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Introduction

Inthe lastissue of Green Lands, an article entitled “Floc Generation by Chemical Neutralization
of Acid Mine Drainage” was published. The information in the article confirmed many of the facts
already known about acid mine drainage (AMD) flocs. Summarizing that article, the amount of floc
produced by adding neutralizing reagents increased with increasing treatment pH. Efficiency of
chemical neutralization (defined as the amount of floc produced per unit of treatment chemical
added) remained about the same across pH 4.5 to 9.5 for sodium and calcium hydroxide on three
of our sites. As treatment pH increased, a declining trend of floc produced per chemical added was
found for ammonium hydroxide. The total amount of chemical needed to bring AMD to a specified,
higher pH showed sodium and calcium hydroxide to increase linearly with higher pH. Ammonium
hydroxide was linear between 4.5 to 8.5, then showed much higher amounts needed to achieve a
final solution pH of 9.5. Sodium carbonate was generally required in much greater amounts to raise
pH to 7.5 or above than any of the other chemicals. Each AMD is unique and its reaction with any
neutralization chemical is site specific.

This paper discusses volumes of floc generated by using the data from these four AMD sources
and calculating cubic yards of floc produced per year based on AMD flows and acidities. The
composition of laboratory flocs generated by each chemical for each AMD will be described. In
addition, the composition of flocs collected from ponds at each site is compared to the composition
of laboratory flocs.
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Table 1. General characteristics of sites used in this study.

Site Treatment Chemical AMD Composition Coal Bed Mining Type
1 Calcium Hydroxide Hi Fe, Lo Mn Pittsburgh Underground
2 Ammonium Hydroxide Hi Fe, Lo Mn Upper Freeport Underground
3 Sodium Carbonate Lo Fe, Hi Mn Pittsburgh Surface
4 Sodium Hydroxide Mod Fe, Hi Mn Waynesburg Surface

Parameter Site 1 Site 2
pH 3.6 3.0
Conductivity 2880 4720
Acidity 1263 3152
Total Iron 341 1129
Ferrous Iron 4 870
Manganese 4 7/
Aluminum 80 118
Calcium 353 329
Nickel 1 4
Zinc 1 15
Sulfate 2850 4300

Table 2. Laboratory analysis of untreated AMD from four sites in West Virginia. lonic concentrations are given
in mg/L, while acidity is given in mg/L. CaCO, equivalent and conductance (Cond) in micromhos/cm.

Site 3 Site 4
3.6 4.3
949 2380
516 1212
7 160

1 151
20 42
41 38
78 270

1 2

1 2
640 2097

Experimental Procedures

Four AMD treatment sites were selected, each having
unique concentrations of dissolved constituents (Table 1).
Different neutralization chemicals for AMD treatment were
used at each of the sites. Untreated AMD from each site
was characterized by standard methods in the National
Research Center for Coal and Energy Laboratory at West
Virginia University. The waterwas analyzed for pH, specific
conductance, acidity, total iron, ferrous iron, manganese,
aluminum, calcium, nickel, zinc, and sulfate (Table 2).
Acidity and pH measurements were performed upon
reaching the laboratory. The samples were then further
acidified to prevent precipitation of metals untiltheir analysis
by atomic absorption spectrophotometry.

Experimental flocs were generated by treating each
AMD with each of the four chemical reagentsinthe laboratory
(laboratory flocs). Twelve samples of each AMD were
treated with each neutralization chemical to six different

final solutionpH’s (4.5,5.5,6.5,7.5,8.5,and 9.5). Sixofthe
samples were allowed to react for 2 days while the other six
were allowedto react for 1 week. Flocs were also collected
from ponds receiving the treated AMD on each site (field
flocs). These flocs were dried and stored for further
analysis.

Laboratory flocs and field flocs were analyzed by x-ray
fluorescence (XRF) and x-ray diffraction (XRD) to determine
the elemental composition and crystalline nature of each
floc. XRF is a method of elemental analysis based on
recognition of the x-ray spectrum of a specific element. The
procedure can identify the presence or absence of
characteristic spectral lines. These lines are generated by
subjecting a sample to a beam of radiation, usually x-rays.
Quantification of elements is accomplished by comparing
the intensities of the spectral lines of the sample to a suite
of standardized lines of various elements.
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