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1.0 Executive Summary 

This report presents the Five-Year Periodic Structural Stability Assessment for the 

Brunner Island Ash Basin No. 6 facility. This report was prepared 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) (Coal 

Combustion Residual [CCR] Final Rule). The CCR Final Rule establishes nationally 

applicable minimum criteria for the safe disposal of CCR in landf ills 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 inactive CCR surface impoundment, which is 

owned and operated by Brunner Island, LLC, a division of Talen Energy (Talen). Talen 

permanently discontinued process water and wastewater f low into Ash Basin No. 6 on 

May 31, 2019, initiated closure activities on June 3, 2019, and is currently removing ash 

for benef icial reuse as part of  their closure plan. While the basin is undergoing closure, it 

is required to comply with the operating criteria of  the CCR Final Rule. The ash basin is 

formed by an earth embankment with a maximum height of  approximately 30 feet. The 

ash basin is, therefore, required to have a Periodic Structural Stability Assessment 

performed by a qualif ied engineer in accordance with the CCR Final Rule. This is the f irst 

Five-Year Periodic Structural Stability Assessment performed in accordance with the 

CCR Final Rule.  

Section §257.73 of  the CCR Final Rule requires that periodic structural stability 

assessments be conducted and documented and include the following dam safety-

related elements: 

• Stable foundations and abutments; 

• Adequate slope protection; 

• Adequate compaction of dikes; 

• Adequate vegetation control; 

• Adequate spillway capacity; 

• Structural integrity of  hydraulic structures underlying or passing through the 

dikes; and 

• Adequate stability of downstream slopes that are af fected by sudden drawdown 

of  an adjacent water body. 

Based on a review of  the information available f rom the original investigation and 

construction, the foundation is considered stable. The specif ied compaction of the dikes 

complies with the requirements of  the CCR Final Rule, although a number of  compaction 

test results were reported which did not meet the requirements of  the CCR Final Rule. 

The specif ications, quality control documents, and correspondence from the original 

construction indicate that sections of the embankment where compaction test results did 
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not comply with the specif ications would have been reconditioned and recompacted in 

accordance with the specif ications. The slope protection and control of vegetation, as 

observed during HDR’s site visit on August 11, 2021, is adequate. No evidence of  

signif icant deficiencies was observed in the discharge conduits passing through or under 

the dikes, with the exception of the f lap valve on the polishing pond outlet conduit which 

may be impacted by backwater ef fects f rom the Susquehanna River during a major f lood. 

When the Susquehanna River is at f lood stage, the f lap valve may be closed or may only 

partially open, restricting discharge f rom the basin. With the pool elevation in the main 

basin drawn down and maintained at its current level of  261.7 feet, the inf low design 

f lood (IDF) can be managed without any discharge f rom the basin, and the spillway 

capacity is, therefore, adequate. Although not needed to pass the IDF, the discharge 

conduits are maintained in a clear condition without vegetation or debris obstructions . 

Talen has implemented a program to control vegetation along the banks of  the 

impoundment to reduce the risk of  debris accumulating in the discharge conduits or 

intakes, which could adversely af fect their discharge capacity . Based on the historic 

drawings, it appears that the conduit bedding is generally in conformance with current 

standards. There was no evidence of  seepage or piping of soils at either of  the conduits 

during previous inspections.  

Rapid drawdown analyses of  downstream slopes must be conducted where the slopes 

can be inundated by an adjacent water body that could then be subject to a low pool o r 

sudden drawdown. Ash Basin No. 6 is located immediately adjacent to the Susquehanna 

River, which is subject to signif icant swings in f low and stage. Shallow slope failures, 

attributed to rapid drawdown loading, have been observed in the past immediately af ter 

recession of  f looding on the Susquehanna River. A transient slope stability analysis was 

conducted which determined that the factor of  safety for critical deep -seated sliding 

surfaces complies with the recommendations of guidelines recognized by the CCR Final 

Rule.  

The following recommendations are presented: 

• Continue slope vegetation cutting and repair measures as necessary to maintain 

adequate cover and vegetation height within the 6-inch limit and to cut dead 

vegetation to prevent it f rom becoming entrained in spillway f lows and collecting 

in or near the discharge conduits.  

• Conduct annual inspections and cleaning of  the outlet conduits to verify that they 

are structurally stable and are clear. 

• Continue maintenance and inspection of the main basin permanent dewatering 

pump system and verify that back-up equipment is readily available so that the 

current drawn down main basin water surface elevation is maintained at 

approximate elevation 261.7 feet and is quickly restored to that elevation 

following rainfall events where the runof f  exceeds the pump capacity.  
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2.0 Project Description 

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. The basin was originally owned by PPL Brunner Island, LLC (PPL). In 

June of  2015, the company changed their name to Brunner Island, LLC, which is a 

division of Talen Energy (Talen). 

The Five-Year Periodic Dam Failure Analysis and Hazard Potential Classif ication (HDR 

2021a) for the Brunner Island Ash Basin No. 6 classif ied the ash basin as a signif icant -

hazard-potential dam. A plan of  the ash basin, aerial photograph, original construction 

drawings, and splitter dike conveyance modifications are provided in Appendix A. 

The ash basin was designed and constructed between 1975 and 1979. The surface 

impoundment consists of a main basin with a polishing (water treatment) pond at the 

southern end of  the facility. The ash basin has a total area of  approximately 78.7 acres 

and is surrounded by a perimeter dike with a nominal crest elevation of  290 feet and a 

length of  about 8,300 feet. The basin is formed by an oval-shaped, above-ground 

embankment constructed with rolled random earth f ill. The embankment was constructed 

of  native borrow, generally sandy silt to silty clay, with a specif ied compaction of at least 

95 percent of  the maximum density determined in accordance with ASTM standard 

D698. A 10-foot-thick clay liner was constructed along the upstream slope, f rom bedrock 

to elevation 287.5 feet. The maximum height of  the embankment is approximately 30 

feet; the nominal crest width is 15 feet, though the actual crest width is approximately 20 

feet; the upstream slope is 2.5H:1V and the downstream slope is 2H:1V. The nominal 

crest elevation of  the embankment is 290 feet. Overall, the embankment is about 8,300 

feet long and the impoundment has a surface area of  about 70 acres. The basin is 

subdivided into three main areas. The northern end of  the main basin was previously 

f illed with ash to near the crest of  the dike. Prior to the start of  phased decommissioning 

in 2019, bottom ash was removed f rom the waste stream prior to entering the surface 

impoundment; therefore, only process water and low volume process wastewater was 

sluiced into the main basin. The plant permanently discontinued wastewater and process 

water inf low into Ash Basin No. 6 on May 31, 2019. The southern end of  the main basin 

area (where there were previously 9.4 acres of  open water) initiated dewatering in 2019 

as part of  the decommissioning passive dewatering . The only inf low to the basin is f rom 

precipitation. Rainfall or snowmelt is now discharged f rom the main basin to the polishing 

pond for final treatment via a pump (installed in the fourth quarter of  2019 and became 

fully operational January 2, 2020) that discharges to the original f low-through concrete 

drop structure, prior to discharge to the Susquehanna River. The Susquehanna River is 

located approximately 80 feet east of  the ash basin at its closest point, and f looding from 

the Susquehanna periodically extends up the embankment slopes.  

Elevations in this report refer to Plant datum. The Plant vertical datum, the National 

Geodetic Vertical Datum of  1929 (NGVD29), is approximately 0.76 feet higher than the 

North American Vertical Datum of  1988 (NAVD88) at Ash Basin No. 6.  
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The outlet structure located in the splitter dike, separating the main basin f rom the 

polishing pond, consists of a concrete riser with a sill elevation of  283.50 feet and a drop 

structure with an outlet invert elevation of  271.0 feet that discharges into one 48-inch-

diameter, reinforced-concrete pipe that discharges to the polishing pond. Two gated 

perforations in the weir-type riser were made in 2019, once the basin stopped receiving 

wastewater, to assist with the impoundment drawdown. Floating skimmers were used 

initially to lower the reservoir below the splitter dike concrete riser sill . The skimmers 

were then replaced with a f loating permanent pump to maintain the main basin water 

surface at the current elevation of  approximately 261.7 feet. Drawings of  the ash basin 

and control structures are provided in Appendix A.  

These modif ications established the low-f low outlet invert of  the bulkhead dewatering 

f itting at elevation 272.5 feet. As-built drawings of  the modifications are included in 

Appendix A. Daily water surface elevations were recorded beginning in February 2020 

through mid-May 2021, the average elevation during this time was 261.7 feet – a 22.5-

foot decrease f rom the 2016 normal water surface elevation. The pumping system 

maintained the pond elevation between 261.4 to 261.8 feet during several rain events, 

pumping up to 300 to 340 gallons per minute.  

The outlet structure connecting the main basin to the polishing pond includes a 48-inch-

diameter buried pipe with a Komax static mixing chamber that is used for environmental 

testing and control. 

The polishing pond was previously used for f inal treatment of  the process water before it 

was discharged to the Susquehanna River, but now that process water and wastewater 

are no longer discharged to Ash Basin No. 6, the inf low to the polishing pond is 

stormwater runof f . The polishing pond geometry remains unchanged, with an area of  2.7 

acres 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, reinforced-

concrete pipe that discharges to the Susquehanna River. The water elevation in the 

polishing pond is normally maintained slightly above elevation 268.0 feet. A f lap gate, 

with an invert elevation of  approximately 252 feet, is provided at the river end of  the 48-

inch-diameter discharge pipe to prevent river water f rom entering the ash basin during 

Susquehanna River high f low conditions.  

3.0 Structural Stability Assessment 

Documentation and assessment of  the required elements of  the Structural Stability 

Assessment are provided below. 

3.1 Stable Foundations and Abutments 

Available information regarding the foundation of Ash Basin No. 6 is provided in the Draf t 

History of  Construction document (Geosyntec Consultants 2015) and is summarized 

below:   

• A geotechnical investigation in 1975 consisted of 16 borings advanced into rock 

on a grid-like pattern. Boring logs and a location plan were provided. The site 
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was summarized as being “underlain mostly by sandy soils (i.e. , sandy gravels, 

silty sands, sandy silts) f rom the surface to depths of 14 to 34 feet below ground 

surface (f t-bgs). Clay was identif ied in some borings at depths shallower than 10 

f t-bgs. Rock, consisting of soft to very hard sandstone and soft to hard shale 

were encountered at depths between approximately 10 f t and 29 f t -bgs.”   

• A geotechnical investigation in 1977 consisted of 12 borings advanced into rock 

on a grid-like pattern, as well as f ield permeability and laboratory testing. A 

boring location plan was provided separately. Subsurface conditions were 

generally consistent with the 1975 investigation, with the exception of a 6- to 8-

foot-thick layer of  loose sand encountered in Borings A and D. These borings 

were located in a part of  the basin that was shown as being excavated and it is 

expected that the loose soils are no longer in place. 

• A geotechnical investigation in 2009 consisted of 4 borings drilled through the 

east embankment into the foundation, installation of piezometers, and index and 

strength testing of  the embankment. 

• A geotechnical investigation in 2012 consisted of 5 borings drilled in the 

embankment and 4 test pits (not included in the history document). The borings 

likely did not penetrate the foundation.  

• During explorations conducted as part of  the decommissioning work (not 

included in the history document), Talen determined that the overburden soils 

overlying rock within the interior of  the original ash basin were not lef t in place as 

previously believed but were excavated to rock. At the time of  the 2016 Initial 

Structural Stability Assessment report (HDR 2016a) it was assumed these 

overburden soils within the interior of  the basin were lef t in place and were 

considered immobile and would remain in place during the impoundment failure 

modeling. However, Talen determined these overburden soils, estimated to be 

15 to 20 feet thick, were excavated to rock and removed over the full footprint of 

the basin during construction of the perimeter dike down to bedrock elevation. 

Based on Talen’s investigation f indings, the impoundment contained an 

additional estimated 1,200 acre-feet of  ash before decommissioning began than 

was assumed previously. 

The subsurface investigation documentation indicates that the foundation is competent 

and stable. 

The assessment of  abutment stability required by the CCR Final Rule is not applicab le, 

as the embankment impounding Ash basin 6 is continuous. There are no abutments.  
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3.2 Adequate Slope Protection 

The downstream Ash Basin No. 6 perimeter dike embankment slopes are protected by a 

thick cover of  grass. They are not normally exposed to water o r wave action and have 

withstood f low and wave action f rom occasional f looding of the Susquehanna River 

without signif icant erosion in the past. The Environmental Resources Management 

(ERM) Flood Impact Memo on Ash Basin 4, 5, 6, and 7 Dikes (ERM 2012) stated that the 

grassed slopes were adequate to withstand anticipated water velocity and wave action 

resulting f rom f looding from the Susquehanna River. Shallow sloughing has occurred 

during recession of  f looding of the Susquehanna River on a few occasions, which has 

been attributed to a sudden drawdown-type of  slope failure. The transient drawdown 

analysis noted below indicates that the stability of  slopes with respect to deep -seated 

failure surfaces complies with the recommended factors of safety in guidelines 

recognized by the CCR Final Rule. The upstream slope of  the part of  the impoundment 

that contains open water is lined with clay and gravel and is partially protected by 

vegetation. There is little wave action, and no signif icant erosion has been observed 

during recent annual inspections. The crest is formed by a gravel road. Significant 

erosion of  the crest road has not been observed, and Talen periodically re-grades the 

road to address potholes or low areas. Based on the condition of the slope protection 

measures observed during HDR’s August 2021 site visit and Talen’s slope and 

vegetation maintenance practices, the erosion protection of the upstream and 

downstream slopes and crest are adequate.  

3.3 Dike Compaction 

Specif ications from the original construction as well as a limited number of  f ield 

compaction test results are provided in Geosyntec (2015). The specif ications call for the 

density of  embankment soils to be within 95 percent of  the standard Proctor density 

established in accordance with ASTM D698, consistent with the requirements of  the 

CCR Final Rule. The compaction test results and the earthwork control summary sheet 

indicate that a number of  f ield compaction tests did not meet either the specif ication 

density requirement of  95 percent of  the standard Proctor density or the moisture content 

requirement. Re-tests are noted in the documentation, but these cannot be def initively 

correlated to areas that previously had unsatisfactory compaction test results. The 

specif ications and quality control guidance document clearly call for sections of the 

embankment where compaction tests did not meet the specif ied moisture content or 

minimum compaction to be reconditioned, recompacted, and retested. An internal memo 

PPL (1979) discusses the compaction difficulties and noted that a slight relaxation in 

water content would be allowed but did not suggest that density requirements could be 

relaxed. Though it cannot be positively stated that all areas where initial compaction tests 

did not meet specif ication requirements were reconditioned as necessary until they 

satisf ied the specification requirements, it is clear that the intent of  the Owner was to 

maintain the specif ication requirements.  
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3.4 Vegetation Control 

The vegetation on the downstream slope of  the Ash Basin No. 6 perimeter dike 

embankment consists of thick grass as noted above. The vegetation on the upstream 

slope consists of thick grass and reeds. The erosion protection on the crest consists of 

gravel and is not vegetated. 

Talen’s vegetation control program calls for cutting vegetation three times a year during 

the growing season. Vegetation during HDR’s August 2021 site visit was generally within 

the 6-inch-height limit noted in the CCR Final Rule. Talen indicated that the vegetation 

control plan would maintain vegetation within the recommended limits.    

3.5 Spillway Adequacy 

As noted in Section 2, the spillway system at Ash Basin No. 6 consists of:  

• a f low-through concrete drop structure in the main basin with a f loating 

permanent pump to maintain the main basin water surface at the current 

elevation of  approximately 261.7 feet, a concrete riser with a sill elevation of  

283.50 feet, and a drop structure with an outlet invert elevation of  271.0 feet that 

discharges into a 48-inch-diameter, reinforced-concrete pipe that discharges to 

the polishing pond; and 

• the terminal outlet structure located in the polishing pond, consisting of two, 

60-inch-diameter riser pipes with skimmers draining into a single, 48-

inch-diameter, reinforced-concrete discharge pipe that discharges into the 

Susquehanna River. A f lapper gate and an outlet control structure are provided 

at the river-end of  the discharge pipe to prevent river water f rom entering the ash 

basin during Susquehanna River high f low conditions.  

For a medium-sized, signif icant-hazard CCR impoundment, the IDF is the 1,000-year 

f lood. With the pool elevation in the main basin drawn down and maintained at its current 

level of  261.7 feet, the IDF can be managed without any discharge f rom the basin, and 

the spillway capacity is, therefore, adequate. Although not needed to pass the IDF, the 

discharge conduits are maintained in a clear condition without vegetation or debris 

obstructions. Talen has implemented a program to control vegetation along the banks of 

the impoundment to reduce the risk of  debris accumulating in the discharge conduits or 

intakes, which could adversely af fect their discharge capacity . The methodology, 

assumptions, results, and conclusions of the spillway adequacy evaluation are described 

in the Flood Control Plan (HDR 2021b).   

3.6 Structural Integrity of Hydraulic Structures 

The CCR Final Rule requires that the annual inspection include a visual inspection of any 

hydraulic structures underlying the base of  the CCR unit or passing through the dike of  

the CCR unit for structural integrity and continued safe and reliable operation. Talen 

performed the visual inspection of the conduit which passes through the internal splitter 

dike on August 18, 2021. The inspection was completed by manually entering the 
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conduit and recording a video throughout. Talen reported that the conduit, gates, and 

mixing chamber were all in good condition.  

The outlet structure f rom the polishing pond to the Susquehanna River consists of an 

inlet in the polishing pond and a regulating structure just upstream of  the discharge point. 

Both of  these structures appeared to be in good condition during the 2021 video 

inspection. The stem of  the control gate operator on the regulating structure was 

replaced in early 2017. The interior of  the conduit through the polishing pond 

embankment was also inspected by Talen staf f . The conduit appeared to be in good 

condition, and no unusual conditions were observed that would af fect the integrity or 

discharge capacity of the conduit. 

The structural integrity of  the outlet structures appeared adequate, and no evidence of  

signif icant deterioration, deformation, or distortion was observed in the discharge 

conduits passing through or under the dikes. Based on the historic drawings, it appears 

that the conduit bedding was designed in general conformance with current standards, 

except that anti-seep collars were specif ied. While common at the time of  construction in 

the late 1970s, anti-seep collars have been found to be inef fective in preventing seepage 

and are no longer a recommended practice. There was no evidence of  seepage or piping 

of  soils at either of  the conduits during previous inspections.  

3.7 Structural Stability of Downstream Slopes After 

Flooding 

Shallow slope failures, attributed to rapid drawdown loading, have been observed in the 

past immediately af ter recession of  flooding on the Susquehanna River. These slope 

failures, which have since been repaired, did not threaten the integrity of  the 

embankment, but did indicate that stability of the downstream slope for the rapid 

drawdown condition should be assessed.  

The structural stability of the downstream slope of the embankment for the drawdo wn 

condition was assessed through a slope stability analysis as documented in the Brunner 

Island SES Transient Seepage and Slope Stability Study (Schnabel Engineering 2015 

and 2021), and PPL Brunner Island SES Transient Seepage and Slope Stability Study 

(Schnabel Engineering 2012), both provided in Appendix B.  

In 2015, the stability of the downstream slope was analyzed for a condition of rapid 

drawdown of  the Susquehanna River f rom an elevation of  289.5 feet, which is 0.5 f oot 

below the crest of  the ash basin embankment and 0.5 foot above the reported 1,000-year 

f lood level for the Susquehanna River of  289.0 feet. The 2015 analysis, which included 

evaluation of  the sensitivity of the embankment permeability, determined that the 

minimum factor of safety for the rapid drawdown condition was 1.1, in compliance with 

the recommendations of  the U.S. Army Corps of Engineers (USACE) Manual 1110-2-

1902 (USACE 2003), the reference recommended in the CCR Final Rule. This analysis, 

which was prepared by another consultant, was not reviewed in detail as part of  the 

preparation of  this Structural Stability Assessment Report .    

In 2021, the stability analysis of the downstream slope was updated for a condition of 

rapid drawdown of  the Susquehanna River assuming an Ash Basin No. 6 normal 
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headwater elevation of  262.0 feet and a surcharged phreatic (headwater) condition of 

elevation 289.0 feet. The Susquehanna River f lood water surface elevation of  289.5 feet, 

corresponding to 0.5 foot above the 1,000-year recurrence interval river f lood level, was 

assessed through an 8-day transient seepage progression evaluation which incorporated 

a river rise over a 2-day period f rom normal river elevation 252 feet to f lood river 

elevation 289.5 feet, followed by a 4-day period where the river remained at 289.5 feet, 

followed by a 2-day period where the river receded to elevation 252 feet. The minimum 

factor of safety for the rapid drawdown condition for deep-seated failure surfaces capable 

of  causing a breach of  the embankment was estimated at 1.1 to 1.2 under steady-state 

normal and surcharged ash basin phreatic condition, which meets or exceeds the 

minimum USACE recommended values of  1.0 and 1.1. Due to the dif ferences in the size 

of  the respective drainage basins and the timing of  peak runof f, there is a low likelihood 

of  the Susquehanna River 1,000-year recurrence interval f lood occurring simultaneously 

with an ash basin steady-state surcharge storage pool condition. The resultant factor of  

safety of  1.1 provides a lower bound for the deep-seated failure surfaces for the specified 

f lood conditions. Similarly, river f loods with more f requent recurrence intervals (e.g., 50-

yr, 100-yr, etc.) would result in lower tailwater levels and higher factors of safety if  all 

other factors remained the same. 

4.0 Site Visit 

A site visit was conducted by Adam Jones, P.E. of HDR and Ben Wilburn, P.E. of  Talen 

on August 11, 2021. One intent of  this visit, pertinent to this report, was to view site 

conditions for visual evidence either verifying that the assumptions of the analyses were 

appropriate, or that changes in site conditions were visually evident that should be 

considered in the Structural Stability Assessment Report. 

No evidence of  instability of the embankment was observed, with the exception of  

evidence of  historic shallow sloughs that were observed around 2005 and that were 

documented previously. These sloughs were repaired in 2009 and their condition has not 

changed since then. The section adopted for the stability analyses is appropriate, based 

on visual observations. Conditions observed during the site visit were consistent with 

those observed in the 2016 visual inspection and the assumptions made in the Initial 

Safety Factor Assessment Report (HDR 2016b), with the following exceptions:  

• Ash slurry and process water are no longer being discharged at the north end of  

the basin, and the surface elevation and lateral extent of  the f ree water pool at 

the south end of  the basin has been reduced. This has resulted in a reduction in 

the phreatic surface in the ash f ill and embankment, as discussed above, which 

has a benef icial ef fect on the stability of the embankment.  

• Evidence of  significant ash excavation and removal was evident, and ash 

removal was in progress during the site visit. Ash removal reduces the 

hydrostatic and lateral earth pressures acting on the embankment section, which 

has a benef icial ef fect on embankment stability.  
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• Conditions at the toe and lower slope of  the embankment were drier than 

observed previously, consistent with the reductions in the phreatic surface 

discussed above. The section of  piezometer casing at Piezometer PZ-6-1B that 

has historically shown artesian pressures several feet above the ground surface 

was not f lowing, an additional indication that groundwater levels at the toe of  the 

embankment are falling.     

• The outlet structures between the main basin and the polishing pond and 

between the polishing pond and the Susquehanna River appeared to be in good 

condition. Talen reported that the outlet control valves in both structures are 

locked in the full open position and that the operating stem for the control valve in 

the polishing pond outlet structure had recently been replaced to address 

dif f iculties in operation that had been reported previously.  

• Talen reported that internal inspections of the outlet structure conduits between 

the main basin and the polishing pond and between the polishing pond and the 

Susquehanna River were conducted in the summer of  2021, and that the 

conduits were in good condition, with no obstructions or other conditions that 

af fect the assumptions of clear open pipes that were used in the analyses . Note 

that the 2021 Flood Control Plan (HDR 2021b) analyses found that the ash basin 

complies with IDF requirements even if  no discharge f rom the polishing pond is 

assumed.  

• Crews were in the process of removing vegetation along the inside of the basin 

that could plug the outlet structures during an extreme f lood. As noted above, the 

f reeboard of  the ash basin is adequate even if  there is no discharge f rom the 

polishing pond.  

• Talen reported that the polishing pond outlet flapper gate valve is exercised and 

lubricated annually and reportedly operates smoothly through its full range of  

motion.  

5.0 Conclusions and Recommendations 

5.1 Conclusions 

No signif icant def iciencies were identif ied as a result of  this Periodic Structural Stability 

Assessment. Recommendations to maintain continued compliance with the requirements 

of  the CCR Final Rule are presented below. 

5.2 Recommendations 

The following recommendations are presented: 

• Continue slope vegetation cutting and turf  repair measures as necessary to 

maintain adequate cover and vegetation height within the 6-inch limit and to 

prevent cut or dead vegetation f rom becoming entrained in spillway f lows.  
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• Conduct annual inspections and cleaning of  the outlet conduits as necessary to 

verify that they are structurally stable and are clear. 

• Continue maintenance and inspection of the main basin permanent dewatering 

pump system, and verify that back-up equipment is readily available, so that the 

current drawn down main basin water surface elevation is maintained at 

approximate elevation 261.7 feet and is quickly restored to that elevation 

following rainfall events where the runof f  exceeds the pump capacity .  

6.0 Closure 

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

information, and belief  that this Periodic Structural Stability Assessment meets the 

requirements of  CCR Rule §257.73(d) Structural Integrity Criteria for Existing CCR 

Surface Impoundments, Periodic Structural Stability Assessments, 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 Geotechnical Engineer 
 

 
Jennifer Gagnon, P.E. 
Associate Engineer 
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Periodic Update to Inflow Design Flood Control System Plan 
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Appendix A.2 – 2021 Survey of Brunner Ash Basin Plant Datum 
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Periodic Update to Inflow Design Flood Control System Plan 
Brunner Island Ash Basin No. 6 

Appendix A.3 – Ash Basin No. 6 Outlet Modifications Summary
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2019 Outlet Structure Modification to install dewatering system
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Appendix B. Drawdown Analysis 
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August 25, 2021 
 
 
Mr. Adam Jones, PE 
HDR 
970 Baxter Boulevard Suite 301 
Portland, ME 04103 

Subject: Brunner Island SES Ash Basin No. 6 Transient Seepage and Slope Stability 
Evaluation; East Manchester Township, York County, Pennsylvania  
(Schnabel Project 21C25010.00) 

Dear Mr. Jones: 
 
SCHNABEL ENGINEERING, LLC (Schnabel) is pleased to submit our Geotechnical Engineering Report 
for this project.  This report includes tables, figures, and attachments with relevant data pertinent to this 
study.  This study was performed in accordance with our proposal dated March 30, 2021, as authorized 
by HDR, Subconsultant Agreement Number 10001000-Conformed, signed by Scott A. Raschke of 
Schnabel on May 27, 2021, and James Carnahan of HDR on June 4, 2021. 
 
We appreciate the opportunity to be of service for this project.  Please call us if you have any questions 
regarding this report. 

PREVIOUS EVALUATIONS 

Schnabel Engineering Consultants (SEC) previously performed seepage and stability analyses in 2012 
and 2015 to evaluate a rapid drawdown (RDD) event of the Susquehanna River along the eastern-most 
impoundment dike at the Brunner Island Ash Basin No. 6 facility.  The dike is roughly 30 feet (ft) tall with 
an approximate 2.5H:1V upstream (i.e., ash storage basin side) slope and an approximate 2H:1V 
downstream (i.e., river side) slope, and is located adjacent to the west bank of the Susquehanna River.  
The original studies and their findings are presented in SEC’s February 17, 2012, report to Pennsylvania 
Power and Light (PPL) Generation, LLC (SEC, 2012) and SEC’s December 17, 2015, report to Talen 
Generation, LLC (Talen) (SEC, 2015). 
 
For the 2012 study, a transient seepage analysis was performed to consider slope stability under an RDD 
event from a 500-yr recurrence interval flood corresponding to a river elevation at EL 288.8.  The 2015 
study re-evaluated the RDD event from a level slightly greater than a 1,000-yr event corresponding to a 
river elevation at EL 289.5.  The duration of the various stages was based on our interpretation and 
evaluation of readily available historical data prepared by others.  The 2012 and 2015 studies calculated 
a minimum factor of safety (FOS) for RDD to be greater than 1.1 for both the initial and the revised 
scenarios and conditions.  The most critical representative cross-section (Section 1-1 at Station 21+80) 
was chosen and used for both evaluations based on observed piezometric levels at the time of the 
evaluation. 
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SCOPE 

Current Coal Combustion Residuals (CCR) regulations by the United States Environmental Protection 
Agency (USEPA) require periodic report updates including re-evaluation of the stability of the 
embankment slopes of the dike.  Talen requested that HDR retain Schnabel as a subconsultant to update 
the previous RDD analyses to the current conditions. 
 
Our agreement signed by HDR on June 4, 2021, defines the scope of the current study which includes re-
evaluation of the RDD event modeled for the 2015 analysis using updated data including current 
geometric conditions of the representative cross-section and phreatic levels within the impoundment, 
storage basin, and dike.  Similar to the 2015 study, the maximum surcharge river elevation was evaluated 
at EL 289.5 ft corresponding to 0.5 ft above the 1,000-yr recurrence interval flood stage elevation.  HDR 
had initially provided Schnabel with updated cross-sections that included the current external and internal 
geometries of the embankment and ash storage, as well as the assumed phreatic levels within the cross-
section shown in Attachments 1a and 1b.  The “2021 assumed Normal Pool El 262.0” was used in our 
current evaluation as the initial steady state condition.  We were later provided updated Attachments 2a 
and 2b, which reflect a higher phreatic level (“PZ6-7 average El 271.5”) from the centerline of the 
embankment through the embankment/clay liner and ash fill. 
 
Services not described in our agreement are not included in this study.  We would be happy to provide 
any additional services to the project team that are required. 

PROJECT APPROACH 

Our current evaluation and model are similar to SEC’s previous analyses in 2012 and 2015; however, the 
model was revised with updated external and internal geometries reflected in the representative cross-
section and the phreatic levels provided to us.  The basis of our analyses and the development of the 
transient loading condition and parameters adopted for the current model are described in detail in the 
2012 and 2015 reports. 
 
The previous seepage and stability studies performed in 2012 and 2015 used SEEP/W and SLOPE/W 
within the GeoStudio 2007 (ver. 7.14) suite of software.  GeoStudio 2007 is no longer supported by the 
developer.  The current seepage and stability models were updated to SEEP/W and SLOPE/W within the 
GeoStudio 2019 R2 (ver. 10.1.1.18972) suite of software. 

TRANSIENT SEEPAGE ANALYSIS AND MODELING 

Seepage was modeled using SEEP/W which is a two-dimensional finite element computer program 
commonly used to model unconfined and confined seepage problems, including groundwater movement 
and pore water pressure distribution within porous materials, such as soil and rock.  SEEP/W can be 
used to model seepage conditions and evaluate various parameters, including hydraulic head/pore water 
pressure distribution, hydraulic gradient, volume of flow, and many others.  SEEP/W can be used to 
model both steady-state and transient seepage conditions.  Steady-state conditions include situations in 
which model parameters (soil properties, boundary conditions, etc.) do not change over time.  Transient 
conditions involve scenarios in which model parameters do change over time. 
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The previous analyses were based on a normal headwater elevation (i.e., the elevation of groundwater 
within the storage basin) at EL 288.0.  According to the data provided to Schnabel, dewatering of the 
storage basin was begun in mid-2019, and the normal headwater level was observed to stabilize around 
EL 262 in mid-2020.  The 2021 normal headwater elevation was assumed to be at EL 262.0 through the 
ash fill, rising to approximately EL 268 below the crest of the embankment, and daylighting near the 
downstream toe at about EL 263.5.  Based on data provided by HDR, the surcharge pool within the 
storage basin was assumed to be at EL 289.0.  The assumed phreatic surfaces are shown on updated 
cross-sections provided to us in Attachments 1 and 2, as well as the 2021 readings within the 
piezometers installed in the embankment.  Both normal and surcharge phreatic conditions were 
considered in the current RDD analysis using the updated model. 
 
As evaluated in the 2015 study, the current model also used a maximum surcharge (flood) elevation of 
the Susquehanna River at EL 289.5, which corresponds to 0.5 ft above the 1,000-yr recurrence interval 
loading event.  The progression of the 8-day transient seepage evaluation incorporates a river rise over a 
2-day period from EL 252 (normal river elevation) to EL 289.5 (flood elevation), followed by a 4-day 
period where the river remains at EL 289.5, followed by a 2-day period where the river recedes to EL 252.  
The hydrologic and hydraulic (H&H) analysis used to evaluate the flooding scenario used for the Brunner 
Island transient RDD event are discussed in detail in the 2012 and 2015 SEC reports.  The seepage 
model was evaluated using the river loading varying in ½-day increments for the RDD event to observe 
the progression and regression of the wetting front within the embankment model. 
 
It should be noted that the surcharge pool and associated assumed phreatic surface developed by HDR 
reflects a steady-state (stabilized) condition.  It would take a significant period of time to develop steady-
state pore water pressures under the surcharge loading within the basin particularly with the significant 
reduction of pore water pressures compared to the pre-dewatering conditions previously evaluated in 
earlier studies.  Therefore, the evaluation also considered the transient nature of the storage surcharge 
pool phreatic conditions from the current steady-state conditions at normal pool prior to a transient flood 
loading condition.  The transient model considered phreatic levels in the basin beginning at current 
normal pool (EL 262) and increasing to a surcharge loading at EL 289.  The pore water pressures 
developing from the surcharge pool loading were evaluated for a period of 1,000 days at EL 289 allowing 
for consideration of antecedent transient pore water pressures from the surcharge basin loading prior to a 
potential transient riverine flood loading event. 
 
The isotropic and anisotropic parameters for the hydraulic conductivity of the embankment fill material 
were not modified for the current 2021 evaluation.  The previous studies used the following cases based 
on the saturated hydraulic conductivity used for the embankment fill material: 
 
Isotropic Hydraulic Conductivity (Embankment Fill) 
Case 1: Kv = Kh = 6.8*10-6 ft/sec (maximum saturated hydraulic conductivity, isotropic) 
Case 2: Kv = Kh = 2.8*10-6 ft/sec (average saturated hydraulic conductivity, isotropic) 
Case 3: Kv = Kh = 6.8*10-9 ft/sec (minimum saturated hydraulic conductivity, isotropic) 
 
Anisotropic Hydraulic Conductivity (Embankment Fill) 
Case 4: Kv = 0.50 * Kh = 2.8*10-6 ft/sec (average saturated hydraulic conductivity, anisotropy ratio = 2) 
Case 5: Kv = 0.25 * Kh = 2.8*10-6 ft/sec (average saturated hydraulic conductivity, anisotropy ratio = 4) 
Case 6: Kv = 0.13 * Kh = 2.8*10-6 ft/sec (average saturated hydraulic conductivity, anisotropy ratio = 8) 
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While the “Ash Fill (Storage)” and “Clay Liner” materials were updated to a saturated/unsaturated model 
type due to the change in normal pool in the storage basin, the saturated hydraulic conductivities of the 
materials in the model were not changed from those in the 2012 and 2015 studies.  A summary of the 
hydraulic conductivities, excluding the Embankment Fill, are included in Table 1. 
 

Table 1:  Material Hydraulic Conductivity Values (Excluding Embankment Fill) 
 

Material Material Model 
Saturated Hydraulic 
Conductivity (ft/sec) 

Anisotropy 
Ratio 

Ash Fill (Storage) Saturated / Unsaturated 1e-08 1 

Clay Liner Saturated / Unsaturated 1e-09 1 

Native Soil Saturated 1e-08 1 

Bedrock Saturated 1e-10 1 

DEEP-SEATED GLOBAL SLOPE STABILITY ANALYSIS 

The downstream side of the impoundment dike was evaluated for global stability using Spencer’s Method, 
as implemented in SLOPE/W.  Soil parameters (unit weight, shear strength, etc.) used in the 2012 and 
2015 studies were adopted for the slope stability evaluation and were not modified.  The previously 
described transient seepage analysis was used to model the change in pore water pressure over time, 
and effective shear strengths were used in the stability model. 
 
Spencer’s Method was used to evaluate global slope stability of the downstream slope using the pore 
water pressure distribution from SEEP/W.  The minimum FOS resulting from the RDD from a surcharge 
level 0.5 ft higher than the 1,000-yr flood stage to normal water levels in the river was calculated at 
discrete time increments starting at flood stage (EL 289.5), and ending when river levels return to the 
normal water level elevation (EL 252).  Consistent with the 2012 and 2015 studies, the model only 
considered deep-seated potential failure planes to avoid evaluating minor surficial sloughing.  The model 
limited failure planes to extend from the crest of the embankment to the downstream embankment toe or 
beyond.  The slope stability of the embankment was evaluated at each ½-day time step within the 
transient seepage analysis to assess the critical FOS during the RDD event.  The minimum FOS for each 
slope stability model was recorded at the critical time-step within the transient evaluation of the river 
drawdown and may occur prior to the river reaching its original normal pool condition (i.e., the minimum 
FOS values among the slope stability models may occur at different time steps within the transient 
riverine drawdown). 
 
The 2012 study showed that Case 1 and Case 6 were the most critical isotropic and anisotropic 
scenarios, respectively (i.e., these cases provided the lowest FOS results).  Therefore, the current 
evaluation was limited to these two cases for RDD under transient riverine loading and variable upstream 
(ash storage) pool conditions including steady-state normal pool, transient surcharge pool, and steady-
state surcharge pool.  The FOS results of the slope stability evaluation during RDD are reported in 
Table 2. 
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Table 2:  Minimum Factors of Safety for RDD from EL 289.5 to Normal River Water Levels 
 

Condition 
Embankment Hydraulic Conductivity 

(k, ft/sec) 
Min. FOS (Plate #) 

Isotropic Hydraulic Conductivity (Case 1) 

Steady-state normal storage pool 
Kv = Kh = 6.8*10-6 ft/sec 
(max sat hydr cond, isotropic) 

1.1 (Attachment 3) 

1,000-day transient surcharge 
storage pool 

1.1 (Attachment 4) 

Anisotropic Hydraulic Conductivity (Case 6) 

Steady-state normal storage pool 
Kv = 0.13 * Kh = 2.8*10-6 ft/sec 
(avg sat hydr cond, anisotropy ratio = 8) 

1.2 (Attachment 5) 

1,000-day transient surcharge 
storage pool 

1.2 (Attachment 6) 

 
There are a couple of observations worth noting based on the 1,000-day transient surcharge evaluation 
shown in Attachments 4 and 6.  First, the ash fill is completely saturated with a phreatic surface at the 
level of the ash within the basin, well above an initial “normal pool” represented by the “2021 assumed 
Normal Pool El 262.0” in Attachment 1 and “PZ6-7 average El 271.5” in Attachment 2, resulting in 
comparable FOS values to the initial “normal pool” using the “2021 assumed Normal Pool El 262.0” in 
Attachments 3 and 5.  This suggests that the RDD Minimum FOS is not particularly sensitive to the initial 
phreatic levels within the ash, which is consistent considering also the earlier SEC evaluations.  Second, 
the phreatic surface from the 1,000-day transient surcharge RDD evaluation results in approximately the 
same or higher piezometric levels from the approximate centerline of the embankment outward towards 
the riverine side of the embankment compared to the “assumed phreatic surface for surcharge condition” 
shown by HDR in Attachments 1 and 2.  This suggests the 1,000-day transient surcharge RDD evaluation 
includes reasonably conservative piezometric levels, which are naturally higher within the portion of the 
embankment subject to the riverine flood loading and control the RDD Minimum FOS. 

CONCLUSIONS 

The USEPA Final Rules 257.73 and 257.74 require an analysis of the downstream slope of a CCR 
surface impoundment that is subject to rapid drawdown of an adjacent water body in addition to an 
evaluation of structural stability during low pool of the adjacent water body.  The USEPA rules do not 
provide minimum factors of safety for the analyses.  Conventional guidelines for minimum factors of 
safety include recommendations in United States Army Corps of Engineers (USACE) engineering 
manuals.  Recommended minimum values of 1.1 (drawdown from maximum riverine surcharge pool) to 
1.3 (drawdown from maximum riverine storage [normal] pool) are provided for new earth and rock-fill 
dams in Table 3-1 in USACE EM 1110-2-1902 (USACE, 2003).  Recommended minimum values of 1.0 to 
1.2 for new and existing levees, and other embankments and dikes, are provided in USACE EM 1110-2-
1913 (USACE, 2000). 
 
The minimum FOS results for stability of the downstream embankment slope under the rapid drawdown 
scenarios presented herein correspond to values of 1.1 to 1.2 under steady-state normal storage pool 
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and 1,000-day transient surcharge storage pool conditions.  These results meet and/or exceed the 
minimum values of 1.0 and 1.1 provided in the USACE engineering manuals.  Additionally, the likelihood 
of the 1,000-yr recurrence interval event corresponding with a prolonged steady-state surcharge storage 
pool condition is unlikely, and therefore the resultant FOS of 1.1 provides a lower bound for this event.  
Similarly, floods with more frequent recurrence intervals (e.g., 50-yr, 100-yr, etc.) would result in even 
higher factors of safety if all other factors remain the same. 
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Various Piezometer Readings, Groundwater Levels, and Dewatering Data, as provided by HDR 
Engineering, Inc., on June 3, 2021. 

LIMITATIONS 

We based the analyses and recommendations submitted in this report on the information revealed by the 
exploration performed by others and interpretation of data prepared by others.  We attempted to provide 
for normal contingencies, but the possibility remains that unexpected conditions may exist. 
 
We prepared this report to aid in the evaluation of this site and to assist in the geotechnical evaluation 
described herein.  We intend it for use concerning this specific project.  We based our recommendations 
on information on the site and understanding of information as described in this report. 
 
We have endeavored to complete the services identified herein in a manner consistent with that level of 
care and skill ordinarily exercised by members of the profession currently practicing in the same locality 
and under similar conditions as this project.  No other representation, express or implied, is included or 
intended, and no warranty or guarantee is included or intended in this report, or any other instrument of 
service. 
 
We appreciate the opportunity to be of service for this project.  Please call us if you have any questions 
regarding this report. 
 

Sincerely, 
 
SCHNABEL ENGINEERING, LLC 
 
 
 
Scott A. Raschke, PhD, PE 
Sr. Vice President 

 
KST:SAR:scc 
 
Attachments: 

(1) Initial Cross-Section (provided by HDR) 
a. Updated Section 1-1 
b. Updated Section 1-1: Historic Piezometric Levels 

(2) Updated Cross-Section (provided by HDR) 
a. Section 1-1 
b. Section 1-1: Historic Piezometric Levels 

(3) RDD from EL 289.5 to River at Normal Water Level Elevation with Steady-State Normal 
Storage Pool (Case 1: Kv=Kh=6.8*10-6 ft/sec) 

(4) RDD from EL 289.5 to River at Normal Water Level Elevation with 1,000-day Transient 
Surcharge Storage Pool (Case 1: Kv=Kh=6.8*10-6 ft/sec) 

(5) RDD from EL 289.5 to River at Normal Water Level Elevation with Steady-State Normal 
Storage Pool (Case 6: Kv=0.13*Kh=2.8*10-6 ft/sec) 

(6) RDD from EL 289.5 to River at Normal Water Level Elevation with 1,000-day Transient 
Surcharge Storage Pool (Case 6: Kv=0.13*Kh=2.8*10-6 ft/sec) 



Brunner Island SES Ash Basin No. 6 Transient Seepage and Slope Stability Evaluation 
East Manchester Township, York County, Pennsylvania 
 
 

August 25, 2021 Page 8 Schnabel Engineering, LLC 
Project 21C25010.00  ©2021 All Rights Reserved 

Distribution (PDF by email only): 
 HDR 
      Attn:  Mr. Adam Jones, PE 
      Attn:  Ms. Jennifer Gagnon, PE 



Attachment 1a
Initial Cross-Section



Attachment 1b
Initial Cross-Section



Attachment 2a
Updated Cross-Section



Attachment 2b
Updated Cross-Section
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Brunner Island Ash Basin No. 6 
Case 1: Normal Pool, Slope Stability 
Station 21+80 (Updated Section 1-1) 
Manchester Township, Pennsylvania 
August 2021

Attachment 3: RDD from EL 289.5 to River at Normal Water Level Elevation
 with Steady-State Normal Storage Pool 
(Case 1: Kv = Kh = 6.8*10-6 ft/sec)
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Attachment 4: RDD from EL 289.5 to River at Normal Water Level Elevation
 with 1,000-day Transient Surcharge Storage Pool
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 with 1,000-day Transient Storage Surcharge Pool
(Case 6: Kv = 0.13*Kh = 2.8*10-6 ft/sec)
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December 17, 2015 

 

 

Mr. Ben Wilburn, PE  

Talen Generation LLC 

835 Hamilton Street 

Allentown, PA 18101 

Subject: Project 15615015, Brunner Island SES Transient Seepage and Slope Stability 

Study, Wago Road, East Manchester Township, York County, Pennsylvania  

Dear Mr. Wilburn:  

SCHNABEL ENGINEERING CONSULTANTS, INC. (Schnabel) is pleased to submit our geotechnical 

engineering report for this project.  This report includes tables, figures, and attachments with relevant 

data pertinent to this study.  This study was performed in accordance with our revised proposal dated 

May 22, 2015, as authorized by Talen Generation LLC (Talen), Contract No. 628213–C, dated June 2, 

2015. 

 

We appreciate the opportunity to be of service for this project. Please call us if you have any questions 

regarding this report. 

EXECUTIVE SUMMARY  

We are providing this executive summary solely for purposes of overview. Any party that relies on this 

report must read the full report. This executive summary omits several details, any one of which could be 

very important to the proper application of the report. 

 

This study re-evaluated the stability of the eastern-most impoundment dike at the Brunner Island Ash 

Basin No. 6 facility, which is adjacent to the Susquehanna River.  The original study was performed by 

Schnabel, as summarized in our February 17, 2012, report to Pennsylvania Power and Light (PPL) 

Generation, LLC (Schnabel, 2012).  In Schnabel’s 2012 study, a transient seepage analysis was 

performed to consider slope stability under a rapid drawdown (RDD) event from a 500-yr recurrence 

interval (RI) flood corresponding to a river elevation at EL 288.8.  The current study includes re-evaluation 

of the RDD event from a level slightly greater than a 1000-yr event corresponding to a river elevation at 

EL 289.5.  The present study suggests a minimum factor of safety (FOS) under RDD to still be greater 

than 1.1 for the revised scenarios and conditions that were considered.  As in the previous study, the 

most critical representative section (Section 1-1 at Station 21+80) was chosen based on observed 

piezometric levels.   
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SCOPE 

Our agreement dated June 2, 2015, defines the scope of this study. We previously completed a transient 

seepage and slope stability analysis of one of the Brunner Island Ash Basin (AB) No. 6 impoundment 

dikes (Schnabel, 2012).  The results of our previous analysis in 2012 focused on the stability of the 

eastern-most downstream (e.g., river side) slope of the embankment under rapid drawdown of the 

Susquehanna River from the 500-yr recurrence interval (RI) flood stage elevation.  The duration of the 

various stages was based on our interpretation and evaluation of readily available historical data 

prepared by others.   

 

Recent changes in Coal Combustion Residuals (CCR) regulations released by the United States 

Environmental Protection Agency (USEPA) require re-evaluation of the stability of the embankment 

slopes of Brunner Island Ash Basin No. 6 (HDR, 2015a). Based on these new regulations, Talen 

requested that Schnabel update the previous analyses to consider rapid drawdown of the Susquehanna 

River from the 1000-yr recurrence interval flood stage elevation.  This maximum surcharge corresponds 

to a river elevation of 289.0 (HDR, 2015b).  Schnabel re-evaluated RDD from this maximum surcharge, 

as well as ½ ft above the corresponding 1000-yr event (i.e., at EL 289.5).    

 

Services not described in our agreement are not included in this study. We would be happy to provide 

any additional services to the project team that are required. 

PROJECT APPROACH 

Our analyses were identical to Schnabel’s earlier (2012) study, with the exception of a higher surcharge 

corresponding to a 1000-yr (and slightly greater) loading event from flooding on the Susquehanna River.  

The basis of our analyses and development of the transient loading condition and parameters adopted 

are described in detail in the 2012 report.   

 

The previous analyses assumed a normal headwater elevation (i.e., the elevation of groundwater within 

the basin) at EL 288.0.  We understand that operational changes have resulted in a reduction to 

approximately EL 284.3.  However, as a worst-case scenario, and to account for potential (but unlikely) 

changes in operations, the present analyses maintained the headwater elevation within the basin at EL 

288.0.  The lower operational level has relatively minor impact to the stability of the downstream 

embankment under RDD transient conditions, which are controlled primarily by the change in seepage 

caused by flooding in the river. 

TRANSIENT SEEPAGE ANALYSIS AND MODELING 

Seepage was modeled using GeoStudio’s SEEP/W (ver 7.14) computer program.  SEEP/W is a two-

dimensional finite element computer program commonly used to model unconfined and confined seepage 

problems, including groundwater movement and pore water pressure distribution within porous materials, 

such as soil and rock.  SEEP/W can be used to model seepage conditions and evaluate various 

parameters, including hydraulic head/pore water pressure distribution, hydraulic gradient, volume of flow, 

and many others.  SEEP/W can be used to model both steady state and transient seepage conditions.  

Steady state conditions include situations in which model parameters (soil properties, boundary 
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conditions, etc.) do not change over time.  Transient conditions involve scenarios in which model 

parameters do change over time.    

 

The initial water table adopted was identical to that defined in the Schnabel (2012) Report for the analysis 

of Section 1 at Sta. 21+80.  The water table extended from a normal water level (NWL) at EL 288.0 on the 

upstream side of the impoundment dike, through the embankment at levels as measured by the two 

piezometers, daylighting near the downstream toe of the impoundment dike at EL 263.  The transient 

seepage scenario described in the 2012 Schnabel Report was used in modeling the RDD condition under 

transient loading, with the exception that the flood event was modeled using a river elevation as high as 

EL 289.5.   

 

The previous study used the following cases based on the saturated hydraulic conductivity used for the 

impoundment dike embankment: 

 
Isotropic Hydraulic Conductivity 

Case 1: Kv = Kh = 6.8*10-6 ft/sec (maximum saturated hydraulic conductivity, isotropic) 

Case 2: Kv = Kh = 2.8*10-6 ft/sec (average saturated hydraulic conductivity, isotropic) 

Case 3: Kv = Kh = 6.8*10-9 ft/sec (minimum saturated hydraulic conductivity, isotropic) 

 

Anisotropic Hydraulic Conductivity 

Case 4: Kv = 0.50 * Kh = 2.8*10-6 ft/sec (average saturated hydraulic conductivity, anisotropy ratio = 2) 

Case 5: Kv = 0.25 * Kh = 2.8*10-6 ft/sec (average saturated hydraulic conductivity, anisotropy ratio = 4) 

Case 6: Kv = 0.13 * Kh = 2.8*10-6 ft/sec (average saturated hydraulic conductivity, anisotropy ratio = 8) 

DEEP-SEATED GLOBAL SLOPE STABILITY ANALYSIS 

The downstream side of the impoundment dike was evaluated for global stability using Spencer’s Method, 

as implemented in GeoStudio’s SLOPE/W (ver 7.14) computer program.  Soil parameters (unit weight, 

shear strength, etc.) used in the previous Schnabel Report (2012) were adopted for the slope stability 

analyses. The transient seepage analysis was used to model the change in pore water pressure over 

time (as described previously), and effective shear strengths were used in the stability model.   

 

Spencer’s Method was used to evaluate global slope stability of the downstream slope using the pore 

water pressure distribution from SEEP/W.  The minimum FOS resulting from the RDD from 1000-yr (EL 

289.0) and slightly higher (EL 289.5) flood stage to normal water levels in the river was calculated at 

discrete time increments starting at flood stage, and ending when river levels return to the normal water 

level elevation.  Only deep-seated potential failure planes were considered, which are failure planes that 

extend from the crest of the embankment beyond the downstream embankment toe. 

 

The results of the previous study showed that Case 1 and Case 6 were the most critical, in terms of 

providing the lowest Factors of Safety.  As such, only these two cases were evaluated for RDD under 

transient loading from the two-flood stage elevations considered.  The Factors of Safety corresponding to 

the highest flood stage evaluated (EL 289.5), which is greater than the 1000-yr RI flood, are reported in 

the following table. 
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Minimum Factor of Safety for RDD from EL 289.5 to Normal River Water Levels: Cases 1 and 6 
 

CONDITION Min. FOS (Plate #) 

Isotropic Hydraulic Conductivity 

Case 1: Kv = Kh = 6.8*10-6 ft/sec (max sat hydr cond, isotropic) 1.13 (Attachment 1)

Anisotropic Hydraulic Conductivity 

Case 6: Kv = 0.13 * Kh = 2.8*10-6 ft/sec (avg sat hydr cond, anisotropy ratio = 8) 1.12 (Attachment 2)

CONCLUSIONS 

Conventional guidelines for minimum factors of safety include recommendations in United States Army 

Corps of Engineers (USACE) engineering manuals.  Recommended minimum values of 1.1 (drawdown 

from maximum surcharge pool) to 1.3 (drawdown from maximum storage pool) are provided for new earth 

and rock-fill dams in Table 3-1 in USACE EM 1110-2-1902 (USACE, 2003). Recommended minimum 

values of 1.0 to 1.2 for new and existing levees, and other embankments and dikes, are provided in 

USACE EM 1110-2-1913 (USACE, 2000).   

 

The minimum FOS for stability of the downstream embankment slope under the rapid drawdown 

scenarios presented herein corresponds to a value of 1.12, which is greater than the value of 1.1 for earth 

dams drawn down from maximum surcharge pool (which most closely represents the scenario used in 

this study).  The study used a flood event corresponding to a river flooding elevation of EL 289.5, 

approximately 0.5-ft higher than that corresponding to a 1000-yr RI event.  Floods with more frequent RIs 

(e.g., 50-yr, 100-yr, etc.) would result in even higher factors of safety if all other factors remain the same. 
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LIMITATIONS   

We based the analyses and recommendations submitted in this report on the information revealed by the 

exploration performed by others, and interpretation of data prepared by others. We attempted to provide 

for normal contingencies, but the possibility remains that unexpected conditions may exist.  

 

We prepared this report to aid in the evaluation of this site and to assist in the geotechnical evaluation 

described herein. We intend it for use concerning this specific project. We based our recommendations 

on information on the site and understanding of information as described in this report.  

 

We have endeavored to complete the services identified herein in a manner consistent with that level of 

care and skill ordinarily exercised by members of the profession currently practicing in the same locality 

and under similar conditions as this project. No other representation, express or implied, is included or 

intended, and no warranty or guarantee is included or intended in this report, or any other instrument of 

service. 

 

We appreciate the opportunity to be of service for this project. Please call us if you have any questions 

regarding this report.  

 

Sincerely,  

 

SCHNABEL ENGINEERING CONSULTANTS, INC. 

 

 

 

Scott A. Raschke, PhD, PE 

Senior Associate 

 

SAR:clp 

 

Attachments: 

(1) RDD from EL 289.5 to River at Normal Water Level Elevation  

(Case 1: Kv=Kh=6.8*10^-6 ft/sec) 

(2) RDD from EL 289.5 to River at Normal Water Level Elevation  

(Case 6: Kv=0.13*Kh=2.8*10^-6 ft/sec) 

  

Distribution: 

 Talen Generation LLC (2) 

  Attn: Mr. Ben Wilburn, PE 
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Attachment 1 - RDD from EL 289.5 to River at Normal Water Level  Elevation (Case 1: Kv=Kh=6.8*10^-6 ft/sec)
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Attachment 2 - RDD from EL 289.5 to River at Normal Water Level  Elevation (Case 6: Kv=0.13*Kh=2.8*10^-6 ft/sec)














































































































































































































	2021 Periodic Structural Stability Assessment Report, Brunner Island Ash Basin No. 6 CCR, October 6, 2021
	Appendix A. Reference Photos and Drawings
	Appendix B. Drawdown Analysis
	Geotechnical Engineering Report, August 25, 2021
	Geotechnical Engineering Report, December 17, 2015





