetric Calculations

In contrast to thickness weighting and volume
weighting wusing the triangle approximation of
diPretoro, the overburden analysis spreadsheet uses
actual measured acreages of the area to be mined.
For most uses it is impractical to measure the area
for each sample (stratigraphic) interval, which
would be necessary for precise volumetric calcula—~
tions. As an alternate and much simpler method,
the acreage for the uppermost unit and lowermost
unit can be dstermined, with the spreadsheet
interpolating the areas for each intervening sample
interval. In most instances, this method will
provide acceptable volumetric calculations under a
wide range of topographic conditions. The area
covered by each sample interval is estimated by
detarmining its depth in the drill hole at the
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illustrated in Figure 3. The spreadsheet calcu-
lates this value using the equation:

A1 = Ap + [{(Dpop*Dpor) /2)/Dror] X (Ag—31)

Where: A Acreage at sample (stratigraphic)
interval

(1)

Ap = Acreage represernted by the middle of
the uppermost sample interval

A = Acreage represented by the middle of
the lowermost sample interval

Dygp = Drill hole total depth

Drop = Depth at top of sample interval

Dpor = Depth at bottom of =sample interval



LIMIT OF
MINING

Figure 2. Typical mine plan map showing Theissen
polygon method of defining area of influerce
for each drill hole. Dashed 1lines are con-
struction lines drawn between drill holes.
Folygons are constructed by bisecting the
construction lines with perpendiculars. Outer
limits of polygons are defined by nining
limits and coal outcrop bourdary. Imterior
polygons (1 and 2) are calculated as colums
(top acreage = bottom acreage)}. Remaining
polygons calculated using different top and
bottom acreages.

This eguation provides a reasonable approxi-
mation of acreages covered by each sample interval
provided that the strata are not steeply dipping
and that the topography, if viewed in cross sec-
tion, is not markedly convex, concave or irregular.
It can be appropriately applied to area mines,
contour mines, and mountaintop removal mines and
works ecnally well in steep or gentle topography.
The data input requirements are minimal. The acre-
acreage represented by the lowermest unit (usually
measured as the coal outcrop limit) and the upper-
most unit must be provided. Where no acreages are
provided, the default value of 1.0 is used for all
intervals ard the spreadsheet performs colum
(thickness-weighted) calculaticns. If the drill
hole is located to represent maximm cover, then
the top acreage is very small and the default value
of 1.0 acre is probably appropriate.

If the drill hole is located where overburden
thickness is at a maximm, then the modeled gecme-
try resembles a cone and the calculated results
should approximate those using diPretoro’s method.
However, for most applications where the uppermost
unit covers a significant acreage it less than the
lowermost unit, the site geometry is modeled as a
truncated cone. Area mines are represented with
nearly equal top and bottom acreages. For multiple
drill hole sites, a combination of geometries may
be most appropriate. For example, where interior
polygon sections which are bounded by other
polygons rather than the coal outcrop limits exist,
they are best represented as area mine sections
with the bottom acreage ecual to the top acreage.

Where unusual topography occurs which renders
the linear interpolaticn method inaccurate, the
overburden analysis can be divided into two or more
sections. Measured acreages are used for the upper
ard lowermost units of each section and the values
are interpolated between measured units.
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OVERBURDEN
DRILL, HOLE

TOPOGRAPHIC SURFACE

Figure 3. Schematic cross-sectional view of area
to be mined with overtamden drill hole
slightly belcw point of maximm overburden
thickness. diPretoro volume—weighting ap—
proximation shown by line 1 includes the area
of triangle BCD. Spreadsheet method calcu—
lates area of triangle BCD plus the cross—
hatcl.led rectangle ABDE. Where necessary due
to irregular topography, spreadsheet—calcou-
lated wvolumes can be improved by dividing
drill hole into two or more intervals as
shown by line 2.

actual volumes are calculated hy multiplying
the unit thickness by its area. But ABA data are
expressed as tons per thousand tons of overbirden.
Therefore, it is more appropriate to evaluate the
data in the same units., The importance of using
weight rather than volume units - is intensified
where the unit weights of the rock types varies
significantly. ABA values arve expressed in terms
of absolute quantities by mitiplying their volumes
by unit weights. The spreadsheet includes default
unit weight wvaluves for each rock type. Unit
waights typical of Allegheny group rocks in western
Pennsylvania were obtained from Geyer and Wilshusen
(1982). Coal ard carbonolith (carbonaceous sedi-
mertary rock) unit weights were determined from
PaDER file data. Through a series of nested WIFY
cperators, the appropriate unit weight is selected
according to the rock type specified. The unit
weight for any particular rock type can be changed
by entering the desired value in the unit weight
table.

Most ABA reports include the “pavement" or
underlying strata, which can vary in thickness.
Althouwh this material will not be mined, it is
presumed that at least the uppermost portion of it
will be disturbed by mining and that it will have
some impact on mine drainage chemistry. For most
applications, it is appropriate to include the
upper foot of pavement material as the lowermost
sample interval in the spreadsheet.

Fraction iled

Previous guantitative evaluations of ABA data
invariably discounted the coal, presuming that its
recovery in the mining operation was 100% complete.
Typically this is not the case, and pit losses in
the order of 5 to 20% can be expected. The spread-
sheet includes a colum to indicate the fraction of



material to be returned to the backfill. For over-
burden, this will be 1.0 (i.e., 100%) since all of
the overturden will be retixmed. Thus, the default
value is set at 1.0. For coals which will be
removed, a fraction representing pit losses can be
entered (such as 0.10). This permits the calcula-
tions to reflect the retention of potentially acid
forming pit cleanings and ceoal rejects, It may
also be possible that wvarious alternate mining
schemes are proposed, such as removal of same
overburden strata either for commercial purposes or
to minimize acid formation. The fraction spoiled
colum can be used to reflect this.

NP and MPA

For each stratigraphic (or sample) interval
the maximm potential acidity (MPA7} ard neutrali-
zation potential (NPr) are calculated and expressed
as total tons CaCOq equlvalent using the following
equations:

MPAT = %Sulfur X 31.25 X Tp X A (2)
X Unit Wt. X Fraction Spoiled
NPy =NP X Tp XAIXUIu.tWt. (3)
X chtlon Spoiled
where: Tp = Thickness of sample (stratigraphic)

interval (feet)

Ay = Acreage covered by sample interval

These two values represent the total amount
of potential acidity and neutralization potential
for a single interval. In this sense, the spread-
sheet goes one step beyond volumetric adjustment of
the acid base accounting data by using actual
densities to calculate total tonnages. Then, for
each interval, the net NP (NNP;) is determined by
subtracting MP2ar from NPr. The total tons of
overburden for a sample interval is calculated by
multiplying thickness times unit weight times area.
This mmber will be used for subsequent summary
parameters.

For mine sites where off-site alkaline mater-
ials will be imported, the impact of the additional
alkaline material, in terms of ABA summary par-
ameters, can be examined by including it in the ARA
calculations. A spreadsheet entry (labelled ALK
ADD (tons/ac CaCD3) in Figre 1) is used. The
"alkaline addition" rate is entered in units of
tons CalCy/acre. If a different material or impure
limestone will be used, it must be conwverted to
CaD4 equivalent. Since the acreage of the bottom
sample interval equals the total surface acreage
represented by this drill hole, the alkaline
addition rate per acre is muitiplied by this mumber
to obtain the total quantity of imported alkaline
material as CaCO5. This value is added to the
column of NP values ard is reflected in the total
NP. It is also added to the total overburden
weight for calculation of NP ard MPA in tons/1000
tons.

Sumary Parameters

The principal purpose of the overburden
spreadsheet is to provide useful parameters which
sumarize the aggregate overburden characteristics.
The summary parameters calculated by the spread-—
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sheet, alcong with their formalas, are listed in
Table 1. The most obwious parameters are calculat-
ed total tonnages of MPA, NP, NNP, and total taons
of overburden. They represent absolute amourts ex—
pressed in tons and are calculated by summing the
value for each individual stratigraphic interval.
Total tons MPA, NP ard NNP are also expressed ag
tons per thousand tons of overburden representing
the entire overlxirden volume as if it were a single
homogeneous sample.

Table 1. ABA spreadsheet summary parameters

Paramater Description Formula

tons overburden total weight of E tons overburden for each sample
overburden interval

IMI'A {tons) 16tal maximum T MPA for eech sample Interval
petential acldity

(MPAL (tons/thonsand) n {MPA {tons)/tons overburden)x 1000

NP (tens) total T NP for each sample interval?
neutralization
potential

NP1 (tons/thousand) H {NP (tons} / tons overburden) x 1000

INNP (tons) total net NF {tons) - MPA (tcns)
neutralization
potential

[NNP1 (tens/thousand) H {NNP (tons)/tons overburden} x 1000

joverburden volume total volume Z [thickness x acreage x frastion spoited}

aere-t.) ol averburden tor each Interval

mercent sandstone total volume - {Z (thickness x acresge x fraction spolled)
welghted percent | for each sendstone Interval/overburden
sandstone volume) x 100

DER ratio NP to MPA ratio NP (tons)/ MPA {tons)

diPretoro eatio " NPI (1ons)/MPAI {1ons)

tens/mcre required CpCO3 equivalent | NNP (tons) / acresge at bottom sample
required for Interval (> 0 = ex¢eas; < 0 = deficiency)
DER Ratio = 1.0

1 for diPretora method, ealeulated as described by diPretoro 1988,
2 includes NP from alkaline additlon

For comparison, the same parameters are cal-
culated using diPretoro’s (1988) triangle-volume
weighting method. As part of a study on the effec-
tiveness of alkaline addition in ameliorating acid
mine drainage (Brady et al. 1990), the spreadsheet
was used to characterize overburden conditions for
ten different mine sites. The results using the
acreage interpolation method and diPretoro’s method
are expressed as aggregate NNP and as the NP/MPA
ratio and are compared in Table 2. Although they
always differ slightly, the results from both
methods are usually fairly close, especially the
NP/MPA ratio. In most of these cases, the
diPretoro method calculated a somewhat lower NNP.
This apparently results from the diPretoro
triangle—approximation method which tends to under-
estimate upper, generally higher NP strata where
the mine site configuration resembles a truncated
cone or where coverburden holes were not drilled at
maximm cover.

Tons per acre NP required

Especially where alkaline addition require-
ments are to be determined, it is useful to know
the limestone application rate which would be
required to fulfill any net neutralization poten-
tial deficiency. In practical terms, this amount
is ewpressed as the required tons per acre. It is
the total tons NNP divided by the total acreage
represented by the drill hole (i.e., the acreage of
the bottom sample interval). Positive MNNPs are
indicated as an excess. Negative NNPs are indi-
cated as deficiencies. Of course, this does not
presume that merely hringing the NNP to zero
indicates a suitable alkaline addition rate. It is
presented only as a surmary parameter to be used in



Table 2. Compariton? of Net 4P Valyues and NPMPA Ratios as determined by Pa DER
spreadsheet and diPretoro methods2

SITE Net NP (tons/thousand) NP/MPA Ratio
NO. N N
Spreadsheet| diPretoro [ difference |Spreadsheet| diPretoro | ditference
1 6.10 6.94 +0.84 233 235 +0.02
2 -3.92 -5.93 -2.01 "] 0 o
3 2.85 2.54 0.3t 1.36 1.31 -0.05
4 77 1.60 +1.17 1.20 n 009
5 15.69 15.29 -0.40 233 2.26 -0.07
6 419 3.05 -1.05 1.52 1.34 0.18
7 -3.38 4,52 -1.14 0.59 0.55 0.04
8 5.55 437 -1.18 2.52 212 -0.40
9A -3.40 -4.89 -1.49 .25 020 -0.05
9B «6.16 S +0.95 0.06 0.09 +0.03
SC -8.68 -11.98 -2.30 0.06 0.05 -6.01
10 170.47 144.14 -26.33 6.74 4.64 -2.10

TMine site data from Brady et al. 1990, 2 Methed used in diPretaro 1988,

the review of APA data. Also, where this parameter
is wused in combination with the significance
threshcld values discussed helow, the limestone
requirement may be very different than for a
straightforward halance of total NP versus total
MFP2.

If an alkaline addition rate has already been
specified in the spreadsheet input data, it will be
reflected in all of the applicable summary par—
ameters. Therefore, the amunt required is in
addition to the specified value. By comparing the
same spreadsheet with and without alkaline addition
or at various alkaline addition rates, the impact
of the alkaline addition on the APA summary param—
eters can easily be doserved. In most cases, only
very large (500 tons/acre or more) alkaline ad-
dition rates have a noticeable impact on these
values.

NP/MPA Ratio

diPretoro (1988) used the ratio of aggregate
neutralization potential to maximm potential
acidity as an ABRA sumary parameter. When this
ratio egquals 1, the NP and MPA are thecretically
equal. This parameter is caloulated by dividing
total tons NP by total tons MPA. diPretore found
that mine sites with a ratic less than 2.4
generally resulted in acid mine drainage, whereas
mine sites with ratios above 2.4 usually produced
alkaline drainage. For comparison, both the mum-
bers derived from the acreage interpolations
(labelled as the DER ratio on Figure 1) and the
difretoro triangle method (labelled diPretoro
ratio) are shown.

Percent Sandstone

Several studies have found (diPretoro armd
Rauch 1987, Williams et al. 1982, Brady et al.
1988, Kanai et al. 1989) that where overlurden is
mostly composed of sandstone, acid drainage
predominates. Consequently, a summary value show—
ing the percentage of sandstone overburden was
incorporated into the spreadsheet, This is a
volume percentage calculated by suming the volume
of each sample interval identified as sandstone and
dividing this by the total overburden volume.
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Significance Thresholds

Brady and Hornberger (1989) suggested thres-—
hold wvalues of NP = 30 tons/1000 tons CaC0; with
"fizz" and percent sulfur = 0.5 as reasonable
guidelines to define potentially alkaline or acid-
producing strata, respectively. Overburden calcu-—
lations for alkaline addition were made using this
scheme, such that Ca®0; requirements were based
only on strata with sulfur conternts and NPs
exceeding these thresholds. The spreadsheet was
designed to perform these or similar calcutations.
Threshold values for sulfur content, NP, and fizz
rating are defined near the top of the spreadsheet.
Through a series of "IF" operators, MPA ard NP
values are only calculated for sample intervals
which equal or exceed the threshold value. Usirg
threshold values of 0.5% sulfur, NP = 30, and fizz
= 1, for example, MPA will be determined only if
the sulfur content equals or exceeds 0.5%. Where
sulfur < 0.5%, MPA = 0. NP will enly ke calculated
where the sample NP equals or exceeds 30 and fizz
is greater than or equal to 1. Therefore, where ND
< 30 or fizz = 0, NP = 0.

Presumably, this method can be used to elim-
inate the NP or MPA conmtribution from strata which
are insignificant in terms of the production of
acidity or alkalinity. Of course, if no threshold
calculation is desived, then zero is entered for
the threshold values. any corbination of thres—
holds can be used. In this mamner, the summary
parameters can be readily calculated for a variety
of threshold values.

Sulfur Content — Carbonate Equivalence

Cravotta and others (1990) have suggested
that by using a stoichiometric eguivalence factor
of 31.25 to compare percent sulfur (MPA) to NP, the
actual neutralization reguirements may be under—
stated by a factor of two. The alternate equival-
ence factor to convert percent sulfur to MPA is
62.5. Accordingly, the spreadsheet also reflects
this alternate method. 211 of the s values
are calculated wsing both the 31.25 ard 62.5
equivalence factors.

Summary and Discussion

Computer spreadcheets are an effective means
of summarizing and evaluating ABA overburden
analysis data. Volumetric and mass-weighted calcu-
lations based on actual mine site geometry and
overburden wunit weights can easily be performed.
Underlying assumptions can be readily charged and
the spreadsheet automatically performs any recalcu-
lations. Through the use of summary parameters,
ABA data from an entire mine site can be integrated
to form a conceptual picture of the site’s
aggrecate overburden conditions. Moreover, the
spreadsheet. can be used to perform various
quantitative calculations such as alkaline additien

requirements.

A study by Brady et al. (1990) used the
spreadsheet method of overinrden analysis computa-
tion to evaluate the effectiveness of alkaline
additives to surface mines in preventing polluticn
from acid mine drainage. Because it considers rock
mass, the fraction spoiled, and a closer approxima-
tion of actual site geametry, the spreadsheet
offers a better remresentation of actual field
carditions than previous summary methods.



The recent availability of extensive database
capabilities and geographic information systems
(GIS) provides new uses for sumarized ABA data. In
many cases, overburden analysis data is
functicnally irretrievable and can be used only by
initiating a very laborious file search and data
compilation effort. Computer storage of sumarized
ABA data through such a database and retrieval
system could greatly facilitate its use for
cumilative hydrologic impact analysis (CHIA) ard
comparison of overburden quality with postmining
water quality. The computer spreadsheet discussed
herein or its modifications could readily support
such a system.
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