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1.0 Introduction 

This report has been prepared for NRG Indian River Power LLC (NRG) to support certification 
that the groundwater monitoring system at their Indian River Generating Station Coal 
Combustion Residuals (CCR) Landfill meets the requirements of the United States 
Environmental Protection Agency (USEPA) CCR Rule for Detection Groundwater Monitoring. 
Title 40 of the Code of Federal Regulations (CFR) §257.91 requires owners or operators of CCR 
landfills (also known as CCR units) to implement a groundwater monitoring system. The 
requirements were published in the Federal Register on April 17, 2015 and became effective on 
October 19, 2015. The groundwater monitoring system for each CCR unit must consist of a 
sufficient number of wells (minimum of one upgradient and three downgradient per 
§257.91[c][1]). The performance standards in §257.91(a) (1-2) require the wells to be installed at 
appropriate locations that enable an accurate characterization of background groundwater quality 
and the quality of groundwater passing the downgradient boundary of the CCR unit. Their ability 
to satisfy these requirements must be documented and certified by a Registered Professional 
Engineer in accordance with §257.91(f). 

The station generating capacity was developed between 1957 (Unit 1) and 1980 (Unit 4). The 
current landfill (Phase I) began operation in 1981 with approval from the State of Delaware and 
has, with the addition of Phase II, continued operation as a permitted entity to the present.  Its 
current permit to operate was issued by Delaware Department of Natural Resources and 
Environmental Control (DNREC) as Permit No SW-12/01 (Jan 24, 2007, subsequently amended 
Feb 27, 2012 and Nov 6, 2015) and includes a rigorous groundwater monitoring program 
requirement with which the facility is compliant. The USEPA Part 257 regulations regarding 
CCR disposal units became effective Oct 19, 2015 and contain substantially equivalent 
obligations, some of which currently are not fully synchronized with the existing State program.   
It is anticipated that these differences will be resolved into a combined state/federal program that 
includes permit conditions similar to those currently in place. 

Groundwater has been monitored at the landfill site for more than 35 years and there is a 
substantial body of data greatly exceeding that needed to make the demonstrations required in 
Part 257.94 (Detection Monitoring Program). Nonetheless, the facility has invested the necessary 
resources to ensure that the quantity and quality of data available meets the specific detailed 
requirements of Part 257.90-94. 

This report addresses primarily the requirements of §257.91 - Groundwater monitoring systems. 
These, in summary, are: 
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Install a groundwater monitoring system yielding samples that: 
   

Accurately represent the quality of background groundwater that has not been affected 
by leakage from a CCR unit, and 
   
Accurately represent the quality of groundwater passing the (downgradient) waste 
boundary of the CCR unit 

 
More detailed requirements and the measures taken to ensure that they are satisfied are discussed 
in subsequent sections of the report which documents the design and construction of the 
detection groundwater monitoring system and includes certification by a Registered Professional 
Engineer.  

The certification will be placed in the facility’s operating record per §257.105(h)(3), noticed to 
the State Director per §257.106(h)(2), and posted to the publicly accessible internet site per 
§257.107(h)(2). 
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2.0 Site Description 

The CCR landfill is located within the 1200-acre plant property at the Indian River Generating 
Station near the city of Dagsboro, in Sussex County, Delaware. Non-hazardous coal combustion 
residuals (CCR) that result from burning coal at the station are disposed in the landfill, located 
about one half of a mile south of the station. The landfill is separated from the generating station 
proper area by Island Creek as shown on Figure 1.   

The station originally operated four generating units with nominal capacities of 90, 90, 165 and 
424 megawatts (Units 1 through 4 respectively). Units 1 through 3 have been retired from service 
and the fourth unit currently operates intermittently. During 2016 it operated at about 13% 
capacity. It produces fly ash, bottom ash, and a flue gas desulfurization (FGD) byproduct which 
must be removed from the power plant, hauled to the designated disposal area, or hauled to an 
off-site utilization project.   

The CCR landfill consists of two distinct disposal areas, the original (Phase I) landfill that is now 
closed, and the two currently operating cells that comprise the Phase II landfill.  The original 
43.8-acre disposal area or Phase I landfill was closed in 2011. The Phase II landfill consists of 
two, lined cells with a total area of 25.5 acres, immediately west of the closed Phase I cell (Cell 1 
is to the south and Cell 2 to the north). The eastern 6.2 acres of the Phase II landfill will be built 
over, or piggy-back, the western slope of the Phase I landfill with its liner system separating the 
two phases of disposal. This will raise the overall landfill to a maximum elevation of 100 feet (ft) 
from the current 65 ft. 

Construction of the Phase I cell was initiated in 1979 and disposal commenced in 1980. Waste 
contains primarily fly ash and bottom ash and, to a lesser extent, wastewater treatment sludge, 
water treatment sludge, coal pile runoff sump area sludge, coal pyrites, cooling tower sediment 
sludge, and construction debris produced at the plant. The Phase I Landfill is unlined and was 
formally closed in 2011 with a cover system that consists of a geosynthetic membrane with a 
vegetated soil cover. The Delaware Department of Natural Resources and Environmental Control 
(DNREC) approved the Phase I closure October 14, 2014. The Phase I cell is currently in post 
closure care. 
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Source:
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The Phase II Landfill liner system has a geosynthetic membrane and a leachate collection 
system. Leachate collected in Cell 1 is transported via gravity to a collection sump on the south 
side of the landfill where it is then pumped to leachate holding tanks located approximately 
1,700 ft due west. Leachate collected in Cell 2 flows by gravity to a collection sump on the north 
side of the landfill where it is then pumped to leachate holding tanks  

Other integral components of the CCR unit as shown on Figure 1 include: 

• Two sedimentation basins (the North and Southwest Sedimentation Basins) collect 
surface water runoff from the landfill and prevent or minimize the flow of turbid water 
into Island Creek. 

• The North Sedimentation Basin has interior bermed areas (east and west forebays) near 
the points of inflow into the basin. These interior bermed areas are approximately 150 x 
150 ft square, each, and about five feet high. They are used to contain the distribution of 
sediments within the basin and facilitate clean out. Sediments are cleaned out from this 
interior basin, as needed. 

• Haul roads used for transporting CCRs from the plant to the landfill. 

• The stream gauging station is used for monitoring surface water quality in Island Creek. 

• The groundwater monitoring wells are used to measure water levels and select wells are 
sampled to monitor upgradient and downgradient groundwater. 

• Production wells are used by the plant to generate water for various industrial purposes 
(e.g., cooling water and dust control). 

2.1 Site Geology  
 
The geology in the vicinity of the CCR landfill was described in Hydrogeologic Studies - 1984 
Update, prepared by Michael Baker, Jr., Inc. (Michael Baker), 1984, as: 

 
The disposal site is underlain by the Columbia sand deposits (Pleistocene age) which 
blanket the entire central and southern portions of the State.  These deposits range in the 
thickness from less than 50 to over 125 feet in southern Delaware (Johnston, 1972) and 
are comprised of predominantly medium-grained sand with varying mixtures of silt and 
gravel.  In the landfill area, the Columbia deposits are approximately 100 to 110 feet 
thick and have been found to consist of relatively homogeneous sand throughout their 
entire thickness…  They are generally classified as either SP-SM or SW-SM soils 
according to the Unified Soil Classification System which translates to moderately well-
to-poorly sorted sand with minor amounts of silt. 
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Relatively deep test wells drilled during exploration for water production wells A and B a 
few hundred feet southwest of the CCR unit encountered lenses or pockets of green silty 
clay interspersed with coarse sand below 110 feet (Gilbert Associates, Inc., 1980).  These 
lenses have been assumed to mark the upper boundary of Miocene-age sediments at the 
site.  The Miocene sediments generally consist of sand units interbedded with silty clay 
layers.  According to Johnston (1972), the Miocene sands may directly underlie 
Pleistocene sands, making differentiation between the two difficult.  Thus, some of the 
upper Miocene sands may have been identified at the site as Columbia deposits.  
However, it is apparent that silty clay is present below an elevation of approximately -75 
to -90 ft in the site area. 

 

More than 90% of the state lies on the Coastal Plain physiographic province, a wedge-shaped 
deposit of alternating layers of sand and clay that overlies crystalline basement rocks and 
increases in thickness to the southeast where it reaches a thickness of 15,000 ft (USGS, 1985).  
The sand units form important aquifers that are relied on throughout the state for public water 
supply, agricultural irrigation and industrial needs. The sequence of successively deeper confined 
units in the site area includes the Pokomoke-Ocean City, Manokin, Cheswold and Piney Point 
aquifers, the deepest of which is in the range of 800 - 1000 ft below sea level. A surficial blanket 
of sand, typically on the order of 100 ft in thickness, overlies much of the state and supports an 
unconfined aquifer below which the deeper confined units subcrop in sequence to the northwest.  
It is this surficial unit that forms the uppermost aquifer at the Station and towards which the 
monitoring efforts are directed. 

 
2.2 Site Hydrogeology 
 
Hydrologically the landfill is underlain by the shallow unconfined Columbia aquifer which 
constitutes the uppermost aquifer, extending to a depth of 100 to 110 ft. The silty clay layers at 
the top of the Miocene sediments may act as a lower confining unit or aquitard.   

All of the monitoring wells are set in the Columbia aquifer, which is the uppermost unconfined 
aquifer at the site. Water level measurements are typically collected from all groundwater 
monitoring and observation wells during each groundwater monitoring sampling event to collect 
elevation data for determining groundwater flow directions.  

The groundwater monitoring system was developed progressively starting in 1981 and has 
included up to 35 monitoring points utilizing piezometers, production wells and purpose built 
monitoring wells. Water levels have been measured in many of these on a quarterly basis for the 
entire 34-year period of record (Figure 2). 
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Figure 2: Piezometric Elevations 

 

The record reveals highly variable piezometric elevations (up to about 15 ft) in many of the 
wells. This general pattern is mimicked by most of the other wells, but on a subdued scale.  
Factors that might account for this include seasonal variability, tidal effects, storm surge effects 
and groundwater extraction. Of these, the most likely is groundwater extraction from the 
multiple industrial supply wells on the site that modify the piezometric surface in response to 
pumping. The pattern of water usage changes in response to station output: high demand for 
electricity tending to correlate with increased pumping and corresponding increases in aquifer 
stress in the vicinity of the supply wells. The location of the supply wells is indicated on Figure 
1; they are designated 'A', 'B','C', and 'F'. Wells 'G' and 'H' are located between well 'C' and the 
generating station. Shallow monitoring wells located closest to the supply wells tend to exhibit 
the greatest variability. It can be readily appreciated that piezometric conditions in the uppermost 
aquifer are part of a highly dynamic and variable system. 

This must be considered when evaluating the groundwater flow regime at the CCR landfill.  
Flow is typically assessed on the basis of interpolated groundwater surface contours. Flow 
directions are deemed to run perpendicularly to the contours. Contour maps have been prepared 
at regular intervals as required by the current State permit.  

The selected monitoring event groundwater contour maps shown as Figures 3-7 highlight 
conditions since 2010 with particular attention to the period of background monitoring required 
with particular attention to the period of background monitoring required under §257.94. 
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Figure 3: April 2010. High Observed Flow Gradient Across the Site. Flow Direction Dominantly 
Northeastly. 

 

Figure 4: October 2010. Highly Subdued Gradient Compared with Previous Event but Flow Direction still 
Dominantly Northeasterly with some Northerly Components. 
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Figure 5: October 2015.  Start of Background Monitoring. Moderate Gradient with Flow Consistently 
Northeasterly. 

 

 

 

 

 

 

 

 

 

 

Figure 6: October 2016.  Moderate to High Gradient with Northeasterly Flow. 
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Figure 7: September 2017. Moderate Gradient with Northeasterly Flow. 

 

It may be concluded that, in spite of the dynamic conditions in the uppermost aquifer, the 
groundwater flow direction is consistently northeasterly with occasional variation to the north. 
This allows for the confident establishment of upgradient background monitoring wells south 
and southwest of the landfill, and downgradient wells along its northerly boundary. 
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3.0 Detection Groundwater Monitoring System  

Groundwater samples can be recovered from a network of 34 monitoring wells, six production 
wells and three observation wells. The current list of wells is presented in Table 1 in Attachment 
A. The active State permit requires monitoring at many of these locations.  

§257.91 requires that there be a minimum of one background well and three downgradient wells. 
This requirement can be met with a subset of the existing monitoring system as shown in Table 1 
and Figure 8. 

Table 1: Detection Monitoring Wells 

Well Location Comment 

106R up-gradient background 

105A up-gradient background 

104 up-gradient background 

P-3R side gradient background 

102A down gradient - unit boundary release detection 

327A down gradient - unit boundary release detection 

103A down gradient - unit boundary release detection 

319A down gradient - unit boundary release detection 

328A down gradient - supplemental release detection - beyond boundary 

326B down gradient - supplemental release detection - beyond boundary 

 
 

Four background wells are identified based solely on hydrogeological considerations. Depending 
on the statistical methods selected and the results of analysis, it may be necessary to eliminate 
one or more of those wells while still preserving the regulatory minimum of one. 

Four unit boundary downgradient wells are selected for release detection, compliant with the Part 
257 mandate for a minimum of three. In addition, two wells located slightly downgradient from 
the boundary north of the sedimentation pond will be considered. 

 

 

 

 



     

 12 

 

Figure 8: Detection Groundwater Monitoring System 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1 Monitoring Well Construction 
 
The groundwater monitoring wells are located both singly and in clusters. They are constructed 
of two-inch diameter PVC pipe with slotted PVC screen placed at the intervals described in 
Table 1 – Attachment A. Single monitoring wells are screened near the top of the saturated zone 
in the aquifer with a 10-foot section of screen. Well clusters consist of three separate wells 
(example: wells 102A, 102B and 102C) constructed near each other and screened at discrete 
depths increasing from 10 ft to 45 ft below the water table. Sand was placed in the annulus 
around the well screen and an impermeable seal of bentonite clay and cement was backfilled in 
the annulus above. Each well has a protective steel outer casing with lockable lid to prevent 
tampering. Boring logs and well construction records for all wells in the groundwater monitoring 
system are provided in Attachment A. 
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Groundwater well clusters at the site were installed within the Columbia sand deposits, with 
screened intervals ranging in elevation (NAVD 88) between -29.3 to -49.0 ft for the deep wells, -
15.0 to -33.8 ft for the intermediate depth wells, and -2.5 to -18.5 ft for the shallow wells. A 
summary table of the well depths and screen elevations is provided in Table 1 – Attachment A. 
Table 2 in Attachment A lists coordinate locations for the wells.  

 
3.2 Groundwater Monitoring Sampling Method and Equipment  
 
To support the collection of representative groundwater samples from the monitoring wells, the 
low-flow method has been adopted and utilized for sampling at the groundwater monitoring 
network and will remain in place for subsequent Part 257 groundwater sampling.  

The low-flow method is documented and accepted by the USEPA and allows for 
purging/sampling of groundwater such that laminar flow (non-turbulent) conditions are 
maintained with corresponding minimal or no drawdown in the well. This, in turn, promotes 
continuous or near-continuous groundwater recharge of the well from the surrounding formation, 
and ensures that the subsequently collected samples are representative of fresh formation waters. 
Low-flow sampling is performed using portable sampling equipment. Portable air-operated 
bladder pump with disposable tubing is used to perform the groundwater sampling. The portable 
pump intake is carefully set so that sediment from the bottom of the wells or stagnant water from 
the top of the water columns is not drawn in during the purging/sampling. Groundwater sampling 
events includes collection of an equipment-rinsate blank to demonstrate that proper 
decontamination of the pump has been performed and that contaminants have not been 
introduced by the sampling method.   
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4.0  Professional Engineer’s Certification 

I, Stuart Edwards, hereby certify, based on a review of the information contained herein, field 
observations of the monitoring well network, and my knowledge and understanding of accepted 
hydrogeological principles, that the detection groundwater monitoring systems associated with 
the NRG Indian River Generating Station CCR Landfill is adequate and appropriate. Orientation 
of the groundwater monitoring system is sufficient to satisfy the performance standards outlined 
in §257.91(a) (1-2). 

 

Signature:  ___________________        

Date:     October 17, 2017 

    

Stuart Edwards 

Delaware Professional Engineer Registration No.  7341 

Michael Baker International 
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Attachment A – Boring Logs and Well Construction Records 



 
 

Table 1:  Groundwater Monitoring Wells 

 
Well 

Top of 
PVC 

Casing 
Elevation1 
(NAVD 88) 

(feet) 

Ground 
Surface 

Elevation1 
(NAVD 88) 

(feet) 

Screen Elevation 
(NAVD 88) 

(feet) 
Monitoring Zone3 

Top2 Bottom2 

Production and Observation Wells 
 A 25.24 23.44 -66.64 -86.64 Very Deep (Production Well) 
 1A 26.2 23.1 -71.7 -76.7 Very Deep (Observation Well) 
 1B 28.8 25.7 -71.5 -76.5 Very Deep (Observation Well) 
 B 20.14 19.54 -90.54 -110.54 Very Deep (Production Well) 
 2A 20.7 18.5 -71.5 -81.5 Very Deep (Observation Well), Abandoned 04/05/16 
 2B 22.9 20.0 -62.4 -72.4 Very Deep (Observation Well) 
 C NA 8.24 -191.84 -251.84 Very Deep Miocene Sediments (Production Well) 
 F 13.34 11.84 -24.44 -67.44 Deep (Production Well) (estimated elevations) 
 G NA NA NA  

(-192') 5 
NA  

(-252') 5 Very Deep Miocene Sediments (Production Well)  
 H NA NA NA  

(-187') 5 
NA  

(-197') 5 Very Deep Miocene Sediments (Production Well) 

Upgradient and Side Gradient Wells 
 104 15.0 13.0 -7.0 -17.0 Shallow 
 105A 18.2 16.9 -34.5 -44.5 Deep 
 105B 18.9 17.0 -15.3 -25.3 Intermediate, Abandoned 6/29/16 
 105BR 18.9 16.6 -13.4 -23.4 Intermediate, Installed 6/30/16 
 105C 19.4 16.9 -2.3 -12.3 Shallow 
 

106R 16.0 13.7 -6.3 -16.3 Shallow, Installed 6/30/2016 

 107A 20.7 19.7 -31.2 -41.2 Deep 
 107B 21.3 19.7 -15.8 -25.8 Intermediate 
 107C 21.4 19.7 -0.5 -10.5 Shallow 
 108 24.6 23.2 -2.3 -12.3 Shallow 
 109 17.3 14.5 -3.3 -13.3 Shallow 
 325 22.8 22.0 15.4 -1.1 Shallow 
 

P-1R 14.4 10.7 -2.1 -12.1 Shallow well 

 P-2 13.9 11.5 7.7 -2.3 Very Shallow piezometer 
 

P-3R 15.7 12.7 -4.4 -14.4 Shallow well 

 
 
 
 
 
 
 
 
 



Table 1:  Groundwater Monitoring Wells (continued) 

 
Well 

Top of 
PVC 

Casing 
Elevation1 
(NAVD 88) 

(feet) 

Ground 
Surface 

Elevation1 
(NAVD 88) 

(feet) 

Screen Elevation 
(NAVD 88) 

(feet) Monitoring Zone3 
Top2 Bottom2 

Downgradient Wells 
 101A 11.2 10.0 -33.6 -43.6 Deep 
 101B 11.9 10.0 -15.7 -25.7 Intermediate 

 101C 12.0 10.3 -2.7 -12.7 Shallow 

 
102A 13.8 12.4 -35.3 -45.3 Deep 

 
102B 14.3 12.5 -16.4 -26.4 Intermediate 

 
102C 

14.7 
12.3 -5.1 -15.1 Shallow 

 
103A 24.4 22.3 -30.6 -40.6 Deep 

 
103B 23.6 21.7 -19.7 -29.7 Intermediate 

 
103C 23.2 21.7 -3.9 -13.9 Shallow 

 
103CR 20.9 17.8 -5.8 -15.8 

Shallow 

 319A 9.1 6.9 -3.5 -13.5 Shallow 

 
326B 11.1 

9.4 
-3.0 -13.0 Shallow 

 
326C 11.8 9.4 -19.7 -29.7 Intermediate 

 
326D 11.9 9.2 -27.4 -37.4 Deep 

 
327A 15.9 12.8 -35.6 -45.6 Deep 

 
327B 13.4 10.9 

-23.8 
-33.8 Intermediate 

 
327C 12.8 10.2 -8.5 -18.5 

Shallow 

 
328A 10.8 8.8 -38.2 -48.2 Deep  

 
328B 12.1 9.4 -20.0 -30.0 Intermediate  

 
328C 12.5 10.2 -5.3 -15.3 Shallow 

Notes: NA = Information not available for inclusion in report.   
1Elevations based on 2015 and 2016 Survey.  Elevations from the 2016 survey include wells 105BR, 106R, 2B, 
and 109 that are shown in italics. 
2Bottom of well screen assumed to be at bottom of well based on field observations/measurements post 2015/2016 
outer protective steel casing replacements.  The elevation of the top of the well screen estimated from bottom of 
well elevation and length of well screen on boring logs.  Screen elevations shown in italics have been revised 
based on measurements taken immediately after April 2016 well development. 
3 The zones monitored by the well screen are installed in the Pleistocene Columbia deposits unless noted 
otherwise as being in the very deep Miocene sediments.  The monitoring zone column describes the well screen 
position (very shallow, shallow, intermediate, deep or very deep) relative to the location of the other well screens 
within the clusters.   
4Elevations for Production Wells A, B, C, and F are provided for comparison purposes only as they are based on 
the erroneous 2010 survey which may differed from 2015 survey by as much as three feet.   
5Elevations are not available for production wells G, and H, and wells 326A, so depths of well screen from ground 
surface are shown in parentheses for relative comparisons. 



 
 
 

Table 2:  Well Locations 

Well ID Easting 
NAD83 (feet) 

Northing 
NAD83 (feet) 

Prod. Well A 705642.953 209037.060 

Prod. Well B 706142.961 208996.202 
Prod. Well C 706926.347 212810.967 
Prod. Well F 706909.894 211502.517 
Prod. Well G #N/A #N/A 
Prod. Well H #N/A #N/A 

1A 705654.330 209131.461 
1B 705667.454 209230.543 
2A 706149.497 209090.921 
2B 706155.361 209190.259 

101A 706648.862 211882.885 
101B 706637.978 211877.451 
101C 706628.574 211875.364 

102A 708275.362 212242.133 

102B 708264.512 212241.292 

102C 708253.234 212242.731 

103A 709630.813 211645.513 
103B 709618.546 211647.772 
103C 709608.631 211647.253 

103CR 709594.078 211656.075 
104 710234.982 210689.763 

105A 709212.020 210257.751 
105BR 709,225.553  210,257.516  
105C 709230.794 210267.676 

106R 708267.073 209868.757 

107A 706190.059 209589.995 
107B 706188.923 209601.084 
107C 706187.815 209611.923 
108 706208.027 210040.75 
109 707945.254 210506.808 

319A 710201.904 211739.894 
325 707081.014 209329.118 

  



 
Table 2:  Well Locations (continued) 

Well ID Easting 
NAD83 (feet) 

Northing 
NAD83 (feet) 

326A #N/A #N/A 

326B 709697.292 212086.202 

326C 709708.835 212086.115 

326D 709720.261 212086.081 

327A 709158.941 211697.613 

327B 709149.938 211695.368 

327C 709144.259 211693.533 

328A 709285.804 212121.045 

328B 709288.328 212114.813 

328C 709290.616 212108.119 

P-1R 707455.468 212093.161 

P-2 706973.827 211506.723 

P-3R 707478.115 210685.095 
 
 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

 

Upgradient Wells 

































































Downgradient Wells 
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