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1.0 OBJECTIVE 

This Groundwater Monitoring Network Evaluation Report has been prepared by Amec Foster 
Wheeler Environment & Infrastructure, Inc. (Amec Foster Wheeler), on behalf of American Electric 
Power Service Corporation (AEP), to document the results of the monitoring well network 
evaluation conducted for the Bottom Ash (BA) Ponds, at the Rockport Plant in Rockport, 
Indiana.  The Groundwater Monitoring Network Evaluation was conducted to evaluate the 
adequacy of the existing monitoring well network and, if applicable, to make recommendations 
for additional well installations. 

Specifically, the existing monitoring well network at the BA Ponds was evaluated for compliance 
with the coal combustion residuals (CCR) Final Rule issued by the U.S. Environmental Protection 
Agency (USEPA) on 17 April 2015.  Regulations pertaining to Groundwater Monitoring and 
Corrective Action are contained in the Code of Federal Regulations (CFR) 40 CFR Sections (§) 
257.90 through 98.  The focus of this evaluation was on §257.91 (Groundwater Monitoring 
Systems). 

2.0 BACKGROUND INFORMATION 

2.1 Facility Location and Description 

The Rockport Power Plant is located in southwest Indiana (Figure 1) in Spencer County, on 
property extending into three Townships:  Ohio, Hammond and Grass.  The plant is situated on 
the north bank of the Ohio River, just northeast of the intersection of State Route (SR) 66, and 
United States (US) Highway 231.  SR 66 runs along the river between the Town of Grandview 
(about 1.5 miles to the east) and the City of Rockport (about 1 mile to the southwest), and US 231 
runs south from Interstate 64 (about 20 miles north of the plant), crossing the Ohio River into 
Kentucky via the William H. Natcher Bridge just southwest of the Power Plant. 

The site is owned and operated by Indiana-Michigan Power Company, a regional unit of AEP.  
The property was developed in the late 1970s and early 1980s.  The facility consists of two coal-
fired 1,300-megawatt (MW) power generating units.  The first unit went into operation in 
December 1984, and the second in December 1989.  The facility has two existing CCR 
storage/disposal units, consisting of a landfill located north-northeast of the generating plant, and 
two adjacent bottom ash (BA) ponds located near the generating plant at the north end of a 
wastewater pond complex.  The general layout of the property and the locations of the CCR units 
are shown on Figure 2. 

The following description of CCR generation and handling processes at the Rockport Plant is 
summarized from a letter sent by AEP to the Indiana Department of Environmental Management 
(IDEM) on 6 May 2009: 

The plant burns about 9-10 million tons of coal per year.  The coal, delivered by barge, is off-loaded 
to the coal storage yard then transported by conveyor into one of the two generating units, where 
it is pulverized to a powder then injected and burned. The heat produced in burning coal converts 
water to steam used to drive the turbine generators which produce electricity.  The burning of coal 
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produces two types of ash - fly ash and bottom ash. The Rockport Plant produces about 400,000 
tons of fly ash and 140,000 tons of bottom ash per year. 

Fly ash is the fine particulate matter entrained in the hot flue gases. To remove the fly ash prior to 
the gases exiting through the plant stack, the flue gas is routed through an electrostatic precipitator 
(ESP), where the ash particles adhere to electrically charged plates. Mechanical rappers knock the 
fly ash off the plates down into a series of collection hoppers. From the hoppers, the fly ash is 
pneumatically conveyed to a storage silo.  From the silo, the ash is either loaded dry into closed 
trucks and shipped offsite for various uses, or conditioned with a small quantity of water and hauled 
by truck to the onsite landfill for disposal.  

Bottom ash (BA) includes the heavier coal ash particles that fall to the bottom of the steam 
generator and are collected into refractory-lined hoppers. The hoppers are kept full of water to 
protect the lining and break the fall of large pieces of hot slag which shatter upon contact with the 
relatively cool water.  From the hoppers, the BA-water mixture is routed to a crusher station where 
the ash is crushed to a size suitable for pumping. The BA is then pumped to one of the BA ponds 
located in the wastewater pond complex, where it precipitates out and can be reclaimed after the 
pond is drained.   

2.2 Description of CCR Unit 

2.2.1 General 

The CCR unit referred to as the BA Ponds is located at the north end of the wastewater pond 
complex for the plant (Figure 3).  It consists of two contiguous ponds, referred to as the East and 
West BA Ponds, which receive CCR.  Other ponds in the complex include the east and west 
wastewater ponds, the reclaim pond, and the clearwater pond. The wastewater pond complex 
has a total surface area of 137 acres and a design storage capacity of 1,640 acre-feet (O&G 
2011). 

Water from the BA ponds drains to the two wastewater ponds, and stormwater from several 
stormwater collection ponds located at the perimeter of the generating station is also routed to 
the wastewater ponds.  From the wastewater ponds, wastewater flows to the reclaim pond.  If 
needed, water can be recirculated into the sluice water system from the reclaim pond.  Excess 
water flows from the reclaim pond to the clearwater pond, and discharges from there to the Ohio 
River via a fixed weir outlet and a 66-inch CMP pipe.  The discharge is permitted under National 
Pollution Discharge Elimination System (NPDES) permit number IN 0051845.  

Two small metal cleaning waste ponds were formerly located east of the East BA Pond.  The 
northernmost of these two ponds was backfilled prior to 1998 and was replaced with a single 
aboveground tank located in a containment area above the former pond location.   The south 
pond was backfilled in 2014-2015.  A stormwater pond (the West Stormwater Pond) was 
constructed west of the west dike (between the BA Ponds and US 231) in 2006 or early 2007 
(based on historical aerial photography available through GoogleEarth).   
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2.2.2 Embankment Configuration 

The wastewater pond complex is a combination incised and diked earthen embankment 
impoundment.  It is incised below grade along most of its perimeter, and is diked only on the west 
side of the West BA Pond, where the topography decreases in elevation toward a remnant 
drainage channel.  

The embankments, including the west dike, have a crest elevation of 399 feet, and are 
approximately 30 feet wide.  The west dike has a maximum height (from crest to outboard toe) of 
13 feet.   The inboard slope was constructed at a slope of 2 horizontal to 1 vertical (2H:1V), and 
the outboard slope at 2.5H:1V.  The outer west dike, and the internal splitter dikes (constructed 
between the BA Ponds, and between each of the BA Ponds and the wastewater ponds to the 
south) were constructed of natural clayey soils excavated from the interior of the ponds.  The 
inboard slopes were armored with rock riprap.  Reportedly, no engineered liner systems are 
present in the BA Ponds or the other ponds in the wastewater pond complex. 

2.2.3 Area/Volume 

The East and West BA Ponds each have rough dimensions (at the crest) of 2,000 feet x 650 feet, 
corresponding to a surface area of approximately 30 acres each (60 acres total).  The East BA 
Pond is deeper than the West BA Pond.  The design bottom elevations in the ponds are: 386 feet, 
or 13 feet below crest elevation in the West BA Pond; and 377 feet, or 22 feet below crest elevation 
in the East BA Pond. 

Assuming two feet of freeboard, the West BA Pond has a design capacity of approximately 310 
acre-feet (500,000 cubic yards, or CY), compared to 540 acre-feet (870,000 CY) in the East BA 
Pond.   

2.2.4 Construction and Operational History 

The wastewater pond complex was constructed in the late 1970s, commissioned in 1981, and 
has not been significantly modified since original construction (O&G 2011). 

The East and West BA Ponds are used alternately.  Bottom ash generated at the plant is 
hydraulically sluiced to one of the ponds (the active pond) until it is close to full.  Bottom ash in 
the inactive pond is drained and dewatered, and then moved by bulldozer to stockpiles on the 
north end of the pond.  Dry ash in the stockpiles is loaded into trucks and transported to other 
locations for beneficial reuse.  It typically takes approximately six months for the active pond to 
fill, at which time the second pond (which has been emptied of bottom ash) becomes the active 
pond, and the first pond is drained. 

2.2.5 Surface Water Control   

Both BA ponds have two outlet structures:  a surface water adjustable weir outlet structure for use 
during sluicing, as the pond is filling, and a low-level outlet structure used after flow into the pond 
has stopped, to dewater the accumulated bottom ash. Water from both of these outlets gravity 
drains to the wastewater ponds. 
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2.3 Previous Investigations 

Site investigations were performed on the Plant property in the late 1970s and early 1980s to 
support design, construction and permitting in advance of plant start-up, which occurred in 
December 1984. 

The following documents were provided by AEP for this review: 

 Portions of a report titled Foundation Investigations for Rockport Site, by Casagrande 
Consultants, dated 25 April 25 1977.  The portions provided included a boring location 
map and boring logs for nine soil borings (BH-361 to BH-369) performed in March 1977 
along the proposed alignment for the perimeter and splitter dikes in the wastewater pond 
complex.  The boring location map and boring logs are provided in Appendix A. 

 AEP design drawing 12-30013-15 titled Unit No. 1 & 2 Wastewater & Bottom Ash Pond 
Area - Grading & Drainage, originally dated 18 July 1977, with revisions through 16 
January 1990. 

 AEP design drawing 12-30018-1 titled Unit No. 1 & 2 Wastewater & Bottom Ash Pond 
Area – Sections and Details, originally dated 18 July 1977, with revisions through 10 
January 1979. 

 An AEP Internal Memo titled Stability Analysis of Bottom Ash Pond West Dike, dated 21 
June 2010, which included the three items listed above. 

 Well construction and lithologic logs for four monitoring wells installed by AEP on the 
perimeter of the wastewater pond complex in June-July 2010.  Copies of these logs are 
provided in Appendix B. 

 A drawing titled Boring Location Overall Plan, by WorleyParsons, dated 7 November 2011. 

 A report titled Dam Safety Assessment of CCW Impoundments, Rockport Power Plant.  
Report prepared for USEPA by O’Brien & Gere Engineers, Inc., 24 March 2011 (O&G 
2011). 

In addition, AEP provided a Landfill Application Package (AEP 1984) containing the methods and 
findings from a Site Investigation performed in 1983 by AEP Civil Engineering personnel of the 
northern portion of the plant property, to support permitting of two CCR stockpiles and landfilling 
areas.   

2.4 Hydrogeologic Setting 

The following sections provide information on the hydrogeologic setting of the AEP Rockport 
Plant, including climate, physiography and drainage, geology, hydraulic properties of the principal 
groundwater flow zone, surface water and interactions between surface water and groundwater, 
and water users. 

2.4.1 Climate and Water Budget 

The area of Rockport has a continental climate regime.  As described by Ray (1965), summers 
are long, hot and humid, and winters are damp and relatively mild, with brief periods of intense 
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cold.  Mean monthly temperatures vary from 35 degrees Fahrenheit (ºF) in January to 79ºF in 
July. 

The closest meteorological station with long-term data is Owensboro, Kentucky.  Based on 
National Climatic Data Center (NCDC) data for the period from 1971 through 2000, as reported 
by the Midwest Regional Climate Center (MRCC, http://mrcc.isws.illinois.edu/), the normal annual 
precipitation in Owensboro is 45.07 inches.  Precipitation is well distributed throughout the year, 
on average, but can be highly variable from month-to-month.  Monthly normal precipitation varies 
from 2.67 inches in October to 4.66 inches in May.  However, monthly extremes during the period 
from 1928 through 1990 ranged from 0.06 inches in October 1987 to 16.15 inches in March 1964. 

Mean annual potential evapotranspiration in Owensboro is between 31 and 33 inches, according 
to mapped data available from the Kentucky Climate Center (http://www.kyclimate.org/ 
index.html).  The adjusted annual potential evaporation estimated in the Landfill Application 
Package (AEP 1984, Table 10), based on climatic data from Tell City, was 32.22 inches per year.  
The mean monthly water balance developed for the landfill resulted in the following breakdown 
(AEP 1984, Table 11) for an estimated annual precipitation of 44.27 Inches: 

 Surface Runoff – 13.23 inches (30%); 

 Actual Evapotranspiration – 25.69 inches (58%); 

 Percolation (groundwater recharge) – 5.44 inches (12%). 

2.4.2 Regional and Local Geologic Setting 

2.4.2.1 Physiography and Drainage 

The area of Rockport lies in the western Interior Low Plateau physiographic province of the United 
States, in a subarea referred to as the Wabash Lowland.  It is an area of broad alluviated valleys 
and dissected uplands of rolling to hilly terrain with gentle slopes and moderate relief (Ray 1965).  
The topography in the vicinity of the Rockport Plant is shown on the U.S. Geological Survey 
(USGS) topographic map reproduced in Figure 4.  Elevations on the map are shown relative to 
Mean Seal Level (MSL, also known as the National Geodetic Vertical Datum of 1929, or 
NGVD29).   

Drainage in the area is provided by the Ohio River, which is adjacent to the plant property on the 
southeast, is over 2,000 feet wide in the vicinity of the plant, and flows to the southwest toward 
Owensboro, Kentucky.  The plant property slopes gently across a terraced surface from 
elevations greater than 410 feet on its northern edge, where it is bordered by low hills and an 
upper terrace, to about 390 feet along the top of the bank of the Ohio River.  Much of the property 
is drained by Honey Creek, which flows south-southeast to the Ohio River and is incised down to 
an elevation of about 380 feet.  The power generation plant was developed on the portion of the 
property between US 231 on the west and Honey Creek on the east.  It is located on a watershed 
divide between Honey Creek and an unnamed tributary offsite to the southwest.   

The natural topography over most of the property (outside the channel of Honey Creek) prior to 
development of the power plant consisted of a relatively flat terrace surface marked by east-west 
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oriented crests and swales.  Multiple low-gradient drainage ditches crossed the area, connecting 
the two watersheds (Honey Creek and the watershed to the west).  Regrading for development 
of the power plant and associated facilities (including construction of the wastewater pond 
complex) disrupted some of the existing natural drainage as well as the man-made drainage that 
existed on the surface of the terrace and is still depicted on the USGS topographic map in Figure 
4.   

2.4.2.2 Geology 

The area of the site lies in the southern portion of a broad shallow downwarp structure referred to 
as the Illinois Basin (also known as the Eastern Interior Basin), and is underlain by sedimentary 
bedrock of Pennsylvanian age.  The bedrock underlying the site and most of Spencer County is 
the Pennsylvanian age Raccoon Group, consisting of sandstone and shale with minor amounts 
of mudstone, coal and limestone (Grove 2006). The rock reported from onsite borings that 
extended through the unconsolidated overburden into bedrock has been described primarily as 
shale.  The boring for bedrock wells finished at the MW-5 location (at the landfill) encountered 
interbedded sandy claystone, sandy shale, limestone, coal and claystone. 

The bedrock surface beneath the overburden is uneven, and includes rounded hills, ridges and 
valleys (draining southeast) representing the erosional surface that existed prior to filling of the 
valley with glaciofluvial sediments. 

The geology of the near-surface unconsolidated Quaternary sediments associated with the Ohio 
River valley is depicted on the geology map in Figure 5 (which excludes the far east portion of 
the Plant property), and is described in detail by Ray (1965).  These sediments range in thickness 
from about 20 feet on northern sections of the property, to as much as 130 feet along the Ohio 
River west of the mouth of Honey Creek.  They include windblown sediments (loess) up to 30 feet 
thick that mantle bedrock on the northeast perimeter of the property, possibly merging with 
lacustrine deposits in the tributary valley at the northwest corner of the property, and two series 
of Wisconsin age valley-train deposits (Tazewell and Cary) under most of the property.  The 
valley-train sediments that fill the broad river valley were deposited by meltwater from retreating 
continental glaciers to the north and northeast, and were subsequently reworked by modern 
drainage systems, including the Ohio River and the Honey Creek drainage on the plant property.   

Generally, the valley train deposits thicken and coarsen to the southeast, from the loess-mantled 
bedrock hills along the valley wall, toward and beyond the course of the modern Ohio River.  In 
the subsurface, the valley train sediments typically coarsen downward, and can be classified 
generally into finer-grained sediments near the surface (including silt, sandy silt, silty clay and 
clay), and coarser-grained sediments (fine to coarse sand and some gravel) at depth. 

Interpretive cross-sections of the subsurface were generated by AEP from data collected in the 
1983 Site Investigation of the landfill area.  In the report of the Site Investigation included in the 
Landfill Application Package (AEP 1984), the unconsolidated sediments encountered above 
bedrock were grouped into four units, described below in descending order: 
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 Unit No. 1 – surficial silt and clay.  This unit was found to be 2 to more than 15 feet thick.  
The upper section is predominantly silty, sandy clay that is stiff, and of low to medium 
plasticity.  Very fine-grained sand and silt are stratified with the clay toward the bottom of 
the unit, suggesting a lacustrine depositional environment where these finer-grained 
deposits are thickest. 

 Unit No.2 – well sorted sand.  This unit, where present, was found to extend from the 
bottom of the fine-grained surficial unit to elevations of 373-376 feet.  It was found to 
consist of fine to medium-grained, well-sorted subangular to subrounded quartz sand. 

 Unit No. 3 – poorly sorted sand.  This lower sand unit, consisting of poorly sorted, very 
fine to very coarse-grained sand, is the dominant unit between elevations of 373-376 feet 
and the underlying bedrock, which is typically found at elevations of 290 to 300 feet under 
most of the property, and at shallower depths in the north and northwest portions. 

 Unit No. 4 – sand and gravel.  Unit No. 4, consisting of poorly sorted sand, gravel and 
gravelly sand, was found to be gradational with Unit No. 3, and to occur as lenses within 
Unit No. 3.  Gravel in this unit is subangular to rounded, ranges in size from 3/8 to 1 inch 
in diameter, and commonly contains coal particles. 

In 2010, AEP installed four monitoring wells at the perimeter of the wastewater pond complex.  
The lithologic borings for those wells were extended 39 to 46 feet below ground surface (BGS), 
at elevations of 351 to 359 feet, and did not encounter bedrock.  The surficial silt and clay in these 
borings was found to be 16 to 24 feet thick, extending down to elevations of 373 to 381 feet.  The 
underlying sand was described as primarily fine, grading downward to medium in one boring, and 
with gravel occurring in the sandy matrix below depths of 28 to 40 feet BGS in three borings. 

Monitoring wells installed in 2016 around the BA Ponds extended to bedrock and confirmed the 
lithology described above.  Details of the 2016 well installations, along with interpretive cross-
sections, are provided in the report in Appendix D.  Based on the data available from the 2016 
subsurface explorations the fine-grained sediments corresponding to Unit  No. 1 extend down to 
elevations of 369 to 385 feet in the vicinity of the ponds.  The well-sorted sand unit corresponding 
to Unit No. 2 occurs below the fine-grained surficial sediments, extending down to elevations of 
356 to 369 feet.  Units No. 3 and 4 (interlayered) were found to extend down to shale bedrock at 
elevations of 274 to 299 feet.  

2.4.2.3 Hydraulic Properties of Principal Groundwater Flow Zone 

The saturated section of the unconsolidated sand and sand and gravel body comprising 
subsurface Unit Nos. 2, 3 and 4 (as described in the preceding section) makes up the principal 
groundwater flow zone underlying the site.  This zone is hydraulically connected to the Ohio River 
but the connection is buffered by lower-permeability sediments that line the river bottom.  Because 
of its relatively high permeability and its connection to the Ohio River, this zone represents an 
aquifer capable of supplying large yields to pumping wells.  The depth to water in this zone 
typically ranges from 20 to 35 feet BGS, and the saturated thickness (which generally increases 
toward the river) ranges from less than 15 feet to more than 80 feet.  Groundwater occurs in this 
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zone under unconfined conditions, or semi-confined conditions where the surficial silt and clay 
directly overlies the saturated zone. 

AEP provided information concerning pumping tests of varying lengths performed in this zone 
using onsite supply wells, including a pumping test performed in 1977 that was documented in 
the Landfill Application Package (AEP 1984), a pumping test performed in 2004 at a new supply 
well installed at the landfill for flow augmentation, and yield tests performed in 2011 and 2012 at 
two new replacement wells used for fire water supply.  Based on the information reviewed, the 
principal groundwater flow zone underlying the site has a transmissivity ranging from 126,000 to 
250,000 gallons per day per foot (gpd/ft), corresponding to 17,000 to 34,000 square feet per day 
(ft2/day).  The hydraulic conductivity of the formation ranges from 420 to 560 feet per day (ft/day), 
and the storage capacity (specific yield) ranges from 0.07 to 0.22.  Pumping well yields range up 
to 1,000 gallons per minute (gpm), and specific capacities range from 48 to 121 gpm per foot of 
drawdown (gpm/ft). 

2.4.3 Surface Water and Surface Water-Groundwater Interactions 

The Ohio River at Owensboro drains a watershed of 97,000 square miles and the average flow 
is 121,200 cubic feet per second (cfs), according to Ray (1965). The stage in this section of the 
river is maintained by a downstream dam in Newburgh, Indiana above a minimum pool elevation 
of about 357.4 feet MSL (358 feet relative to the Ohio River Datum).  The AEP Rockport Plant, 
located at River Mile (RM) 744-745, is halfway between the Newburgh Dam (RM 776) and the 
upstream Dam at Cannelton (RM 721).  The river level at the Rockport Plant can be estimated by 
averaging the gauge data reported by the US Army Corps of Engineers (USACE) at Newburgh 
and Cannelton.  A hydrograph (graph of water level over time) of the estimated daily stage in the 
Ohio River at the Rockport Plant from 2010 through 2015 is provided in Appendix C-1. 

The water level in the Ohio River typically remains close to pool elevation in the summer and fall, 
and fluctuates at a relatively high frequency (for a few days to weeks), up to 20 feet above pool 
elevation, in the winter and spring months.  The river stage typically reaches an elevation of 377 
feet at least once in most years.  The elevation of the 10-year flood is 387.7 feet, the 100-year 
flood level is 392 feet, and the level of the highest flood of record in the area (the flood of 1937) 
is 397 feet. 

Groundwater levels and gradients in the glaciofluvial (valley train) sediments that fill the valley are 
strongly influenced by the Ohio River.  Under low-water (pool) conditions, groundwater in the 
sediments flows under a low gradient toward the Ohio River.  As the river level fluctuates in winter 
and spring, groundwater levels fluctuate along with it, although the effects are increasingly 
dampened with distance from the river.  During rapid rises in river level, the groundwater gradient 
can be temporarily reversed to some distance from the river bank, resulting in excess groundwater 
being stored in the sediment (bank storage), and then draining slowly back toward the river again 
as the river stage falls. 
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2.4.4 Water Users 

The Indiana Department of Natural Resources (IDNR) Division of Water maintains an online 
database of Significant Water Withdrawal Facilities (http://www.in.gov/dnr/water/4841.htm).  A 
Significant Water Withdrawal Facility (SWWF) is defined as a facility that has the capacity to 
withdraw more than 100,000 gallons per day (gpd) in aggregate from surface water and/or 
groundwater, through one or more registered “sources” (individual pumping wells or stations).  
There are 10 SWWFs registered in Spencer County, of which the AEP Rockport Plant has the 
highest capacity. 

2.4.4.1 Onsite Water Use 

The main source of water used at the plant is the Ohio River.  The plant’s registered capacity for 
surface water is 80,000 gpm.  According to the IDNR database, in 2011 the plant’s actual average 
usage of river water was 22.3 million gallons per day (mgd), corresponding to an average surface 
water withdrawal of 15,500 gpm. 

The plant also has seven registered water withdrawal wells.  The locations of these supply wells 
are shown on Figure 2.  The combined average withdrawal from these wells in 2011 was 0.59 
mgd (410 gpm).  Information available for the onsite water supply wells is summarized below 
(withdrawal rates are based on 2011 data available in the IDNR database): 

 Wells PW-1 and PW-2 are used for plant potable supply. The combined average 
withdrawal rate for these two wells is approximately 120 gpm. 

 Wells PW-3 and PW-4 are used for fire water supply as well as industrial supply. The 
combined average withdrawal rate for these two wells is approximately 120 gpm. 

 Well PW-5 was installed on the west side of US 231 and was intended to be used for 
landscape watering around an energy education center constructed by AEP at that 
location.  The well is inactive (no withdrawals since it was installed). 

 PW-6 is a well installed immediately east of the landfill to fill water trucks used for dust 
control.  The average water withdrawal rate for this well is 17 gpm. 

 PW-7 is a well installed southeast of the landfill to provide water for treating landfill 
leachate through flow augmentation prior to discharge, as required under the plant’s 
NPDES permit.  The average water withdrawal rate for this well is 39 gpm. 

2.4.4.2 Offsite Water Users 

The other nine SWWFs in Spencer County include the following: 

 The City of Rockport public supply (five wells with a combined capacity of 1,163 gpm). 

 The Town of Grandview public supply (two wells with a combined capacity of 970 gpm). 

 Reo Water, Inc., public supply for the City of Richland, west of Rockport (five wells with a 
combined capacity of 1,130 gpm). 

 The City of Boonville public supply, northwest of Rockport (four wells with a combined 
capacity of 2,050 gpm). 
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 Corn Island Shipyard, a marine barge manufacturer on the Ohio River in Grandview (one 
well with a capacity of 450 gpm). 

 Three agricultural irrigation users (Christmas Lake GC, Loehr Farms and Allen Gray LP 
II), all located remotely from the AEP Rockport Plant. 

 One coal washing operation (Buckhorn Processing) using surface water, located in Lamar, 
Indiana north-northwest of the AEP Plant. 

The Ohio River navigation charts (USACE 2014) show surface water intakes and other major 
structures along the river.  The charts for sections of the river adjacent to and immediately 
downstream of the AEP Rockport Plant show the industrial intakes for the AEP plant and Rockport 
Terminals (a coal barging facility), and shoreline facilities in Rockport for one commercial marina, 
two crushed stone operations, and two loading facilities (ADM and Coal Inland). 

3.0 MONITORING NETWORK EVALUATION 

3.1 Hydrostratigraphic Units 

Based on the available information, two generalized hydrostratigraphic units can be distinguished 
within the unconsolidated subsurface materials of the AEP Rockport Plant.   

The upper unit (corresponding to the unit identified as Unit No. 1 in previous work by AEP, 
discussed above in Section 2.4.2.2), consists of surficial silt and clay (locally containing sand).  It 
is typically 8 to 25 feet thick, and is generally not saturated.  However, it can serve as a perching 
layer above which water can accumulate in surface depressions or in more permeable surface 
fill.  Soil sampling and permeability testing performed as part of the 1983 landfill Site Investigation 
indicates the bulk vertical permeability of the material in this unit is on the order of 10-7 to 10-6 
centimeters per second (cm/sec), or 0.003 to 0.0003 ft/day. 

The lower unit (corresponding to combined Unit Nos. 2, 3 and 4, as discussed above in Section 
2.4.2.2) extends from the bottom of the surficial silt and clay to the top of bedrock, and consists 
of granular outwash deposits.  These deposits consist primarily of sand, ranging from well-sorted 
fine sand to poorly-sorted fine to coarse sand, with lenses of gravelly sand and sandy gravel.  This 
unit has an uneven bottom surface, but generally thickens to the southeast, toward the Ohio River.  
The lower section of this unit is saturated and represents the principal groundwater flow zone 
beneath the property.  The saturated thickness in this unit ranges from less than 15 to more than 
80 feet, and the bulk horizontal permeability (hydraulic conductivity) of this unit is on the order of 
500 ft/day. 

Bedrock underlying the unconsolidated deposits consists predominantly of shale, and is expected 
to have low permeability.  Bedrock in the area of the Rockport Plant does not represent a 
significant medium for flow or storage of recently recharged (meteoric) groundwater, and is not a 
reliable source of fresh water supply, relative to the much more available source in the sandy 
overburden. 
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3.1.1 Horizontal and Vertical Position Relative to CCR Unit 

The BA Ponds have design bottom elevations of 386 feet (West BA Pond) and 377 feet (East BA 
Pond).  This is the reported elevation of the interface between CCR and the underlying material.  
The underlying material consists of native sediments, locally supplemented with addition of clay 
soil excavated from the interior of the ponds and used to line the sides and possibly the bottom 
of the ponds (if needed).   

Stratigraphic information for the subsurface in the area of the wastewater pond complex is 
provided in the logs available for several soil borings advanced in 1977 (Appendix A), 2010 
(Appendix B) and early 2016 (Appendix D).  Subsurface stratigraphy is also illustrated in the 
cross-sections developed from the boring logs for the new monitoring wells installed in 2016 
(Figures 5-7 in Appendix D). 

The interface between the two uppermost native hydrostratigraphic units (surficial silt and clay, 
and underlying sand) is transitional, usually encompassing several feet of interlayered sandy and 
silty beds.  However, it is apparent that the interface slopes to the south, from approximate 
elevations of 380-386 feet on the north and east (MW-1600, MW-1601, MW-1602 and MW-1002, 
MW-1603, MW-1001, BH-363, BH-366) to elevations of 369-377 feet on the south and southwest 
(MW-1606, MW-1605, MW-1606, MW-1003, MW-1004, BH-364, BH-365).  A comparison of the 
reported pond bottom elevations to these data indicates there is at least 9 feet of native fine-
grained sediments underlying the south end of the West BA Pond, and 4 feet under the north end 
of the West BA Pond.  However, native fine-grained sediments may be thin or absent below the 
south end of the East BA Pond, which has a design bottom elevation of 377 feet. 

3.1.2 Piezometric Conditions 

Groundwater level data are available from piezometric measurements made from 2010 to 2016 
in four monitoring wells (MW-1001 through MW-1004) installed in 2010 at the perimeter of the 
wastewater pond complex.  Well construction details are summarized in Table 1, and well 
construction logs are provided in Appendix B.  The wells are finished at depths of 38.0 to 45.5 
feet BGS, with 10 feet of screen set close to the top of the lower sandy unit (approximately 10 
feet below the bottom of the silt and clay deposits). The well piezometric data are provided in 
Appendix C, along with hydrographs (graphs of water levels over time) for the wells and the Ohio 
River, and piezometric maps for selected events.  The available data include eight monitoring 
events conducted semi-annually in May and November, from May 2011 to May 2015 (except for 
May 2012, for which piezometric data are missing).  In Appendix D (Table 2 and Attachment 3), 
the piezometric data set has been updated with water level readings collected by Amec Foster 
Wheeler in early 2016 (in January in the 2010 wells, and on March 17 in the 2010 and 2016 wells).  

The piezometric data for the four initial monitoring wells installed in 2010 show that water levels 
vary seasonally, typically fluctuating between 1 and 2.5 feet in an individual well, with higher water 
levels in May and lower water levels in November.  This is consistent with river levels, which are 
low in summer and fall, and spike to higher levels for short periods in winter and spring.  In the 
three wells closest to the BA Ponds (MW-1001 through MW-1003), groundwater levels occur most 
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commonly between elevations of 367 and 370 feet, in sand or sand and gravel below the surficial 
silts and clays (see Figures 5-7 in Appendix D).  This is more than 7 feet below the design bottom 
of the East BA Pond (the deeper pond), and more than 9 feet above the river low pool elevation 
of 357.4 feet.  In six of the eight monitoring events between collected from 2011 to 2015, the 
hydraulic gradient was toward the river, to the east-southeast, with water elevations occurring in 
descending order in the wells as follows:  MW-1001, MW-1003, MW-1002, and MW-1004.  In the 
last event (7 May 2015), the water level elevations in all four wells were within 0.60 feet of each 
other, and the highest water levels were observed in the middle wells (MW-1003 and MW-1002), 
reflecting a shallow divide most likely related to a spike in river level that was subsiding at the 
time of the monitoring (river gauge data not available for that period).  The first event (17 May 
2011) was conducted during a period of very high river levels:  the Ohio River had spiked at 387.7 
feet (the 10-year flood level) on April 28, and had dropped to 366.6 feet on 17 May.  The water 
levels in the wells were lagging slightly behind the river, ranging from 376.13 feet in MW-1004 
(closest to the river) to 371.61 feet in MW-1001 (farthest from the river), with the middle wells 
MW-1002 and MW-1003 (closer to the BA Ponds than MW-1004) having water levels of 373.20 
and 373.72 feet respectively. 

In early 2016, 20 new monitoring wells were installed in seven clusters of three wells each 
(including well MW-1002 installed in 2010).  Water level elevations measured between January 
and March 2016 ranged between approximately 368 and 370 feet.  A round of water level 
measurements was made after well construction was completed, on March 17, 2016 (Table 2 
and Figure 3 in Appendix D).  Piezometric levels measured on that date ranged between 369.09 
and 370.20 feet, corresponding to a slight gradient to the east.  Differences in water level 
elevations between wells in a single cluster were small, ranging from 0.01 to 0.33 feet, and 
averaging 0.08 feet. 

Based on the available data and the analysis described above, a water level elevation of 374 feet 
can be considered a high groundwater level, and a level of 372 feet can be considered a typical 
seasonal high water level, in the sandy outwash deposits beneath the BA Ponds. 

3.1.3 Overall Flow Conditions 

The principal groundwater flow zone underlying the ponds is the lower overburden unit consisting 
of granular outwash deposits (poorly sorted sand with interlayered sand and gravel).  Recharge 
into this unit occurs laterally from hills and buried tributary valleys to the north-northwest.  
Recharge also occurs from the Ohio River to the southeast during relatively brief periods (spikes) 
of high water level in the river.  Areal recharge also occurs vertically from the surface.  The rate 
of areal recharge varies locally according to the thickness and bulk permeability of the overlying 
silt and clay unit.  Artificial recharge can also occur from units containing standing surface water, 
such as the wastewater pond complex including the BA Ponds (when they contain water), 
depending on the hydraulic separation provided by natural materials and engineered soil lining 
the bottoms of these units. 
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Groundwater flow in this zone is predominantly to the east-southeast, toward the Ohio River.  Flow 
reversals occur during brief periods of high river level, but are temporary, without long-term effects 
on flow or migration of constituents in groundwater.  Supply wells are present to the north and 
northeast of the BA Ponds, but these wells pump intermittently, at rates that are insufficient to 
affect flow directions at significant distances from the pumping centers. 

Based on available data, the estimated hydraulic gradient (i) under typical flow conditions is 
0.0015 feet/foot, and the hydraulic conductivity (K) is on the order of 500 ft/day.  Assuming an 
effective porosity (n) of 0.20, the average flow velocity (v) can be estimated from the Darcy flow 
equation [v = (Ki)/n] as 3.75 ft/day, or 1,370 ft/year.  Given the occurrence of temporary flow 
reversals in most years, the actual rate of groundwater flow toward the river would be expected 
to be somewhat less. 

3.2 Uppermost Aquifer 

3.2.1 CCR Rule Definition  

As defined in the federal CCR Rule (§257.53 Definitions): 

 Aquifer means a geologic formation, group of formations, or portion of a formation capable 
of yielding usable quantities of groundwater to wells or springs. 

 Groundwater means water below the land surface in a zone of saturation. 
 Uppermost aquifer means the geologic formation nearest the natural ground surface that 

is an aquifer, as well as lower aquifers that are hydraulically interconnected with this 
aquifer within the facility’s property boundary. Upper limit is measured at a point nearest 
to the natural ground surface to which the aquifer rises during the wet season. 

3.2.2 Identified Onsite Hydrostratigraphic Unit 

Consistent with the definition in the CCR Rule, the hydrostratigraphic unit identified as the 
uppermost aquifer in this case is the saturated granular outwash deposit that underlies the 
Rockport Plant property including the BA Ponds.  The top of this unit would be the typical seasonal 
high water level of 372 feet, 27 feet below the crest elevation of the pond embankments (399 
feet). 

The bottom of the unit would be the top of bedrock.  The shale bedrock underlying the granular 
outwash deposits does not represent a significant groundwater flow zone.  The bedrock surface 
in the vicinity of the pond is irregular, generally sloping to the southeast, and occurs at elevations 
of 274 to 300 feet (111 to 126 feet immediately below the BA Pond embankment crest level).  The 
saturated thickness of this unit, therefore, is expected to range from 70 to 100 feet, thickening to 
the southeast. 
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3.3 Review of Existing Monitoring Network 

3.3.1 General  CCR Rule Requirements 

In summary, the performance standard for groundwater monitoring systems in the CCR Rule 
(§257.91) states that the system should consist of a sufficient number of wells, installed at 
appropriate locations and depths, to yield groundwater samples from the uppermost aquifer that: 

 Accurately represent the quality of background groundwater, and 

 Accurately represent the quality of the groundwater passing the waste boundary of the 
CCR unit in the uppermost aquifer, and  

 Monitor all potential contaminant pathways. 

The following sections review the existing groundwater monitoring network at the BA Ponds in 
terms of these requirements. 

3.3.2 Monitoring Wells Installed in 2010 

Four shallow monitoring wells (MW-1001 through MW-1004) were installed in 2010 at the 
perimeter of the wastewater pond complex.  Three of the wells are located adjacent or close to 
the BA Ponds; MW-1004 is located farther downgradient, at the southeast corner of the 
wastewater pond complex. 

Well construction details are summarized in Table 1, and well construction logs are provided in 
Appendix B.  Well piezometric data are provided in Appendix C.  The 2010 monitoring wells are 
finished at depths of 38.0 to 45.5 feet BGS, with 10 feet of screen set approximately 10 feet below 
the bottom of the silt and clay deposits, and close to the top of the uppermost aquifer.  Well bottom 
elevations range from 360 feet in MW-1001 to 353 and 352 in MW-1002 and MW-1003 
respectively.   

A review of the available groundwater monitoring network for the BA Ponds was made in late 
2015, and identified the following gaps: 

 MW-1001, although located in an upgradient position relative to the BA Ponds, is not a 
suitable background monitoring well because it is installed through CCR (bottom ash in a 
thin layer at 9-10 ft BGS), and is located too close to the ponds given the occasional 
temporary reversals in groundwater flow direction. 

 MW-1004 is located remotely from the BA Ponds, and MW-1003 is also offset from the 
waste boundary.  Therefore, only one well (MW-1002) was located at a downgradient 
boundary, and a minimum of three downgradient wells are required by the CCR rule. 

 There were no wells intercepting deeper flow zones within the uppermost aquifer (between 
elevations of 350 and 280 feet). 

As a result of the review, it was recommended that MW-1002 be included in the downgradient 
monitoring network, and that the other three wells (MW-1001, MW-1003, and MW-1004) be 
retained for use as piezometers, to monitor groundwater levels and aide in the interpretation of 
flow directions. 
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3.3.3 Monitoring Wells Installed in 2016 

Twenty new wells were installed in January-March 2016, in seven three-well clusters that include 
MW-1002. The clusters are designated MW-1600 through MW-1606, and locations are shown on 
the monitoring network layout map (Figure 1 in Appendix D).  Three wells are included in each 
cluster, finished at shallow (S), intermediate (I) and deep (D) levels.  Well construction details for 
the monitoring wells installed in 2016 are provided in Table 1 and Attachment 1 of Appendix D. 

3.3.3.1 Background Monitoring Well Locations 

A significant challenge in monitoring this site is the occurrence of temporary flow reversals in the 
uppermost aquifer that underlies the BA Ponds.  Data available for the existing wells indicate that 
the dominant flow direction in the uppermost aquifer is to the southeast, toward the Ohio River.  
However, during short-term spikes in river level, the direction of groundwater flow can be 
temporarily reversed so that, for a short period, groundwater under the BA Ponds will flow 
northwest, followed by a flattening of the gradient, and then a return to the dominant flow direction.  
In eight monitoring events over five years, the groundwater hydraulic gradient was to the 
southeast in six events, transitional (with a divide under the ponds) in one event (May 2015), and 
fully reversed under the full length of the wastewater pond complex in one event (May 2011). 

Another short-term influence on groundwater flow direction is pumping from the plant’s supply 
wells, which are located north and northeast of the BA Ponds.  However, based on distance, 
intermittent pumping schedule, and relatively low rates of pumping from these wells (see Section 
2.4.1.1 above), they are not expected to exert a significant influence on groundwater flow 
directions under the BA Ponds in the way that the river does.  Based on review of river stage data, 
and experience at similar sites elsewhere along the Ohio River, flow reversals related to river 
stage would not be expected to last longer than two to three weeks.  Based on the groundwater 
velocity estimated above in Section 3.1.3 (3.75 ft/day), contaminants  would be unlikely to travel 
more than approximately 75 feet from the pond during a three-week flow reversal, even using 
liberal estimates of migration (not subject to adsorption in the formation matrix).  However, to be 
conservative and account for dispersion, it was recommended that background monitoring wells 
be located at least 200 feet north-northwest of the BA Ponds.  Final locations for the two sets of 
upgradient monitoring wells are shown on Figure 1 in Appendix D.  The background well clusters, 
designated MW-1600S/I/D and MW-1601S/I/D, are located approximately 1,000 feet and 850 
feet, respectively, from the edge of the BA Ponds. 

3.3.3.2 Downgradient Monitoring Well Locations 

The East and West BA Ponds each have rough dimensions of 2,000 feet x 650 feet, 
corresponding to a surface area of approximately 30 acres each (60 acres total).  The two BA 
Ponds are currently monitored as a single (multiunit) system.  Downgradient monitoring wells are 
designated by cluster as MW-1602 through MW-1606, with MW-1002 included as the shallow well 
in the MW-1602 cluster.  The downgradient monitoring well clusters were installed on the 
perimeter segments of the ponds in the dominant downgradient directions (east and south), as 
shown on Figure 1 in Appendix D.   
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The downgradient wells were located as close as practical to the edge of the BA Ponds, just 
outside the road at the crest of the embankment, in order to be as close as possible to the waste 
boundary (defined in the CCR Rule as “the vertical surface located at the downgradient limit of 
the CCR unit, that extends down into the uppermost aquifer”). 

3.3.4 Vertical Screening Levels 

The saturated thickness of the upper aquifer in the vicinity of the BA Ponds is 70 to 100 feet.  The 
2010 monitoring wells are screened across 10 feet in the top 20 feet of the saturated zone.   

In order to monitor all potential contaminant pathways in the upper aquifer, the groundwater 
monitoring system includes monitoring wells at three depths (shallow, intermediate and deep) at 
each of the seven cluster locations (including the two upgradient locations and the five 
downgradient locations), for a total of 21 wells that can serve as piezometric and/or water quality 
monitoring points.  The 21 clustered monitoring wells are supplemented by three shallow wells 
installed in 2010 (MW1001, MW-1003 and MW-1004), which can serve as additional piezometric 
monitoring points, to improve interpretation of groundwater flow directions. 

Screen lengths in all of the wells are 10 feet (the maximum allowable screen length for clustered 
wells in the Indiana waste regulations), installed approximately at the following elevations:  just 
above the bedrock surface (D level, between elevations of 275 and 309 feet), at a level 
approximately midway up in the saturated zone (I level, between elevations of 321 to 333 feet, 
and at a shallow level near the top of the saturated zone (S level, between elevations of 353 and 
364 feet). 

3.3.5 Monitoring Well Construction and Maintenance 

The monitoring wells are constructed of 2-inch flush-threaded Schedule 40 PVC riser and 10-slot 
screen.  Monitoring well construction has been documented in detail in the report in Appendix D. 

Monitoring wells should be maintained consistent with minimum Indiana requirements as well as 
the requirements of §257.91(e) of the CCR Rule, including: 

 Monitoring wells and piezometers should be maintained to insure continued performance 
through the life of the monitoring program. 

 Design, installation and development of any new wells, and repair of existing wells, should 
be documented, and documentation maintained in the operating record for the unit. 

 All new wells, and existing wells having modifications made to the wellhead at the surface, 
should be surveyed to determine ground surface elevation and a reference point elevation 
for piezometric monitoring 

 Abandonment or decommissioning of any wells or piezometers should be documented, 
and documentation maintained in the operating record for the unit. 

3.3.6 Summary 

Based on the information reviewed and presented in this report (including appendices), the 
groundwater monitoring network currently installed at the BA Ponds at the AEP Rockport plant 
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