APPENDICES
Appendix A
Definitions
Beneficial Use of Coal Combustion Products (CCPs) means the use of CCPs that provides a functional benefit;
replaces the use of an alternative material, conserving natural resources that would otherwise need to be obtained
through practices such as extraction; and meets relevant product specifications and regulatory standards (where
these are available). CCPs that are used in excess quantities (e.g., the field-applications of FGD gypsum in amounts
that exceed scientifically supported quantities required for enhancing soil properties and/or crop yields), placed as
fill in sand and gravel pits, or used in large scale fill projects, such as for restructuring the landscape, are excluded
from this definition.
Boiler slag means the molten bottom ash collected at the base of slag tap and cyclone type furnaces that is
quenched with water. It is made up of hard, black, angular particles that have a smooth, glassy appearance.
Bottom ash means the agglomerated, angular ash particles, formed in pulverized coal furnaces that are too large
to be carried in the flue gases and collect on the furnace walls or fall through open grates to an ash hopper at the
bottom of the furnace.
CCR Surface Impoundment or impoundment means a facility or part of a facility which is a natural topographic
depression, man-made excavation, or diked area formed primarily of earthen materials (although it may be lined
with man-made materials), which is designed to hold an accumulation of CCRs containing free liquids, and which is
not an injection well. Examples of CCR surface impoundments are holding, storage, settling, and aeration pits,
ponds, and lagoons. CCR surface impoundments are used to receive CCRs that have been sluiced (flushed or mixed
with water to facilitate movement), or wastes from wet air pollution control devices, often in addition to other
solid wastes.
Coal Combustion Residuals (CCRs) means fly ash, bottom ash, boiler slag, and flue gas desulfurization materials
destined for disposal. CCRs are also known as coal combustion wastes (CCWs) and fossil fuel combustion (FFC)
wastes, when destined for disposal.
Flue Gas Desulfurization (FGD) material means the material produced through a process used to reduce sulfur
dioxide (SO2) emissions from the exhaust gas system of a coal-fired boiler. The physical nature of these materials
varies from a wet sludge to a dry powdered material, depending on the process, and their composition comprises
either sulfites, sulfates or a mixture thereof.
Fly ash means the very fine globular particles of silica glass which is a product of burning finely ground coal in a
boiler to produce electricity, and is removed from the plant exhaust gases by air emission control devices.
Hazard potential means the possible adverse incremental consequences that result from the release of water or
stored contents due to failure of a dam (or impoundment) or mis-operation of the dam or appurtenances.

Maximum Contaminant Level (MCL) means the highest level of a contaminant that is allowed in drinking water
under the Safe Drinking Water Act (SDWA). MCLs are set as close to the MCL goals as feasible using the best
available treatment technology and taking cost into consideration. MCLs are enforceable standards for drinking
water.
Minefill means a project involving the placement of CCRs in coal mine voids for use as fill, grouting, subsidence
control, capping, mine sealing, and treating acid mine drainage, whether for purposes of disposal or for beneficial
use, such as mine reclamation.
Source: U.S. EPA, Hazardous and Solid Waste Management System: Identification and Listing of Special Wastes; Disposal of Coal
Combustion Residuals from Electric Utilities Proposed Rule, http://www.regulations.gov/#!documentDetail;D=EPA-HQ-RCRA2009-0640-0352

Appendix B
Harding Street Station Coal Ash Ponds Construction History and Normal
Operation
Pond 1 is the original coal ash impoundment at Harding Street Station and was commissioned in 1958. In 1995, the
levees were filled in to elevation 684 feet. And 3 years later, the levees were widened to approximately 25 feet for
truck traffic. The surface area of Pond 1 is 6.84 acres, and the storage capacity is 3,983,820 CY.
Pond 2 is the largest pond which has 22,005,000 CY storage capacity. It was commissioned in 1968 according to IPL
job file review. In 1980, a wing levee was constructed; in 1992, the “Perry K ash disposal facility” was constructed
within Pond 2. Pond 2’s levee elevation was raised in 1995, 2001, and finally to elevation 720 feet in 2006; and as
with Pond 1, the levees were widened to accommodate the truck traffic. The surface area of Pond 2 is 30.13 acres.
A geosynthethic clay liner was installed in Pond 2 when the embankment was raised. Pond 2’s embankment slopes
are made of compacted ash materials and shale.
Pond 2A, 2B and 2C were commissioned in 1992. After the commissioning, Pond 2A and 2C were combined to a
single larger pond named Pond 2A due to the removal of the divider embankment which was formed the east side
of Pond 2C. The total surface area of Pond 2A and 2B is 3.86 acres, and the storage capacity is 69,222 CY.
Pond 3 was commissioned in 1977, expanded to elevation 684 feet in 1995, and the levees widened to 40 feet for
truck traffic in 1998. The surface area is 8.43 acres and the storage capacity is 12,743 CY.
Pond 4 is the second largest pond at Harding Street Station and formerly was a gravel borrow pit commissioned in
1983. Pond 4 expanded to elevation 684 feet in 1995, and the levees widened for truck traffic in 1998. After
commissioning, divider embankments were constructed within the original footprint of Pond 4 to Pond 4A and 4B.
The total surface area of 4, 4A and 4B is 26.03 acres, and the storage capacity is 491,125 CY.
During normal operation, Pond 1 and Pond 4 are the primary ash settling ponds that receive the ash/water flow
from the power plant. Water from Pond 1 is discharged through a pipe to Pond 2A. And then water leaves Pond
2A via a pipe and flows to Pond 2B, and finally drains to Pond 4A through a pipe. Pond 4A drains to either Pond 4
or Pond 4B via pipe. Pond 4 drains to Pond 4B. Pond 4B drains to Pond 3, and Pond 3 then discharges to Lick Creek,
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a tributary of the West Fork White River. Water and ash are pumped or trucked into Pond 2, and Pond 2 has a
concrete outlet structure that has a 36-inch-diameter plastic pipe that leads to Pond 2A.
Source: Assessment of Dam Safety of Coal Combustion Surface Impoundments – Harding Street Generating Station, prepared by
CDM, November 15, 2010.

Appendix C
Human health risks for people exposed to contaminants in coal ash
TM

According to Toxguide from the Agency for Toxic Substances and Disease Registry, the potential health effects
for humans potentially exposed to contaminant releases from the Harding Street coal ash ponds are as follows:


Respiratory System: Exposure to chromium, nickel, manganese, ammonia, arsenic, barium, vanadium,
zinc, copper, hydrochloric acid, hydrogen fluoride, and sulfuric acid may result in the damage of
respiratory system, nasal and lung irritation and altered pulmonary function following inhalation
exposure.



Gastrointestinal System: Exposure to chromium, lead, arsenic, zinc, and mercury may cause irritation,
ulceration, and stomach and small intestine lesions following ingestion exposure.



Hematological System: Exposure to chromium, vanadium and lead may lead microcytic and hypochromic
anemia.



Reproductive System: Exposure to chromium may decrease sperm count and cause epididymal damage),
exposed to lead may reduce fertility.



Cardiovascular System: Exposure to lead, arsenic, vanadium, and mercury may elevate blood pressure.



Renal System: Exposure to lead may decrease glomerular filtration rate; exposure to arsenic may observe
kidney effects following ingestion or chronic exposure.



Neurological: Exposure to lead and mercury may have neuropsychological effects. Exposure to manganese
may cause neurological disorder known as manganism with symptoms that include tremors, difficulty
walking, and facial muscle spasms.



Dermal Effects: Dermal contact with ammonia, hydrochloric acid, hydrogen fluoride, and sulfuric acid may
cause serious skin damage; ingestion of arsenic may lead to skin cancer.



Carcinogen: EPA has classified chromium, nickel, arsenic, and lead as human carcinogens, which means
that humans exposed to those kinds of chemicals may have a potential risk of cancer.

Source: Agency for Toxic Substances and Disease Registry, Toxicological Profiles,
http://www.atsdr.cdc.gov/toxprofiles/index.asp
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This report presents the results of a review of limited groundwater quality data reported in 1989 by Indianapolis
Power & Light Company (IPL) for monitoring wells in the vicinity of coal ash ponds at Harding Street Generating
Station (referred to as the E.W. Stout station in some sources) and assesses the potential for migration of toxic coal
ash contaminants to private and public groundwater wells within a mile of the ash ponds.
The overall conclusion of this preliminary analysis is that toxic concentrations of coal ash contaminants have been
migrating in all directions from the ponds since the 1980s and probably much longer. Specific conclusions
concerning concentrations of coal ash contaminants in groundwater monitoring wells include the following (see
Table 1):


Typical concentrations of arsenic in monitoring wells were 20 ug/L, twice the EPA Maximum Contaminant
Level (MCL) for drinking water.



Typical concentrations of mercury were 20 ug/L, twenty times the MCL for drinking water.



Typical concentrations of boron were 9,630 ug/L, more than three times EPA’s Child Health Advisory for
drinking water.



Typical concentrations of lead were significantly elevated at 10 ug/L, and two thirds of EPA lead Advisory
Level for drinking water.



Typical concentrations of Total Dissolved Solids (TDS) were 1,233 mg/L, two-and-a-half times EPA’s
Secondary Drinking Water Standard (SDWS).



Elevated concentration of boron and iron in groundwater reported as “background” suggest that the
background wells are also contaminated by water that has infiltrated through the unlined coal ash ponds.
th
The reported “background” boron concentration (1,044 ug/L) is more than 6.5 times higher than the 90
percentile concentration for boron in groundwater in the eastern U.S. reported by the U.S. Geological
Survey (Ayotte, et al. 2011). The reported background concentration of iron (3.04 mg/L) is 1.4 times the
90th percentile concentration for iron in groundwater in the eastern U.S reported by the U.S. Geological
Survey.

The oldest of the four major and four subsidiary ash ponds at IPL Harding Street Station dates to 1958 and others
were commissioned in 1968 (Ash Pond 2), 1977 (Ash Pond 3), 1983 (Ash Pond 4) and 1992 (Ash Ponds 2A and 2B).
Table 2 shows that the ash ponds range in size from one to 30 acres, and have maximum pool levels ranging from
679 to 692 feet above mean sea level. Figures 2 and 3 show that the White River lies immediately to the
northwest of Ponds 1 and 2 and that the other ponds lie to the south of Lick Creek. Figure 4 shows the location of
Monitoring and Background wells for which sampling data are summarized in Table 1.
None of the ash ponds has a liner, except for a limited area of the embankment for Pond 2 that was placed when
the height of the pond was increased twenty feet in 2006. This means that water infiltration through the ash flows
directly into the White River and Tributaries Outwash Sand and Gravel Aquifer System (Figure 4). The White River
Aquifer is the most productive in Marion County with high capacity wells that range up to 3,040 gallons per minute
(gpm). It is also highly susceptible to contamination (Schmidt, 2011). The high hydraulic conductivity of sand and
gravel aquifers allows contaminants to move quickly and long distances from their source. Sand and gravel
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aquifers may also have high permeable zones that allow contaminants to move more quickly than indicated by
average hydraulic conductivities from pump tests and in directions different than suggested by simple
potentiometric surface maps (Boulding, 1994).
Table 1. Groundwater Quality for Selected Parameters in the Vicinity of Coal Ash Ponds at IPL
Harding Street Generating Station (Background and Typical MW Concentrations from IPL, 1989
th
and 90 Percentile concentrations to Eastern Groundwater from Ayotte et al., 2011)

Parameter Units "Background" Eastern GW
90th
Percentile

MW
GW
Benchmark Contaminant
to Benchmark
"Typical" Benchmark
Type
Ratio

Arsenic

ug/L

3

5.0

20

10

EPA MCL

2.0

Boron

ug/L

1,044*

160

9,630

3,000

EPA Child HA

3.2

Lead

ug/L

<0.5

1.2

10

15

EPA AL

0.67

Mercury

ug/L

<0.05

--

20

2

EPA MCL

10.0

Iron

mg/L

3.04*

2.1

30.12

0.3

SDWS

100.4

Sulfate

mg/L

451

--

503

500

EPA DWA

1.0

TDS

mg/L

701

--

1,233

500

SDWS

2.5

MCL = Maximum Contaminant Level, HA = Health Advisory, AL = Advisory Level, DWA = Drinking Water Advisory, SDWS =
Secondary Drinking Water Standards.
* High Concentrations of boron and iron suggest that Background wells have also been contaminated with coal ash.

The fact that the values in Table 1 are reported as “typical” suggests that concentrations in individual monitoring
and so-called “background” wells are probably significantly higher than shown in the table. The high
concentrations of signature coal ash contaminants arsenic and boron dating from the late 1980s suggest that
contaminants have been migrating from the ash ponds for a considerable amount of time. Given the highly
permeable character of the sand and gravel aquifer, contaminants may have migrated well beyond the perimeter
monitoring wells in the twenty-five years since the data in Table 1 were reported.
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Table 2. Age, Pool Elevation, Area and Liner Status of Coal Ash Ponds at IPL Harding Street
Station (Compiled from data in CDM, 2010).

Ash Pond
Number

Year
Commissioned

Pool Elevation
(ft)

Area
(Acres)

Liner?

1

1958

683

7

No

2*

1968/2006

692

30

No/Yes

2A

1992

682

3

No

2B

1992

682

2

No

3

1977

679

10

No

4

1983

682

21

No

4A

1983

682

1

No

4B

1983

682

5

No

*Original Pond 2 has no liner; when embankment height was increased 20 feet in 2006 a liner was placed in the
area of the embankment.

Water well records were examined from the Indiana Department of Natural Resources (IDNR) Water Well Records
database, as recorded on IndianaMap GIS (http://maps.indiana.edu/), to identify potential migration pathways to
water wells within a mile of the IPL Harding Street Station Ash Ponds. Figure 5 shows the results of this analysis.
Only well records with a known location (light green in the Figure) were examined for aquifer elevation and plotted
on Figure 5. In some instances pump tests showed a substantial drawdown and these follow the aquifer elevation
after a slash. Potential migration pathways for contaminants from the coal ash ponds were then drawn where
head elevation differences indicate a substantial hydraulic gradient from the maximum pool elevation of the ash
ponds to water wells within a mile radius.
A few caveats should be kept in mind when examining Figure 5:






The wide range of reported aquifer elevations indicates that the entire groundwater flow system has been
greatly modified by removal of groundwater via the large number of water wells in the White River
Aquifer. Even the highest elevations (636 and 645 feet near the White River are well below the 664-foot
elevation of the River, indicating that groundwater flow is generally away from, rather than towards the
river.
Large capacity wells may exert a disproportionate influence on flow directions and these may serve as to
draw contaminants toward the wells and, depending on how the water that is pumped from the wells is
used, distribute contaminants even more widely. The well 750 feet east of Pond 4, with a hydraulic
gradient of more than 100 feet lower than the ash pond, seems likely to be capturing contaminants from
the ash pond. Wells in the gravel pit to the south of Pond 2 are likely to be capturing coal ash
contaminants when they are operating and discharging the contaminants to the White River.
Actual flow directions probably vary seasonally and in response to complex interactions between
withdrawals from individual wells.
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Keeping these caveats in mind, the potential still clearly exists for migration of contaminants from the IPL Harding
Street Station Ash Ponds in all directions from the ponds except to the north (where no accurately located wells
were found). Migration pathways that have the potential to impact water wells include the following (Well Record
Numbers are not shown on the map, but can be identified by corresponding aquifer elevation—wells referred to
below are identified on Figure 5 with a larger font):








There are several possible pathways for migration of contaminants from Ash Pond 2 (maximum pool level
of 692 feet) to wells in the Sunshine Gardens residential area. Well 39446 (aquifer elevation 586 feet) has
a hydraulic gradient of 106 feet over a distance of about 5,800 feet). Well 39432 (aquifer elevation 597)
has a hydraulic gradient of 95 feet over a similar distance.
Well 58774 (aquifer elevation 609 feet), 3,700 feet south of Pond 4 (maximum pool elevation of 682 feet),
has a hydraulic gradient of 73 feet. When this well was pumped at a test rate of 150 gpm for 8 hours, the
drawdown was 25 feet, increasing the hydraulic gradient from the ash pond to 98 feet.
Well 58776 (aquifer elevation 580 feet), 2,000 feet east of Pond 4, has a hydraulic gradient of 102 feet.
When this well was pumped at a test rate of 150 gpm for 2 hours the drawdown was 20 feet, increasing
the hydraulic gradient to 122 feet.
There is a 28-foot hydraulic gradient between Ash Pond 2 and the White River which lies from 200 to 700
feet northwest of the pond, suggesting that coal ash contaminants are also probably flowing into the
River.

Recommendations
The analysis in this report, though based on limited data, has shown the potential for contaminants for coal ash
ponds at IPL’s Harding Street Station to migrate to private and industrial wells within a mile of the ponds. The
following actions would allow more accurate delineation of the areal extent and magnitude of groundwater
contamination from the ash ponds:
1.
2.

3.

IPL should be required to make all groundwater sampling data collected from monitoring wells, perimeter
wells and other wells on the site available for public review.
Preliminary mapping on the areal extent of contamination should use boron as a tracer and all
groundwater wells that can feasibly be sampled within 1.25 miles of the ash ponds (including wells on the
north part of Sunshine Gardens) should be sampled quarterly to reflect possible seasonal variations in the
groundwater flow system. If a reliable background concentration of boron in the sand and gravel aquifer
th
cannot be established, boron levels exceeding 52 ug/L (the 75 percentile for boron in groundwater in
the humid regions of the U.S. (Ayotte et al., 2011), should be used as a benchmark, with concentration
exceeding that value considered potentially contaminated by coal ash.
Any wells identified as contaminated with boron should be the focus of additional sampling.
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Figure 1. Harding Station Coal Ash Pond Location Map. Adapted from CDM (2010) to add Ash Pond 4 (AP4).
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Figure 2. Locations of Ash Ponds Identified in Table 2 (CDM, 2010).

Figure 3. Location of Monitoring Wells MW-1 through MW-7 and “Background Wells P-1 through P-6 (IPL, 1986).
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Figure 4. Aquifer Map Showing Location of Ash Ponds 2 and 4 (AP2 and AP4) and Major Water Wells within Three
Miles of the Ponds (Adapted from Schmidt, 2011).
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Figure 4 (cont.). Aquifer Map Keys to Unconsolidated Aquifer Units.
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Figure 5. Potential Contaminant Pathways From IPL Harding Street Station Coal Ash Ponds to Water Wells within
One Mile Based on Groundwater Elevations in IDNR Water Well Records.
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Appendix E
Recommended Harding Street Station Coal Ash Impoundments Hazard
Classification Ratings
Ash
Pond #
1

Recommended
Hazard Rating
Significant
Hazard

Basis




2

High Hazard







2A
2B

Low Hazard
Low Hazard




3

Significant
Hazard




4

High Hazard





4A
4B

Low Hazard
Low Hazard




A breach could have an environmental impact on Lick Creek and the
White River.
A breach could damage/washout plant access and haul roads.
A breach could cause failure of adjacent lower ponds with discharge
into Lick Creek.
Ash Pond 2 has total potential storage capacity of approximately 505
Acre-feet, with 2 feet of freeboard.
Considering that Ash Pond 2 may be utilized to store ash slurry in the
future, a breach of south embankment could adversely affect adjacent
stone quarry operations, and possibly result in worker’s loss of life, due
to the close proximity of the quarry to the south embankment.
A breach of the north embankment could have an environmental
impact on Lick Creek and White River and possible property damage
and loss of life downstream.
A breach could cause failure of adjacent lower ponds with discharge
into Lick Creek.
A breach could damage plant haul roads.
A breach could damage plant haul roads and slurry line which
discharge into Pond 2A.
Ash Pond 3 has a total potential storage capacity of approximately 100
Acre-feet.
A breach of the north embankment could have an environmental
impact on Lick Creek and White River and cause possible property
damage.
Ash Pond 4 has a total storage capacity of approximately 300 Acre-feet,
with two feet of freeboard.
A breach of south embankment could cause property damage at an
adjacent stone quarry and possibly result in quarry worker’s loss of life
due to the close proximity of the quarry to Ash Pond 4.
A breach could cause failure of adjacent lower ponds with discharge
into Lick Creek.
A breach could impact haul roads and drainage ditches.
A breach could impact plant haul roads and drainage ditches.

Source: Assessment of Dam Safety of Coal Combustion Surface Impoundments – Harding Street Generating Station, prepared by
CDM, November 15, 2010, for EPA.
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Appendix F
Dam/embankment Hazard Potential Ratings
Hazard potential means the possible adverse incremental consequences that result from the release of water or
stored contents due to failure of a dam (or impoundment) or mis-operation of the dam or appurtenances.
High hazard potential surface impoundment means a surface impoundment where failure or mis-operation will
probably cause loss of human life.
Significant hazard potential surface impoundment means a surface impoundment where failure or mis-operation
results in no probable loss of human life, but can cause economic loss, environment damage, disruption of lifeline
facilities, or impact other concerns.
Low hazard potential surface impoundment means a surface impoundment where failure or mis-operation results
in no probable loss of human life and low economic and/or environmental losses. Losses are principally limited to
the surface impoundment owner’s property.
Less than low hazard potential surface impoundment means a surface impoundment not meeting the definitions
for High, Significant, or Low Hazard Potential.

The Hazard Potential Classification System for Dams was developed by the U.S. Army Corps of Engineers for the
National Inventory of Dams (see https://rsgis.crrel.usace.army.mil/apex/f?p=397:1:913698079375545). Hazard
potential ratings do not provide an estimate of the probability of failure or mis-operation, but rather what the
consequences of such a failure or mis-operation would be.
Source: U.S. EPA, Hazardous and Solid Waste Management System: Identification and Listing of Special Wastes; Disposal of Coal
Combustion Residuals from Electric Utilities Proposed Rule, http://www.regulations.gov/#!documentDetail;D=EPA-HQ-RCRA2009-0640-0352
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