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1 Executive Summary 

This report presents the dam failure analysis and initial hazard potential classification for 

the Brunner Island Ash Basin No. 6 facility. This report was prepared by HDR 

Engineering, Inc. (HDR) in accordance with the requirements of the U.S. Environmental 

Protection Agency (USEPA) 40 CFR Parts 257 and 261 Hazardous and Solid Waste 

Management System; Disposal of Coal Combustion Residuals From Electric Utilities, 

April 17, 2015 (USEPA 2015) (CCR Final Rule). The CCR Final Rule establishes 

nationally applicable minimum criteria for the safe disposal of CCR in landfills and 

surface impoundments and requires that the owner or operator of each CCR unit 

demonstrate and document that the CCR unit complies with these criteria.  

Brunner Island Ash Basin No. 6 is an operating Coal Combustion Residual (CCR) 

surface impoundment, referred to as an ash basin, which is owned and operated by 

Brunner Island, LLC, a division of Talen Energy (Talen). The ash basin is formed by an 

earthen embankment perimeter dike with a maximum height of approximately 30 feet. 

The ash basin is, therefore, required to have a dam failure analysis and to have the 

hazard potential periodically classified by a qualified engineer in accordance with the 

CCR Final Rule. This is the initial (first) Periodic Hazard Potential Classification 

performed in accordance with the CCR Final Rule. The ash basin is also subject to 

regulation by the Pennsylvania Department of Environmental Protection (PADEP) and 

has been previously classified as Size B, Hazard Classification 3 under the PADEP Dam 

Safety Guidelines, corresponding to a medium-sized, significant-hazard-potential dam. 

This report does not replace previous design flood or hazard classification analyses 

performed for the project, but provides additional analysis specific to USEPA criteria. 

Ash Basin No. 6 is somewhat unique from a dam safety perspective, in that the ash 

basin is elevated with respect to the surrounding ground and is totally self-contained, 

with no contributing inflow from outside of the basin. The ash basin is also located 

immediately adjacent to the Susquehanna River, which will inundate much of the area 

surrounding the basin during flooding. As noted in the Inflow Design Flood Control 

System Plan (HDR 2016), the Inflow Design Flood (IDF) for the ash basin is the 1,000-

year flood, in accordance with USEPA criteria for a significant-hazard-potential CCR 

impoundment, and the IDF control system can safely pass the IDF without overtopping, 

providing that the system is operated and maintained as designed.  

Dam breaches were simulated with a two-dimensional (2D) hydrodynamic routing model 

using the United States Army Corps of Engineering (USACE) Hydrologic Engineering 

Center’s River Analysis System (HEC-RAS) version 5.0.1. The breach size and 

formation rate was estimated in accordance with the Federal Emergency Management 

Agency (FEMA 2013), a reference recognized by the CCR Final Rule. Areas of potential 

inundation adjacent to and downstream of Ash Basin No. 6 were estimated for both 

Sunny Day and IDF (1,000-year storm event) conditions. For modeling purposes, the fly 

ash material impounded within Ash Basin No. 6 was conservatively simulated as 

impounded water.  

A hazard inundation map for the areas potentially flooded was developed based on the 

peak flood elevations resulting from the dam failure analysis, overlaid on publicly 
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available aerial photography. Since a failure anywhere along the perimeter of the ash 

basin could result in flooding, the inundation map includes a composite hazard 

inundation area, showing the area of hazard inundation of two feet or more of 

incremental rise in water surface elevation resulting from potential breaches of the Ash 

Basin No. 6 impoundment in several areas along the 8,300-foot-long perimeter dike, all 

shown on one map. The map shows the hazard inundation zones for both the IDF and 

Sunny Day scenarios, as well as the flood data, including peak flood flow and elevations 

for each scenario. This analysis indicates that there are no occupied structures or 

regularly occupied areas within the hazard inundation zone; therefore, there is no 

probable loss of human life indicated as a result of a failure of the Ash Basin No. 6 

perimeter dike. A failure of the ash basin could result in significant economic loss as a 

result of damage to the basin and interference with plant operations, environmental 

damage as a result of inflow of ash to the Susquehanna River, or disruption of lifeline 

facilities as a result of erosion damage to the adjacent transmission line towers or natural 

gas supply line to the Brunner Island Steam Electric Station. Ash Basin No. 6 is, 

therefore, classified as having a significant hazard potential in accordance with the 

requirements of the CCR Final Rule. This is consistent with the classification determined 

by the USEPA in their Round 10 Dam Assessment Final Report, prepared by GZA 

Environmental, Inc., dated December 20, 2012 (GZA 2012).The IDF corresponding to 

the 1,000-year flood, as initially assumed for this analysis, is appropriate. The inundation 

map prepared for this study can be used to support the future development of an 

Emergency Action Plan (EAP), in accordance with the USEPA Final Rule. 

2 Project Background 

2.1 Existing Project Facilities 

Ash Basin No. 6 is located between Black Gut Creek and the Susquehanna River at the 

southern end of Brunner Island in East Manchester Township, York County, 

Pennsylvania. Brunner Island is located along the western shore of the Susquehanna 

River and can be located on the York Haven U.S. Geological Survey (USGS) 7.5 Minute 

Quadrangle Map at 4004′59″N, 7640′58″W. An aerial view and drawings of Ash Basin 

No. 6 are provided in Appendix A.  

Ash Basin No. 6 consists of a main basin with a polishing pond at the southern end. The 

ash basin has a total area of 76.4 acres and is surrounded by a perimeter dike with a 

nominal crest elevation of 290 feet referenced to National Geodetic Vertical Datum of 

1929 (NGVD 29), which is also Plant Datum. All elevations in this report are referenced 

to the NGVD 29, which is also Plant Datum, unless specified otherwise. The northern 

end of the main basin has been filled with ash to near the crest of the dike. The open 

pool at the southern end of the main basin has an area of 9.4 acres, and is controlled by 

a stoplog weir in the outlet structure. The top-of-stoplog elevation was lowered to 283.5 

feet during the summer of 2015, providing a normal water surface elevation of 

approximately 284.2 feet and a normal freeboard of 5.8 feet. The main basin is 

separated from the polishing pond by an intermediate dike, with the main basin outlet 

structure connecting the two basins with a 48-inch-diameter buried pipe, with a Komax 

mixing chamber located at the outlet of the main basin. The polishing pond is used for 

final treatment of the ash basin water before it is discharged to the Susquehanna River. 
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The polishing pond has an area of 2.7 acres and is controlled by twin-baffled, morning 

glory outlet structures, with top-of-weir elevations of 268.0 feet, which both discharge into 

a single 48-inch-diameter pipe to the river. A flap gate is provided at the river end of the 

discharge pipe to prevent river water from entering the ash basin during high tailwater 

conditions. The water elevation in the polishing pond is normally maintained at slightly 

above elevation 268.0 feet.  

The perimeter dike is constructed with random earth fill and includes a 10-foot-thick clay 

liner covering the upstream slope from bedrock to elevation 287.5 feet. The maximum 

height of the dike is about 30 feet. Overall, the perimeter dike is approximately 8,300 feet 

long.  

2.2 Spillway Capacity 

The ash basin must comply with the Inflow Design Flood Control System requirements of 

the CCR Final Rule, which stipulates that the inflow design flood control system shall 

adequately manage flow into and from the surface impoundment during and following the 

peak discharge of the IDF. Selection of the IDF in accordance with the CCR Final Rule is 

dependent on the hazard classification, but the hazard classification may be dependent 

on the magnitude of the IDF. Based on previous analyses of the basin, including the 

determination by USEPA (GZA 2012) discussed above, HDR initially assumed that the 

ash basin had a significant hazard classification. The IDF was, therefore, assumed as 

the 1,000-year precipitation event in accordance with the CCR Final Rule. The 

classification assumption was verified as discussed later in this report. 

A Spillway Design Flood Analysis stormwater model was developed in 2016 (HDR 2016), 

in HydroCAD Version 9.0, to analyze peak stage during the 1,000-year precipitation from 

the National Oceanic and Atmospheric Administration (NOAA) Atlas 14 per USEPA CCR 

Final Rule regulations. To comply with the USEPA regulations, the dam failure hydraulic 

model simulated the full 24-hour, 1,000-year storm, with a total precipitation of 12.4 

inches.  

Table 2.2-1  Spillway Design Flood Analysis Summary – 1,000-Year 
Storm with Main Basin Starting Elevation 284.2 Feet 

  

Main Basin  

   Peak Stage, feet  286.93 

   Peak Discharge, cubic feet per second (cfs)  92.95 

   Time to Peak Stage, hours  12.77 

   Time to Peak Discharge, hours  12.38 

Polishing Pond  

   Peak Stage, feet  280.46 

   Peak Discharge, cfs  89.75 

   Time to Peak Stage, hours  13.84 

   Time to Peak Discharge, hours  13.84 

Source: Inflow Design Flood Control System Plan (HDR 2016). 
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3 Dam Failure Analysis  

A dam failure analysis was performed in accordance with FEMA Federal Guidelines for 

Inundation Mapping of Flood Risks Associated with Dam Incidents and Failures (FEMA 

2013) to address the USEPA CCR Final Rule criteria that the potential downstream 

hazard associated with the failure of the Ash Basin No. 6 embankment perimeter dike be 

assessed under existing Project conditions. A two-dimensional (2D) hydrodynamic 

routing model using the USACE HEC-RAS version 5.0.1 was developed to perform the 

dam failure analysis. The hydraulic model utilized detailed Light Detection and Ranging 

(LiDAR) derived raster digital terrain data to provide enhanced topography to route the 

flood wave resulting from perimeter dike dam failure from Ash Basin No. 6 to the 

downstream extent of incremental impacts from the postulated breach.  

The perimeter dike was simulated to fail under both the Sunny Day conditions and at 

peak conditions for the 1,000-year flood event. The dam failure analysis considers 

incremental flooding for base flow and stage conditions under both normal (sunny day) 

conditions and under flood conditions of the Susquehanna River coincident with the ash 

basin IDF. The Ash Basin No. 6 polishing pond directly discharges to the Susquehanna 

River and would be affected by the backwater of the Susquehanna River during a major 

flood. Because the size and hydrologic timing of the drainage areas for Ash Basin No. 6 

and the Susquehanna River differ greatly, a 100-year flood was assumed to be occurring 

concurrently on the Susquehanna River during the Ash Basin No. 6 IDF scenario, which 

results in a peak stage of 278.8 feet for the Susquehanna River adjacent to Ash Basin 

No. 6 as reported on Federal Emergency Management Agency Flood Insurance Risk 

Map (FEMA FIRM) 42071C0283F effective April 5, 2016, which is included for reference 

in Appendix B. Note that NGVD 29 is approximately 0.8 feet higher than the North 

American Vertical Datum of 1988 (NAVD 88) at Ash Basin No. 6, and the FEMA FIRM 

provides elevations in NAVD88 which have been converted to NGVD29 for reporting 

purpose. 

It is important to recognize that uncertainties in flood mapping and modeling can be 

attributed to multiple sources related to both the digital terrain model (DTM) and the 

hydraulic model. Uncertainties arising from the DTM include elevation accuracy and 

assumptions made about hydraulic connectivity. Hydraulic model uncertainties include 

computational approximations inherent in the unsteady flow model, choice of 

conveyance parameters, and simulation of breach progression. Therefore, the flood 

extents and incremental flooding estimated from simulated hypothetical failure scenarios 

represent an approximation of potential impacts to downstream structures based on 

sound engineering judgment. 

3.1 Terrain data 

The digital terrain data obtained from the Pennsylvania Mapping Program, PAMAP, 

during April 2016 (PADNCR 2009) was LiDAR-derived raster digital elevation model 

blocks and 2-foot contour information. The LiDAR data references elevations to the 

NAVD88. Horizontal control is referenced to the NAD 83 Pennsylvania State Plane, 

North Zone, U.S. Foot coordinate system. All Project structure elevations and water 

surface elevations were converted from NGVD29 (Plant Datum) to NAVD88, which is 
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approximately 0.80 feet lower than the Plant Datum. Note that all hydraulic model results 

were converted from NAVD88 to NGVD29 for reporting purposes.  

3.2 Hydraulic Model 

The sequential steps of a dam break analysis include breach formation, routing of the 

resulting flood wave downstream, determination of inundation levels, evaluation of 

changes with respect to base (pre-flood) conditions, and identification of potential 

hazards. Breach formation is simulated using hydraulic software and implementing 

physically plausible breach parameters. Next, the hydraulic software simulates routing of 

the flood wave by solving the equations governing unsteady hydraulics. Finally, as the 

flood wave is translated and attenuated downstream, inundation levels are determined 

by correlating flow with stage (i.e., water surface elevation). Routing is continued 

downstream to a point where the incremental water surface rise due to the dam breach 

no longer poses a serious threat to life or significant property damage, typically assumed 

to be an incremental rise of less than 2 feet. Historically, these steps may have been 

handled by separate software or hand calculations. However, the software package 

currently in wide use is HEC-RAS. The HEC-RAS software, Version 5.0.1, simulates 

dam failure and performs two-dimensional steady and unsteady flow hydraulic 

calculations to dynamically route the flood wave downstream. The unsteady flow 

calculations are based on conservation of mass and momentum, and the two-

dimensional full momentum form of the St. Venant equations of unsteady flow as the 

dam breach is a highly dynamic flood wave that will rise and fall quickly. The full 

momentum equation accounts for the change in velocity both spatially and over time. 

Ash Basin No. 6 and the Susquehanna River channel geometry are defined by digital 

terrain model elevation values, and Manning’s roughness coefficients are input to 

establish terrain roughness. HEC-RAS calculates the flood wave hydrograph resulting 

from a dam failure based on input breach parameters.  

3.2.1 River Channel Characteristics and Boundary Conditions 

Ash Basin No. 6 is located adjacent to the Susquehanna River, surrounded by the main 

stem of the river to the east and a bifurcation channel to the west. The Susquehanna 

River is approximately 4,300 feet wide immediately downstream of Ash Basin No. 6. 

There are no tributaries along the Susquehanna River between Ash Basin No. 6 and the 

downstream confluence with the Codorus Creek. The reach of the Susquehanna River 

immediately downstream of the Ash Basin No. 6 has an average slope of approximately 

0.00026 feet per foot.  

The HEC-RAS 2-D modeling capability uses a finite-volume solution algorithm to allow 

for 2-D cells to be wet or dry and handle a sudden rush of water, subcritical, supercritical, 

and mixed-flow regimes. The 2-D computational mesh was developed by drawing a 

polygon boundary of the 2-D area and then defining the inflow and outflow boundaries. 

The 2-D mesh was generated with computation point spacing of 15 feet by 15 feet. The 

inflow boundary was defined as a storage area connection, connecting the storage basin 

(i.e., Ash Basin No. 6 main basin and polishing pond) to the 2-D mesh, to model the 

basin elevated perimeter dike. The downstream boundary for the model was established 

at Ely Island, approximately 1.25 miles downstream of the Ash Basin No. 6, upstream of 

Codorus Creek confluence and the railroad bridge crossing, as shown on the Hazard 
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Map provided in Appendix C. The downstream boundary of the modeled 2-D area is 

defined as normal depth slope of the Susquehanna River. The dam failure analysis key 

objective is to model the incremental impact of inundation extent between the normal and 

postulated breach conditions. The Manning’s roughness coefficient was not defined in 

detail for this analysis, but assigned to the full mesh as an average Manning’s roughness 

of the river and overbank as a terrain roughness n-value of 0.06.  

3.2.2 Ash Basin Storage Capacity 

The following summarizes the assumptions and method for estimating the total Ash 

Basin No. 6 storage capacity to be used in the breach model, as the model is 

conservatively simulating impounded fly ash material as water to be included in the 

breach stored volume. 

The original topography drawing for Ash Basin No. 6 shows that the valley elevation 

where the basin is now located ranged from 285 to 262 feet within the basin footprint 

(Drawing D-129687-1, included in Appendix A). The original topography was regraded 

for basin construction, and the cut material was used for the perimeter dike embankment 

construction. The 2012 GZA Dam Assessment Report (GZA 2012) states that the 

“original basin storage capacity was approximately 2,600 acre-feet, with a height from 

top of perimeter dike embankment (elevation 290 feet) to natural ground approximately 

30 feet (outside slope) and a depth of approximately 39 feet from the top of perimeter 

dike to bottom of basin (inside slope)”. 

An elevation-storage curve was not available for Ash Basin No. 6. To develop a total 

elevation-storage capacity curve of the impoundment, conservatively including fly ash 

material impounded within Ash Basin No. 6 as impounded water CCR, the best available 

drawings were used to estimate the original Ash Basin No. 6 footprint. Talen had 

conducted geological mapping as part of an assessment of the Ash Basin No. 6 

piezometers in 2012 for their groundwater model development, which established cross-

sections documenting the elevations of the bedrock, excavated sand and silt native 

valley material, and the coal fly ash layers. These geological cross-sections, included in 

Appendix A, show the original footprint of the basin was roughly excavated to elevation 

270 feet and show the original basin was further excavated in the areas of the main 

basin and polishing pond down to the outlet conduit invert elevations of 260 feet in the 

main pond and 254 feet in the polishing pond. Talen had conducted topographical 

mapping in 2015 which was assessed in AutoCAD Version 2014 to estimate the volume 

between the original basin footprint and the existing crest perimeter dike at elevation 

290 feet. The total impounded capacity of the ash basin (including fly ash material 

impounded) below elevation 290 feet was estimated to be approximately 1,525 acre-feet. 

Table 3.2-1 summarizes the impounded storage rating curve developed for this analysis. 

The total impounded capacity at the normal pool elevation 284.2 feet was estimated to 

be 1,093 acre-feet and at the IDF elevation 286.93 feet was estimated to be 1,294 acre-

feet.  
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Table 3.2-1  Ash Basin 6 Impounded Capacity 

Elevation, feet 
Cumulative Volume (Includes water  
and impounded fly ash), acre-feet 

290.00  1,524.8 

288.00  1,374.0 

286.00  1,225.2 

284.00  1,078.4 

282.00  933.7 

280.00  790.8 

278.00  650.0 

276.00  511.1 

274.00  374.1 

272.00  239.0 

270.00  105.9 

268.00  45.3 

266.00  33.8 

264.00  23.0 

262.00  13.0 

260.00  3.6 

258.00  2.2 

256.00  1.0 

254.00  0 

 

3.2.3 Site Discharge Characteristics 

Ash Basin No. 6 is somewhat unique from a hydrological perspective, in that the ash 

basin is elevated with respect to the surrounding ground and is totally self-contained, 

with no contributing inflow from outside of the basin.  The evaluation summarized in this 

report addresses the 1,000-year flood occurring as a result of rainfall falling within the 

basin.  This study conservatively assumed that all rainfall that falls within the basin is 

routed through the basin. The Ash Basin No. 6 polishing pond directly discharges to the 

Susquehanna River and would be affected by backwater effects of the Susquehanna 

River during a major flood. For the dam failure simulations, the basin system was 

assumed to be operating at full hydraulic capacity.  

The 1,000-year flood elevation for the Susquehanna River was evaluated previously by 

Schnabel Engineering (Schnabel 2015), and was found to reach a water surface level of 

0.5 feet below the crest of Ash Basin No. 6 and would not overtop the basin.  Flooding of 

the ash basin due to backwater effects from the Susquehanna River was therefore not 

addressed as part of this report. 
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The Sunny Day scenario was simulated with the water surface elevation of Ash Basin 

No. 6 set to normal pond elevation, 284.2 feet. The Susquehanna River was assumed to 

be at normal baseflow during the Sunny Day scenario, with initial water surface elevation 

set to the digital terrain water level elevation of 252.8 feet.  

As discussed in Section 2.2, a rainfall/storage/discharge model was updated in 2016 per 

USEPA regulations to model the hydrologic response of Ash Basin No. 6 to a storm 

corresponding to the 1,000-year precipitation from NOAA Atlas 14 (HDR 2016). To 

comply with the USEPA Rule, the IDF dam failure hydraulic model simulated the full 24-

hour, 1,000-year storm, with a total precipitation of 12.4 inches, resulting in a main basin 

peak stage of 286.93 feet. The IDF scenario was simulated with the water surface 

elevation of Ash Basin No. 6 set to the 1,000-year storm peak stage.  

3.2.4 Dam Breach Parameters 

The HEC-RAS model estimates breach parameters based on user input of the dam 

characteristics. The storage area connection defines the breach parameters for the dam 

failure model. As the crest of the Ash Basin No. 6 perimeter dike is elevation 290 feet, 

and both the Sunny Day and IDF event peak water surface elevations are lower than the 

crest, the breach for both the Sunny Day and IDF conditions was defined as a piping 

breach.  

The USEPA Rule does not directly include guidelines on dam breach parameters. The 

breach size and formation rate was estimated in accordance with the FEMA guidelines 

(FEMA 2013), a reference recognized by the CCR Final Rule. FEMA is also consistent 

with the PADEP guidelines, which suggests a breach bottom based on site-specific 

characteristics or a breach bottom width of 3 times the height of the dam, that breach 

side slopes have a ratio of 1H:1V and that the breach formation time be 0.5 hours.  

Figure 3.2-1 shows the dam characteristics and estimated breach parameters from the 

HEC-RAS parameter calculator. The HEC-RAS parameter calculator, which offers five 

different methods for estimating the breach parameters, agrees with the suggested 

FEMA guidelines. The PADEP breach parameters are more conservative than the 

Froehlich methods, but correlate well. The Von Thun & Gillete method typically yields an 

overly conservative breach geometry, the MacDonald et. al method has been found to 

yield an under-conservative breach geometry, and for earthen embankments, the Xu & 

Zhang method would require a more-detailed empirical equation calculation based on the 

dam erodibility parameters. Of these five methods, all but the Xu & Zhang methods are in 

compliance with the FEMA guidelines.  
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Figure 3.2-1  HEC-RAS Breach Parameter Calculator 

 

Several breach locations were identified around the elevated perimeter dike, as a 

sensitivity analysis to assess the worst-case breach locations and to provide a composite 

flood mapping diagram, since there is no readily apparent or preferential failure location 

or flow path around the perimeter dike. Simulations were run with a breach occurring at 

the following locations of the perimeter dike: the northeast corner, the middle of the east 

embankment, the southeast corner, the southwest corner, the middle of the west 

embankment and the northwest corner of the perimeter dike. The piping breach 

parameters used for each of the breach simulations, based on the FEMA breach 

characteristics and in correlation with the Froehlich breach parameters, were defined as: 

 Bottom width = 75.6 feet; 

 Final bottom elevation = downstream toe 264 feet; 

 Side slopes = 1:1 (H:V); 

 Formation time = 0.5 hours.  

An additional comparison was conducted to check the HEC-RAS breach parameter 

estimates, using empirical equations following the breach parameter relations referenced 

in the United States Bureau of Reclamation 1998 Prediction of Embankment Dam 

Breach Parameter publication DSO-98-004 (USBR 1998). The empirical equations 

estimated similar breach geometry as that of the PADEP and the Froehlich 2008 method 

of the HEC-RAS breach calculator and provided estimated peak breach discharge values 

between 15,000 to 30,000 cubic feet per second for the IDF simulation and 12,000 to 
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24,000 cubic feet per second for the Sunny Day simulation, which would be used to 

check the peak discharge simulated in the HEC-RAS scenarios.  

3.3 Results of Dam Failure Analysis  

The dam failure simulations for the Sunny Day condition resulted in a localized increase 

in water surface elevation in the Susquehanna River main stem and bifurcation channel 

immediately surrounding the Project location. The incremental increase in water surface 

did not travel downstream of the Project or result in a backwater impact up the bifurcation 

channel past the project extent. Figure 3.3-1 and Figure 3.3-2 show the Sunny Day 

breach peak velocity at the northwest and northeast breach locations.  

Figure 3.3-1  HEC-RAS 2D Dam Failure Simulation – Northwest Sunny Day Breach 
Scenario 
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Figure 3.3-2  HEC-RAS 2D Dam Failure Simulation – Northeast Sunny Day Breach 
Scenario 

 

The dam failure simulations for the IDF condition resulted in increased velocity and 

increased water surface elevation of less than two feet immediately surrounding the 

breach location of each simulation, but did not result in an increase in peak water surface 

elevation in the Susquehanna River main stem of more than a tenth of a foot as the river 

was already elevated to the 100-year water surface elevation and the IDF breach flood 

wave was quickly dissipated. Figure 3.3-3 and Figure 3.3-4 show the IDF breach peak 

velocity at the northwest and northeast breach locations. 

Figure 3.3-3  HEC-RAS 2D Dam Failure Simulation – Northwest IDF Breach 
Scenario 
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Figure 3.3-4  HEC-RAS 2D Dam Failure Simulation – Northeast IDF Breach 
Scenario 

 

The results of the dam failure simulations for the three locations found to have the 

“worst-case” breach impact are summarized in Table 3.3-1 for both the Sunny Day and 

IDF conditions. The modeled peak breach discharge summarized in Table 3.3-1 agrees 

with the calculated breach discharge. 

Table 3.3-1  HEC-RAS 2D Breach Results Summary 

Scenario 
Breach Location 

Along Basin 
Perimeter Dike 

Peak Breach 
Discharge, cfs 

Time to Peak 
from Breach 
Initiation, hrs 

Maximum Breach 
Velocity, ft/s 

Sunny Day 

NW 14,590 0.45 17.3 

SW 14,590 0.45 17.6 

NE 14,590 0.45 19.4 

IDF 

NW 17,181 0.43 13.9 

SW 17,346 0.43 12.3 

NE 17,381 0.43 12.2 

The key objective of inundation mapping is to depict and delineate the extent of potential 

flooding as a result of the selected hydraulic conditions. Incremental flooding, defined as 

the rise in water surface elevation from the base (normal) condition to the maximum 

stage that is associated with the failure of a hydraulic structure, identifies the areas 

downstream of the hydraulic structure that may result in potential population at risk. 

Figure 3.3-55 shows the water surface inundation extent for the Sunny Day and IDF 

conditions under both normal inundation and breach scenario inundation. The Sunny 

Day inundation extent is the same for both normal and postulated breach scenarios, 

staying within the river bank. The IDF inundation extent is also the same for both normal 

and postulated breach scenarios. Under the IDF inundation the river is already inundated 

to the 100-year flood limits, and the postulated IDF breach does not inundate further 

inland than the 100-year flood limits. There is no increase to the inundation area under 

both the Sunny Day and IDF conditions resulting from a postulated breach of the Ash 

Basin No. 6.  
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Figure 3.3-5  Inundation Mapping Resulting from Dam Failure Analysis 
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4 Hazard Analysis 

A hazard inundation map was developed to evaluate the potential incremental impacts 

downstream of Ash Basin No. 6, included as Appendix C. The key objective of the 

hazard inundation map is to show areas of potential incremental impact where the water 

surface elevation is increased greater than two feet from the normal scenario to the 

postulated breach scenario hydraulic model results. Both the FEMA and FERC 

guidelines identify “acceptable consequences” of failure to be when the incremental 

impact of failure on downstream structures are approximately two feet or less. The 

hazard inundation area, as defined where the water surface elevation is increased 

greater than two feet and has been superimposed and geo-referenced onto a base map 

set, allows assessment of the hazard area to identify if the postulate breach may impact 

structures, infrastructure, or may pose a potential loss of life.  

4.1 Existing Downstream Structures 

The area adjacent to and downstream of Ash Basin No. 6 was reviewed using aerial 

photographs available from York County Planning Commission (YCPC 2015 digital 

orthoimagery one-foot resolution), National Agriculture Imagery Program (NAIP 2015 

orthoimagery, one-meter resolution), and digital terrain mapping obtained from PAMAP 

to identify structures and infrastructure within the limits of this study. Detailed structural 

survey information was not available. There are several residential structures that line 

the Susquehanna River banks along the river reach between Ash Basin No. 6 and the 

Codorus Creek tributary downstream. There is a railroad and a minor road that parallel 

the river bifurcation to the west of Ash Basin No. 6 on the western bank of the bifurcation 

creek. There is a railroad and several minor roads that parallel the main stem of the river 

on the eastern river bank. There are a few structures identified on the islands located 

immediately downstream of the Project, just upstream of the railroad crossing bridge.  

4.2 Downstream Limits of Potential Impact 

The downstream limits of potential hazard impact, as determined by an incremental rise 

in water surface elevation greater than two feet between the normal and the postulated 

breach condition for the Sunny Day scenario, terminates immediately downstream of Ash 

Basin No. 6 where the bifurcation creek and the main stem of the Susquehanna River 

converge.  

The downstream limits of potential hazard impact for the IDF scenario terminates 

immediately surrounding the Ash Basin No. 6 perimeter dike breach. The model results 

do not show a significant downstream potential hazard impact under the IDF conditions, 

as the Susquehanna River is assumed to be at the 100-year flood water surface 

elevation and the breach volume dissipates to the river.  

The breach incremental impact is summarized in Table 4.2-1 at three FEMA FIRM 

designated cross sections within the study limit, for both the Sunny Day and the IDF 

scenarios.  
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Table 4.2-1  Dam Breach Incremental Impact Summary 

Scenario Location1 

Non-breach Water 
Surface Elevation, 

feet NGVD29 

Maximum Peak2 

Breach Water 
Surface Elevation, 

feet NGVD29 
Incremental 

Rise 

Sunny Day 
 

FEMA Cross Section DX 
(Adjacent to Ash Basin No. 6, 
where the northeast breach is 
simulated) 

252 255.0 3.0 

FEMA Cross Section DV 
(Immediately Downstream of 
River Bifurcation Confluence) 

252 253.5 1.5 

FEMA Cross Section DR (Ely 
Island) 

252 252.1 
0.1 

 

IDF FEMA Cross Section DX 
(Adjacent to Ash Basin No. 6) 

278 278.1 0.1 

FEMA Cross Section DV 
(Immediately Downstream of 
River Bifurcation Confluence) 

278 278.1 0.1 

FEMA Cross Section DR (Ely 
Island) 

278 278 0 

1 FEMA Cross Section Locations as identified on FEMA FIRM 42071C0283F effective April 5, 2016, 
(FEMA 2016) which is included as reference in Appendix B. 

2 The Peak Breach Water Surface Elevation is the maximum water surface elevation across the FEMA 
Cross Section of all breach locations for that scenario and is the average water surface across the river 
cross section location as the 2-D model calculates the flood wave so the elevation nearest the breach will 
be slightly higher than the elevation of the river on the opposite bank along the same river cross section. 

4.3 Evaluation of Downstream Potential Impact 

Model results indicate that there are no significant downstream impacts to occupied 

structures or regularly occupied areas that result from incremental rise in breach 

condition that are not already inundated during the normal conditions for both the Sunny 

Day and IDF scenarios. Therefore, a failure of the ash basin will probably not result in a 

loss of human life. For the Sunny Day scenario, depending on the breach location along 

the perimeter dike, there may be potential hazard impacts in the immediate areas near 

the Ash Basin No. 6 perimeter dike if a breach were to occur, including possible damage 

to the transmission towers located immediately downstream of the dike on the northeast 

and middle of the west sides of the basin and the natural gas line adjacent to the west 

side of the basin, and potential impacts to recreational use of the Susquehanna River 

and river bank. There is little warning time, as the peak breach discharge is estimated to 

occur within 0.45 hours from time of a breach initiation, so evacuating this area of the 

river during a breach of the perimeter dike might be difficult.   

The railroad that parallels the river bifurcation to the west of Ash Basin No. 6 on the 

western bank of the bifurcation creek remains outside of the inundation extent for all 

simulated scenarios. The minor road that parallels the river bifurcation to the west of Ash 

Basin No. 6 is inundated by less than a two-foot increase in water surface elevation 

between the Sunny Day normal and postulated breach scenarios. This road is inundated 

by more than 2 feet during the IDF, prior to the breach.  
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The railroad and several minor roads that parallel the main stem of the Susquehanna 

River on the eastern river bank are inundated during both the pre-failure and the 

postulated breach scenarios for the IDF condition. The structures identified on the 

islands located immediately downstream of Ash Basin No. 6, just upstream of the 

railroad crossing bridge, and several structures located along the river banks are also 

inundated during both the pre-failure and the postulated breach scenarios for the IDF 

condition. 

As a hazard analysis focuses on the incremental impacts that result from the rise in 

breach conditions, there is no increased hazard to structures or human life identified as a 

result of the postulated breaches of the Ash Basin No. 6 perimeter dike. The hazard 

inundation area is contained within the river banks, surrounding the immediate vicinity of 

Ash Basin No. 6, as shown on the Hazard Inundation Map included in Appendix C. A 

failure of the ash basin could result in significant economic loss as a result of damage to 

the basin and interference with plant operations, environmental damage as a result of 

inflow of ash to the Susquehanna River, or disruption of lifeline facilities as a result of 

erosion damage to the adjacent transmission line towers or natural gas supply line to the 

Brunner Island Steam Electric Station. Therefore, the Ash Basin No. 6 has a significant-

hazard-potential classification, as defined by the FEMA guidelines (FEMA 2013) and in 

compliance with the USEPA CCR Rule, as there is no probable loss of human life but 

failure can cause economic loss, environmental damage, or disruption of lifeline facilities.  

5 Conclusions and Certification 

The USEPA stipulates that the inflow design flood control system for coal ash storage 

impoundments shall adequately manage flow into and from the surface impoundment 

during and following the peak discharge of the IDF. The USEPA requires that an EAP be 

developed and include a map which delineates the downstream area which would be 

affected in the event of a CCR surface impoundment failure. 

The 2D hydrodynamic routing model was developed and dam failure breach scenario 

routines were simulated to estimate potential hazard inundation of areas downstream of 

Ash Basin No. 6 for the postulated breach under Sunny Day and IDF conditions. For 

hydraulic model dam failure breach simulation and routing purposes, the fly ash material 

impounded within Ash Basin No. 6 was conservatively simulated as impounded water.  

The potential downstream hazard, based on incremental rise on structures and/or 

populated areas downstream of Ash Basin No. 6, resulting from dam failure and 

associated hazard potential is greater during the Sunny Day postulated breach than it is 

during the IDF postulated breach. 

A hazard inundation map for the areas potentially flooded was developed, based on the 

peak flood elevations resulting from the dam failure analysis. Since a failure anywhere 

along the perimeter of Ash Basin No. 6 could result in flooding, the inundation map 

includes a composite hazard inundation area, showing the area of hazard inundation of 

two feet or more of incremental rise in water surface elevation resulting from potential 

breaches of the Ash Basin No. 6 impoundment in several areas along the 8,300-foot-long 

perimeter dike, all shown on one map.  
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This analysis indicates that there are no occupied structures or regularly occupied areas 

within the hazard inundation zone; therefore, there is no probable loss of human life 

indicated as a result of a failure of the Ash Basin No. 6 perimeter dike. A failure of the 

ash basin could result in significant economic loss as a result of damage to the basin and 

interference with plant operations, environmental damage as a result of inflow of ash to 

the Susquehanna River, or disruption of lifeline facilities as a result of erosion damage to 

the adjacent transmission line towers or natural gas supply line to the Brunner Island 

Steam Electric Station. Ash Basin No. 6 is, therefore, classified as having a significant 

hazard potential in accordance with the requirements of the CCR Final Rule. The IDF 

corresponding to the 1,000-year flood, as initially assumed for this analysis, is 

appropriate. The inundation map prepared for this study can be used to support the 

future development of an EAP, in accordance with the USEPA Final Rule. 

Based on the information currently available, I certify to the best of my knowledge, 

information, and belief that this Dam Failure Analysis and Hazard Classification Report 

meets the requirements of CCR Rule §257.73(a) Structural Integrity Criteria for Existing 

CCR Surface Impoundments, in accordance with professional standards of care for 

similar work. HDR appreciates the opportunity to assist Talen with this project. Please 

contact us if you have any questions or comments. 

 
 

 
Adam N. Jones, P.E. 
Senior Engineer 
 

 
 
Jennifer N. Gagnon, P.E. 
Associate Engineer 
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Appendix C. Inundation Map 
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NOT ES:
1.  T HE LIMIT S OF FLOODING ARE APPROX IMAT E AND SHOU LD BE U SED ONLY  AS 
A GU IDELINE FOR EMERGENCY  RESPONSE PLANNING.  ACT U AL AREAS INU NDAT ED 
WILL DEPEND ON ACT U AL FAILU RE CONDIT IONS AND MAY  DIFFER FROM AREAS 
SHOWN ON T HE MAP.
2.  T HE FLOOD CONDIT IONS ON T HIS MAP ARE BASED ON FEDERAL GU IDANCE AND 
REFLECT  EVENT S OF AN EX T REMELY  REMOT E NAT U RE.  T HESE RESU LT S ARE NOT  
IN ANY  WAY  INT ENDED T O REFLECT  U PON T HE INT EGRIT Y  OF ANY  PROJECT.
3.  SU NNY  DAY  FAILU RE SCENARIO – T HIS SCENARIO REPRESENT S T HE 
COMPOSIT E POT ENT IAL FLOODING RESU LT S FROM DAM FAILU RE U NDER NORMAL 
OPERAT ING CONDIT IONS FROM MU LT IPLE EMBANK MENT  BREACH LOCAT IONS.
4.  IDF FAILU RE SCENARIO – T HIS SCENARIO REPRESENT S T HE COMPOSIT E 
POT ENT IAL FLOODING RESU LT S FROM DAM FAILU RE U NDER NORMAL OPERAT ING 
CONDIT IONS FROM MU LT IPLE EMBANK MENT  BREACH LOCAT IONS AT  PEAK  INFLOW 
DESIGN FLOOD (IDF) CONDIT IONS.  IDF IS T HE 1,000 Y EAR FLOOD BASED ON U SEPA 
COAL COMBU ST ION RESIDU AL (CCR) FINAL RU LE.
5.  MAX IMU M RISE - T HE DIFFERENCE IN PEAK  WAT ER SU RFACE ELEVAT IONS WIT H 
AND WIT HOU T -DAM FAILU RE.
6.  T OPOGRAPHY  IS REFERENCED T O  VERT ICAL DAT U M: NAVD 1988; 
HORIZ ONTAL DAT U M:  NAD 1983 STAT EPLANE PA SOU T  Z ONE U SFT ; 
PROJECT ION:  LAMBERT  CONFORMAL CONIC.
7.  SOU RCES OF AERIAL BASEMAP: Y CPC 2015 DIGITAL ORT HOIMAGERY  FOR 
Y ORK  COU NT Y, PA, 1 FOOT  RESOLU T ION & 2015 NAT IONAL AGRICU LT U RAL IMAGERY  
PROGRAM (NAIP), 1 MET ER RESOLU T ION, NAT U RAL COLOR ORT HO IMAGERY.

FEMA CROSS SECTION "DR"
FLOOD SCENARIO: WATER SURFACE ELEVATION
FEMA 100 Y EAR: 276.0 FT.
SU NNY  DAY   NON BREACH: 252.0 FT.
IDF NON BREACH: 278.0 FT.
IDF BREACH: 278.0 FT.
MAX IMU M RISE SU NNY  DAY  BREACH: 0.2 FT.
AVERAGE RISE SU NNY  DAY  BREACH: 0.1 FT.
MAX IMU M RISE IDF BREACH: 0.0 FT.

LEGEND

SELECT ED MODEL CROSS SECT ION
SU NNY  DAY  BREACH HAZ ARD AREA
(> 2FT. INCREMENTAL RISE )
BRIDGE
RAIL ROAD
STAT E ROU T E
LOCAL ROAD
COU NT Y  BOU NDARY
10 FT. CONT OU R INT ERVAL
50 FT. CONT OU R INT ERVAL

F FLOW DIRECT ION MARK ER

FEMA CROSS SECTION "DX"
FLOOD SCENARIO: WATER SURFACE ELEVATION
FEMA 100 Y EAR: 278.0 FT.
SU NNY  DAY   NON BREACH: 252.0 FT.
IDF NON BREACH: 278.0 FT.
IDF BREACH: 278.1 FT.
MAX IMU M RISE SU NNY  DAY  BREACH: 4.3 FT.
AVERAGE RISE SU NNY  DAY  BREACH: 3.0 FT.
MAX IMU M RISE IDF BREACH: 0.1 FT.

FEMA CROSS SECTION "DV"
FLOOD SCENARIO: WATER SURFACE ELEVATION
FEMA 100 Y EAR: 277.0 FT.
SU NNY  DAY   NON BREACH: 252.0 FT.
IDF NON BREACH: 278.0 FT.
IDF BREACH: 278.1 FT.
MAX IMU M RISE SU NNY  DAY  BREACH: 6.2 FT.
AVERAGE RISE SU NNY  DAY  BREACH: 1.5 FT.
MAX IMU M RISE IDF BREACH: 0.1 FT.
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