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FORWARD 

In October 2006, the Maryland Department of the Environment (MDE) 
requested the Maryland Power Plant Research Program (PPRP) to assist 
with an independent evaluation of the source of heavy metals detected in 
residential wells surrounding the B.B.S.S., Inc. (BBSS) sand and gravel 
mine in Anne Arundel County, Maryland.  Mine pits at the site are being 
reclaimed with coal combustion products (CCPs) obtained from two coal-
fired power plants in central Maryland. 

This report presents the results of an independent review of water quality 
data provided by MDE, Anne Arundel County Department of Health, and 
Constellation Energy Group (Constellation), as well as leachate data 
provided by Constellation and Environmental Resources Management, 
Inc. (ERM).  The empirical data were used to characterize and compare, 
through statistical evaluation, the quality of regional ground water to 
ground water in the immediate vicinity and downgradient of the CCP 
reclaimed mine pits.  The investigation and report were completed under 
the direction of Mrs. Susan Gray of PPRP.  

This study was conducted by ERM under Contract No. KOOB5200072. 
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ABSTRACT 

The benefits of using CCPs as structural fill to reclaim surface mines have 
been debated by the power production industry, regulators and the 
general public since the early 1980s.  The placement of CCPs in surface 
mines is a high volume use of the material and, with proper placement as 
structural fill, this use of CCPs allows the reclamation of land for 
redevelopment that otherwise would not be available for productive land 
use.  However, without proper design and management of the CCPs 
during placement in the mine pits, detrimental impacts to the local 
ground water system can occur.  

Since 1995, Constellation Energy Group (Constellation) has provided 
Reliable Contracting Co., Inc. (Reliable) with approximately 200,000 to 
400,000 tons per year of CCPs, primarily Class F fly ash, to reclaim a 
former sand and gravel mine in Anne Arundel County.  The site is owned 
by B.B.S.S., Inc. and operated by Reliable.  The site does not have a 
leachate collection system in place, but rather relies on a soil cover and the 
underlying geology to limit impacts to the regional ground water system.  
The underlying Magothy formation contains the uppermost water bearing 
sands and supplies potable ground water to local residents.  The basal 
clay unit forms a confining layer between the Magothy and underlying 
Patapsco formation, which supplies potable water to the downgradient 
residential communities of Crofton. 

In October 2006, the MDE requested PPRP to assist with an independent 
evaluation of the source of heavy metals detected in residential wells 
surrounding the reclaimed BBSS mine pits, and an evaluation of the extent 
of dissolved sulfate and metals in ground water.  A statistical comparison 
of ground water quality data collected from residential wells upgradient 
of the mine pits, monitoring wells around the mine pits, and residential 
wells downgradient of the mine pits indicates the deterioration of water 
quality as a result of the placement of fly ash in the mine pits.  Specifically, 
heavy metals (antimony, arsenic, cadmium, nickel, and thallium) and 
sulfate detected in the fly ash leachate were also detected at an increased 
frequency and concentration in monitoring wells and residential wells 
located adjacent to the fly ash placement area. 

Pyritic “black” soils present at the site contain significant amounts of iron 
and sulfate.  These soils, when removed from their natural environment 
coupled with oxidation and exposure to strong acids, will leach heavy 
metals including antimony and cadmium.  However, there is no 
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indication that these black soils leach at significant concentrations when 
left in place or disturbed during mining operations.     

The infiltration of additional rainfall into the fly ash currently being 
placed at the BBSS site, as well as the interaction of ground water with fly 
ash at monitoring well MW-24 and boring B-4b, will continue to leach 
heavy metals and sulfate into the underlying ground water system.  The 
continuation of the current ground water recovery system downgradient 
of the Turner Pit and the activation of a similar system downgradient of 
the Waugh Chapel Pit will help mitigate, but are not likely to fully resolve, 
impacts to the aquifer and potential ground water receptors in the vicinity 
of the site. 



 

 1  

1.0 INTRODUCTION 

The Maryland Power Plant Research Program (PPRP) has conducted a 
series of projects designed to evaluate the environmental effects associated 
with the disposal and beneficial use of coal combustion products (CCPs) 
generated in Maryland.  Through these projects, PPRP has evaluated 
environmental impacts associated with the use of CCPs as structural and 
land fill material, as well as impacts associated with the placement of fly 
ash at storage sites. 

Constellation Energy Group (Constellation), formerly Baltimore Gas & 
Electric (BGE), operates three coal-fired power plants in Maryland: 
Brandon Shores, Wagner, and Crane.  CCPs generated at these plants have 
been used as structural fill material for mine reclamation, construction of 
industrial parks and highway embankments.  Between 1989 and 1993, the 
three Constellation plants produced a total of 280,000 to 455,000 tons of 
CCPs annually, of which 250,000 to 400,000 tons were Class F fly ash (US 
DOE EIA, 1993).  Since the number of coal-fired plants operated by 
Constellation has remained constant in the past 15 years, the amount of 
CCPs generated annually by Constellation through 2006 has also 
remained relatively constant. 

Constellation is providing Reliable Contracting Co., Inc. (Reliable) with 
CCPs to reclaim an active sand and gravel surface mine in Anne Arundel 
County (Figure 1).  This site was selected for two specific reasons: 

1. To handle the large quantities of CCPs produced at the nearby 
Wagner and Brandon Shores coal-fired power plants; and  

2. To utilize the CCPs as structural fill material to facilitate possible 
future commercial use of the reclaimed mine.  

In October 2006, the Maryland Department of the Environment (MDE) 
requested that PPRP assist with an independent evaluation to determine 
whether the water quality in the vicinity and downgradient of the CCP fill 
areas is being impacted by CCPs placed at the site, by leaching from 
excavated and exposed naturally occurring “black” soils, or a combination 
of the two.  PPRP has prepared this report to present the findings of its 
evaluation of the ground water quality data generated for the site and for 
nearby residential supply wells.  The findings of this study will contribute 
further to the overall level of understanding of the MDE and PPRP as to 
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potential impacts to ground water quality resulting from the use of CCPs 
for surface mine reclamation. 

 

 

1.1 BACKGROUND INFORMATION 

The B.B.S.S., Inc. (BBSS) site is an active sand and gravel surface mine in 
Anne Arundel County operated by Reliable (Figure 1).  Under Maryland 
Department of Natural Resources Surface Mining Permit #94-SP-0468-A, 
Constellation is providing Reliable with CCPs to reclaim two separate pits 
at the BBSS site, known as the Turner Pit and Waugh Chapel Pit, and 
return the land surface in both pits to the original pre-mining elevation.  
Placement of CCPs (primarily fly ash) began in 1995 in the area of the 
Turner Pit mine adjacent to Brickhead Road and is anticipated to continue 
into 2008.  Placement of ash in the Waugh Chapel Pit along Waugh Chapel 
Road began in September 2000 and was completed in 2004.   

Figure 1 
Site Location Map 

BBSS Fill Site 
Anne Arundel County, Maryland 
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Between 1995 and 2006, Constellation placed over 3,800,000 tons of CCPs 
at the BBSS site (Figure 2) (Constellation, 2007).  The CCPs were generated 
at Constellation’s Brandon Shores and H. A. Wagner power plants in 
northern Anne Arundel County.  By the end of 2008, Constellation plans 
to place another 200,000 to 400,000 tons of CCPs at the BBSS site to 
support reclamation activities (Constellation, 2007a).  In general, using 
CCPs as structural fill to reclaim surface mines is attractive for two 
reasons:   

1. Placement of CCPs in surface mines is a high volume use of the 
material; and  

2. With proper placement as structural fill, this use of CCPs allows the 
reclamation of land for redevelopment that otherwise would not be 
available for productive land use.  It is anticipated that the BBSS 
site will be available for commercial development after backfilling 
of the mine is completed (Constellation, 2007a; Stewart, 2007). 

Figure 2
Placement of CCPs at the BBSS Site Since 1995

BBSS Fill Site
Anne Arundel County, Maryland
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Data collected from monitoring wells that surround both the Turner and 
Waugh Chapel Pits indicate that there is deterioration of ground water 
quality in the aquifer around the site.  Specifically, the ground water 
quality data indicate the presence of elevated concentrations of heavy 
metals and sulfate in ground water.  The previous detection of metals and 
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sulfate in ground water beneath and downgradient of the Turner Pit led 
MDE to require that a ground water recovery system be installed to 
contain the ground water contamination.  In September and October 2006, 
results of ground water samples collected from residential wells located 
adjacent to the Waugh Chapel Pit indicated the presence of the same 
constituents in the residential wells. 

1.2 STUDY OBJECTIVE 

PPRP has been involved in an ongoing evaluation of both operating and 
retired CCP fill sites for several years.  The BBSS site is part of this long-
term program.  In 2006, MDE requested PPRP to assist with an 
independent evaluation of the quality of ground water surrounding the 
BBSS site.  The overall objectives of the study were to determine whether 
impacts to water quality have occurred in the vicinity and downgradient 
of the CCP fill areas as a result of the placement of CCPs within the 
Turner and Waugh Chapel Pits, by leaching from excavated and exposed 
naturally occurring “black” soils, or a combination of the two.   

For discussion purposes, chemical concentrations in ground water and 
leachate were compared to MDE’s screening criteria for potable aquifers 
(MDE, 2001).  These criteria incorporate the maximum contaminant levels 
(MCLs) for inorganic chemicals in drinking water published in the Code 
of Maryland Regulations (COMAR) Section 26.04.01.06, as well as risk-
based cleanup standards used by the MDE Waste Management 
Administration for assessing impacts to ground waters of the State for 
those chemicals without MCLs.   

The technical approach to complete this objective consisted of using site-
specific hydrogeologic data provided primarily by Constellation.  
Additional data provided by the MDE and the Anne Arundel County 
Department of Health was used to supplement the evaluation. 

1.3 REPORT ORGANIZATION 

The remainder of this Technical Report is organized as follows: 

• Section 2 – Existing Site Conditions describes the environmental setting 
of the site with emphasis on the underlying ground water resources.   

• Section 3 – Management of CCPs provides a discussion of the physical 
and chemical characteristics of CCPs and CCP leachate, and describes 
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the operational history and design of the mines as they relate to the 
management of CCPs.   

• Section 4 – Ground Water Quality Assessment presents the ground water 
quality data collected at the site and assesses the potential for site 
operations to have degraded ground water resources in the vicinity of 
the BBSS site. 

• Section 5 – Extent of Impacts evaluates the potential for impacts to 
ground water quality observed at the BBSS site to be realized in wells 
downgradient of the facility and the time frame for ground water to 
return to pre-1995 conditions.   

• Section 6 – Conclusions summarizes the key findings of the ground 
water quality assessment. 
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2.0 EXISTING SITE CONDITIONS 

This section outlines the hydrogeologic framework beneath the BBSS site 
in order to provide a basis for evaluating the environmental performance 
of the site.  Topography, regional hydrogeology, site hydrogeology, and 
surface water hydrology are discussed in this section.  A brief overview of 
area ground water use is also included to further explain ground water 
flow conditions and identify potential human receptors in the site vicinity. 

2.1 TOPOGRAPHY/SOILS 

2.1.1 Site Topography 

The BBSS site, located in Anne Arundel County northwest of Crofton, is 
bounded on the north by Waugh Chapel Road, on the east by Maryland 
Route 3, on the south by Evergreen Road, and by Towsers Branch to the 
west.  Figure 3 shows the site layout and extent of the Turner Pit and 
Waugh Chapel Pit fill areas prior to mining on a portion of the U.S. 
Geological Survey topographic quad map.  Ground surface elevations in 
the vicinity of the site generally vary from 100 to 120 feet above mean sea 
level (amsl) but are as high as 200 feet amsl to the northwest and southeast 
(USGS, 1979). 

Figure 3 illustrates the immediate site vicinity and extent of the CCP fill 
area.  Placement of CCPs began in 1995 in the Turner Pit mine area 
adjacent to Brickhead Road.  As mining operations proceed to the 
southwest toward the property boundary along Evergreen Road, 
Constellation is placing CCPs from the Brandon Shores and H. A. Wagner 
power plants as structural fill into the previously mined portion of the 
quarry.  Reliable has opened an additional 12 acres of land on the north 
side of Brickhead Road that will also receive ash.  Placement of CCPs 
began in 2000 in the Waugh Chapel Pit mine area adjacent to Summerfield 
Road.  Filling operations ended in 2004 with only a portion of the mine 
receiving CCPs.   

The total area to be mined and then reclaimed by CCP structural fill is 
approximately 84 acres.  As a result of mining operations, the bottom of 
the quarry is approximately 30-50 feet below the elevation of the 
surrounding topography (Photo 1).  The final low elevation of the surface 
mine is planned for an elevation of approximately 72 feet amsl, which is 
approximately four feet above the water table.   
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Photo 1: Mining Operations Along the Southern Edge of the Turner Pit 

 

2.1.2 Surficial Soils 

Native soils at the site and in the immediate vicinity are of the Monmouth-
Collington association.  These soils are nearly level to moderately steep, 
poor to well-drained, sandy and loamy soils that develop in sediments 
containing glauconite (Kirby and Matthews, 1973).   

The four specific soil types in the project area are described below (Kirby 
and Matthews, 1973).  

• (Bm) Bibb silt loam found along Towsers Branch consists of poorly 
to moderately well-drained, silty soils.   

• (CoA) Collington fine sandy loams consist of deep, well-drained 
soil with a 0 to 2 percent slope. 

• (SaB2) Sassafras fine sandy loam is well-drained, gently sloping (2 
to 5 percent) soil which is moderately eroded. 
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• (SaC3) Sassafras fine sandy loam is a deep, well-drained, 
moderately sloping (5 to 10 percent) soil which can be severely 
eroded, forming gullies. 

2.2 GEOLOGY AND GROUND WATER RESOURCES 

2.2.1 Regional Hydrogeologic Framework 

The BBSS facility is located in the outcrop area of the Potomac Group of 
the Coastal Plain Physiographic Province.  The Coastal Plain 
Physiographic Province consists of a wedge of unconsolidated clay, sand, 
marl, gravel, and diatomaceous earth, which thickens to the southeast and 
pinches out to the northwest.  The Magothy formation, which is mapped 
over most of the site, is generally lignitic or carbonaceous sand with 
interbedded lenses of clay and is approximately 60 to 100 feet thick at the 
site region (Otton, 1955).  Pyrite (iron sulfide) and iron oxides are common 
minerals in the sand (Otton, 1955).  The overlying Matawan formation, 
which is mapped across the eastern portion of the site, is characterized by 
quartz sand to variably glauconitic clayey sand and is approximately 0 to 
12 feet thick in the site region (Glaser et al., 1976). 

Beneath the Magothy formation are several red to yellow quartz sand 
layers and thick silty clay confining beds of the Patapsco formation (Mack 
et al., 1982).  The Patapsco Formation is underlain by the Arundel Clay 
confining bed, which separates the Lower Patapsco aquifer of the Potomac 
Group formation from the basal Patuxent formation.  The Patuxent 
formation extends to the top of bedrock approximately 1,100 feet below 
mean sea level (Mack et al., 1982).  

The Magothy formation is the principal shallow aquifer in the site vicinity.  
Ground water flow in the Magothy occurs both on a local and regional 
scale.  At the water table, ground water generally flows towards and 
discharges to perennial streams.  Near the bottom of the formation ground 
water flows regionally southeast towards areas of very high ground water 
production in Annapolis and Crofton, Maryland. 

2.2.2 Site Hydrogeologic Framework 

The site geology was evaluated using existing boring logs provided by 
Constellation, 2007.  Based on drilling logs for the geotechnical borings 
and wells, the site is underlain with interbedded sand, silt and clay layers.  
The log for boring MW-14 (Figure 4), located within the mined Turner Pit, 
indicates the base of the excavation is underlain by approximately 8 feet of 
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sand, with minor amounts of gravel, which is located above 
approximately 5 feet of interbedded gray to yellow sand, silt and clay.  
The silt and clay layers are then underlain with at least 15 feet of fine to 
medium sand, down to an elevation of 52 feet amsl.  At well MW-6, 35 feet 
of white and gray clay was encountered beginning at approximately 45 to 
55 feet amsl.  Well MW-6 is a 170 foot water supply well located adjacent 
to the scale house.  The stratigraphy at the site is consistent with published 
regional geologic conditions for the site area and the Magothy formation. 

The Magothy formation is approximately 60 feet thick at the site and is 
underlain by a red clay unit encountered at 10 to 20 ft amsl in well MW-6.  
The red clay unit is approximately 40 feet thick and forms a confining 
layer between the Magothy and an underlying sand layer within the 
Patapsco formation.  The clay is considered regionally extensive; however, 
based on boring logs, it is not necessarily continuous over the surrounding 
site area. 

During excavation and drilling activities at both the Turner and Waugh 
Chapel Pits, layers of lignitic or carbonaceous “black” sand have been 
observed (see Photo 2).  The “black” sands contain pyrite, an iron sulfide 
mineral common in the Magothy formation (Otton, 1955).  Investigations 
by others (Brown, Rakovan and Schoonen, 2000) have reported the 
detection of heavy metals in the Magothy aquifer as a result of pyrite and 
other minerals in the formation sands.  

 

Photo 2: “Black” Soils Exposed Along Southeastern Edge of the Waugh Chapel 
Pit 
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Photo 3: Evidence of Pyrite (Golden Crystals) in “Black” Soil Obtained 
From the BBSS Site (Garrabrants and Kosson, 2007) 

To assess the potential for heavy metals to be leached to the underlying 
ground water when excavated and exposed to acidic rainfall, 
Constellation and PPRP conducted independent synthetic precipitation 
leaching procedure (SPLP) and toxicity characteristics leaching procedure 
(TCLP) tests on the pyritic “black” soils present at the site.  TCLP and 
SPLP tests are routinely used to assess the potential for materials to leach 
metals and other constituents under acidified conditions.  The TCLP test 
utilizes acetic acid to simulate landfill leachate, whereas nitric and sulfuric 
acids are employed in the SPLP tests to simulate acid rain.  Results of 
these tests, shown in Table 1, indicate that when oxidized and subjected to 
strong acids, the soils will leach metals.  Specifically, aluminum, 
antimony, cadmium, iron, manganese, and nickel were leached from the 
soil at concentrations greater than the MDE screening criteria for potable 
aquifers.  Albeit grossly accelerated, the leaching tests provide an 
indication of which metals could potentially be present in the natural 
ground water system as a result of ambient conditions and mining at the 
BBSS site.  
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Table 1 - Leachate Composition of Black Soils at the BBSS Site 

MDE Black Soil Black Soil Black Soil Black Soil 
Sample ID: 

Screening  TCLP Extract TCLP Extract SPLP Extract SPLP Extract 

Laboratory: Criteria Phase Sep. Sci. Kemron Env. Phase Sep. Sci. Kemron Env. 

Date: Type I & II 11/15/2006 2/23/2007 11/15/2006 2/23/2007 

Matrix: Aquifers Solid Solid Solid Solid 

Metals (mg/L)          

Aluminum 0.05 1.2 0.871J 0.72 6.1 

Antimony 0.006 <  0.01 < 1 0.011 < 0.001 

Arsenic 0.01 < 0.05 < 0.1 < 0.05 < 0.001 

Barium 2 < 1 < 5 < 1 0.0081J 

Beryllium 0.004 < 0.05 < 0.02 < 0.05 0.00111J 

Boron NA < 5 --- < 5 --- 

Cadmium 0.005 < 0.01 0.00496J < 0.01 0.00743 

Chromium 0.1 < 0.05 < 0.05 < 0.05 0.0136J 

Copper 1.3 < 0.05 0.0317J < 0.05 < 0.02 

Iron 0.3 0.81 --- 0.72 --- 

Lead 0.015 < 0.05 < 0.05 < 0.05 < 0.001 

Manganese 0.05 0.39 --- 0.11 --- 

Mercury 0.002 < 0.01 < 0.005 < 0.01 < 0.0002 

Nickel 0.073 0.10 0.033J < 0.05 0.0549 

Selenium 0.05 < 0.01 < 0.1 < 0.01 < 0.001 

Silver 0.018 < 0.05 < 0.04 < 0.05 < 0.01 

Thallium 0.002 < 0.05 < 2 < 0.05 < 0.0002 

Zinc 1.1 0.28 0.0544J 0.12 0.0347 
---  - Sample not tested for specified parameter 
< xx - Below the laboratory practical quantitation limit of xx 
xx - Exceeds MDE Screening criteria 
J - Analyte present, the reported value may not be accurate or precise 

 

2.2.3 Ground Water Occurrence and Use 

Shallow ground water in the site area is replenished by precipitation 
recharge, which infiltrates through the ground surface (MGS, 1986).  In the 
Coastal Plain, flow in perennial streams is maintained by the discharge of 
shallow ground water.  The remaining portion of the recharge percolates 
into deeper parts of the aquifer system. The total recharge to the Magothy 
aquifer system is estimated as 13.7 inches per year based on studies 
performed in the Columbia aquifer by the Delaware Geological Survey 
(1973).  Deeper recharge is estimated as approximately 1.3 inches per year 
(MGS, 1986). 
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Table 2 summarizes the historical ground water elevations for monitoring 
wells at the site.  Ground water, present in water table conditions, occurs 
at a depth of about 50 feet below the original land surface at the Waugh 
Chapel Pit and about 35 feet below the original land surface at the Turner 
Pit.   

Table 2 - Summary of Historical Ground Water Elevations at the BBSS Site 

Date 1/16/01 7/25/01 12/10/01 1/16/02 7/25/02 1/31/03 7/23/03 1/9/04 9/13/04 1/31/05 7/25/05 1/30/06 6/12/06 

MW-1 76.83 79.43 75.43 74.65 75.15 78.75 82.54 81.52 78.67 80.03 79.44 79.03 77.88 
MW-2 78.77 80.85 77.97 77.11 77.13 80.33 84.23 83.32 81.15 82.30 82.02 80.85 80.22 
MW-3 80.81 82.30 80.79 80.17 79.89 82.06 86.61 85.24 83.75 84.23 83.97 82.34 81.04 
MW-7 65.29 66.13 64.89 64.44 63.81 64.87 68.74 68.82 67.02 65.60 65.32 64.33 63.37 
MW-8 64.65 65.77 64.04 63.85 63.44 64.61 69.75 68.36 66.39 66.09 66.58 64.91 63.74 
MW-9 66.22 67.79 65.69 65.31 64.95 66.29 72.38 70.44 68.25 68.02 69.01 66.48 65.11 
MW-10 67.75 69.12 67.62 66.97 66.19 67.00 73.53 72.46 70.04 69.43 70.88 68.44 66.14 
MW-11 67.83 68.27 67.84 67.83 67.26 68.26 69.38 69.32 68.21 68.64 68.49 68.10 67.44 
MW-12 74.65 75.78 74.32 73.80 73.84 75.49 78.08 77.81 76.53 76.74 76.63 75.30 74.85 
MW-13 64.52 65.41 64.04 63.68 63.18 64.19 68.72 68.18 66.46 65.60 65.34 63.72 62.97 
MW-14 69.08 70.24 68.59 67.99 67.51 68.95 73.00 73.23 70.35 69.57 69.48 68.12 66.74 
MW-15 75.06 77.16 74.43 73.71 73.78 76.58 79.43 78.88 77.03 76.81 76.84 75.80 74.11 
MW-16 66.83 67.89 66.49 65.92 65.40 66.72 70.26 70.58 69.11 68.15 67.72 66.82 65.55 
MW-17 91.74 92.71 91.99 91.69 90.96 92.12 95.70 96.10 94.57 94.24 94.25 92.84 91.47 
MW-18 83.13 83.34 82.98 82.95 82.76 83.57 84.27 84.33 83.72 83.95 83.41 83.38 83.10 
MW-19 85.52 86.14 85.54 85.08 84.21 84.82 89.01 90.14 89.48 88.79 89.13 87.10 86.05 
MW-20 83.87 84.78 83.89 83.43 82.73 83.99 88.12 88.64 87.65 86.61 86.94 85.19 84.05 
MW-21 -- -- -- -- -- 79.31 83.37 83.62 82.49 81.45 81.68 80.15 78.90 
MW-22 -- -- -- -- -- 68.19 71.66 71.36 70.57 70.32 69.69 68.80 67.48 

Ground water elevations are not available for monitoring wells MW-4, MW-5, MW-6, MW-24, MW-25 and MW-26.   
All elevations are reported as feet above mean sea level (ft amsl). 

 

Figure 5 shows ground water elevation contours for the site for June 2006.  
As interpreted, ground water beneath the Waugh Chapel and Turner Pits 
flows to the south and southeast.  Shallow flow may be influenced by a 
former tributary located between the two pits, which now appears to be a 
sewer line intercepting ground water.  Ground water south of the 
tributary flows radially, some to the southwest towards Towsers Branch 
and some to the southeast towards Route 3. 

The southeasterly ground water flow at the site cannot be attributed to 
natural ground water conditions.  More likely, it represents regional 
ground water flow in the Magothy to the southeast, toward the 
Chesapeake Bay and ground water pumping centers near Annapolis 
(Figure 6). 
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Review of water level data trends from USGS wells demonstrated that 
ground water levels in the Magothy aquifer have been declining for at 
least the last 30 years (MGS, 1995).  This decline in ground water levels 
appears to be related to the removal of ground water as a result of 
pumping for the public water supply.  High-volume pumping from the 
Magothy and underlying Patapsco and Patuxent Aquifers near the site 
and in the Annapolis area have lowered ground water levels and 
significantly altered the pre-development water table flow conditions 
(USGS, 1997).  

Ground water is also being pumped from the Patapsco and Patuxent 
Aquifers at the Crofton Meadows well field, approximately two miles 
southeast of the site (Figure 7).  Although the Crofton Meadows pumping 
is from aquifers underlying the Magothy formation, ground water from 
the Magothy is being captured as a result of vertical leakage into the 
Patapsco.   
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Ground water elevation data from monitoring wells at the Crofton 
Meadows well fields demonstrate the influence of their pumping on the 
Magothy (Figure 8).  The impact of these ground water pumping centers 
has been to the lowering of ground water levels by 20 to 30 feet compared 
to the pre-development ground water level. 
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Figure 8
Ground Water Elevation Data at Crofton Meadows Water Treatment Plant

BBSS Fill Site
Anne Arundel County, Maryland
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In addition to the public water supply, a number of residences in the 
immediate site vicinity (e.g., Summerfield Road) and regional area obtain 
potable water from private water supply wells screened in the shallow 
aquifer. 

2.2.4 Regional Ground Water Quality 

Ground water quality in the area surrounding Crofton is controlled 
primarily through the solution and oxidation of minerals naturally found 
in the ground water system.  Common dissolved ions in the Magothy 
aquifer include calcium, iron, sulfate, magnesium, and sodium.  Shallow 
wells located near the outcrop of the Magothy formation generally have a 
low pH due to the infiltration of rainwater.   

Between October 2006 and January 2007, the Anne Arundel County 
Health Department obtained 31 water quality samples from 28 residential 
supply wells upgradient, downgradient and cross gradient of the site.  
The locations of the wells sampled are shown on Figure 9.  The wells 
included: 

• 2643, 2645, and 2705 Conway Road; 

• 1545, 1547, and 1576 Grays Ford Road; 
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• 2613, 2633, and 2635 Evergreen Road; 

• 2482, 2490, and 2491 Lee Street; 

• 1280, 1284, 1285, 1292, 1313, 1325, 1361, 1367, and 1523 Myers Station 
Road; 

• 2400 and 2404 Queen Mitchell Road; and 

• 1210, 1212, 1214, 1224, and 1226 Waugh Chapel Road. 
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Water quality samples were also collected from 17 additional potable 
supply wells located along Brickhead Road, Summerfield Road and Route 
3 (Crain Highway).  However, their analyses were excluded from the 
regional water quality dataset since the wells are located in areas that may 
potentially be impacted by operations at the BBSS site.  The water quality 
at these wells is discussed in Sections 5.1 and 5.2.  Water quality analyses 
for residential wells sampled after January 2007 were not received in time 
for inclusion in this report. 

Laboratory tests for the 28 residential wells noted above indicate ground 
water in the vicinity of the site naturally contains sulfate, iron and trace 
metals at low concentrations.  A summary of the analytical results for key 
constituents that are characteristic of fly ash leachate is presented in Table 
3; the results are further discussed in Section 4.  As shown in Table 3, 
sulfate concentrations in the regional aquifer system are generally less 
than 20 milligrams per liter (mg/L).  In addition to aluminum, copper, 
lead, and zinc (not found in Table 3), trace metals such as cadmium, nickel 
and thallium have been detected sporadically in the natural ground water 
system.  Elevated concentrations of iron and manganese are likely 
attributable to the solution and oxidation of minerals naturally found in 
the ground water system, including the pyritic soils. 

Table 3 - Regional Ground Water Quality Conditions 
 

  Antimony Arsenic Beryllium Cadmium Iron Manganese Nickel Thallium Sulfate 

#Samples 31 31 31 31 31 31 31 31 31 
#Detects 0 0 0 1 16 8 3 2 19 
% Detects 0% 0% 0% 3% 52% 26% 10% 6% 61% 
Max (mg/L) < 0.002 < 0.005 < 0.001 0.001 13.00 0.150 0.025 0.006 50 
Average (mg/L) --- --- --- 0.001 1.28 0.038 0.024 0.001 15 
Stdev (mg/L) --- --- --- 0.001 3.20 0.038 0.004 0.001 14 

95% UCL (mg/L) --- --- --- 0.001 2.40 0.052 0.026 0.001 20 
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3.0 MANAGEMENT OF CCPS 

This section describes the physical and chemical characteristics of the 
CCPs, leaching test results, and CCP fill procedures used at the site.  Also 
discussed in this section are the methods utilized by Reliable to minimize 
leachate generation in the CCP fill and to prevent its release to the 
environment.  For more detailed discussions on any of these subjects, the 
reader is referred to Reliable’s Surface Mining Permit No. 94-SP-0468-A. 

3.1 CHARACTERISTICS OF CCPS 

3.1.1 Physical and Chemical Properties of CCPs 

In 1981 and 1991, Constellation investigated the physical and chemical 
properties of CCPS from Brandon Shores Units 1 and 2 and Wagner Units 
2 and 3.  The physical and chemical composition of the CCPs is a function 
of the coal source and burning conditions of the originating power plant.  
Since both the Wagner and Brandon Shores power plants burn coal from 
the same source in a pulverized coal furnace, many of the physical and 
chemical properties are expected to be similar.  

In conventional pulverized coal-fired units, such as Wagner Units 2 and 3 
and Brandon Shores Units 1 and 2, both coal fly ash and bottom ash are 
produced.  Coal fly ash is a very fine light ash, which is carried from the 
boiler units in the stack gases while bottom ash is coarse and heavy 
enough to fall to the bottom of the furnace.  At the BBSS site, fly ash is the 
principal fill material.  Below the fly ash is a minimum two-foot thick 
layer of bottom ash used as part of the drainage system. 

CCPs from eastern bituminous coals, like those used at the Wagner and 
Brandon Shores power stations, contain large quantities of silica, in 
addition to alumina, ferric oxide, calcium oxide, and sulfate.  Trace 
element constituents present in the CCPs include arsenic, boron, barium, 
cadmium, cobalt, chromium, copper, fluoride, mercury, manganese, 
molybdenum, nickel, lead, selenium, strontium, thallium, vanadium, and 
zinc.   

Constellation has investigated the chemical properties of a blended fly ash 
that is similar in composition to that of the fly ash found at the BBSS site.  
The fly ash was obtained from Constellation’s Baltimore, Maryland power 
plants in the following approximate proportions: 50% Brandon Shores and 
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50% H.A. Wagner.  The fly ash is primarily composed of silica, which was 
not analyzed by the laboratory.  As shown on Figure 10, the remaining 
composition includes 12% aluminum; 3% iron, 0.1 to 2% each of sulfate, 
calcium, magnesium, potassium, and sodium; and less than 0.1% total of 
arsenic, chlorine, chromium, copper, lead, manganese, mercury, nickel, 
selenium, and zinc.   

Figure 10 
Chemical Composition of Fly Ash Placed at the BBSS Site

BBSS Fill Site
Anne Arundel County, Maryland
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Note: Composition of the blended fly ash (1 BS#4:1 BS#1:2 HAW) is approximately 81.3% 
silica and unburned carbon. This figure shows the composition of the remaining 18.7%, 
which consists of major ions and trace metals.

 

3.1.2 Leaching Test Results 

Leachate from CCPs is of concern because it contains some of the major 
and trace element constituents present in the CCPs.  A high percentage of 
the CCPs is in an insoluble glassy state; however, the water-soluble 
component of dry CCPs may range up to several percent. 

Constellation and PPRP conducted independent SPLP and TCLP tests on 
a blended fly ash.  The blended ash analyzed by Constellation was a 
mixture of ash from both the Brandon Shores and Wagner facilities in 
proportions similar to the blended fly ash used at the BBSS site.  PPRP 
obtained samples of fly ash recently placed at the Turner Pit.  A summary 
of the leaching test results is presented in Table 4.  Both the TCLP and 
SPLP extract contained aluminum, antimony, arsenic, and selenium at 
concentrations in excess of the MDE screening criteria for potable aquifers.  
The TCLP extract also contained cadmium and manganese at 
concentrations in excess of the MDE screening criteria.  Although the 
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SPLP and the TCLP extracts contained similar constituents, the SPLP 
provides a more accurate assessment of the leaching potential of the fly 
ash blend.  Under normal conditions found at the BBSS site, the fly ash is 
more likely subjected to nitric and sulfuric acids from acid rain rather than 
acetic acid (the primary acid in municipal landfill leachates). 

Table 4 - Leachate Composition of Fly Ash Placed at the BBSS Site 
 

MDE Fly Ash Blend Fly Ash Blend Fly Ash Fly Ash Blend Fly Ash 
Sample ID: 

Screening  2:1 TCLP Extract TCLP Extract TCLP Extract SPLP Extract SPLP Extract 
Laboratory: Criteria Constellation Phase Sep. Sci. Kemron Env. Phase Sep. Sci. Kemron Env. 
Date: Type I & II 10/2/1998 11/15/2006 2/23/2007 11/15/2006 2/23/2007 

Matrix: Aquifers Solid Solid Solid Solid Solid 
             
Metals (mg/L)            

Aluminum 0.05 --- 0.4 1.62 0.13 < 0.1 

Antimony 0.006 0.046 0.012 < 1 0.023 0.0171 

Arsenic 0.01 0.019 0.12 < 0.1 0.093 0.0399 

Barium 2 < 0.2 < 1 0.585J < 1 0.0921 

Beryllium 0.004 0.014 < 0.05 < 0.02 < 0.05 < 0.002 
Boron NA --- < 5 --- < 5 --- 

Cadmium 0.005 0.054 < 0.01 0.00524 < 0.01 0.000452J 

Chromium 0.1 0.17 < 0.05 0.0521 0.053 < 0.02 
Copper 1.3 --- 0.13 0.127 < 0.05 < 0.02 

Iron 0.3 < 0.1 < 0.05 --- 0.076 --- 
Lead 0.015 --- < 0.05 < 0.05 < 0.05 < 0.001 

Manganese 0.05 0.89 0.31 --- < 0.05 --- 
Mercury 0.002 --- < 0.01 < 0.005 < 0.01 < 0.0002 

Nickel 0.073 0.6 0.068 0.0426J < 0.05 < 0.04 

Selenium 0.05 0.065 0.027 0.139 0.065 0.122 

Silver 0.018 --- < 0.05 < 0.04 < 0.05 < 0.01 

Thallium 0.002 0.032 < 0.05 < 2 < 0.05 < 0.0002 
---  - Sample not tested for specified parameter 
< xx - Below the laboratory practical quantitation limit of xx 
xx - Exceeds MDE Screening criteria 
J - Analyte present, the reported value may not be accurate or precise 

 

In 1998, at the request of Constellation, Capital Environmental, LLC (CEL) 
performed leaching tests on samples of the fly ash collected from the BBSS 
site.  The results of these leaching tests were used to evaluate the 
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leachability of CCP constituents from the ash and the change of 
concentration over time that could be expected from precipitation 
infiltrating through the CCP fill.  As noted in Table 4, and in addition to 
the aforementioned constituents, beryllium, chromium, nickel and 
thallium were also detected at concentrations in excess of the MDE 
screening criteria.  

Typically, the potential for a leachate to impact ground water resources is 
determined by comparing the chemical character of the leachate to 
drinking water standards.  Six metals were identified from the 2006 and 
2007 leaching tests as constituents of potential concern (COPCs) – 
aluminum, antimony, arsenic, cadmium, manganese, and selenium.  
Additionally, beryllium, chromium, nickel and thallium were identified as 
COPCs from the 1998 leaching tests.  Each of these constituents exceeded 
the MDE screening criteria for potable aquifers.  For sulfate, the 
comparison of the 1998 leaching test data was made to the US 
Environmental Protection Agency’s (EPA’s) Secondary MCL, which is not 
enforceable, as an MCL and State criteria have not been defined.  The high 
concentrations of sulfate in the fly ash leachate indicate that sodium 
sulfate and gypsum (calcium sulfate and water, CaSO4•2H2O), present in 
Class F fly ash, is dissolving. 

Comparison of the leachate results for the fly ash (Table 4) to the pyritic 
“black” soils (Table 1) shows that a greater number of metals were 
detected in the fly ash samples and at slightly greater concentrations.  
Specifically, concentrations of antimony, arsenic, beryllium, chromium, 
manganese, nickel, and thallium were greater in the fly ash leachate.   

Recently, Constellation installed a monitoring well (MW-24) within the fly 
ash fill at the Waugh Chapel Pit.  The monitoring well was installed to 
facilitate the collection of water samples from a layer of perched ground 
water within the ash, although ground water elevation data for the site 
suggests that the well is within the water table (see Figure 5).  The well 
was sampled during the first three months of 2007.   The water quality 
results for MW-24 indicate that arsenic, iron, manganese, and sulfate are 
being leached at concentrations that exceed the MDE screening criteria for 
potable aquifers (Table 5).  Barium, nickel, and selenium were also 
detected in the samples at concentrations similar to the ash leachate test 
results.   
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Table 5 - Water Quality Results at Fly Ash Monitoring Well MW-24 
 

MDE MW-24 Sample ID: 
Screening Pore Water 

Laboratory: Criteria Constellation 
Date: Type I & II 1/30/2007 
Matrix: Aquifers Liquid 
    
Metals (mg/L)   
Aluminum 0.05 --- 
Antimony 0.006 < 0.002 
Arsenic 0.01 0.039 
Barium 2 0.047 
Beryllium 0.004 < 0.002 
Boron NA --- 
Cadmium 0.005 < 0.002 
Chromium 0.1 < 0.002 
Copper 1.3 --- 
Iron 0.3 42.1 
Lead 0.015 --- 
Manganese 0.05 1.97 
Mercury 0.002 < 0.001 
Nickel 0.073 0.066 
Selenium 0.05 0.050 
Silver 0.018 --- 
Thallium 0.002 < 0.001 
Zinc 1.1 --- 
    
Anions (mg/L)   
Sulfate 250 2,915 
    
Other   
   pH --- 6.61 

---  - Sample not tested for specified parameter 
< xx - Below the laboratory practical quantitation limit of xx 
xx - Exceeds MDE Screening criteria 
NA – Not available 

3.2 DESIGN CRITERIA TO CONTROL LEACHATE FORMATION 

To minimize the volume of leachate produced by a CCP fill, the volume of 
both surface water and ground water coming in contact with the fill 
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should be minimized.  Measures used at the BBSS site to minimize 
leachate formation include (see Figure 4): 

• Maintaining a minimum four-foot layer of fill soil below the fly ash fill, 
which is at or above the seasonal high ground water elevation; 

• Maintaining a minimum two-foot-thick, high-permeability (10-4 
cm/sec) layer of soil or bottom ash beneath the fly ash fill to prevent 
capillary rise of the ground water into the fly ash fill and to serve as a 
drainage layer for water infiltrating through the fill; 

• Controlling surface water run on by diverting surface water away from 
the fill area during CCP fill placement and after cells are completed; 
and  

• Placing a low-permeability clay cover on the compacted CCP fill to 
limit infiltration (Photo 2).  MDE lowered the permeability standard 
for the site from 10-5 cm/sec to 10-7 cm/sec in April 2000. 

 

Photo 4: Placement of a Clay Cover and Topsoil Cap Over Fly Ash at the Turner 
Pit 

Reliable does not have a leachate control or collection system in place 
beneath the CCP fill at the BBSS site.  Typical leachate control or leachate 
collection systems involve the placement of a high-permeability sand or 
bottom ash layer equipped with perforated pipe on top of a low-

Fly Ash Clay Topsoil 
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permeability clay or geosynthetic liner to collect and drain any leachate, 
thus eliminating its migration to ground water.     

To detect the generation and movement of leachate constituents beneath 
the fill area, Constellation conducts a ground water monitoring program.  
Ground water samples collected from monitoring wells are used to 
determine if leachate constituents are degrading ground water quality in 
the shallow ground water system.  This monitoring program is discussed 
in detail in Section 4. 
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4.0 GROUND WATER QUALITY ASSESSMENT 

An environmental concern at the BBSS site is the potential formation and 
migration of leachate constituents from the fly ash fill into the underlying 
ground water system, and subsequent transport to downgradient ground 
water receptors.  Although preventive measures have been incorporated 
into the site design to minimize the formation and infiltration of leachate, 
these measures do not completely prevent it from occurring.  In this 
section, evidence of leachate constituents moving through the ground 
water system is evaluated to determine the potential for the leachate to 
degrade ground water quality and subsequently affect ground water 
receptors. 

4.1 BBSS SITE GROUND WATER MONITORING NETWORK 

Ground water monitoring wells at the BBSS site are constructed in the 
shallow aquifer with their screens placed across the water table.  In 
general, monitoring wells MW-1 through 16 surround the Turner Pit.  and 
monitoring wells MW-17 through 25 surround the Waugh Chapel Pit.  
The locations of these wells are shown on Figure 5. 

Monitoring wells MW-1, 4, 12, and 15 monitor ground water before it 
flows beneath the Turner Pit.  Wells MW-5 and 14 monitor ground water 
beneath the CCP fill; MW-5 was destroyed during filling activities 
following the February 1998 sampling event and therefore is not shown on 
the site maps.  Wells MW-7, 8, 9, 10, 11, 13, and 16 essentially monitor 
ground water quality downgradient of the CCP fill area.  Constellation 
recently installed well MW-26 along Evergreen Road, between wells MW-
9 and 10.   

Monitoring wells MW-17, 18, 19, and 25 monitor ground water quality 
upgradient of the Waugh Chapel Pit.  Wells MW-20, 21, and 22 monitor 
ground water quality downgradient of the CCP fill area.  Monitoring well 
MW-24 was completed within the fly ash fill and screens across a perched 
water lens.  MW-23 was proposed at a location midway between the 
Waugh Chapel and Turner Pits; however, the well was not installed for 
logistical reasons.  The monitoring network for the Turner Pit provides 
additional downgradient monitoring points for the Waugh Chapel Pit. 
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4.2 GROUND WATER QUALITY DATA ANALYSIS 

Constellation collects ground water samples quarterly from 22 on-site 
monitoring wells to monitor ground water quality in the shallow aquifer 
system.  Constellation collects samples more frequently (i.e., typically 
monthly) from wells MW-7, 13, 20, 21, and 22.  Three additional wells, 
MW-24, 25, and 26, were installed in late December 2006 and have been 
sampled monthly since installation.  The monitoring program focuses on 
protecting downgradient ground water drinking supplies, and therefore, 
Constellation analyzes for a variety of metals with drinking water MCLs 
including antimony, arsenic, beryllium, cadmium, chromium, mercury, 
selenium, and thallium.  Additionally, samples are analyzed as part of the 
mining permit for pH, sulfate, iron, manganese, and nickel. 

To determine if leachate from the CCP fill is degrading ground water 
quality in the shallow ground water flow system, a statistical comparison 
of upgradient and downgradient water quality data was conducted.  The 
statistical analysis looked at the number of sample points, number of 
detections, maximum reported concentration, average concentration, 
standard deviation, and the 95% upper confidence level (UCL).  The 
confidence level is a tool for acknowledging uncertainties and variability 
within an environmental data set.  The 95% UCL defines a calculated 
value that equals or exceeds the true mean 95% of the time.  

Nine analytes characteristic of fly ash leachate were selected for 
evaluation based on their observed presence in either the regional ground 
water system or the residential supply wells immediately downgradient 
of the Waugh Chapel Pit.  The nine analytes included antimony, arsenic, 
beryllium, cadmium, iron, manganese, nickel, thallium, and sulfate.   

4.2.1 Upgradient Monitoring Wells 

To assess upgradient ground water quality, statistical analysis of ground 
water data collected from monitoring wells MW-3, 11, 12, 17, 18, and 25 
was conducted.  The data set includes more than 125 analyses for each of 
the nine key analytes characteristic of fly ash leachate, and includes 
samples collected prior to, during, and following the placement of CCPs 
in either of the two mine pits.  The results of the statistical analysis for 
these five wells are presented in Table 6. 
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Table 6 - Ground Water Quality Conditions for Upgradient Monitoring Wells at the 
BBSS Site 

  Antimony Arsenic Beryllium Cadmium Iron Manganese Nickel Thallium Sulfate 
#Samples 127 124 126 125 133 139 125 125 125 
#Detects 35 45 2 26 124 138 116 32 125 
% Detects 28% 36% 2% 21% 93% 99% 93% 26% 100% 
Max (mg/L) 0.042 0.024 0.003 0.005 1.12 2.262 0.179 0.005 581 
Average (mg/L) 0.003 0.002 0.001 0.002 0.13 0.184 0.043 0.001 152 
Stdev (mg/L) 0.007 0.004 0.000 0.001 0.21 0.293 0.021 0.001 81 
95% UCL (mg/L) 0.004 0.003 0.001 0.002 0.16 0.233 0.047 0.001 166 

 

Sulfate 

The concentrations of sulfate at monitoring wells upgradient of the CCP 
fill areas are slightly elevated relative to the regional sulfate 
concentrations, but are generally less than 166 mg/L.  The maximum 
sulfate concentration (581 mg/L) was detected in October 2006 at well 
MW-3, which is located approximately 700 feet south (downgradient) of 
the CCP fill area at the Waugh Chapel Pit.  The elevated concentration in 
well MW-3 at this time suggests impacts from the Waugh Chapel Pit are 
being realized at the well.  Wells MW-12 and MW-25 also displayed 
slightly elevated levels of sulfate averaging 142 mg/L and 121 mg/L, 
respectively.  The elevated sulfate concentrations in these wells may be a 
result of chemical dispersion (i.e., spreading from an area of high 
concentration to an area of lower concentration) in the hydraulically 
upgradient direction in the shallow aquifer.  

Metals 

Iron, manganese, and nickel were detected in over 90% of the samples 
collected from the upgradient monitoring well network.  Although 
identified as naturally occurring in the regional system, detections are far 
more frequent in the vicinity of the site.  The 95% UCL for iron was 0.16 
mg/L, which is more than an order of magnitude less than the typical 
concentrations detected in regional ground water samples.  However, the 
maximum, average, and 95% UCL concentrations for manganese were 
nearly an order of magnitude greater than concentrations typical of 
regional ground water.  For nickel, the concentrations were about two 
times greater than regional ground water concentrations.  Maximum 
concentrations of nickel and manganese were detected at well MW-3 in 



 

 31  

September 2006, suggesting that leachate generated at the Waugh Chapel 
Pit has migrated downgradient to the monitoring well. 

Antimony, arsenic, cadmium, and thallium were detected sporadically in 
the upgradient monitoring wells, in only 21% to 36% of the samples.  
Antimony and arsenic were not detected in the regional ground water 
samples and therefore, albeit typically less than the State screening criteria 
for potable aquifers, their presence in the upgradient ground water 
monitoring wells indicates impacts resulting from the BBSS site.  
Cadmium and thallium concentrations at the upgradient wells were 
similar to concentrations detected in regional ground water.  

The detection of beryllium in only two samples is not significant. 

Synopsis 

The elevated levels of sulfate and metals detected at the upgradient 
monitoring wells may be naturally occurring as a result of the oxidation 
and dissolution of pyrite and other minerals in the soils.  However, 
perturbations of the ground water flow direction caused by mining or 
ground water withdrawal could also be contributing to the elevated levels 
of constituents detected at the upgradient monitoring wells.  MW-25 is 
proximal to Towsers Branch and the western property line of Waugh 
Chapel Pit.  It is possible that a component of ground water impacted by 
the fly ash leachate is flowing in the direction of Towsers Branch, thus 
contributing to the elevated concentrations of sulfate and heavy metals in 
well MW-25.  Also, concentrations at MW-3 are likely biased high as the 
well is located downgradient of the Waugh Chapel Pit. 

4.2.2 Downgradient Monitoring Wells 

Downgradient monitoring wells included wells located within the fly ash 
and immediately downgradient of either of the fly ash fill areas.  Statistical 
analysis of Turner Pit wells MW-5, 7, 8, 13, and 14, and Waugh Chapel 
wells MW-20, 21, 22, and 24 were used to determine the ground water 
quality of downgradient monitoring wells.  

Water quality within, beneath, and immediately downgradient of the CCP 
fill areas is presented in Table 7.  With the exception of beryllium, the 
average concentrations of all constituents present in the ground water 
samples were greater than the 95% UCL for the upgradient monitoring 
wells.  Beryllium, which was detected in only 12% of the 200 samples, was 
at the same concentration as the upgradient monitoring wells and 
generally below the MCL. 
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Table 7 - Ground Water Quality Conditions for Downgradient Monitoring Wells at the 
BBSS Site 
 

  Antimony Arsenic Beryllium Cadmium Iron Manganese Nickel Thallium Sulfate 
#Samples 227 204 200 276 171 168 315 279 333 
#Detects 71 148 24 177 161 165 304 173 333 
% Detects 31% 73% 12% 64% 94% 98% 97% 62% 100% 
Max (mg/L) 0.217 0.080 0.006 0.180 76.10 2.540 9.800 0.013 5,728 
Average (mg/L) 0.010 0.010 0.001 0.004 8.29 0.732 0.149 0.002 985 
Stdev (mg/L) 0.034 0.010 0.001 0.011 10.77 0.560 0.553 0.003 849 
95% UCL (mg/L) 0.014 0.012 0.001 0.005 9.90 0.816 0.210 0.002 1,076 

 

Sulfate 

Calcium sulfate (CaSO4 + 2H2O) is readily present in fly ash and once it is 
dissolved in the ground water is often a good indicator of leachate 
impacts.  While upgradient ground water sulfate concentrations were 
typically less than 166 mg/L, the average sulfate concentration detected in 
the downgradient wells was 985 mg/L (Table 7).  Further, the variation in 
sulfate concentrations in wells downgradient of the mine pits corresponds 
with the placement of fly ash at the mine pit (Figure 11).   

Turner Pit Wells 

Of the Turner Pit wells, monitoring well MW-7 has displayed a significant 
increase in sulfate concentrations since filling operations began in 1995.  A 
notable increase in sulfate occurred between the summer of 1998 and fall 
2002.  Many of the ash placement cells upgradient of well MW-7 were 
filled during this period.  The cells are approximately 140 feet north to 
northwest of MW-7.  Although ash placement was diverted to the Waugh 
Chapel Pit between October 2000 and 2002, sulfate levels at well MW-7 
remained significantly elevated.  In 2003, sulfate levels began to decline, 
which roughly coincides with the placement of ash in cells southwest of 
well MW-7.  The pump and treat system, located in the vicinity of well 
MW-7, was activated in May 2004, after which a significant decline in 
sulfate levels at well MW-7 was noted (Figure 11).  
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Figure 11
Sulfate Concentration Trends at Monitoring Wells

BBSS Fill Site
Anne Arundel County, Maryland
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Well MW-14, which is located within the Turner Pit fill area, also 
displayed a similar concentration trend.  However, concentrations tended 
to fluctuate more than at MW-7, which may be a result of filling activities 
occurring both north and south of the well.  

In October 2002, filling activities began in the southern portion of the 
Turner Pit (proximal to Evergreen Road) and have continued to the 
present.  Sulfate concentrations detected at well MW-13, located 
approximately 300 feet north of Evergreen Road and 100 feet from the 
closest active ash cell, began to increase at roughly the time filling at 
Turner Pit resumed, in October 2002 (Figure 11).  Further, impacted 
ground water west of MW-13 that would historically have flowed to the 
south-southeast now flows in a more easterly direction towards MW-13 as 
a result of the ground water recovery system.   

Waugh Chapel Pit Wells 

The increase and decrease of sulfate concentrations in wells downgradient 
of the Waugh Chapel Pit corresponds with the initiation and cessation of 
ash placement at the mine pit (Figure 11). Prior to the start of ash 
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placement at the Waugh Chapel Pit, the sulfate concentration detected in a 
ground water sample from well MW-20 during June 2000 was 28 mg/L.  
As ash continued to be placed at Waugh Chapel Pit, sulfate concentrations 
at well MW-20 rose steadily toward 600 mg/L.  Sulfate concentrations 
then fluctuated around 500 mg/L until April 2005, at which time the 
concentration dropped nearly an order of magnitude.  The concentration 
has since settled around 250 mg/L. 

At well MW-21, located roughly 225 feet downgradient from the ash fill, 
and well MW-22, about 400 feet southwest of MW-21, the sulfate 
concentrations have increased significantly since ash filling began.  In 
October 2006, the sulfate concentrations in wells MW-21 and MW-22 rose 
to 4,480 mg/L and 2,710 mg/L, respectively.  The sulfate concentration of 
4,480 mg/L at MW-21 is the second highest reported concentrations of 
sulfate at the BBSS site, and was only exceeded by a detection at well MW-
14, which is within the Turner Pit.   

Metals 

Arsenic, cadmium, and thallium were detected in more than 60% of the 
samples collected from the downgradient monitoring wells. This is a 
significant increase in the number of detections relative to the upgradient 
monitoring well network and indicates that the location of the source of 
metals in the ground water is the mine pit.  Beryllium was also detected 
more frequently in the downgradient wells (12% of 200 samples) than in 
the upgradient monitoring well network (2% of 125 samples).  Antimony, 
iron, manganese, and nickel were detected at similar frequencies (>90%) 
in both the upgradient and downgradient monitoring wells.  The 
following trends were observed with metals concentrations: 

• The average concentrations of the metals in the downgradient 
monitoring wells, with the exception of beryllium, were also elevated 
relative to the 95% UCLs for the respective metals in the upgradient 
monitoring well network;   

• The 95% UCL for arsenic increased from 0.003 mg/L (for the 
upgradient monitoring well network) to 0.012 mg/L.  Similar increases 
were observed for antimony, manganese; and nickel;   

• Iron, in particular, displayed the most remarkable increase in 
concentration, with a 95% UCL for downgradient monitoring wells 
over an order of magnitude greater than that of the upgradient 
monitoring well network (9.9 mg/L compared to 0.16 mg/L); and  

• Cadmium and thallium concentrations at the downgradient 
monitoring wells were two to three times greater than the upgradient 
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well network.  Beryllium concentrations remained about the same, 
slightly above the detection limit.  

Figure 12 shows the trends in thallium over time and illustrates the 
relationship between increased frequency and concentration of metals in 
the downgradient monitoring wells to the placement of fly ash in the mine 
pits. Concentrations detected at downgradient Turner Pit wells MW-13 
and MW-7 increased from the fall of 1999 to late 1999, then began to 
decline from July 2000 to October 2002.  The increase in thallium levels 
coincided with the commencement of ash placement at Turner Pit that 
began in 1995 and continued until October 2000. The ash placement 
moved to Waugh Chapel Pit from October 2000 to October 2002, which 
corresponded to the decrease in thallium detected at the downgradient 
Turner Pit wells. Thallium concentrations at wells MW-13 and MW-7 
began to increase again in December 2002, after the ash placement at 
Turner Pit resumed.  

Figure 12
Thallium Concentration Trends at Monitoring Wells

BBSS Fill Site
Anne Arundel County, Maryland
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Thallium concentrations detected at wells downgradient of Waugh 
Chapel Pit  (MW-20, 21 and 22) began to rise circa 2004 (Figure 12), 
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around the same time that the clay cap for the last ash cell at the Waugh 
Chapel Pit was being completed.   

Synopsis 

Since ash placement at the Turner Pit began in March 1995, the 
concentrations of sulfate in ground water beneath the site have increased 
from less than 100 mg/L at MW-5 in March 1995 to over 5,700 mg/L at 
MW-14 in March 2002.  Both wells were installed in the water table aquifer 
immediately beneath the CCP backfill.  The concentration at MW-14 has 
since fluctuated between 100 mg/L and 1,500 mg/L; most likely a result 
of the active ground water recovery from wells along the eastern edge of 
the Turner Pit.  Sulfate concentrations also increased in wells 
downgradient of the Waugh Chapel Pit following the placement of fly ash 
in the pit. 

Similarly, the frequency of detection and the average concentrations of 
metals in the downgradient monitoring wells were elevated relative to the 
number of detections and the 95% UCLs for the respective metals in the 
upgradient monitoring well network.  Further, the change in 
concentrations of select metals, for example thallium, corresponds to the 
placement and covering of the ash in each of the mine pits. 
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5.0 EXTENT OF IMPACTS 

5.1 RESIDENTIAL WELLS ALONG SUMMERFIELD ROAD 

As a result of the elevated concentrations of sulfate and metals in the 
monitoring wells southeast of the Waugh Chapel Pit, Constellation 
collected water quality samples at several residential wells along 
Summerfield Road, located approximately 600 feet southeast of the 
Waugh Chapel Pit.  Samples were collected from residences at 1179, 1181, 
1184, 1188, and 1190 Summerfield Road (Figure 5).  Available well 
completion reports for these wells indicate that they are shallow (about 90 
to 110 feet deep) and collect their water from the Magothy aquifer.  Due to 
the close proximity of these wells to the CCP fill areas at the Waugh 
Chapel Pit, these wells are the first residential wells at which impacts 
would be realized.  

Table 8 presents the results of the statistical analysis of ground water 
quality data collected from five wells along Summerfield Road.  The data 
set consists of erratic analysis of various metals at the five wells between 
October and December 2006, the period following capping of the CCP fill 
at the Waugh Chapel Pit. 

Table 8 - Ground Water Quality Conditions for Summerfield Road Wells  

  Antimony Arsenic Beryllium Cadmium Iron Manganese Nickel Thallium Sulfate 
#Samples 12 12 12 12 11 11 12 12 13 
#Detects 1 7 5 7 11 11 11 4 13 
% Detects 8% 58% 42% 58% 100% 100% 92% 33% 100% 
Max (mg/L) 2.000 0.021 0.006 0.016 5.20 2.370 0.200 0.004 1,420 
Average (mg/L) 0.334 0.006 0.002 0.005 1.51 1.022 0.114 0.001 616 
Stdev (mg/L) 0.577 0.005 0.002 0.005 1.96 0.787 0.058 0.001 471 
95% UCL (mg/L) 0.661 0.009 0.003 0.008 2.66 1.487 0.147 0.002 872 

 

Sulfate 

Sulfate concentrations in the Summerfield Road wells are one to two 
orders of magnitude greater than the regional background water quality.  
The average sulfate concentration at these residential wells was only 
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slightly less than the 95% UCL for the downgradient monitoring wells 
(616 mg/L compared to 985 mg/L), indicating a direct impact resulting 
from the placement of fly ash in the Waugh Chapel Pit.   

Metals 

Compared to the regional water quality well network, metals were 
detected unanimously at greater frequencies in the Summerfield Road 
wells.  Arsenic and beryllium, which were not detected in the regional 
water quality samples, and cadmium, which was detected in only one 
sample, were detected in up to 58% of the samples from the Summerfield 
Road wells.  Iron, manganese and nickel were detected in most if not all of 
the water quality samples from Summerfield Road wells.   

Further, average concentrations of antimony, arsenic, beryllium, 
cadmium, manganese, and nickel are greater than the 95% UCL for 
regional background water quality.  Iron and thallium concentrations are 
similar to the regional water quality.   

Synopsis 

One sample was collected from the well at 1187 Summerfield Road in 
November 2001 and represents a limited, but important, set of ground 
water quality data shortly after the placement of fly ash in the Waugh 
Chapel Pit began in September 2000.  Based on a regional ground water 
flow analysis, the average rate of ground water flow in the shallow aquifer 
is about 40-80 ft per year.  As the well at 1187 Summerfield Road is nearly 
700 feet downgradient of the pit, it is not feasible for leachate impacted 
ground water emanating from the Waugh Chapel Pit to have reached the 
well by November 2001.  Water quality data collected at this well in 
November 2001 (Figure 13) shows slightly elevated concentrations of 
sulfate (71 mg/L) relative to regional ground water (<20 mg/L) and trace 
levels of antimony and selenium, possibly related to the disturbance of the 
native pyritic soils by mining activities dating back to the late 1970s.  
However, the absence of arsenic beryllium, cadmium, and thallium from 
the ground water sample indicates that the native soils are not 
significantly contributing these constituents to the ground water system. 

1188 Summerfield Road is approximately 640 feet southeast of the CCP fill 
areas and about 160 feet west of 1187 Summerfield Road.  Sampling of the 
supply well at 1188 Summerfield Road was conducted on three occasions 
in early October 2006, approximately two years after placement of fly ash 
ceased.  Comparison of the 2001 data from 1187 and the recent data for 
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1188 Summerfield Road illustrates the temporal changes in water quality 
since CCPs were first placed at the Waugh Chapel Pit in September 2000.   

The data collected from 1188 Summerfield Road in October 2006 (after the 
filling at Waugh Chapel Pit) revealed a significant increase in the 
concentration of sulfate and the detection of arsenic, beryllium, cadmium 
and thallium (Figure 13).  Sulfate concentrations increased from 71 mg/L 
in November 2001 (at 1187 Summerfield Road) to more than 1,100 mg/L 
in October 2006 (at 1188 Summerfield Road) (Figure 13).  This rapid 
increase in sulfate concentration coincident with the placement of fly ash 
in the Waugh Chapel Pit provides evidence that the fly ash is contributing 
to the degradation of water quality in the Summerfield Road wells.  It is 
further probable that the increase in frequency and concentration of 
metals (arsenic, beryllium, cadmium, nickel and thallium) in the 
Summerfield Road wells (Figure 13 and Table 8) compared to the regional 
water quality (Table 1) is a direct result of the placement of fly ash at the 
Waugh Chapel Pit and not disturbance of native pyritic soils by past 
mining activities.  

Figure 13
Comparison of Water Quality Conditions at 1187 and 1188 Summerfield Road 

BBSS Fill Site
Anne Arundel County, Maryland
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5.2 DOWNGRADIENT DRINKING WATER SUPPLY WELLS 

In addition to the residential water supply wells along Summerfield Road, 
the following downgradient drinking water supply wells were sampled: 

NA – Not analyzed. 
ND – Not detected. 
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• 2530, 2542 and 2544 Brickhead Road; and 

• 1058, 1064 (Wendy’s Restaurant), 1068, 1070 (Boston Market), 1078 
(Animal World Vet), 1079 A, 1082 (Skate Zone) and 1085 MD Route 3.  
Note that the water sample collected from the Wendy’s was after 
treatment.  

The approximate locations of these wells are shown on Figure 5.  
Sampling of the wells was conducted between October 2006 and January 
2007.  In total, 17 samples were collected from the 11 supply wells.  Table 9 
presents the statistical analysis of the ground water quality data collected 
from the aforementioned downgradient residential/commercial wells.   

Table 9 - Ground Water Quality Conditions for Downgradient Residential/Commercial 
Potable Supply Wells 
 

  Antimony Arsenic Beryllium Cadmium Iron Manganese Nickel Thallium Sulfate 
#Samples 17 17 17 17 17 17 17 17 17 
#Detects 0 0 0 2 12 8 8 3 17 
% Detects 0% 0% 0% 12% 71% 47% 47% 18% 100% 
Max (mg/L) < 0.002 < 0.005 < 0.001 0.005 1.79 0.450 0.140 0.002 305 
Average (mg/L) --- --- --- 0.002 0.76 0.072 0.043 0.001 63 
Stdev (mg/L) --- --- --- 0.001 0.66 0.132 0.039 0.000 88 
95% UCL (mg/L) --- --- --- 0.002 1.07 0.136 0.052 0.001 105 

 

Sulfate 

Sulfate concentrations are elevated above background levels in ground 
water nearly 3,500 feet downgradient of the Waugh Chapel Pit (Figure 14).  
Sulfate was detected at an average concentration more than two times 
greater than the 95% UCL for regional ground water quality.  The 95% 
UCL (105 mg/L) and maximum (305 mg/L) sulfate concentrations for 
these wells are greater than regional ground water concentrations.  Sulfate 
behaves conservatively in the ground water system and its presence in 
these wells is indicative of dispersion of leachate impacted ground water 
moving outward from the BBSS site.  Sulfate concentrations are at least 
two times higher than regional background concentrations nearly three-
quarters of a mile downgradient of the Turner Pit (Figure 14). 
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Metals 

As presented in Table 9, antimony, arsenic, and beryllium were not 
detected in any of the water samples.  Cadmium, iron, and thallium were 
detected in the downgradient residential wells; however, the 
concentrations are not significantly different from regional ground water 
quality.  Conversely, the average concentrations of manganese and nickel 
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are 0.072 mg/L and 0.043 mg/L, respectively, and are more representative 
of the water quality at monitoring wells upgradient of the mine pits.   

Synopsis 

The sulfate and metals data for the abovementioned residential wells does 
indicate that impacts from fly ash leachate generated at the Turner Pit are 
being realized several hundred feet from the pit.  With the exceptions of 
1078 (10 mg/L) and 1085 (27 mg/L) MD Route 3 (shown on Figure 5), and 
2542 Brickhead Road (21 mg/L), the sulfate concentrations at 
downgradient wells were twice the 95% UCL for regional ground water 
and suggest the leading edge of the dissolved leachate plume.  The 
significant reduction in sulfate and metals concentrations from wells 
immediately downgradient of the CCP fill areas indicates a substantial 
amount of dilution by upgradient ground water is occurring.  For 
example, thallium and manganese concentrations are elevated around the 
mine pits but decrease quickly as ground water moves away from the pits 
(Figures 15 and 16).  In addition, the ground water recovery system 
operating on the east side of the Turner Pit limits the total mass of sulfate 
and metals able to move downgradient towards ground water supply 
wells.  

5.3 LEACHATE RATE CALCULATIONS 

The leaching tests conducted by Constellation in 1998 (CEL, 1999) were 
used to predict future concentrations of constituents mobilized in leachate 
from the CCPs after flushing of the system by infiltrating precipitation.  
Table 10 presents the leaching test results for antimony, arsenic, 
beryllium, cadmium, iron, manganese, nickel, thallium, and sulfate. The 
leaching tests were conducted using an acidified solution (pH of 5) in 
accordance with TCLP test methods.  The acidified water was mixed with 
the fly ash solids in a 2:1 water:solids ratio.  Leachate was then extracted 
after 1 day, 2 days, 4 days, and 7 days for analysis.  Following day 7, the 
remaining fluids were decanted and new acidified water was used for an 
additional 7-day period.   
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Table 10 - Predicted Long Term Leachability of Fly Ash Placed at the BBSS Site 
 

   Leaching Concentrations Calculated Initial Source 

  MCL Step 1 Step 2 Concentration Half-Life 

  (mg/L) (mg/L) (mg/L) (mg/L) t1/2 (yr) 

Antimony 0.006 0.0425 0.0240 0.0558 64 

Arsenic 0.01 0.0155 <.01 0.0254 34 

Barium 2 Not Detected <0.2 Not Detected -- 

Beryllium 0.004 0.0133 No Change 0.013 ∞ 

Cadmium 0.005 0.0525 0.0140 0.078 28 

Chromium 0.1 0.1175 No Change 0.120 ∞ 

Iron 0.3 Not Detected <0.1 Not Detected -- 

Manganese 0.05 0.78 0.72 0.785 ∞ 

Nickel 0.1 0.48 0.2 0.7 42 

Selenium 0.1 0.061 0.035 0.091 65 

Sulfate 250 1330 231 2700 21 

Thallium 0.002 0.030 0.017 0.0450 66 

Leachate Concentrations provided by Capital Environmental, LLC (1998). 

Half-lives for each constituent were determined using the initial and final 
concentrations of metals detected in the leachate extract after one day 
(Step 1) and 14 days (Step 2).  The following conversion was performed to 
translate the leachate extraction steps into field times:   

 b ÷ i = t      

where,  
“b” is the fly ash fill thickness (feet),  
“i” is the rainfall infiltration rate (feet/year), and 
“t” is the time (year). 

On average, assuming the mine pits contain 30 feet of fly ash and up to 
13.7 inches of rainfall infiltrates the fly ash per year (1.14 feet/year), each 
leaching step represents approximately 26.2 years at a 1:1 water to solids 
ratio.  At a 2:1 water to solids ratio the represented time is doubled (i.e., 2 
x t, or 2 x 30 feet ÷ 1.14 feet/year).  The leaching data were then plotted 
and the dissolution of sulfate and metals from the fly ash was assumed to 
follow a first-order type curve.  As shown on Figure 17, which illustrates 
the leaching rate calculations for sulfate, the initial concentration (Co) and 
dissolution rate (k) were then determined from the graph. 
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The leaching data and calculations indicate that the fly ash, if wet, will 
continue to leach sulfate and metals at concentrations above regional 
water quality for tens to hundreds of years.  Sulfate was determined to 
have the shortest half-life of 21 years, meaning it will take 21 years for half 
of the sulfate to leach from the fly ash.  Therefore, for example, if the 
current sulfate concentration in the leachate is 4,500 mg/L (see Section 
4.2.2) in 21 years the fly ash may continue to leach as much as 2,250 mg/L.  
Cadmium and arsenic have similar half-lives: 28 and 34 years, 
respectively.  Nickel, antimony, and thallium have considerably longer 
half-lives of 42, 64, and 66 years, respectively. It was determined that 
beryllium and manganese will continue to leach out for as long as the fly 
ash fill remains wet and without an effective leachate collection system in 
place.  Iron was not detected in the leaching test and therefore a half-life 
could not be determined. 

Figure 17
Illustration of the Leaching Rate Calculation for Sulfate

BBSS Fill Site
Anne Arundel County, Maryland
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6.0 CONCLUSIONS 

Ground water quality data collected to date from the BBSS site indicate 
that since placement of the fill began, ground water quality beneath and 
immediately downgradient of the CCP fill has shown significantly 
elevated levels of sulfate and dissolved metals.  In particular, antimony, 
arsenic, cadmium, iron, manganese, nickel, thallium, and sulfate have 
reported average concentrations equal to or greater than their respective 
MDE screening criteria for potable aquifers.  Ground water quality in 
downgradient residential wells also shows increased concentrations of 
these same constituents, with average concentrations of antimony, 
beryllium, cadmium, manganese, nickel, and sulfate above MDE 
screening criteria for potable aquifers.  In general, the results indicate that 
precipitation infiltrating through the CCP fill is creating leachate and 
subsequently affecting ground water quality in the site vicinity. 

Based on the analysis described herein and the information reviewed in 
preparation, the following conclusions were made:   

• The natural ground water system can be characterized as slightly 
acidic with low (generally <20 ppm) levels of major ions such as 
sulfate, low part per billion levels of trace elements such as iron and 
manganese, and sporadic traces of heavy metals such as cadmium, 
nickel, and thallium (Table 3);  

• Pyritic “black” soils present at the site contain significant amounts of 
iron and sulfate.  These soils, when removed from their natural 
environment coupled with oxidation and exposure to strong acids, will 
leach heavy metals including antimony and cadmium (Table 1), and 
sulfate. However, there is no indication that these black soils leach at 
significant concentrations when left in place or disturbed during 
mining operations;  

• Metal concentrations at 1187 Summerfield Road during mining 
operations and shortly after placement of fly ash at the Waugh Chapel 
Pit were not detected or were below their respective MDE screening 
criteria for potable aquifers;  

• There is a greater number of constituents leaching at greater 
concentrations from the fly ash than the pyritic “black” soils.  There 
has been an increase in the number of detections and concentrations of 
antimony, arsenic, cadmium, nickel, and thallium (62% of 279 samples 
from monitoring wells with a maximum thallium concentration of 13 
ppb) following the placement of fly ash in the mine pits; and 
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• Downgradient water quality impacts are being realized.  Ground 
water samples collected from the residential well located at 1188 
Summerfield Road contained sulfate, beryllium, cadmium, and nickel 
at concentrations that exceed their respective MDE screening criteria 
for potable aquifers after the start of filling.  

Empirical evidence indicates that portions of the ash are wet as a result of 
infiltration of precipitation either during filling activities or through the 
existing cover material.  There are two areas within the Waugh Chapel Pit 
that contain saturated fly ash three years after the cover was completed on 
the pit.  Additionally, several thousand square feet of fly ash is continually 
exposed at the Turner Pit for extended periods of time while filling 
operations continue. 

The infiltration of additional rainfall into the fly ash currently being 
placed at the BBSS site, as well as the interaction of ground water with fly 
ash at monitoring well MW-24 and boring B-4b, will continue to leach 
heavy metals and sulfate to the underlying ground water system.  The 
continuation of the current ground water recovery system downgradient 
of the Turner Pit and the activation of a similar system downgradient of 
the Waugh Chapel Pit will help mitigate, but are unlikely to fully resolve, 
impacts to the aquifer and potential ground water receptors in the vicinity 
of the site.   
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