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ABSTRACT 
 
The Wheelabrator Frackville and Mount Carmel Co-Gen sites are located in the Anthracite 
Region of Pennsylvania, utilize anthracite culm, silt and refuse as fuel and reclaim abandoned 
and active mine lands with the coal ash they produce.  Since the plants have been operating, they 
have reclaimed over 300 acres of abandoned mine lands, and have also eliminated a large 
number of safety hazards via that reclamation work.  Site monitoring has also revealed no 
degradation associated with the coal ash placement, and some groundwater and surface water 
improvements will be evident once the projects and all site related reclamation is completed. 
 
INTRODUCTION 
 
The remining and reclamation of abandoned mine lands in Pennsylvania increased significantly 
with the construction of waste coal fired power plants in recent years.  The coal ash produced by 
these power plants has resulted in a significant growth in the use of coal ash for mine 
reclamation in the anthracite and bituminous regions of Pennsylvania.  The nine anthracite region 
waste coal power plants account for over 39 million tons of coal ash beneficially used for 
abandoned mine reclamation via the remining of waste coal piles and the filling and reclamation 
of abandoned mine land pits.  The majority of the reclamation associated with these plants is 
through the utilization of coal ash as fill material and the resultant reclamation of the abandoned 
mine land features.  The reclamation associated with these sites has, in most cases, also improved 
the groundwater and/or surface water in the vicinity of the projects.  All of this reclamation has 
been conducted at no cost to the Commonwealth and represents a significant monetary savings 
for Pennsylvania’s Abandoned Mine Land Reclamation Program.  
 
The Wheelabrator Frackville and Mount Carmel Co-Gen sites represent two sites where 
significant remining and reclamation of abandoned mine lands has and is occurring via the 
operation of the power plants, and the beneficial use of the coal ash produced by the plants.   
This paper will give a short description of each site, and the resultant effects of the remining and 
reclamation of the sites through the beneficial use of coal ash.  
 
Wheelabrator Culm Services, Inc. – (Wheelabrator Frackville Co-Gen) 
This 580 acre surface mining permit site, (SMP No. 54880202) was issued for coal refuse 
reprocessing with coal ash utilization in October 1991, and is located in Mahanoy Township, 
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Schuylkill County, as shown on Figure 1.  Known as the Morea/New Boston Operation after the 
historic colliery names, the operation is situated entirely on previously mined areas.  The land 
surface consisted of abandoned anthracite culm banks, multiple open strip-mined pits, and 
overall disturbed surface-water drainage.  It is located in the southeastern portion of the Western 
Middle Anthracite Field. 

 
Figure 1.  Site map of Wheelabrator – Morea mine site. 
 
The minepool and groundwater flow system of the Morea and New Boston Collieries is 
somewhat isolated from the remainder of the Western Middle Field.  These two collieries are 
located in a narrow basin on top of Broad Mountain.  This case study site was selected because it 
is a good example of extensive abandoned mine reclamation with coal ash from a FBC plant, the 
ash reclamation project has significant potential for surface water and groundwater improvement 
(when completed), and the groundwater monitoring scenario is relatively simple.   
 
Most of the permit area was taken over from the previous operator, Lehigh Valley Anthracite.  
The Wheelabrator Frackville Energy Co., Inc. constructed the circulating fluidized bed boiler 
plant (FBC) in 1988 on-site, near their primary fuel source – (anthracite culm) and potential ash 
placement areas.  Coal refuse and coal silt from other local permitted areas is conveyed to the 
plant.  Fly and bottom ash are then hauled from the plant by truck to the active ash placement 
area.  The operation is conducted in phases of refuse recovery and ash utilization.  Over 11 years, 
the operator has had nine phases approved for ash placement, various support activities and 
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refuse reprocessing.  At the end of 2004, the operator reported over six and a half million tons of 
anthracite coal refuse burned in the plant, and over four million cubic yards of ash utilized for 
reclamation on-site, with 123 acres of abandoned mine lands reclaimed.  
 
The primary use of the coal ash produced by the plant was to fill the abandoned open pits on site.  
Several 10 to 20 acre pits were filled with ash.  On-site spoil and abandoned coal refuse material 
is used to line the pits prior to ash placement, with the best material saved for final cover.  
Photographs of the abandoned surface mine pits reclaimed with coal ash are shown in Figure 2a.  
Extensive wildlife habitat plantings have been established on the reclaimed areas shown in 
Figure 2b.  In addition, the coarse bottom ash from this plant is approved for use as anti-skid 
material for on-site access and haul roads.  This material is stored separately and used during 
inclement weather. 
 

          
Figure 2a.  Ash placement in pits    Figure 2b.   Wildlife plantings 
 
 
Initially, 8 feet of fill (spoil and refuse material) was needed to line the pits.  All ash conveyed to 
the active placement area was dumped into the working area and then spread and compacted in 
lifts of 2-4 feet within 24-48 hours of placement.  The ash is conditioned at the plant with 
adequate moisture for compaction, which is achieved simply by the process of repeated passes of 
the haul trucks and dozers during spreading.  Each daily cell is 150 by 200 feet.  A final cover of 
4 feet is placed on top, utilizing the adjacent spoil material, with the top one foot being the best 
available from the site.  Daily and intermediate cover is used, as needed, to control dust before 
the final cover.  Since the plant utilizes treated minepool water for cooling purposes, the sludge 
from the water treatment process is blended with the ash in a 1 to 467 ratio, and placed in the ash 
use areas. 
 
The site was extensively affected by pre-Act mining.  There is no point-source discharge or 
direct drainage to a stream – water percolates directly through the surface material or drains to 
the pits and ultimately is conveyed to the minepool underneath.  Upgradient diversions are used 
to prevent runoff onto the site.  There is essentially no natural soil present. 
 
Of the nine mining and coal ash placement phases shown on the permit maps, three phases (1, 2 
and 3) are substantially completed, and some reclamation work has been completed on two other 
phases (4 and 5), which are shown in the cross-hatched symbol on Figure 1.  When this entire 
remining project is completed, significant surface-water and groundwater benefits should occur, 
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in addition to the extensive reclamation of abandoned mine lands.  With every acre of abandoned 
surface mine pits that are reclaimed to approximate original contour on this site, there is a 
reduction in water infiltrating directly into the underlying minepool, and an accompanying  
increase in surface water runoff.  The tributary to Mill Creek in the eastern end of the SMP 
presently flows to the subsurface through abandoned mine workings within the permit area, but 
this stream should be restored to the surface and emanate from the permit as a perennial stream 
before completion of the project.  The elimination of stream loss (or dramatic reduction in stream 
bed leakage) and the reduction in direct infiltration to the abandoned underground mines through 
coal ash backfilling of abandoned surface pits is expected to significantly reduce the flow of the 
Morea Colliery discharge (downgradient monitoring point MP 002), shown on Figure 1.  The 
reduction in flow of abandoned mine discharges by remining operations is one of the most 
common and significant benefits according to Hawkins (1995), Brady et al. (2001) and Smith et 
al. (2004).  It is anticipated that the extensive placement of alkaline coal ash at the Wheelabrator 
site will improve the water quality of the Morea Colliery discharge.  However, if the 
concentration of some water quality parameters does not change significantly, the overall 
pollution load of the discharge should decrease significantly due to the reduction in flow.   
 
As part of the permit conditions, the permittee is required to conduct groundwater and ash 
monitoring.  For this site, the minepool conditions are such that sampling points are easily 
identified.  Mill Creek runs on the surface before it reaches the Wheelabrator site and then goes 
underground into the minepool complex.  A point was picked on Mill Creek as an upgradient 
monitoring site, shown on Figure 1.  The minepool overflows downgradient from the site which 
represents the emergence of Mill Creek to the surface.  It is worse in quality due to acid mine 
drainage pollution of the minepool.  This is the designated downgradient monitoring point that 
theoretically would reflect any changes in water quality due to the mining and ash placement 
activities.  The DEP has monitoring data on these points from 1986 to the present.  The major 
problem in comparing upgradient monitoring point 001 with downgradient monitoring point 002 
is that they represent two different hydrologic regimes that are only interconnected  because the 
stream (001) flows subsurface into the minepool, emanating at the minepool discharge (002).  
The concentrations of acidity, sulfates, manganese and other analytes have been consistently 
higher in the downgradient point since the start of monitoring (except for a few rare occasions), 
not due to degradation caused by Wheelabrator mining and reclamation activities, but due to the 
fundamental difference in analyte concentrations between the minepool and the stream.  Thus, 
interpretations may be made from the presence of any trends within the data from either point.  
For example, it appears that the pre-mining acidity at the downgradient monitoring point was 
usually about 90 to 100 mg/L, whereas during ash placement it has typically been about 50 to 80 
mg/L as shown in Figure 3a.  However, alkalinity has not increased and is still negligible, 
because the acidity in the minepool is still overwhelming any alkalinity attributable to the coal 
ash placement. 
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Figure 3a. Acidity in minepool and stream at Wheelabrator site.  
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Figure 3b. Calcium concentration in minepool and stream at Wheelabrator site. 
 
There has been no significant change in the overall water quality in an upgradient to 
downgradient comparison, but some trends of particular constituents are noticeable.  The 
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upgradient pH is consistently between 4 and 5 whereas the downgradient is consistently between 
3 and 4.  For both points, specific conductance trends slightly upward and acidity trends slightly 
downward.  Figure 3b shows that calcium concentrations in the upgradient stream monitoring 
point and the downgradient minepool discharge were nearly identical prior to 1990, while the 
data since 1995 show the calcium concentrations in the minepool discharge are consistently 
higher than the upgradient sample site.  This difference, however subtle, may be due to 
dissolution of the calcium hydroxide in the coal ash.  
 
Overall, the Wheelabrator mine site and cogeneration plant operations have resulted in the use of 
refuse material to produce energy while not only reclaiming the banks of waste material, but also 
providing stable fill, as ash, to decrease the safety and environmental hazard of open, abandoned 
pits.  Formerly unusable land is being restored to a graded, vegetated condition for future use as 
shown in the photos in Figure 2a and 2b.  It is not anticipated that the ash placement will result in 
an overall degradation of water quality.  Over the long-term, further pollution resulting from 
flow to the minepool will be reduced as more natural overland drainage patterns are restored and 
Mill Creek is eventually returned to a surface stream across the site. 
 
Susquehanna Coal Company – (Mt. Carmel Co-Gen Site) 
During a night in December 1989, a woman was walking in a wooded area near Route 54 between 
the city of Mt. Carmel and the village of Marion Heights in PA when she fell into a 100 foot deep 
abandoned surface mine pit and was killed.  That fatality elevated the backfilling priority of that 
abandoned mine land feature to the Priority 1 class on the OSM list of backfilling projects, in order 
to abate the mine hazard and prevent future fatalities.  In April 1987, Susquehanna Coal Co. 
applied for a surface mining permit (SMP #49870202) to mine and process abandoned culm banks 
from the Natalie and Richards collieries to be used as fuel in the fluidized bed combustion boiler of 
the Foster Wheeler Mt. Carmel, Inc., cogeneration plant being constructed on-site (Fig. 4).  That 
SMP was issued on August 24, 1987 and included approval to place fly ash and bottom ash from 
the cogeneration plant in the abandoned pit and adjacent areas.  By 1995, all of the abandoned pits 
(except for an access area near the ash conveyor) were reclaimed to approximate original contour 
at no cost to the state or federal government (Fig. 5.1b). 
 The Susquehanna Coal Co. site is located in Mount Carmel and Coal Townships in 
Northumberland County.  The SMP boundary of the 788 acre site is shown on Figure 4.  The 
SMP overlies four abandoned underground mines.  These mines are, from east to west, the 
Richards Water Level, Natalie, Hickory Ridge and Hickory Swamp Collieries.  The area of the 
Richards Colliery within the SMP is very minor, and near to the cogeneration plant site adjacent 
to Route 54; thus Borehole No. (BH) 48 shown on Figure 4 serves as an upgradient monitoring 
well.  Most of the permit area, including the ash placement areas, is overlying the Natalie and 
Hickory Ridge Collieries.  These four abandoned underground mines and several additional 
adjacent collieries are all hydrologically interconnected through breeched, leaking barrier pillars, 
with the Scott overflow shown on Figure 4 being the major mine discharge point.  The Scott 
discharge emanates from the Scott Colliery located south of the permit area.  These collieries are 
within the western portion of the Western Middle Anthracite Field. 
 
Geologically, the site is located within the Western Middle Synclinorium, which is depicted by 
Arndt (1971).  Of the many anticlines and synclines within this synclinorium, the axis of the 
Hickory Swamp Syncline passes directly through the permit area and is parallel to the long 
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dimension of the SMP boundary shown on Figure 4.  Hence, the abandoned surface mine pits and 
the extensive abandoned coal refuse piles within the permit area shown on Figure 5a, sat within 
this relatively narrow trough-like geologic structure, and were underdrained through abandoned 
underground mine voids to the Scott Overflow.  Millions of tons of these coal refuse deposits were 
mined, transported to the cogeneration plant by a conveyor system and combusted with limestone 
in the circulating fluidized bed boiler.  The resultant alkaline coal ash has been returned to an 
abandoned surface mine pit by a conveyor system (with trucks currently used to transport ash to 
western portions of the SMP that are out of reach of the conveyor).  The coal ash deposits on the 
site range from greater than 50 feet thickness in the area of prior deep abandoned pits, to relatively 
thin veneers of coal ash used to regrade and reclaim other abandoned mine land features (Fig. 5.1 
a, 1b & 1c).  Any water infiltrating through these reclaimed coal ash areas or active coal ash 
placement areas will flow within the synclinal trough, and thence through cross-connecting mine 
voids to the Scott Overflow shown on Figure 4.  Apparently, this groundwater flow system 
functions effectively as an underdrain for the site.   
 

 
Figure 4.  Site map of Susquehanna Coal – Mt Carmel Cogeneration site. 

 7



 

      
Figure 5a. Abandoned pits and refuse piles        5b.  10 years of ash placement and  

       at start of ash placement.  reclamation of pit. 
 

 

       
5c.  Coal ash deposit greater than 50 feet   5d.  Scott Overflow monitoring point. 
      thick near conveyor. 
 
The Mount Carmel cogeneration plant consumed a total of 9,106,000 tons of coal refuse from 
1990 through 2004, and produced 6,099,975 tons of alkaline coal ash for mine reclamation on-
site during that 15 year period.  The average yearly culm consumption was 607,067 tons, and the 
average annual coal ash production was 406,665 tons.  A total of 209 acres of abandoned mine 
lands were reclaimed with coal ash within the SMP for an average of 16.1 acres reclaimed per 
year.  Additional reclamation has also occurred through the remining of coal refuse banks in and 
around the plant area.  These operations are permitted to supply fuel for the cogeneration plant 
and include an additional 50 acres of abandoned mine land reclamation directly associated with 
this cogeneration plant operation.  
 
Groundwater monitoring data for five of the monitoring points shown on Figure 4 are compiled 
in Table 1.  These data are representative samples of quarterly and annual groundwater 
monitoring by the permittee from 1989 through 2003.  BH 48 in the Richards Colliery has 
characteristics of acid mine drainage with acidity from 18.0 to 131.0 mg/L (median 67.6 mg/L); 
sulfate from 34.0 to 283.0 mg/L (median 141.0 mg/L); and iron 0.41 to 380.0 mg/L (median 
12.30 mg/L).  These ranges and medians were computed from the 55 samples in the permit file.  

 8



This upgradient monitoring well was intended to be a companion to the other upgradient well, 
BH 49 within the Natalie Colliery, but the water quality of these two wells is very different.  The 
highest acidity in BH 49 is 40.0 mg/L but most of the samples were alkaline with alkalinity from 
15.0 to 93.6 mg/L (median 47.0 mg/L).  The iron in BH 49 ranges from 14.20 to 296.0 mg/L 
(median 58.0 mg/L), but the sulfate ranges from 1.51 to 362.0 mg/L with a median of 6.0 mg/L.  
Most of the sulfate values for BH 49 were less than 10.0 mg/L, thus this monitoring well does 
not exhibit acidic or neutralized mine drainage characteristics, and may not be intercepting the 
actual Natalie minepool.  These two boreholes were used as downgradient monitoring wells for 
the Mount Carmel Township landfill located immediately east of the permit area.  There is the 
possibility that the alkalinity in BH 49 is attributable to landfill leachate or sewage.  However, 
significant influence from landfill leachate can probably be ruled out, based upon 18 
groundwater analyses that were conducted for Chemical Oxygen Demand (COD).  In these 
analyses, the COD for BH 48 ranged from 7.70 to 43.20 mg/L, while the COD for BH 49 ranged 
from 0 to 69.0 mg/L.  According to a 1986 EPA study, which sampled leachate from municipal 
waste landfills throughout the United States, the median COD was 2,800 mg/L and the maximum 
was 50,450 mg/L. 
 
BH 31 in the Greenough minepool and BH 50 in the Hickory Ridge Colliery are both of 
questionable value as long-term groundwater monitoring points for the Susquehanna Coal Co. 
site.  This monitoring well has a chemical signature that resembles neutralized acid mine 
drainage, but there are no distinct trends of water quality improvement nor degradation.  Further, 
from its location, BH 31 cannot be considered an upgradient well, but it is unlikely to be a 
reliable downgradient monitoring well. 
 
The location of BH 50 within the Hickory Ridge Colliery should make it a suitable downgradient 
monitoring well, at the southern edge of the permit area (Fig. 4.16) and north of the Scott 
Overflow discharge.  However, its chemical signature does not resemble mine drainage, and the 
well has little value in groundwater quality interpretation related to the surface mine and ash 
placement site.  The sulfates in BH 50 are less than 10.0 mg/L in 47 of 55 samples in the data set.  
The median alkalinity is 45 mg/L and most of the samples fluctuate about that concentration 
from 1988 to 2003; thus, there is no apparent trend of increasing or decreasing alkalinity 
concentrations.  Also, there were only 2 samples with detectable acidity concentrations.  This 
water is not representative of acidic or neutralized minepool water quality, and clearly does not 
represent groundwater influenced by the area of coal ash placement.  Thus the water quality data 
from BH 50 and BH 31 were deemed to be unworthy of further consideration. 
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Table 1.  Groundwater monitoring data of the Susquehanna site in (mg/L). (0.00 values = below 
detection limit). 

 

SPECIF.   
SAMPLED pH COND. ALK ACID Fe Mn SO4 TDS TSS  Al As Cd  Ca Cr Pb
B.H. #31 Greenough

7/9/90 4.85 450 11.2 26.9 64.0 2.3 71 341 53
3/10/92 6.60 380 79.0 0.0 22.9 1.5 26 215 24
9/19/95 6.10 327 105.0 0.0 27.0 1.7 81 158 26 0.00 0.000 0.000 30.2 0.000 0.000
8/27/99 6.10 590 46.8 0.0 18.9 2.0 81 316 14 0.70 0.005 0.010 32.1 0.040 0.100
9/29/00 6.04 548 60.0 1.0 24.4 2.0 90 303 3 1.00 0.005 0.010 31.6 0.040 0.100
8/6/01 4.12 445 3.6 24.0 10.3 2.3 80 290 20 1.30 0.005 0.010 3.4 0.040 0.100

11/6/01 5.48 430 39.9 1.0 16.5 1.8 72 254 10

B.H. #48 Richards Water Level
6/29/90 3.55 700 0.0 61.6 60.0 4.5 133 452 229 5.20 0.000 0.000 0.000 0.000
6/13/94 3.70 557 0.0 67.6 8.6 4.7 278 524 25
3/6/95 3.80 656 0.0 79.2 25.0 4.2 283 532 36

9/26/95 3.60 684 0.0 81.0 28.0 5.1 179 559 45 7.20 0.000 0.000 20.7 0.000 0.000
12/8/98 3.67 1350 0.0 70.0 2.4 4.3 141 589 5
9/23/99 3.61 1120 0.0 66.5 12.3 5.2 225 586 4 8.40 0.005 0.010 20.8 0.040 0.100
6/13/00 3.48 488 1.0 131.0 380.0 3.9 120 764 900

B.H. #49 Natalie
6/9/92 5.90 105 38.0 40.0 51.0 0.8 2 73 78

9/30/93 6.20 98 45.0 0.0 44.0 0.9 362 58 86 0.00 0.000 0.000 0.000 0.000
12/22/96 6.11 246 47.0 2.5 53.4 1.0 152 114 40
9/25/97 6.37 93 63.0 0.0 296.0 1.1 6 82 332 3.50 0.000 0.000 7.4 0.000 0.000
8/27/99 6.19 275 93.6 0.0 159.0 1.2 2 166 274 1.20 0.005 0.010 9.7 0.040 0.100
3/2/01 5.75 200 36.0 1.0 58.0 1.0 3 84 120

B.H. #50 Hickory Ridge
7/9/90 6.60 75 43.0 0.0 26.3 0.4 2 37 88 0.00 0.000 0.000 0.000 0.000
8/3/90 2.49 1200 0.0 464.0 21.0 0.3 5 105 15

3/22/94 6.50 569 83.0 0.0 20.0 0.4 0 372 36
12/14/94 5.87 472 43.0 22.0 31.0 4.0 341 435 1 0.00 0.000 0.000 47.2 0.000 0.000
12/17/99 6.00 127 45.0 0.0 34.2 0.3 0 50 54

8/7/02 6.50 96 14.4 1.0 10.0 0.5 3 94 6 0.70 0.005 0.010 10.4 0.040 0.100
3/12/03 6.58 1060 56.0 1.0 7.4 0.6 25 756 18
8/7/03 6.78 133 20.1 0.4 21.3 1.4 2 67 51

Scott overflow
10/16/89 6.52 660 38.0 54.8 31.2 4.6 371 200 4

2/2/90 6.50 650 38.0 35.1 26.5 4.3 248 20 12
10/3/90 6.05 658 32.3 30.4 23.5 3.8 170 546 0
4/9/91 5.67 700 38.0 82.0 28.0 3.8 260 450 2

The Scott Overflow is considered the most reliable downgradient groundwater monitoring point 
for the Susquehanna Coal Co. permit site.  It exhibits a discernable trend of groundwater quality 
improvement, which is most likely attributed to the beneficial use of coal ash in mine reclamation, 
plus the removal of large volumes of coal refuse for combustion in the FBC power plant.  USGS 
sample data of the Scott discharge from 1975 (Growitz, et al., 1985) and 1991 (Wood, 1996) 
show that the flow of the discharge was measured at 15 cfs (6733 gpm) on April 17, 1975 and a 
flow of 4.8 cfs (2154 gpm) on November 1, 1991.  The acidity in the 1975 sample was 165 mg/L 
and 161 mg/L in 1991.  The alkalinity concentration of the 1975 sample was 16 mg/L, and the 
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1991 sample was 38 mg/L.  Representative samples from the permittee’s self-monitoring data are 
in Table 4.5.  Of the 60 permittee’s monitoring samples of the Scott Overflow in the DEP permit 
file, the median acidity is 26.15 mg/L and the median alkalinity is 43.0 mg/L.  Acidity exceeds 
alkalinity in 12 out of 60 samples in this data set, but 7 of these are in 1989 and 1990, when ash 
placement on the site was in its infancy (Fig. 4.18a), and the last time that acidity exceeded 
alkalinity was the sample of December 15, 1994.  The median alkalinity for the samples prior to 
1991 is 32.3 mg/L as compared to the median alkalinity of 44 mg/L for all samples from 1991 to 
2003.  The corresponding median acidity values are 35.1 mg/L for pre 1991 samples, and 21.3 
mg/L for the past 12 years.  This trend of acidity reduction is shown on Figure 6a for the Scott 
Overflow discharge as compared to the relatively consistent acidity in upgradient monitoring well 
BH 48.  The corresponding trend of increasing alkalinity concentration in the Scott Overflow 
discharge is shown in Figure 6b.  The least- squares trend line fitted to the alkalinity data for the 
Scott Overflow indicates an increase through time, however, the plotted monitoring data are not 
equally spaced through time – so the slope of the line may not be an accurate representation of the 
actual time trend.  There also has been a subtle trend of decreasing sulfate concentration in the 
Scott discharge since 1995 as shown on Figure 6c.  This indicates that the acidity production at 
the Mt. Carmel cogeneration plant site may be decreasing due to the removal of the coal refuse 
and the concomitant addition of alkaline coal ash to reclaim abandoned pits on the site.   
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Figure 6a.  Acidity in upgradient monitoring points and downgradient Scott Overflow at the   
Susquehanna site. 
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Figure 6b.  Alkalinity increase in downgradient Scott Overflow. 
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Figure 6c.  Sulfate in monitoring points at the Susquehanna Coal site. 
 
CONCLUSIONS 
 
1. A very significant amount of abandoned mine reclamation in the four anthracite coal fields 

has been completed through the beneficial use of coal ash on remining sites.  This extensive 
reclamation is significant, not only on individual sites associated with FBC power plants (e.g. 
the before and after photos in Fig. 5a and b, but also in the total acreage reclaimed at no cost 
to the government or taxpayers.    
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2. The evaluation of more than 15 years worth of groundwater monitoring data for the case 

study sites presented in this paper, and other permitted sites throughout the anthracite region, 
has not resulted in any significant findings of environmental damage or groundwater 
pollution cases, as measured at key downgradient minepool monitoring points.  Several sites 
discussed in this paper showed no significant change in groundwater/minepool water quality, 
despite extensive ash placement and land reclamation – although these sites significantly 
reduced infiltration to the minepool, and thus should represent a reduction in the flow and 
thereby the pollution load of acidity, iron and other metals in these high volume minepool 
discharges.  At least one site discussed in this paper produced a significant increase in 
alkalinity concentrations, or reduction in acidity, iron or other analytes that is attributable to 
the beneficial use of coal ash on these sites.  

 
3. The range of mine site characteristics, coal ash placement configurations and 

groundwater/minepool monitoring scenarios presented in this paper demonstrates that a “one 
size fits all” approach to the permitting and compliance monitoring of the sites is not 
practical or effective.  Site specific application of engineering principles and evaluation of 
geologic factors is essential, particularly:  (a) the soil-mechanics engineering of ash 
placement,  (b) the mining engineering of the active surface mine and abandoned 
underground mines,  (c)  the geologic structure of the site and surrounding area (e.g. 
synclinorium), and  (d)  the hydrogeology of the site and underlying minepool system.  
Permit applicants, their consultants and regulatory agency scientists and engineers must 
collaborate to promote effective ash placement technology and to develop practical and 
realistic groundwater monitoring plans.   

 
4. The groundwater monitoring data for various coal ash placement sites and a hydrologic 

budget review demonstrates that the “high and dry” concept of placing relatively dry 
(optimum moisture content) coal ash into a relatively dry mine environment is working well.  
It is feasible to develop a matrix approach that would match the range of physical and 
chemical properties of FBC and PC coal ash classes to various ash placement alternatives, in 
order to optimize cementitous behavior of specific ash types, or maximize alkalinity 
production in groundwater – and solve a variety of abandoned mine land and mine drainage 
problems.   
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