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INTRODUCTION

The quality of mine drainage is a function of the interrelationships
of numerous natural and anthropogenic factors. Since many of the inter-
relationships have not yet been quantified, an understanding of the
known relationships and the ability to predict and identify potential
problems will minimize the occurrence of acid-mine drainage.

Accurate overburden characterization is necessary in recommending mining
reclamation procedures that are both cost effective and simultaneously
designed to minimize the potential for acid-mine drainage. Two standard
procedures for overburden characterization are acid-base accounting and
simulated weathering. In this study which tested the latter process,
the simulated weathering columns were based on acid-base accounting data and
information supplied by an operator pertaining to his equipment and method of
mining. The objectives were to study the effects of various methods of
overburden placement on Teachate quality using acid-base accounting and

simulated weathering studies.,

GENERAL BACKGROUND

The mine site used in this study is Tocated in Surface Mining Province II,
as originally defined by Arkle (2). The stratigraphic delineation of Surface
Mining Province Il includes the beds of the uppermost Pottsville, Allegheny
and Lower Conemaugh Formations. Surface Mining Province II is broadly defined
as having overburdens that are high in total sulfur, Tow in bases, but have
a wide range of rock types. Mining operations in Province 1I require attention
to overburden characteristics and to handling procedures in order to avoid
acid-mine drainage. This investigation was based on acid-base accounting

data and information supplied by the operator that the proposed operation
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TABLE 1 ACID-BASE ACCOUNT

Fizz %S

0.010
<.005
<.005
<.005
<.005
<.005
0.07%
0.072
0.094
0.116
0.159
0.496
1.05

0.268
1.02

6.74

2.37

3.18

0.822
2.03

0.525
4.21

0.127
0.235
0.219
0.253
0.018

2 - 10% passing No, 100 sieve)
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Simutated Weathering Cycle

After innoculation with acid-mine water, moist air was passed through each
column for 90 hours. The air was supplied by an air pump and moisture was
supplied by first passing the air through water.

At the end of the innoculation period, 1000 m1 of distilled deionized
water was poured through each column and allowed to drain by gravity. Following
the Teaching, moist air was passed through the columns for three days, followed
by three days of dry air. The sequence of moist air, dry air and leaching was
repeated weekly for one year.

Leachate Analysis

Each leachate and blank was analyzed for pH; total hot acidity, mineral
acidity, total alkalinity, total iron, dissolved iron, total manganese,
sulfates, calcium, magnesium, and specific conductivity (9). All samples were
analyzed by acid-base accounting technique prior to placement in the leachate

columns and at the completion of the experiment.

RESULTS AND DISCUSSION

General Interpretations

1. Pre-Leach Acid-Base Accounting

Pre-leach acid-base accounting, Table 3, indicated that leachate from C-1,
C-10, C-16 and C-20 should be stightly acidic in nature. The materials
represented by C-4, C-5, C-6, C-7 and C~8 were defined as being potentially
acid-producing while C-9 was considered as being borderline. The materials
represented by C-2 and C-3 were identified as having an excess of potential
neutralizers, but these excesses were less than 4.0 tons/1000 tons. The
treated columns were identified as having excesses of potential neutralizers
ranging from 22,0 - 106 tons/lOOO tons. Therefore, the Teachates from the

materials represented by these columns should be bhasic.
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When pre-leach acid-base accounting using only percent pyritic sulfur was
conducted, there were some shifts indicated by the data shown in Table 4. C-1
now possessed a slight excess of potential neutralizers (0.33 tons/1000 tons),
but the Teachate from the column was still expected to be slightly acidic. C-
4, C-5, C-6 and C-7 were still defined as potential acid-producing. However,
the leachate from the materials represented by C-8 was expected to be on the
borderline between strongly acidic to very moderately acidic. C-9 was not
considered to be borderline, but predicted to produce a leachate that would

have the characteristics of moderately acidic drainage.

2. Simulated Weathering Studies

The results of the simulated weathering columns agreed with the inter-
pretations made from acid-base accounting. The columns that were identified
as potentially acid-producing had leachates characteristic of strongly acid-
mine drainage (Table 5). Strongly acidic drainage used in this study is
defined as having the following characteristics:

. pH of 4.0 or less

. total acidity greater than 10 ppm with
mineral acidity

dissolved iron content greater than 5 ppm
elevated manganese content

sulfate content greater than 50 ppm
specific conductivity greater than 100 umhos

=T S I I T
1 ] »

The columns that were identified as having slight excesses or deficiencies
of carbonate equivalents when subjected to the simulated weathering study
yielded leachates that were slightly acidic. Slightly acidic drainage used
in this paper is defined by the following:

1. pH valves between 6.0 - 7.0

2. very little or no total hot acidity

3. total alkalinity that is greater than total hot
acidity but the difference between the two is

15 ppm or less.
4. dissolved iron generally less than 0.5 ppm
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5. sulfates generally less than 15 ppm
6. specific conductivity generally less than
25 umhos.

C-9, which was identified by pre-leach acid-base accounting to have
a deficiency of 2.27 ton/1000 tons based on pyritic sulfur, yielded leachates
with the following ranges of the parameters tested:

1. pH 3.8-4.5; with 4.5 at conclusion of study

2. total hot acidity 6-23 ppm; with 6 ppm at
conclusion of study

3. no mineral acidity

4, total alkalinity of less than 1l

5. total iron 0,06-1,66 ppm; with 0.06 ppm at
conclusion of study

6. dissolved iron <0.05-1,52 ppm; with <0.05 ppm
at conclusion of study

7. total manganese 0.,04-1.82 ppm with 0.04 ppm
at conclusion of study

8., specific conductivity 40-571 umhos; with 40 umhos
at conclusion of study

9. sulfates 8-193 ppm; with 8 ppm at conclusion of

study

10, calcium 1.14-52,6 ppm; with 1.14 at conclusion of
study

11, magnesium 0.38-17.6; with 0.38 at conclusion of
study

These characteristics are typical of moderately acidic drainage.

The above confirms the interpretations made from the acid-base accounting data
concerning the general quality of the leachate.

A11 the simulated weathering columns exhibited a similar trend. Following
physical redistribution of overburden materials, there was an initial acceleration
of chemical weathering. After approximately 20 weeks into the weather cycle,
the columns adjusted toward equilibrium or steady state condition.

Amounts of Neutralization Potential and Maximum Acidity Consumed

Table 6 and 7, respectively, show the difference between pre and post-
leach neutralization potential; and pre and post-leach maximum acidity. By
calculating the difference between pre and post-leach acid-base accounting,
the percentage of neutralization potential and maxium acidity leached can be

determined.
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TABLE /

PRE-LEACH VERSES POST-LEACH MAXIMUM ACIDITY FROM % PYRITIC SULFUR

---------- CaC0., Equivalents Tons/1000 Tons Material----=--=cccaua-

Columns Pre Maximum Post Maximum Difference %Consumed
C-1 4.59 4,00 0.59 12.85

C-2 3.00 2.28 0.72 24.00
c-3 1,29 1.03 0.26 20.16
Cc-4 31.25 28.69 2.56 7.23

-5 98.44 48.13 50.31 51.10
C-6 20.31 12,47 7.84 38.60
c-7 10.47 7.50 2.97 . 28.37
Cc-8 3.06 1.38 1.68 54,90
c-9 0.69 0.16 0.53 76.81
€-10 4,81 4.09 0,72 14,97+
c-11 4,88 4.41 0.47 9.63 (1)
c-12 4.53 3.63 0.90 19.87 (2)
C-13 4,03 4.03 0 0 (3)
c-14 4,09 3.59 0.5 12.22 (4)
€-15 4.13 4,97 *k -w= (4)
C-16 4.84 4.25 0.59 12,19+
c-17 4.88 4.88 0 0 (1)
Cc-18 4,563 4,38 0.16 3.5 (2)
c-19 4.06 3.97 0.09 2.2 (3)
C-20 4,81 4.53 0.28 5.2+
c-21 4,84 4,91 *k = (1)
Cc-22 4,50 4.53 *k --=- (2)
C-23 4,03 3.91 0.12 3.0 (3)
c-24 4.09 3.84 0.25 6.1 (4)

post exceeded pre
+ controls

(1) 1imestone sand on pavement

(2) 20 tons/acre AG 1ime on pavement

(3) same as (2) plus potential acid sandwich between
2 - layers of 20 tons/acre AG 1ime

(4) same as (3) plus 40 tons/acre mixed with potential
acid
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2. Potential acid-producing materials mixed with 40 tons/acre
AG 1ime, with 20 tons/acre on pavement.

3. 20 ton/acre AG 1ime on pavement.
4, 0.1" limestone sand on pavement.
Overall, the most cost effective treatment under controlled conditions was

20 tons/acre AG 1ime on the pavement.

Extreme caution must be taken when extrapolating data derived from laboratory
conditions to field conditions. The simulated weathering study was developed
with certain factors controlled that are not nommally controlled under field
conditions, Those are:
wetting and drying cycle
direction of water movement
.. particle size
temperature

innoculation with iron and sul fur
oxidizing bacteria

O a3 PO =
- -

This was done in order to study simulated backfill conditions without making
umwarranted assumptions. The following statements can be made from the data:

1. Even though rock unit possess little or no free
carbonates {low fizz rating}, neutralization
potential is released.

2. The method of handling material and how the material
is selectively placed affects the quantity of pyritic
sulfur oxidized.

3. The method of treatment and how the treatment is
utilized affects the quantity of pyritic sulfur oxidized.

4. One cannot simply add the quality of the leachates from
individual rock units and project the quality of a given
backfill situation,

RELATIONSHIPS OF SELECTED PARAMETERS

1. Neutralization Potential of Overburden Material versus Total Alkalinity
of the Leachate

Since neutralization potential is the amount of neutralizing bases
including carbonates present in overburden materials, and the alkalinity
of a liquid is its quantitative capacity to react with a strong acid to
a designated pH, the correlation between the total alkalinity leached, in

grams, and the change in neutralization potential {ANP), in grams, was of

384






interest (Table 8). The correlation between the change in neutralization
potential and total alkalinity (TATk) resulted in a R value of 0.43. Its
regression equation was:

TAlk = 0.015 ANP) + 1,07,

The comparison was strongly influenced by the various treatments. The ANP
was greater than that of TAlk, especially in those samples treated with AG
lime. The difference can be related to a number of reasons. In a carbonate
system, the end point for titration (pHe) should be calculated. Even though
it is possible to calculate pHe, the method has not yet been standardized.
Another is that it is feasible for carbonates to dissolve without a change in
pH or alkalinity until an equilibrium point of that particular system is
reached. The difference can also be related to the leaching solution being
low in carbonates and encountering material rich in calcium carbonate in the
solid form. This may lead to the formation of significant intermediate
products before the complete dissolution of the carbonates. It was beyond the
scope of this study to determine which factors, or combination of factors,
caused the difference. |

The comparison between NP and TAlk was repeated, this time the treated
columns were excluded. The R value was 0.84, and the regression equation for
the comparison was:

TAlk = 0.29 {aNP) + 0,31,

2. AMaximum Acidity from Pyritic Sulfur versus Total Hot Acidity

The Amaximum acidity from pyritic sulfur {AMac) and total hot acidity
(ThAc) leached was compared (Table 9). The correlation showed R of 0.996 and

the regression equation was:

ThAc = 0.66 {aAMac) - 0,02,
This relationship is only valid under moderately acidic and strongly acidic
conditions, since the rate of pyritic sulfur oxidation decreases as systems

become less acidijc,
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3, Mac - NP Versus ThAc - TAlk

The AMac ~ ANP indicates whether there were excess bases or acids leached
from the weathering columns. ThAc - TAlk, on the other hand, indicates
whether the overall characteristic of the leachates was acidic or basic.
Therefore, the two were compared to see how well they correlated to each other
(Table 10). The correlation betweenAMac - ANP and ThAc - TAlk showed R
of -0.86 and the regression equation for the comparison was:

Net Acidity or Alkalinity = -0,48 {AMac - aNP) -2.23. [Eq.l1]

As before, the comparison was strongly influenced by the various treatments.
The comparison was repeated; this time the treatments were excluded. This
comparison éhowed R of -0.998 and the regression equation was:

Net Acidity or Alkalinity = -0.69 {AMac - ANP) -0.42. [Fq.2]

Tables 11 and 12 show the calculated net acidity or alkalinity of leachates,
using equation 1 and equation 2, respectively. The calculated basic and
acidic ranges based on each equation are quite different. This is related to
the treatments which were included in equation 1. The neutral points, using
equation 1 and equation 2, are -4.6 gms and -0.6 gms, respectively. Equation
2 appears to have a greater range of adaptability. However, one observation
must be stated: as Mac - NP increases, the calculated net acidity using both
equations grows nearer and equals each other at 8.5 gms.

SUMMARY AND CONCLUSIONS

The current terminology used to describe drainage from mined lands is
vague and in certain circumstances very restrictive. The standard practice
of describing existing and/or proposed drainage of mined 1and is to state
that it is either acid or non-acid mine drainage. The criterion being
whether drainage is, or will be, above or below a specified pH level. The

above criterion tells very little about the characterics of the drainage,
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except under extreme acidic or basic conditions. Current temminology for
drainage from mined lands is not very useful in developing mining and reclamation
procedures at a particular site. But if the drainage were deftined on the

basis ot its acidic or basic characteristic, then realistic plans could

be developed. Both acid-base accounting and this simulated weathering study

can predict post-mine drarnage, but only if the data is intrepreted by

competent personnel.

Extreme caution must be taken when extrapolating laboratory data to
field conditions. Simulated weathering studies are developed with certain
factors that are controlled in the Taboratory but are not normally controlled
under field conditions. The following statements can be made from the data
derived trom the simulated weathering study:

1. Rock units with littie or no free carbonates (low fizz
ratings) released alkalinity.

2. Pyritic sulfur oxidization is affected by method of the
handling and how the material is selectively placed.

3. Pyritic sulfur oxidization is affected by the type of
treatment and how the treatment is utilized.

4. Adding together the qualities of leachates from individual
rock units cannot project the quality of given backfill
situation.

The difference between pre and post-leach acid-base accounting has a
strong correlation with the net acidity or alkalinity of the leachate, except
in the carbonate influenced system, The data suggest a greater change in
neutralization potential in treated columns than net alkalinity leached or the
alkalinity calculated from leached Ca or Mg. This phenomemon might be related
to:

1. Method of determining total alkalinity.

2. Potential of carbonates to dissolve without change in
pH or alkalinity until equitibrium is reached,

3. Formation of significant intermediate products.

4. Interaction with other elements present in the system.

Overall, the data coincide with the thesis of acid-base accounting that

potential acidity 1is related to the percent pyritic sulfur, which can be
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