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WATER MANAGEMENT TECHNIQUES ON SURFACE MINING SITES
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Introduction

Water plays a key role in the formation and trans-
port of mine drainage. It is an essential part of the py-
rite oxidation process and necessary for dissolution of
neutralizing minerals such as calcite and dolomite (see
Chapter 1). It is also the transport medium for pyrite
oxidation and neutralizing products. Although water is
an integral part of the mine drainage process and has
been extensively studied in the context of mine drain-
age prediction and prevention, limited research has
been done on the subject of water management tech-
niques on surface mining sites. This chapter will ex-
amine the available literature and discuss water
management case studies.

There are three primary means by which water en-
ters surface mine spoil (Figure 16.1). These are sur-
face infiltration (from precipitation and/or snowmelt),
groundwater inflow from the highwall, and upward
leakage from underlying aquifers (in groundwater dis-
charge areas). All three can be important although the
two primary players are surface infiltration and
groundwater inflow from the highwall.

There are at least four means of managing water on
surface coal mines. The first is to minimize infiltration
into the spoil surface. A second is to minimize the
contact time between groundwater and acid-producing
mine spoil. A third is to promote the contact of infil-
trating water with calcareous materials in the mine
spoil. The fourth is to submerge acid-forming materi-
als below the water table (flooding).

Examples of the first method include highwall di-
version ditches and final surface grades which promote
surface runoff. An example of the second method is
spoil drains, which will be discussed in detail in this
chapter. The third method usually employs trenches
filled with alkaline materials strategically positioned to
receive surface drainage from the mine before the
drainage infiltrates into the backfill (Caruccio and Gei-
del, 1984). This method is designed to enhance the
dissolution of calcareous minerals by promoting water
contact with these minerals. Wirem and Naumann
(1996) used a variation of this concept when they con-
structed alkaline material-filled trenches on top of
highly permeable “chimney drains.” In some ways this
third method is a variation on alkaline addition, which
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is discussed in Chapter 13. The fourth method, flood-
ing, takes advantage of the limited amount of oxygen
that can be dissolved in water. This topic is discussed
in more detail in Chapter 14 which deals with special
handling of acidic overburden.

Some of the earliest research pertains to the fourth
method. Leitch et al. (1930) found that acidity con-
centrations from flooded deep mines were generally
lower than in water from up-dip mines. Additional re-
search in the mid-1930s revealed that flooded deep
mines had 60 percent lower acid loads than non-
flooded mines (Mihok and Moebs; 1972). Studies
show that atmospheric oxygen, which is needed for py-
rite oxidation, is greatly reduced under submerged con-
ditions (Singer and Stumm, 1970; Watzlof and
Erickson, 1986). Flooding, however, is generally im-
practical for surface coal mines. Most surface mines
are located in groundwater recharge areas and spoil
hydraulic conductivity is often too high to maintain a
thick saturated zone. Additionally, the water table can
experience short-term fluctuations due to precipitation
events and can fluctuate seasonally. Thus portions of
the spoil may be alternately saturated and unsaturated
Perry et al. (1997) discuss two sites in the Appalachi-
ans where attempts at submergence failed because of
an inadequately thick saturated zone and/or a fluctuat-
ing unsaturated zone.

The water management practices discussed below
focus on the control of surface water runoff and infil-
tration, and groundwater management. Groundwater
management is emphasized in this chapter and several
case studies illustrate the use of highwall drains.

Management of Surface Water
Erosion and Sedimentation Controls

Although relatively simple, an adequate erosion and
sedimentation plan is an essential component of water
management on surface mines. Well designed and con-
structed erosion and sedimentation controls can prevent
a significant amount of infiltration into a mine site.
Poor controls may add to the problem. The use of ero-
sion and sedimentation controls has been a recom-
mended practice since the mid-1950s (Braley, 1954;
Brant and Moulton, 1960).

An erosion and sedimentation control plan generally
consists of sedimentation ponds and a network of asso-
ciated collection and diversion ditches. Specific ero-
sion and sedimentation features used to minimize
surface water infiltration on a surface mining site in-
clude:

16-2

Diversion ditches: These features are positioned
where they will divert surface water away from a sur-
face mine site. They are usually located above the fi-
nal highwall or in areas where it is necessary to divert
surface flows away from spoil material. Diversion
ditches may not be needed on all mine sites due to to-
pography or the presence of highwall berms or topsoil
piles. Nevertheless, their function to prevent excessive
infiltration of surface water into backfilled spoils is
often overlooked and should be considered in mine
planning.

Collection ditches: The purpose of collection
ditches is to collect runoff (mostly from precipitation)
from active or recently backfilled areas and convey it
to sedimentation ponds in a non-crosive manner. Col-
lection ditches are normally located in undisturbed
ground below the mining area; however, they may at
times need to be constructed in relatively permeable
spoil material. When constructed in spoil, collection
ditches may direct large quantities of water into the
backfill. To prevent this, ditches in spoil should be
lined with impermeable material to prevent infiltration.
Additional factors to consider are: (a) the elimination,
where possible, of cross-site ditches; and (b) removal
of ditches once vegetation is fully established. Pro-
moting rapid reclamation and revegetation of the site
will allow for rapid removal of these features.

Sedimentation and treatment ponds: As with col-
lection ditches, ponds should be located with regard to

possible infiltration of water. If constructed in spoil
material and not lined properly, large amounts of infil-
tration are possible. Ponds should be located in origi-
nal ground where practical or lined with impermeable
material. Experience has shown that it is better to con-
struct ponds in original ground rather than attempting
to line them. Ponds to be left as permanent features or
in acid mine drainage (AMD) prone areas should not
be constructed in spoil.

Control of Surface Water Infiltration

Reclamation and revegetation can reduce the pro-
duction of AMD by promoting surface runoff and
evapotranspiration, thus minimizing infiltration into the
backfilled spoil. The effect of reclamation and
revegetation on mine drainage production is discussed
in Chapter 12. Another method to reduce surface wa-
ter infiltration is the construction of a low-permeability
barrier immediately below the topsoil and subsoil.

This barrier can be composed of clay or other suitable
material such as a fly-ash cement (Sheetz et al., 1997).
Barriers to infiltration can be constructed using con-
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ventional mining equipment but can significantly in-
crease the cost of reclamation. Also, other considera-
tions such as slope stability and soil suitability for
reclamation must be taken into consideration. Al-
though a promising technique, this approach has been
used sparingly and mostly as an abatement technique
for sites that already have poor quality discharges. In
one documented case (See Case Study 2), normal
postmining flows were decreased by two-thirds after
application of a three-foot compacted clay cap.

Speed of Reclamation

AMD problems may decrease significantly when
sites are mined and reclaimed quickly (Perry et al.,
1997). Rapid reclamation reduces the amount of
available water as well as its contact time with acid-
forming materials and limits the time available for py-
rite oxidation, two important items in acid production
(Chapter 1). One method to help insure rapid recla-
mation is to limit the total surface area disturbed and
unrevegetated at any one time. Another is to minimize
the temporary cessation of backfilling. Although
Pennsylvania’s mining regulations (25 PA Code, Sec-
tion 87.157) do allow for suspension of mining, recent
research has indicated that this can be the catalyst for
AMD problems, especially on marginal sites (Perry et
al., 1997).

Case Study 1 substantiates this point. The site was
mined such that no vegetative cover was present over
the winter season which resulted in combined flows of
over 100 gpm (378 Ipm) from the site. Once vegeta-

tion became established the following spring, the com-
bined flow decreased by more than 80 percent.

Groundwater Management

Control of groundwater flow is not a new water-
management technique. Several other disciplines use
varying techniques such as grout curtains, interceptor
trenches and rock drains to control surface and/or
groundwater. For the most part, these have been fairly
successful and have resulted in numerous articles in-
cluding those by Atwood and Gorelick (1960), Gilbert
and Gress (1987), Zheng, Bradbury and Anderson
(1988), Das, Claridge and Garga (1990), and Duchene
and McBean (1992). What is relatively new, however,
is the application of these techniques to the surface
mine backfill environment in order to prevent or mini-
mize AMD formation.

Highwall Drains

Mining operators through the years have used vari-
ous forms of drains in controlling water on surface
mining sites. Some examples are rock drains under
spoil piles and the establishment of first (or last) cut
drains through the lowwall. Although very little lit-
erature is available on this subject, it is discussed in
PA Department of Health (1958), Brant and Moulton
(1960), and Perry et al. (1997).

In the last few years, however, the Pennsylvania DEP
has conducted ficld studies on highwall drains on sev-
eral mine sites. The idea behind highwall drains is

quite simple; collect groundwater entering a ming site

Table 16.1 Highwall drain water quality from 5 Pennsylvania mining sites.

Alkalinity | Acidity { Fe | Mn | Al | SO,
Site | Drain# | N { pH mg/L mg/L |m m mg/L | m Location
1 1 26 | 6.49 228 0 526 | 855 | 042 122 |Westmoreland County
1 3 16 | 6.63 273 0 184 | 692 | 047 160
1 6 6.48 330 0 475 | 6.61 | 044 107
1 7 9 | 634 226 0 145 | 785 | 0.77 72
1 8 10 | 6.59 274 0 6.52 | 13.1 | 047 188
2 1 82| 69 280 0 585 | 19.5 | 0.79 | 945 |Greene County (BOY)
3 1 12 | 6.48 200 0 1.54 | 549 | 0.8% 571 |Highwall Drain
3 2 10 | 7.36 151 0 1.07 | 1.02 | 1.07 369 |Lowwall Drain
4 1 41 | 643 79 0 154 | 663 | 05 459 |Raw Water
4 1 20 | 6.55 43 0 044 | 086 | 025 342 |Bog Discharge
6 1 10 | 6.84 408 0 047 | 1.51 | 0.53 499  |Greene County (BAL)
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before it comes into contact with mine spoil and convey
it rapidly through the site with minimal contact with
spoil. In this manner, groundwater largely unaffected
by mine drainage will “bypass™ most potentially acid-
forming matenial (i.e., pit cleanings and pyritic spoil)
and exit the site with minimal chemical change.

The study sites fall into two categories: those that
exhibited marginal overburden quality characteristics
(i.e., near neutral or slightly acidic), or those where hy-
drologic conditions such as impounded groundwater in
the spoil increased the potential for AMD. No sites

-with substantial negative net neutralization potentials
were examined in these studies.

This study examined six surface mining sites with
highwall-drain systems. Permits for these sites were
issued over the past eight years. At the time of this re-
port, five of the six sites have been completed. One
site is still active. With the exception of one drain,
water quality is within effluent standards when it
leaves the permit boundary (Table 16.1). From this
study, it appears that highwall drains can reduce the
potential for AMD on sites with marginal overburden
quality or can reduce the quantity of AMD which is
generated.

Design and Installation of Highwall Drains

The design and installation of a highwall drain sys-
tem must be tatlored to each specific site. Some design
parameters to consider include: (1) where to place the
drains, (2) what materials to use, and (3) how to con-
struct them. Although most designs are fairly simple
and installation is inexpensive, one should expect mi-
nor revisions during construction due to subtle geologic
changes discovered during mining.

The placement and number of drains are probably
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the most important items to resolve early in the design
stage. To determine this, one must first review the
mining plan and hydrologic data and predict the post-
mining hydrologic regime. Items such as structural
dip, amount of recharge, and configuration of mining
will reveal, among other things, the amount of ground-
water expected and where groundwater is likely to be
impounded in spoil. It may not be unusual to have
more than one drain on a site especially if the site is
large or irregularly shaped.

It is important to insure that drain systems are de-
signed such that all groundwater is collected where it
enters a mine site. This may be at the highwall, end-
wall or even the lowwall. Of equal importance is en-
suring that drains are constructed such that positive
drainage results. Surveying may be necessary in some
nstances.

The drain discharge location is also important as
high sediment loads can be present during active min-
ing. The most practical approach is to design the
drains to discharge to a collection ditch, allowing any
sediment-laden water to be transported to sedimenta-
tion ponds prior to final release. Discharging to a col-
lection ditch may also be advantageous if treatment is
needed. If circumstances prevent constructing the
drain outlet into a collection ditch, thought must be
given to providing sufficient sediment control at the
drain outlet. Alternatives include the construction of
sump arcas and/or the use of filter fence or hay bales.

Drain installation must consider: (1) the construc-
tion method, (2) the transport medium (i.e., pipe or
rock), and (3) protection of the drain, ensuring it is not
crushed during backfilling. In this study, three differ-
ent methods of pit floor drain construction were used.
However, other techniques may also be appropriate.

The first drain construction technique starts with
the excavation of a small channel in the pit floor with a
backhoe or similar equipment to a depth just sufficient
(about 1 ft (0.3 m)) to capture groundwater from the
highwall. A pipe (4 or 6 in (10-15 c¢m)) is then placed
in the bottom of the channel and covered with gravel or
coarse-grained material. Finally, to prevent infiltration
of sediment which could plug the pipe, filter fabric is
installed over the ditch. (Sec Figure 16.2)

The second method is to install pipe at the low spot
of each pit and allow water to naturally flow into it.
This second method does not include any disturbance
of the underclay. In the one instance where this
method was used, an inert 2 ft (0.6 m) compacted clay
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seal was placed on the pit floor under and on either
side of the pipe. This permitted groundwater flow
along the top of the inert clay rather than on the acidic
underclays. Both Methods 1 and 2 involve the instal-
lation of a pipe to collect and transport groundwater.

The third procedure is generally the same as the
first but does not use pipe. Using this approach,
groundwater flows into a channel along the highwall
(constructed similar to Method 1) and flows down-dip
through a porous gravel (or on-site rock) medium.
Whichever method is utilized, it is critical that positive
drainage results. Surveying is usually necessary.

Although all three methods have resulted in satis-
factory water quality, Method 1 is preferred. This al-
lows for the capture of groundwater within a small
area (ditch and pipe) and provides for rapid ground-
water transport and little chance, barring plugging of
the pipe, that groundwater will contact significant vol-
umes of spoil.

To facilitate rapid transport of groundwater, op-
erators have used flexible 4 in (10 cm) plastic pipe,
Schedule 40 PVC pipe and, in one case, no pipe at all
(i.., ditch only). In the author’s opinion, flexible pipe
is a better choice as it is pliable and fits better in
ditches which have undulations. Sturdy PVC pipe does
not conform well to an uneven pit floor and can lead to
groundwater flow under, rather than in, the pipe. Itis
important that the ditch be constructed such that it is
has a gentle 1-2% slope and is free of rolls.

A potential problem is that the flexible pipe will be
compressed by the weight of the backfill. Operators
experienced with drain installation indicate that the
potential for this is greatly reduced if the drain is cov-
ered properly. The best method appears to be to cover
the pipe with 4 in (10 cm) diameter stone to a depth of
approximately 2 ft (0.6 m) using a backhoe or small
front end loader. If done properly, this will not com-
press or crush the pipe, especially if it is in a ditch
similar to that shown in Figure 16.2. After that, nor-
mal backfilling can resume.

Normal mining operations must provide for the in-
stallation and covering of drains on a pit-by-pit basis,
especially if the contour block mining method is used.
Mine operators must also insure that the discharge end
of each drain segment can be located. Methods of
identification include the use of brightly colored 55 gal
drums, spray painting of the spoil, or placement of
casily identifiable material (such as limestone or red
clays) over the end of each drain section.
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Pit floor drain pipes have been perforated in two
different styles to allow for groundwater infiltration:
one is the construction of ¥ in (1.27 cm) holes situated
around the diameter of the pipe while the other uses
much smaller perforations (Figure 16.3) (Duchene and
McBean, 1992). Field experience has shown that the
smaller perforations (Figure 16.3a) are preferable as
they reduce the potential for plugging from sediment.
The placement of filter fabric directly over the pipe can
also help to reduce sediment inflow.
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Other factors which should be considered for sites
where drains are proposed include the following:

1. All drain outlets should be designed with a “water
trap” near the outlet to prohibit oxygen from enter-
ing the site via the drains. This can be done with a
simple “U” joint or other type of apparatus. Al-
though simple, the trap can be very effective. In
Case Study 1, the installation of this feature de-
creased the dissolved oxygen in several drain dis-
charges by approximately 50% and correlated to a
major decrease in iron levels.

. At a minimum, the discharge from drains should be
monitored quarterly for quantity and quality. This
will indicate how much groundwater is being inter-
cepted and whether or not the intercepted water is
being influenced by mine spoil.

. Since sites with highwall drains often have marginal
overburden quality (ncar neutral or slightly acidic),
it is important that reclamation be conducted as
rapidly as possible. Failure to accomplish this can
lead to potential problems (See Case Study 1).
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4. For large sites with significant infiltration from pre-
cipitation, it may be useful to construct dual high-
wall drains as shown in Figure 16.4. The primary
drain along the highwall is slotted but connected to
a solid pipe which allows for the rapid migration of
unaffected groundwater through the site Additional
groundwater resulting from infiltration is then cap-
tured by the slotted second pipe. Although infil-
trating surface water does contact spoil as it
migrates downward through the backfill, the overall
contact time is reduced due to the presence of the
second drain pipe.

The Pit Floor

The pit floor should also be considered in the man-
agement of groundwater to minimize AMD formation.
This is the surface over which most groundwater
eventually travels within the backfill and can be a
likely source of contact with pyritic material. Pyritic
material associated with the pit floor can come from
coal cleanings, high-sulfur reject material, or the strata
comprising the pit floor itself (i.c., the underclay).

Some coal remnants are found on the pit floor once
the main coal seam is removed. Often this is just a re-
sult of normal mining operations but can also be asso-
ciated with that portion of the bottom coal which does
not meet market specifications. Barring the presence
of substantial pit water accumulations, most operators
will remove as much of this material as possible and
“special handle” it prior to backfilling. This process
can be time consuming and expensive to complete as it
can easily take several hours to “clean” a 150 by 150 ft
(30 by 30 m) pit. However, failure to remove this
acidic material can lead to water quality problems
later.

/ Highwall J/

. Slotted pipe
. along Highwall
Slotted pipe parallel to main 1
drain which “captures” snowmelt,
and precipitation . \
. Solid pipe which con-
: nects to “Highwall
: Drain”
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Underclays can also be highly acid-forming, com-
monly having total sulfur contents in excess of 1.0%.
If high-sulfur underclays are present, care should be
taken to develop a mining plan which minimizes con-
tact time with groundwater. This can be done by re-
moving the high-sulfur material, by sealing off the
high-sulfur zone (with clay), by liming the pit floor, or
through the construction of drains to promote free flow
conditions. Removal of high-sulfur underclays should
be done with care so as not to cause additional AMD
through the handling of the acidic material. It can also
allow the downward migration of AMD or, if confined
aquifers are present, the potential for increased
groundwater into the backfill.

Water Management Case Studies
Case Study 1

Site 1 is a 170 ac (68 ha) site on a high quality stream
in Westmoreland County, Pennsylvania. It is located
in an upland area on the western flank of Chestnut
Ridge. Over 100 ac (40 ha) of the upper Kittanning
coal scam were mined and reclaimed over a 10-month
period in 1995, The topography and general dip of the
coal were both to the northwest at about 10% (Figure
16.5). The highwall height did not vary substantially
during the life of the mine and was never over 50 ft (15
m).

Overburden data indicated near neutral conditions
with little in the way of acidic or alkaline strata.
Volumetrically, the site exhibited a NNP deficiency of
approximately 0.9 ppt CaCOj; due to sulfur in the coal
and a 1 ft (.3 m) shale zone immediately above the
coal. Pre-mining ground water levels and well yields
were low, indicating that the pit would not encounter a
large amount of water. The adjacent area had been
previously mined on the same coal seam without cre-
ating any discharges. Mining was permitted following
the submission of a detailed operations plan which in-
cluded, among other things, a highwall drain system.

As can be seen in Figure 16.5, the configuration of
the mining area was rectangular and required several
drains. The drains were constructed per Method 2,
above, and all outlets, except one, discharged into col-
lection ditches. As expected, minimal flows occurred
during active mining. Drain 1, structurally the lowest,
was the only one which exhibited nearly constant flows
and these were minor, ranging from 1 to 2 gpm (3.78-
7.5 Ipm). Flows from almost all drains, however, in-
creased substantially beginning in December, 1995 due
to a lack of vegetative cover and above average mid-
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winter precipitation and snow melt. At its peak, the
combined flow of the drains was over 100 gpm (378
lpm).

Table 16.3 shows that initial water quality results
were very good and all parameters were well within
permit effluent guidelines. The relatively low sulfate
concentrations are especially significant, indicating
minimal spoil/groundwater interaction and confirming
rapid groundwater movement through the drainage
system.

Subsequently, water quality deteriorated in late
winter as concentrations of metals increased. Iron and
manganese levels rose to 40 and 20 mg/L, respectively.
This deterioration was probably due to two processes.
First, a lack of vegetative cover coupled with the sea-
sonal reduction in evapotranspiration allowed large
amounts of precipitation and snow melt to infiltrate
into the mine spoil. Second, the resulting groundwater
interacted with pyritic pit cleanings and siderite
(FeCO;). The presence of siderite was confirmed by x-
ray diffraction The result was high flow discharges
with clevated metals. By June, 1996, however, early
spring re-seeding succeeded in substantially increasing
vegetative cover, reducing infiltration into the backfill
and decreasing metal concentrations.

Another factor which appears to have helped to
abate the elevated metals problem was the addition of
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air traps at the ends of the drain to prohibit the influx
of oxygen into the site. The combined effect of surface
vegetation and the addition of the traps resulted in
nearly a 50% reduction in dissolved oxygen levels at
the discharge outlets. Field results such as these show
the advantage of “air traps” and demonstrate the need
for concurrent reclamation and revegetation.

Case Study 2

Site 2 is a 48 ac (19 ha) surface mine located in
Green County, Pennsylvania. Mining began in early
1985 but was not completed until September, 1991 due
to the suspension of mining from mid 1985 to late
1988. During this period, an 850 ft (255 m) open pit
remained. The Waynesburg coal seam was the only
seam mined. Due to its upland location, minimal
groundwater was present in the pit. Initially, no over-
burden analysis was performed.

Shortly after mining was suspended, a series of
three discharges formed at the toe-of-spoil just above
the sedimentation pond (Figure 16.9). Combined flows
were approximately 5 gpm (19 Ipm.). In addition, run-
off from a spoil pile indicated severely degraded AMD
as shown in Table 16.2.

Table 16.2 Water quality from mine site 2.

Alka- | Acid- | Iron | Mang- | Alum-

linity | ity |mg/L | anese - | inum | Sulfate
DATE | pH m&_ mgl_., mﬂ& mﬂ& mﬂ
July-1987]1 2.5 0 7,400 ] >300 | >300 >500 {13,209
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Table 16.3 Water quality from highwall drains on mine site 1.
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DRAIN# | Date | Flow pH | Alkalinity [ Acidity | Fe Mn Al SO, |Comments
gpm mg/L mg/L |mgL | mglL | mgL | mg/lL
Drain 1 5/16/96 1.0 8.0 117 0 0.28 0.8 0.4 28  |First Sample
3/26/96 13.5 6.1 168 36 234 15.2 0.5 181 [Site Unvegetated
9/11/96 3.0 6.7 266 0 0.6%9 92 0.5 331 |Good Growth
Drain 3 5/16/95 0.4 77 188 0 0.3 0.99 0.5 36  |First Sample
3/26/96 3.0 6.2 280 0 339 135 0.5 169 |Site Unvegetated
9/11/%6 1.0 6.8 312 0 34.5 10.9 0.5 218 |Good Growth
Drain 6 9/26/96 1.0 72 173 0 0.05 22 0.1 53 First Sample
3/26/96 | 18.0 6.3 270 0 5.7 9.3 0.5 113  |Site Unvegetated
9/11/96 1.25 6.6 480 0 0.36 9.04 0.5 156 |Good Growth
Drain 7 12/6/95 3.0 6.5 190 0 493 16.7 0.5 98 |First Sample
3/26/96 19.5 6.1 242 0 8.59 8.21 0.5 84 Site Unvegetated
9/11/96 1.25 5.9 226 0 35 4.96 0.5 80 Good Growth
Drain 8 10/19/95 1.0 6.9 452 0 1.63 2.99 0.29 123  |First Sample
3/26/96 | 13.5 62 182 146 7.28 18 0.5 205 |Site Unvegetated
9/11/96 | 0.12 77 366 0 03 12.6 0.5 170  |Good Growth
- NLEE..EN&,BM ' A hydrologic evaluation was conducted which included
# -/ Highwal Oroin acid-base accounting overburden analysis. Resuits in-

dicated a lack of alkaline overburden and the presence
of a high-sulfur shale interval immediately above the
coal. This unit was variable in thickness and ranged
from 5 to 8 fi (1.5 to 2.4 m). Volumetrically, the over-
burden results indicated a net neutralization potential
deficiency of over 1,500 tons CaCO; per acre (551
t/ha).

A decision was made to allow continued mining with a
revised mining plan. The revised plan included the es-
tablishment of a highwall drain, a 3 ft (1.0 m) com-
pacted clay cap over the site, clay sealing of the first
cut spoil, addition of alkaline material, and implemen-
tation of a revised special handling and blasting plan.

The highwall drain was installed using Method 1 as
above and was installed at the lowest elevation of each
cut. Due to structure, however, the pit floor at the
highwall was about 8 to 10 ft (2.4 to 3.0 m) lower than
at the outcrop. It was therefore necessary to breach the
pit floor along the length of the drain in order to pro-
mote positive drainage. Due to the acid-forming nature
of the underclay and the potential for the next lower
aquifer to be contaminated, an inert clay seal was
placed in the channel along the length of the drain.
Slotted 4 in (10 cm) flexible pipe was then instalied.
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The operator chose not to extend the drain along the
entire length of the final highwall in a “T” fashion
(Figure 16.6). It was only extended 50 ft (15 m ) to
either side.

Once mining resumed and the initial section of the
drain was installed (late 1988), water quality improved
dramatically. Highly acidic water with elevated metals
concentrations changed to alkaline water having low
iron concentrations. Sulfate levels, although still ele-
vated, decreased substantially after installation of the
drain. Table 16.4 shows a compilation of water qual-
ity results from the drain.

In the authors opinion, the main factors in the sub-
stantial water quality improvement were the alkaline
supplement and the establishment of the highwall drain
and clay cap. This combination effectively supplied
alkalinity to the ground water and provided for rapid
flow of groundwater through the backfill while de-
creasing surface water infiltration by about two thirds.
Gradual thinning of the highly acidic shale layer as
mining progressed was also a significant factor.

It is interesting to note that many of the water qual-
ity problems on this site may have been avoided if the
site would have been mined expeditiously and mining
would have extended to the cropline on the southwest
side of the permit 200 ft (60 m) away from final high-
wall. Mining to this cropline would have allowed for
the free flow of groundwater off the site without creat-
ing a pooling effect. Unfortunately, this was not pos-
sible because of adjacent property interests which
prevented mining.

The overburden on this site (high sulfur/low neu-
tralization potential) represents conditions that today
would be unlikely to meet the standards for permit is-
suance, even considering alkaline addition and the ad-
dition of a highwall drain/clay cap system. It was used
here in an attempt to abate an existing acid mine drain-
age problem.

Table 16.4 Water quality from mine site 2.

Case Study 3

Site 3 is a 60 ac (24 ha) site located in southern
Armstrong County, PA (Figure 16.7). Approximately
20 ac (8 ha) of the upper Freeport coal were mined be-
ginning in June, 1995 with final backfilling occurring
in June, 1996. The site was seeded a month later and
good growth is present.
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DETAIL MAP OF MINE SITE 3

An adjacent pre-act mine on the same seam had re-
sulted in an alkaline discharge with high metals con-
centrations. Overburden analysis on Site 3, although
indicating high sulfur coal (4 to 5%) and 2 to 4 ft (0.6
to 1.2 m) of moderately acidic overburden over the

Alkalinity |Acidity)] Fe | Mn | Al | SO,

Sample point | Date [pH| mg/lL | mg/L ({mg/L | m mg/L | mg/L Comments
Discharge 6/88 | 3.7 0 386 123 | 483 | 20.6 | 1445 |Lastsample of discharge before drain installed
Highwall Drain | 1/89 | 7.1 158 0 5 2221} 0.6 | 1218 [First sample once drain installed
Highwall Drain | 12/91] 6.9 214 0 468 | 159 { 0.5 | 750 |Highwall Drain completely installed
Highwall Drain | 6/92 | 6.9 382 0 382 (194 | 0.5 | 774 |Siterovegetated
Highwall Drain | 9/96 | 6.6 296 0 57 | 253 | 0.5 { 1099 |Latest sample
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coal, also indicated a large net excess of alkaline mate-
rial in the range of 3,000 tons CaCO; per acre (1102
t/ha). A moderate amount of groundwater was ex-
pected due to the number of springs in the area and the
quantity of water encountered in exploratory drill
holes.

Both the topography and the coal on the first phase
of the operation dipped to the north, allowing unre-
stricted groundwater flow through the spoil along the
base of the pit floor (Figure 16.7). However, a permit
condition precluded coal removal in the area of the
outcrop. Because of the adjacent mining problems, a
highwall drain system was suggested as a means of
minimizing the contact of groundwater with the back-
fill and of facilitating rapid groundwater flow through
the outcrop coal barrier.

In this case, both a highwall and lowwall drain were
constructed. The purpose of the highwall drain was to
intercept the inflow of groundwater at the highwall and
transport it down-dip. The intent of the lowwall drain
was to prohibit any water from building up behind the
portion of the coal cropline which would remain. Prior
to constructing the lowwall drain, the exposed crop
coal was sealed with clay to further minimize the
chances of groundwater migration through this area.

Both drains were constructed without pipe per
Method 3. A D9 dozer constructed a V-shaped chan-
nel along the highwall to a depth of 1 ft (0.3 m) and
filled it with permeable low- sulfur sandstone from the
mine site. Filter fabric was used to cover the drain
prior to backfilling.

The drains have been in place since July and No-
vember, 1995 and both have discharged fairly continu-
ously. Water quality parameters have been well within
permit standards since installation as can be seen in
Table 16.5. Interestingly, sulfate levels are elevated
which may be linked to sandstone in the trench (instead
of a pipe) resulting in slower groundwater flow and in-
creased contact time or it may be due to the ability of
groundwater recharge from surface water infiltration to
enter the open trench system. No air traps were con-
structed for this site primarily due to the lack of any
pipes in the drain. However, it would be fairly easy to
include this feature as only a small area would need
disturbed in order to install a 30 to 40 ft (10 to 12 m)
solid section of pipe with a trap near the end.
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Table 16.5 Water quality from drains at mine site 3.

Alka- |Acid-
linity | ity | Fe | Mn | Al | SO,
Sample Location | N | pH | mg/L |mg/L /1| mg/L | mg/L | mg/L

Highwall Drain 12 16.48 200 0 [1.54 |5.49 10.89 [571

Lowwall Drain 10 [7.36 151 0 {1.07 ]1.02 1.07 369

Summary

The use of water management techniques to pre-
vent AMD on surface mining sites can be divided into
three main practices: (1) erosion and sedimentation
controls, (2) controls on surface water infiltration, and
(3) groundwater controls. All three relate to the con-
trol of water on, around and within the mine. Key
principles include the use of highwall drain systems to
minimize contact between groundwater and acid-
forming materials and rapid reclamation and revegeta-
tion to help prevent AMD formation.
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