
EVl\llJATICN OF ACID Bll.SE MXXXlNI'ING IY.TA 
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Al::stract. OVerb.rrden analysis data in the fonn of acid-l::ase 
accounting (ABA) can re efficiently and effectively evaluated 
using spreadsheet programs for personal =mp.1ters. The Pennsyl-
vania Deparbnent of Envirornnental Resources (PaDER) , Bureau of 
Mining am Reclamation has developed a spreadsheet which 
calculates several parameters from ABh data including 
mass-weighted. maxbnum p:,tential acidity (MPA), neutralization 
potential (NP) am net neutralization potential (NNP). The 
spreadsheet also summarizes the overb.rrden analysis in terms of 
the ratio of NP to MPA and the percent sandstone. With the 
spreadsheet, aggregate overb.trden characteristics can be surnmar-
ized for an entire mine site. 

CompUter spreadsheet software is ideal for perfonning the 
numerous repetitive calculations necessary in integrating large 
quantities of ABh data. The ABh spreadsheet integrates sulfur 
cxmtent and neutralization p::,tential data, as well as sample 
interval thicknesses, the percentage of each unit sp::>iled, and 
overb.rrden unit weights. 'lhe area of influence of each drill 
hole is detennined am the actual mass of strata are calculated 
by taking into a=unt the geometry of the mine site am 
ove>:b.u:den unit weights. The ABh summary data can be ~ed 
using a variety of significance thresholds for NP and percent 
sulfur, and other factors can readily be changed to review their 
impact. The spreadsheet approach pennits rore conplex am 
detailed analysis of overt::orden data and facilitates comparison 
between calculation rrethods. 

Additional Key Words: overbJrden analysis, acid base ac:countin:_:J, 
=mp.lter spreadsheet. 

Introcluctioo 

llcid base a=unting (Sobek et al. 1978) is 
the JOOSt COilll'OC)nly used overb.rrden analysis tech-
nique for predicting the water quality likely to 
result from a coal mining operation. In Pennsyl-
vania, acid base accounting (ABA) has been used 
since at:out 1979 and now accompanies approxima.tely 
fifty percent of current surface mining pernti t 
applications. ABA evaluates the maximum i;::otential 
acidity (MPA) and the neutralization potential (NP) 
from indi vi.dual strata and expresses them as tons 
per thousand. tons of calcium carl:onate equivalent. 
As such, it has been used to identify potentially 
acid-forming or alkaline-forming strata. Al though 
not original! y intended for the :purpose, ABA is 
also used to predict postmining water quality. 
This is done by individually sampling all of the 
strata within a prop::,sed mine site. The weighted 
aggregate of all samples are considered together to 
evaluate the i;x:,tential of the site to prcxluce 
acidic or alkaline water following mining. 
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Using ABh data for prediction of postmining 
water quality requires the integration of the 
chemical characteristics of each indi vi.dual stratum 
in order to characterize the entire mine site. The 
large volume of ABA data which accompanies a 
typical pennit application makes it all wt impos-
sible to ac:xxnnplish this intuitively. However, the 
widespread availability of personal =mp.1ters am 
spreadsheet software greatly enhance one's ability 
to quanti tati vel. y am objectively evaluate ABh data 
and to evaluate it using a variety of prcx:edures. 
This paper discusses a methcxi developed by the 
Pemsyl vania Deparbnent of Environmental Resources 
(PaDER) that offers a reliable and convenient means 
of surmnarizing large volumes of overhrrden data. 
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ginia, April 23-26, 1990. 
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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. 'llle 
large volume of .ABA data which accompanies a 
typical pennit application makes it all rut impos-
sible to accomplish this intuitively. However, the 
widespread availability of personal comµrters and 
spreadsheet software greatly enhance one's ability 
to quantitatively and objectively evaluate ABA data 
and to evaluate it using a variety of procedures. 
This paper discusses a method develofed by the 
Pennsylvania Department of Environmental Resources 
(PaDER) that offers a reliable and convenient means 
of summarizing large volurres of overburden data. 

Hist.my of Qtantitative ASA Evaluation 

Farly users of ABA data as a predictor of 
postmining water quality tended to balance the MPA 
against the NP for an overburden column giving 
equal weight to the strata at the top and bottom. 
It was presumed that the postmining water quality 
would be detennined by whichever factor predom-
inated. For example, where NP exceeded MPA, alk-
aline drainage 'iNOUld result. Issuance of surface 
mining pennits based on this assurrg:,tion frequently 
resulted in severe acid mine drainage p;:)llution 
(Brady and Hornberger 1989) leading to the realiza-
tion that m:xti.fications to AM. review prcx::edures 
were required for reliable predictions of IX>Stmin-
ing water quality. 

'!he need for a s]J[lple method of computing and 
summarizing ABA data l:ecame essential in the early 
19BO's when coal companies began to prop:,se the 
addition of supplemental alkaline material as a 
means of offsetting an NP deficiency (MPA > NP) and 
the J;XJtential for acid prcx:iuction at a mine site. 
Because of the large number of arithmetic opera-
tions required, the ooncept of using oornputer 
spreadsheets for calculating the deficiencies soon 
followed.. Original! y, calculations were weighted. 
only according to thickness. However, in rrost 
cases the topograjXly is hilly with flat-lying 
strata so that the u~t strata are not as 
aerially extensive as lower strata, making volume 
or mass-weighted. calculations essential. later de-
velopments in the utility of cantp.lter spreadsheet 
software enabled the PaDER to design nore sophis-
ticated spreadsheets which oonsidered. mass or 
volumetric weighting of each overb.rrden sampling 
interval. 

As the use of AEIA for postmining water 
quality prediction became nore widespread, the 
spreadsheet was also used to summarize the data 
numerically for comparison with postmining water 
quality. Again, this required. a quantitative sum-
mary of the data which took into account the actual 
volume or mass of each overb.rrden sampling inter-
val. '.lwo recent studies by diPretoro and Rauch 
(1988) and Erickson and Hedin (1988) have canq;,ared 
numerical surmnations of ABA data with tx:>5tmining 
water quality. Because of the large numl:er 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 st.ntnnary values by 
assuming an idealized right-triangle shaped area to 
be mined. Erickson and Hedin used essentially the 
same methcxi. 'Ihis assumption was easily applied. to 
single oore 109' 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 
AEIA data. In these studies, aggregate MPA and ag-
gregate NP were calculated.. 'lhese volmnes were 
then used to determine the net neutralization 
potential (NNP = NP - MPA) of the aggregate over-
b.lrden volume and the NP;MPA ratio. Since the 
strata are represented :rrore realistically, they 
found that volume-weighted. calculations yielded. 
better results than a ooltn11I1fil" ( equal unit-volume 
for all strata) approach. 

'Ihe current spreadsheet program used by the 
PaDER includes several important parameters useful 
in summarizing aggregate overb.rrden characteris-
tics. 'Ihese include mass weighting using selected 
unit weights according to rcx:::k type, the percentage 
of a unit that is sp:,iled, and threshold sig-
nificance levels for NP and sulfur oontent. '!he 
current spreadsheet represents a culJnination of 
efforts over the last several years. '!he ooncepts 
presented here =uld be adopted with almost any 
commercial spreadsheet software. 

Figure 1 is a printout of the overb.lrden cal -
culation spreadsheet used by PaDER, showing the 
layout of the input data and calculated results. 
Data input is designed to mimic AEIA rep::,rts cur-
rently in use. Manual data input from the keyroard 
is kept to a miniJm.rrn. 'lhe only required input 
oolurnns are tottorn depth, rcx:::k 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 AEIA 
data for individual drill holes. Where only one 
drill hole is available to characterize the over-
b.rrden at a given mine site, quantitative analysis 
is simplified., although a single hole may not be 
representative of the entire mine site. In IIOSt 
cases, the infonnation available from surface min-
ing permit applications in Pennsylvania is complete 
enough such that a rrore rigorous approach to 
quantitative evaluation of overb.rrden analysis data 
can be l.Il'ldertaken. Virtually every site in the 
state has tvJO ( and usually :rrore) overrurden holes. 
Using the outcrop boundary and the liJni ts of mining 
as delineated. in the permit application, the area 
of influence of each drill hole can lJe approximated 
using the 'lhiessen J;X)lygon methcxi (Davis 1973 and 
Brassington 1988). 

An example Thiessen p::,lygon oonstruction at a 
hyp:,thetical mine site is shown in Figure 2. 'Ihe 
areas within each i;:olygon are closer to the data 
point (drill hole) in the center of the polygon 
than they are to any other data J;XJint. In brief, 
the p::,lygons are oonstructed by drawing lines 
between each drill hole. Each line is then bi -
sected with a perpendicular and the perpendiculars 
are extended to form J;XJlygons. 'lhe area of each 
J;X)lygon can l:e calculated using a planimeter and 
this value can be used as a factor in detennining 
actual volume or mass or for applying relative 
weights to each drill hole. Although there are 
other nore elatorate methcds which could be 
employed, they usually require many data points and 
lengthy, complex calculations. 'lhe 'Ihiessen methcd. 
is nore representative than simple arithmetic 



OVERBURDEN ANALYSIS SPREADSHEET PAGE-1 
CLAY CL 3450 

OPERATOR: MINE SITE l SHALE SH 3700 
PERMIT NO: DR HOLE: DH EXAMPLE SILTSTONE ST 3750 ALK ADD(t/a CaC03): 
COUNTY: LYCOMING TOWNSHIP: PINE SANDSTONE ss 3670 COAL SEAMS: 

LIMESTONE LS 3670 STATE PLANE ZONE: 
THRESHOLD SULFUR NP FIZZ COAL co 1800 FEET (NORTII/SOUTII): 

VALUES: 0 0.00 0 CARBONOLIDI CB 2580 FEET (EAST/WEST): 
NUMBER OF INTERVALS 21 (Alt A; Alt B to execute) OTHER OT 2000 SURF ACE ELEV. (Fr), 

BOTTOM TIIICKNESS ROCK FIZZ SULFUR NP DEFICIENCY ACREAGE UNIT WT FRACTION TONS TONS NET NP TONS OF 
DEPTH (FI) FEFr TYPE RATING % /EXCESS TONS/AC-FT SPOILED MPA NP (TONS) OVERBURDEN 

7.00 7 .00 OT 0 0.05 1.90 0.34 10.50 2000 1.00 229 .69 279.30 49.61 147000 
14.00 7.00 ss 0 0.04 1.65 0.40 13.98 3670 1.00 448.89 592.54 143.65 359115 
21.00 7.00 ss 0 0.05 1.90 0.34 15. 72 3670 1.00 630.94 767.22 136.28 403800 
28.00 7.00 SH 0 0.07 28.99 26.80 17.46 3700 1.00 989.08 13107 .86 12118.78 452151 
33.00 5.00 co 0 0.50 2.41 -13.22 18. 70 1800 0.10 262.97 40.56 -222.41 16830 
37 .oo 4.00 CL 0 0.08 3.42 0.92 19.69 3450 1.00 679.44 929.48 250.03 271776 
46.00 9.00 ss 0 0.07 2.41 0.22 21.93 3670 1.00 1584.53 1745. 70 161.17 724358 
60.00 14.00 ss 0 0.09 5.19 2.38 25.41 3670 1.00 3671.77 6775.64 3103.87 1305519 
71.00 11.00 ss 0 0.12 15.82 12.0( 28.14 3670 1.00 4260.41 17973.25 13712.84 1136110 
81.00 10.00 SH 0 0.28 30.25 21.50 30.63 3700 1.00 9915.58 34279.58 24364.00 1133209 
82.00 1.00 SH 0 1.29 2.41 -37.90 30.88 3700 1.00 4605.31 275.32 -4329.99 114240 
86.00 4.00 CL 0 0.49 9.75 -5.56 31.87 3450 1.00 6734.47 4288.07 -2446.40 439802 
90.00 4.00 CL 0 0.59 7 .09 -11.35 32.86 3450 1.00 8361. 74 3215.44 -5146.30 453518 
92.50 2.50 co 0 0.95 2.66 -27 .03 33.48 1800 0.10 447.34 40.08 -407 .26 15068 
98.00 5.50 CL 0 0.54 3.57 -13.31 34.85 3450 1.00 11159.56 2360.87 -8798. 70 661308 

100.00 2.00 co 0 0.74 1.65 -21.48 35.35 1800 0.10 294.28 21.00 -273.28 12725 
104.00 4.00 CL 0 0.19 5.45 -0.49 36.34 3450 1.00 2977 .81 2733.31 -244.49 501525 
121.00 17 .oo SH 0 0.12 33.04 29.29 40.57 3700 1.00 9568.66 84306.30 74737.63 2551643 
127.00 6.00 SH 0 0.10 3.93 0.81 42.06 3700 1.00 2917. 74 3669.36 751.61 933678 
131.00 4.00 co 0 0.68 3.17 -18.08 43.05 1800 0.10 658.69 98.26 -560.43 30997 
132.00 1.00 CL 0 0.10 2.91 -0.22 43.30 3450 1.00 466.83 434. 71 -32.12 149385 

TOTAL OVERBURDEN VOL. (ACRE-FT): 3305 TOTAL (TONS): 70865.73 177933.85 107068.12 11813759 
PERCENT SANDSTONE: 32% TOTAL (TONS/TIIOUSAND): 6.00 15.06 9.06 
DER RATIO: 2.51 diPREIORO METHOD (I/TT): 6.71 15.77 9.06 
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): 141731.46 177933.85 36202.38 
diPRETORO RATIO: 1.17 TOTAL (TONS/TIIOUSAND): 12.00 15.06 3.06 
TONS/ACRE REQUIRED (1,1), 836.08 EXCESS diPRETORO METIIOD (I/TT): 13.42 15.77 2.34 

Figure 1. Example of acid l:ase accounting spreadsheet printout. 

averaging of drill hole data since each drill hole 
represents a voluroo of overburden prop:>rtional to 
its actual lcx:ation within the mine site. 

Volumetric calculations 

In contrast to thickness weighting and volume 
weighting using the triangle approximation of 
diPretoro, the overburden analysis spreadsheet uses 
actual measured acreages of the area to be mined. 
For Il'OSt uses it is iITipractical to measure the area 
for each sample (stratigraj:hlc) interval, which 
would be necessary for prec.ise volumetric calcula-
tions. As an alterriate and much simpler method, 
the acreage for the uppenrost unit and lowenrost 
unit can be determined, with the spreadsheet 
inteqx:>lating the areas for each intervening sample 
interval. In Il'OSt instances, this methOO. will 
provide acceptable volumetric calculations under a 
wide range of torx:>graphic conditions. '!he area 
covered by each sample interval is est:iJnated by 
determining its depth in the drill hole at the 
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middle of the interval. 'Ibis technique is 
illustrated in Figure 3. 'Ihe spreadsheet calcu-
lates this value using the equation: 

Ar = Ar + [ ((Drop+Dror)/2)/Dror] X (l\s-Arl (1) 

Where: = Acreage at sample (stratigraj:hlc) 
interval 

= Acreage represented by the middle of 
the uppenrost sample interval 

= Acreage represented by the middle of 
the lowerrrost sample interval 

Dror = Drill hole total depth 

DroP = Depth at top of sample interval 

Door = Depth at bottom of sample interval 
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Figure 2. 'Iypical mine plan map showing 'Iheissen 
p;::>lygon method of defining area of influence 
for each drill hole. Dashed lines are con-
struction lines drawn l:etween drill holes. 
Polygons are =nstructed cy bisecting the 
construction lines with perpendiculars. outer 
limits of polygons are defined cy mining 
limits and coal outcrop boundary. Interior 
polygons (1 and 2) are calculated as =lumns 
(top acreage = l:ottom acreage) . Remaining 
polygons calculated using different top and 
J::ottom acreages. 

'!his equation provides a reasonable approxi -
mation of acreages covered by each sample interval 
provided that the strata are not steeply dipping 
and that the top:,graply, if viewed in cross sec-
tion, is not markedly convex, ooncave or irregular. 
It can be appropriately applied to area mines, 
contour mines, and mountaintop rerroval mines and 
..,,rks equally well in steep or gentle topograp-1y. 
'lhe data input requirements are minimal. 'lhe acre-
acreage represented by the lowerm:.:>st unit (usually 
measured as the coal outcrop limit) and the upper-
most unit must l:e provided. Where no acreages are 
provided, the default value of 1.0 is used for all 
intervals and the spreadsheet performs oolurnn 
(thickness-weighted) calculations. If the drill 
hole is lcx::ated to represent maximum cxwer, then 
the top acreage is very small and the default value 
of 1.0 acre is probably appropriate. 

If the drill hole is lcx::ated where overburden 
thickness is at a maximum, then the modeled geome-
try resembles a cone and the calculated results 
should approxima:te those using diPretoro's methcxl. 
However, for mJSt applications where the upperrrost 
unit covers a significant acreage rut less than the 
lowernost unit, the site geometry is m::deled as a 
truncated cone. Area mines are represented with 
nearly equal top and bottom aci:eages. For lllUl.tiple 
drill hole sites, a combination of geometries may 
be Il'OSt appropriate. For example, where interior 
polygon sections which are OOtmded by other 
polygons rather than the coal outcrop limits exist, 
they are best represented. as area mine sections 
with the oottam acreage equal to the top acreage. 

Where unusual topograp-1y occurs which renders 
the linear interpolation method inaccurate, the 
overb..rrden analysis can be divided into two or :rrore 
sections. Measured acreages are used for the upper 
and lowenrost units of each section and the values 
are interpolated between measured uni ts. 
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Figure 3. Schema.tic cross-sectional view of area 
to be mined with overb.rrden drill hole 
slightly below point of maxi.nrum overburden 
thickness. diPretoro volun-e-weighting ap-
proximation shavm by line l includes the area 
of triangle BCD. Spreadsheet method calcu-
lates area of triargle BCD plus the cross-
hatched rectangle /\BOE. Where necessary due 
to irregular topograp-1y, spreadsheet-calcu-
lated vol\ll\1e';' can be improved cy dividing 
drill hole into two or rore intervals as 
shavm by line 2. 

Actual volumes are calculated cy lllUl.tiplying 
the unit thickness cy its area. But ABl!. data are 
expressed as tons per thousand tons of overhrrden. 
Therefore, it is nore appropriate to evaluate the 
data in the same units. 'Ihe importance of using 
weight rather than volume uni ts is intensified 
where the unit weights of the rock types varies 
significantly. AB,?,,. values are expressed in terms 
of absolute quantities cy lllUl.tiplying their volumes 
cy unit weights. '.!he spreadsheet includes default 
unit weight values for each rock type. Unit 
weights typical of Allegheny group rocks in western 
Pennsylvania were obtained from Geyer and Wilshusen 
(1982). Coal and carbonolith (carbonaceous sedi-
mentary rock) unit weights were determined from 
PaDER file data. 'Ihrough a series of nested 11IF11 

operators, the appropriate unit weight is selected 
a=ording to the rock type specified. '.!he unit 
weight for any particular rock type can be changed 
by entering the desired value in the unit weight 
table. 

Most ABA rep:,rts include the 11pavement11 or 
tmderlying strata, which can vary in thickness. 
Although this material will not be mined, it is 
presumed that at least the uppeno::,st portion of it 
will be disturbed cy mining and that it will have 
some impact on mine drainage chemistry. For :rrost 
applications, it is appropriate to include the 
upper foot of pavement material as the lowernnst 
sample interval in the spreadsheet. 

Fraction Spoiled 

Previous quantitative evaluations of ABA data 
invariably discotmted the coal, presuming that its 
recovery in the mining operation was 100% corrg;>lete. 
Typically this is not the case, and pit losses in 
the order of 5 to 20% can be expected. '.!he spread-
sheet includes a column to indicate the fraction of 



material to l:e returned to the backfill. For over-
b.rrden, this will l:e 1.0 (i.e., 100%) since all of 
the overt:urden will l:e returned. 'lhus, the default 
value is set at 1. O. For coals which will l:e 
re:roc,ved, a fraction representing pit losses can be 
entered (such as 0.10). '.Illis permits the calcula-
tions to reflect the retention of p::>tentially acid 
forming pit cleanings and coal rejects. It may 
also t:e possible that various alternate mining 
schemes are prop::,sed, such as removal of some 
overl:urden strata either for commercial p.iq:oses or 
to minimize acid formation. !Jhe fraction spoiled 
column can t:e used to reflect this. 

NP and MPA 

For each stratigrapric ( or sample) interval 
the maxilnum potential acidity (MPAr) and neutrali-
zation potential (NPr) are calculated and expressed 
as total tons cacn3 equivalent using the followirg 
equations: 

MPAr - %SUlfur X 31. 25 X Tr X Ar ( 2) 
X Unit wt. X Fraction Spoiled 

- NP X Tr X Ar X Unit wt. 
X Fraction Spoiled 

Where: Tr - '.Illickness of sample (stratigrapric) 
interval (feet) 

Ar - Acreage covered by sample interval 

(3) 

These two values represent the total anount 
of :i;:otential acidity and neutralization p:,tential 
for a single interval. In this sense, the spread-
sheet goes one step beyond. volumetric adjustment of 
the acid base acc:ounting data by using actual 
densities to calculate total tonnages. Then, for 
each interval, the net NP (NNPr) is determined by 
subtracting MPAr from NPr. '.Ihe total tons of 
overb.rrden for a sample interval is calculated by 
multiplying thickness times unit weight tmas area. 
'lllis number will be used for subsequent summary 
parameters. 

Alkaline hlditian Rate 

For mine sites where off-site alkaline mater-
ials will be irnp:>rted, the bnpact of the additional 
alkaline material, in tenn.s of ABA summary par-
ameters, can be examined by including it in the ABA 
calculations. A spre,,dsheet entry (labelled ALK 
1IDD (tons/ac caro3) in Figure 1) is used. The 
11alkaline addi tion11 rate is entered in uni ts of 
tons ca~/acre. If a different material or impure 
limestone will t:e used, it nrust be converted to 
ca~ equivalent. since the acreage of the oottom 
sample interval equals the total surface acreage 
represented by this drill hole, the alkaline 
addition rate :r;:er acre is multiplied by this number 
to obtain the total quantity of ll11p0rted alkaline 
material as eacn3. 'Ihis value is added to the 
column of NP values and is reflected in the total 
NP. It is also added to the total overb..rrden 
weight for calculation of NP and MPA in tons/1000 
tons. 

'!he principal purp:::>Se of the overb..rrden 
spreadsheet is to provide useful parameters which 
summarize the aggregate overb..rrden characteristics. 
'.Ihe summary parameters calculated by the spread-
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sheet, along with their formulas, are listed in 
Table 1. 'lhe nnst obvious parameters are calculat-
ed total tonnages of MPA, NP, NNP, and total tons 
of overb..rrden. '!hey represent al:solute am::runts ex-
pressed in tons and are calculated by simning the 
value for each individual stratigraptlc interval. 
TOtal tons MPA, NP and. NNP are also expressed as 
tons per thousand tons of overl:m:den representing 
the entire overbJrden volume as if it were a single 
homogeneous sample. 

Table 1. ABA spreadsheet summary parameters 

Parametu Detcrlptlon Pormu.la 

ons overburden total weight of t tons overburden tor each sample 
overburden Interval 

MPA (tons) total maximum t MPA for each sample Interval 
potential acidity 

MPAl (tons/thousand) (MPA {tons)/tons overburden):,: 1000 

NP (tons) total t NP tor each sample lnterval2 
neutralization 
potential 

NPl (tons/thousand) (NP (tons) I toll5 overburden):,: 1000 

NNP {10115) total net NP (tons)- MPA (10115) 
neutralization 
potential 

NNPl (tons/thousand) (NNP (toiu)/tons overburden):,: 1000 

!Overburden volume total volume l: (thickness:,: acreage :,: fraet!on spol!ed) 
aere-ft.) at overburden for each Interval 

!Percent sandstone total volume - (1: (thickness:,: acreage:,: fraction spolled) 
weighted percent for each sandstone Interval/overburden 
sandstone volume) :,: 100 

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

!Pretoro ratio . NPl (tons)/MPAl {to115) 

ans/acre required CaC03 equivalent NNP (tons) I acrnge at bottom sample 
required for 
DER Ratio" 1.0 

Interval (> o = excess; • o = deficiency) 

l tor dlPretoro method, calculated as described by d!Pretoro 1988. 
2 Includes NP from alkaline addition 

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. 'lhe results using the 
acreage inteq:olation methcxi 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 txJt.h 
methods are usually fairly close, esr;:ecially the 
NP /MPA ratio. In nnst of these cases, the 
diPretoro method calculated a somewhat lower NNP. 
'.Illis apparently results from the diPretoro 
triangle-approxilnation methcxi which tends to under-
estimate upper, generally higher NP strata where 
the mine site configuration resembles a truncated 
cone or where overb.n:den holes were not drilled at 
maxiJnum cover. 

'lblls per acre NP rmµired 

Fspec:ially where alkaline addition require-
ments are to t:e detennined, it is useful to know 
the lilTlestone application rate which would be 
required to fulfill any net neutralization p:>ten-
tial deficiency. In practical tenn.s, this am:>unt 
is expressed as the required tons :r;:er acre. It is 
the total tons NNP divided by the total acreage 
represented by the drill hole (i.e. , the acreage of 
the J:ottom sample interval). Positive NNPs are 
indicated as an excess. Negative NNPs are indi-
cated as deficiencies. Of course, this does not 
presume that merely bringing the NNP to zero 
indicates a suitable alkaline addition rate. It is 
presented only as a summary parameter to be used in 



SITE 
Net NP(tonslthovsand) NP/MPARiltiO 

NO. 
Spreildsheet diPretoro difference Spreadsheet diPretoro difference , 6.10 6.94 +0.84 2.33 2.3S +0.02 

2 ·3.92 ·S.93 •2.01 0 0 0 
3 2.8S 2.54 --0.31 1.36 1.31 --0.0S 
4 2.77 1.60 •1.17 1.20 1.11 --0.09 
s 1S.69 1S.29 -0.40 2.33 2.26 -0.07 
6 4.10 3.0S -1.0S 1.S2 1.34 -0.18 
7 -3.38 -4.S2 -1.14 0.59 0.55 -0.04 
8 S.55 4.37 •1.18 2.S2 2.12 -0.40 

9A -3.40 -4.89 -1.49 0.25 0.20 --0.0S 

" -6.16 -5.21 +0.95 0.06 0.09 +0.03 
9C -9.68 -11.98 -2.30 0.06 0.05 -0.01 
,0 170.47 144.14 -26.33 6.74 4.64 -2.10 

1Mme site dilta from Brady et al. 1990. 2 Method vsed in diPretoro 1988. 

the review of ABA data. Also, where this parameter 
is used. in combination with the significance 
threshold values discussed 1::elow, the lllOOStone 
requiremmt may be very different than for a 
straightforward balance of total NP versus total 
MPA. 

If an alkaline addition rate has already been 
specified in the spreadsheet input data, it will be 
reflected in all of the applicable S1.ll1ll1larY par-
ameters. 'lherefore, the anount required is in 
addition to the specified value. By cc,nµ,ring the 
same spreadsheet with and without alkaline addition 
or at various alkaline addition rates, the impact 
of the alkaline addition on the ABA summary param-
eters can easily :t:e ob3erved. In nost cases, only 
very large (500 tons/acre or more) alkaline ad-
dition rates have a noticeable ilnpact on these 
values. 

NP/MPA Ratio 

diPretoro ( 1988) used the ratio of aggregate 
neutralization p:rtential to maximum !X)tential 
acidity as an ABA summary parameter. When this 
ratio equals 1, the NP and MPA are theoretically 
equal. nus parameter is calculated by di vi ding 
total tons NP by total tons MPA. diPretoro found 
that mine sites with a ratio less than 2.4 
generally resulted in acid mine drainage, whereas 
mine sites with ratios ab:>ve 2.4 usually produced 
alkaline drainage. For comparison, lx>th the num-
bers derived from the acreage interp:>lations 
( labelled as the DER ratio on Figure 1) and the 
diPretoro triangle method ( labelled diPretoro 
ratio) are shown. 

Several studies have found ( diPretoro and 
Rauch 1987, Williams et al. 1982, Brady et al. 
1988, Kanai et al. 1989) that where overrurden is 
:rrostly cornp::>Sed of sandstone, acid drainage 
predominates. Consequently, a summary value show-
ing the percentage of sandstone overrurden was 
incorporated into the spreadsheet. 'Ibis is a 
volume percentage calculated by summing the volume 
of each ~le interval identified as sandstone and 
di vi ding this by the total overb.rrden volume. 

218 

Significance 'lllresholds 

Brady and Hornberger (1989) suggested thres-
hold values of NP = 30 tons/1000 tons CaCl'.l:J with 
11fizz11 and percent sulfur = 0.5 as reasonable 
guidelines to define !X)tentially alkaline or acid-
prcxiucing strata, respectively. OVerbJrden calcu-
lations for alkaline addition were made using this 
scheme, such that caoo3 requirements were based 
only on strata with sulfur contents and NPs 
exceeding these thresholds. '.!he spreadsheet was 
designed to perfonn these or similar calculations. 
'lhreshold values for sulfur content, NP and fizz 
rating are defined near the top of the s~dsheet. 
'Ihrough a series of 11IF11 operators, MPA and NP 
values are only calculated for sample intervals 
which equal or exceed the threshold value. using 

~~~~ ~:,of~A5!iIT1~urde~~ a:iiif; 
the sulfur =ntent equals or exceeds o. 5%. Where 
sulfur < 0.5%, MPA = o. NP will only be calculated 
where the sample NP equals or exceeds 30 and fizz 
is greater than or equal to 1. 'lherefore where NP 
< 30 or fizz = o, NP= o. ' 

Presumably, this methcxl can l:e used to elim-
inate the NP or MPA contrirution from strata which 
are insignificant in tenns of the production of 
acidity or alkalinity. Of course, if no threshold 
calculation is desired, then zero is entered for 
the threshold values. Any combination of thres-
holds can be used. In this m:mner, the summary 
parameters can :t:e readily calculated for a variety 
of threshold values. 

SUlfur Content cartx;rate Elluivalen:::e 

Cravotta and others ( 1990) have suggested 
that by using a stoichiometric equivalence factor 
of 31.25 to cc,nµ,re percent sulfur (MPA) to NP, the 
actual neutralization requirements may :t:e under-
stated by a factor of two. '.!he alternate equival-
ence factor to convert percent sulfur to MPA is 
62.5. Accordingly, the spreadsheet also reflects 
this alternate method. All of the si.munary values 
are calculated using 00th the 31. 25 and 62. 5 
equivalence factors. 

sunmary arrl Discussion 

Conp.rter spreadsheets are an effective means 
of summarizing and evaluating ABA overb..rrden 
analysis data. Volt.nnetric and mass-weighted calcu-
lations 1:ased on actual mine site geonetry and 
overb..rrden unit weights can easily l::e perfonned. 
Underlying assumptions can be readily changed and 
the spreadsheet automa.ticall y performs any recalcu-
lations. 'Ihrough the use of summary parameters, 
ABA data from an entire mine site can be integrated 
to fonn a conceptual picture of the site's 
aggregate overb.lrden conditions. M:::>reover, the 
spreadsheet can :t:e used to perfonn various 
quantitative calculations such as alkaline addition 
requirements. 

A study by Brady et al. (1990) used the 
spreadsheet methOO. of overb.rrden analysis computa-
tion to evaluate the effectiveness of alkaline 
additives to surface mines in preventing p::,llution 
from acid mine drainage. Because it considers rock 
mass, the fraction S!X)iled, and a closer approxima-
tion of actual site geometry, the spreadsheet 
offers a better representation of actual field 
conditions than previous summary meth.cx:Is. 



The recent availability of extensive database 
capabilities and gecgraµric infonnation systems 
(GIS) provides new uses for smnrnarized ABA data. In 
many cases, overt:orden analysis data is 
functionally irretrievable and can be used only by 
initiating a very lal:x:>rious file search and data 
coinpilation effort. COillpJ.ter storage of smnrnarized 
ABA data tl1rough such a database and retrieval 
system could greatly facilitate its use for 
cumulative hydrologic ilnpact analysis (CHIA) and 
comparison of overb.Jrden quality with postmining 
water quality. '.Ille computer spreadsheet discussed 
herein or its m::xlifications could readily supp:>rt 
such a system. 

The authors wish to thank Charles Cravotta 
III and Richard S. diPretoro for their review of 
the manuscript and helpful comments. We also are 
indebted to Vincent Meehan and the numerous PaDER 
Bureau of Mining Reclamation staff memrers for 
their extensive trial-and-error deb.Igging and 
critical review of the ABA spreadsheet. 
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