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EXECUTIVE SUMMARY AND CERTIFICATION 
 
This report presents the evaluation of whether Brunner Island Ash Disposal Basin 6 (Basin 6) is 
located in an Unstable Area.  This report was prepared by Advanced GeoServices Corp. (Advanced 
GeoServices) 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. 
 
Basin 6 is an active coal ash impoundment at the Brunner Island Steam Electric Station (Brunner) 
(See Figure 1).  When the plant is fully operational, process water discharges into Basin 6, where 
sediments settle in a settling pond.  Water is then routed to a polishing (clarifying) pond located 
directly southeast of the settling pond.  Treated water discharges to the Susquehanna River via a 
NPDES-permitted outfall.  The remaining portion of water recharges into Basin 6, creating a 
groundwater mound and subsequent radial flow outward from the basin footprint.  Figure 2 
provides a general site plan showing the existing CCR Rule groundwater monitoring well network 
that currently exists within the area of Basin 6. 
 
Basin 6 was initially constructed in the late 1970s.  Basin 6 was constructed by excavating 
overburden soil to bedrock and constructing an embankment around the excavation using the 
excavated materials (GeoSyntec Consultants, History of Construction, 2016).  Embankment berms 
were constructed directly on the surface of the bedrock and with a 10-foot thick compacted clay 
liner (or impervious zone) on the upstream face of the berm.  During the construction of these 
berms, overburden material (sand, gravel, and silty-clay) within the footprint of Basin 6 were 
excavated to the top of bedrock in the area of the clay liner component of the berms.  As shown in 
the PPL design drawings for Basin 6 (Sections E-E’ and G-G’ of Attachment D), this resulted in 
the absence of overburden along the edge of the berm; however, the native overburden in the 
central portion of Basin 6 may have remained untouched, depending upon how much was needed 
for embankment berm construction.  Thus, coal ash material was placed directly on the overburden 
material in portions of Basin 6. 
 
Advanced GeoServices reviewed previous studies conducted by others to understand whether 
unstable conditions may be present that could adversely impact Basin 6 under normal operating 
conditions.  These sources, listed in Section 5 and discussed in Section 3 of this report, included 
information related to the following: 
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• On-site and local soil conditions 
• Local geological and geomorphological conditions 
• On-site and local manmade features 
• Slope stability assessments 

 
Based upon our review of these sources and the information related to the above categories of data, 
it is Advanced GeoServices’ opinion that the site meets the Location Restriction requirement for 
Unstable Areas as outlined in the CCR rule (40 CFR §257.64). 
 

Qualified Professional Engineer: 
Name:  Christopher T. Reitman, P.E. 
Company: Advanced GeoServices Corp 
 
I, Christopher T. Reitman, certify that Basin 6 at Brunner Island meets the Location Restrictions 
for Unstable Areas described in the Coal Combustion Residuals (CCR) rule 40 CFR §257.64.  I 
am a duly licensed Professional Engineer under the laws of Pennsylvania. 
 
Print Name:  Christopher T. Reitman, P.E. 
 
Signature: __________________________ 
 
Date: October 17, 2018 
 
License Number: PE 040717 
My license renewal date is September 30, 2019  
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1.0  INTRODUCTION 

1.1 ORGANIZATION AND TERMS OF REFERENCE 

Advanced GeoServices Corp. (Advanced GeoServices) has been retained by Brunner to prepare 
this Unstable Areas Location Restriction evaluation.  The purpose of the evaluation is to 
demonstrate compliance of the existing Brunner Island Steam Electric Station (Brunner) Basin 6 
(Pennsylvania Department of Environmental Protection (PADEP) Solid Waste Permit #301300), 
with the location restrictions of the Coal Combustion Residuals (CCR) Rule (40 CFR §257.64). 

1.2 SITE LOCATION 

The Brunner Island Steam Electric Station (Brunner) is an active electric generation facility located 
on the west bank of the Susquehanna River in East Manchester Township, York County, 
Pennsylvania.  Figure 1 provides a Site Location Map for the facility.  Brunner is owned and 
operated by Brunner Island, LLC.  Ash Basin 6 (Basin 6) is located on the southern end of Brunner 
Island and is bordered to the east by the Susquehanna River and to the west by Black Gut Creek.   

1.3 BASIN DESCRIPTION AND PERMIT STATUS 

Basin 6 is an active coal ash impoundment.  When the plant is fully operational, process water 
discharges into Basin 6, where sediments settle in a settling pond.  Water is then routed to a 
polishing (clarifying) pond located directly southeast of the settling pond.  Treated water 
discharges to the Susquehanna River via a National Pollution Discharge Elimination System 
(NPDES) permitted outfall.  The remaining portion of water recharges into Basin 6, creating a 
groundwater mound and subsequent radial flow outward from the basin footprint.  Figure 2 
provides a general site plan showing the existing CCR Rule groundwater monitoring well network 
that currently exists within the area of Basin 6. 

Basin 6 consists of perimeter earthen berms which have been lined with an impervious clay 
material on the inside of the berms.  The bottom of the basin has not been lined and allows some 
of the water to infiltrate.  Prior to the development of the area, sediments from the Susquehanna 
River had built up Brunner Island.  These sediments consist of a silty clay material overlaying a 
sand and gravel layer.  This unconsolidated material lies directly on top of a fractured bedrock. 
The available documentation shows that the earthen berms constructed for Basin 6 were 
constructed directly on top of the bedrock material, and that most of the unconsolidated materials 
underlying the berm footprint were removed.  Figure 3 provides a schematic cross-section through 
the Basin 6 area. 

Ash in Basin 6 is currently being excavated and beneficially used at an off-site location. 
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2.0  CCR RULE REQUIREMENTS FOR UNSTABLE AREAS (257.64) 
 
2.1 UNSTABLE AREAS (257.64) REQUIREMENTS 
 
For unstable areas, the CCR Final Rule (40 CFR 257.64) requires the following: 
 

(a) An existing or new CCR landfill, existing or new CCR surface impoundment, or any 
lateral expansion of a CCR unit must not be located in an unstable area unless the owner 
or operator demonstrates by the dates specified in paragraph (d) of this section that 
recognized and generally accepted good engineering practices have been incorporated 
into the design of the CCR unit to ensure that the integrity of the structural components of 
the CCR unit will not be disrupted.  
(b) The owner or operator must consider all of the following factors, at a minimum, when 
determining whether an area is unstable:  

(1) On-site or local soil conditions that may result in significant differential 
settling; 
(2) On-site or local geologic or geomorphologic features; and 
(3) On-site or local human-made features or events (both surface and subsurface). 

(c) The owner or operator of the CCR unit must obtain a certification from a qualified 
professional engineer stating that the demonstration meets the requirements of paragraph 
(a) of this section. 
(d) The owner or operator of the CCR unit must complete the demonstration required by 
paragraph (a) of this section by the date specified in either paragraph (d)(1) or (2) of this 
section. 

(1) For an existing CCR landfill or existing CCR surface impoundment, the owner 
or operator must complete the demonstration no later than October 17, 2018. 
(2) For a new CCR landfill, new CCR surface impoundment, or any lateral 
expansion of a CCR unit, the owner or operator must complete the demonstration 
no later than the date of initial receipt of CCR in the CCR unit. 
(3) The owner or operator has completed the demonstration required by paragraph 
(a) of this section when the demonstration is placed in the facility’s operating 
record as required by § 257.105(e). 
(4) An owner or operator of an existing CCR surface impoundment or existing CCR 
landfill who fails to demonstrate compliance with the requirements of paragraph 
(a) of this section by the date specified in paragraph (d)(1) of this section is subject 
to the requirements of § 257.101(b)(1) or (d)(1), respectively. 
(5) An owner or operator of a new CCR landfill, new CCR surface impoundment, 
or any lateral expansion of a CCR unit who fails to make the demonstration 
showing compliance with the requirements of paragraph (a) of this section is 
prohibited from placing CCR in the CCR unit. 

(e) The owner or operator of the CCR unit must comply with the recordkeeping 
requirements specified in § 257.105(e), the notification requirements specified in § 
257.106(e), and the Internet requirements specified 
in § 257.107(e). 
 



 

2-2 

CCR units are restricted from being located in unstable areas, defined as an area “that is susceptible 
to natural or human-induced events forces capable of impairing the integrity of some or all of the 
structural components responsible for preventing releases of CCR from the CCR unit.”  Section 
257.64 requires an evaluation for unstable conditions, considering the following factors that could 
lead to instability of the unit: (i) on-site and local soil conditions that may result in significant 
differential settlement; (ii) on-site or local geologic or geomorphologic features; and (iii) on-site 
or local human-made features. 
 
The preamble to the CCR Rule (p. 21367) prescribes that a geotechnical investigation be 
performed to identify the following site conditions that may be cause for instability: 
 

• Potential thick layers of soil that are soft and compressible (e.g. loess, 
unconsolidated clays, wetland soils), which could cause a significant amount of 
post-construction differential settlement of foundation soils, adjacent 
embankments, and slopes unless improved. 
 

• On-site or local soil conditions that are conducive to downslope movement of soil, 
rock and/or debris (alone or mixed with water) under the influence of gravity.  Such 
conditions may include local topography, surface and subsurface soils, subsurface 
slope angles, surface drainage and run-off patterns, seepage patterns, rock mass 
orientations, joint patterns, fissures, and any other landscape factor that could 
influence downslope movement should be identified.  The preamble to the CCR 
Rule also prescribes that the presence of karst terrain be considered during the 
investigation and demonstration. 
 

• The preamble of the CCR Rule further suggests several anthropogenic activities 
that could induce instability to be considered in the demonstration such as mining, 
cut and fill activities during construction, excessive drawdown of groundwater, 
which may cause excessive settlement or bearing capacity failure of foundation 
soils, and use of an old landfill as the foundation for a new landfill without 
verification of complete settlement of the underlying wastes. 

 
The Unstable Areas evaluation summarized in this report address the above items. 
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2.2 COMPLIANCE WITH UNSTABLE AREAS REQUIREMENTS 
 
Section 3.0 of this document presents the demonstration of compliance with Section 257.64 as 
required by the CCR Rule.  The table below summarizes the minimum factors to be considered 
when evaluating the CCR unit per Section 257.64, as follows.  
 

RULE SECTION RULE REQUIREMENT REPORT 
SECTION 

257.64(b)(1) On-Site and Local Soil Conditions 3.1 
257.64(b)(2) On-Site and Local Geologic or Geomorphologic Features 3.2 
257.64(b)(3) On-Site and Local Human-made Features 3.3 

257.64(c) Certification that this demonstration meets the requirements of 
257.64(a) 

Executive 
Summary 



 

3-1 

 
3.0  DEMONSTRATION OF COMPLIANCE WITH UNSTABLE AREAS 

 
In order to demonstrate compliance with the unstable areas requirement, Advanced GeoServices 
reviewed the reports listed in Section 5 – References.  Relevant excerpts of those reports are 
reviewed below. 
 
3.1 ON-SITE AND LOCAL SOIL CONDITIONS  
 
The CCR Rule §257.64(b)(1) requires the owner or operator of a CCR unit to consider “on-site 
and local soil conditions that may result in significant differential settling” when demonstrating 
that the unit is not located within an unstable area.  Such soil conditions may include thick, 
compressible soil layers or soil conditions conducive to downslope movement of soil, rock, and/or 
debris.   
 
Advanced GeoServices’ review of the History of Construction (Geosyntec Consultants, 2016) 
showed that Ash Basin 6 was constructed by excavating overburden soil to bedrock and 
constructing an embankment around the excavation using the excavated materials.  Embankment 
berms were constructed directly on the surface of the bedrock and with a 10-foot thick compacted 
clay liner (or impervious zone) on the upstream face of the berm.  During the construction of these 
berms, overburden material (sand, gravel, and silty-clay) were excavated to the top of bedrock in 
the area of the clay liner component of the berms.  This resulted in the absence of overburden along 
the edge of the berm; however, the native overburden in the central portion of Basin 6 may have 
remained untouched, depending upon how much was needed for embankment berm construction.  
Thus, coal ash material was placed directly on the overburden material in portions of Basin 6. 
 
The overbuden material underlying Basin 6 generally consists of sand, silts, gravel, and occasional 
clay.  A review of the subsurface investigations results shows no evidence that the subsurface 
investigations uncovered typically unstable soils or materials during borings advancement or 
construction, like peat, organics, or overly saturated soils.  Past evaluations of the adequacy of the 
subsurface foundation support for the structural elements of Basin 6 were conducted in 1975 
(BST), 1977 (BST), 2009 (HDR), and 2012 (Schnabel).  The subsurface investigations indicate 
that the foundation is competent and stable (HDR, 2016a, 2016b). 
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The subsurface investigations were summarized in the History of Construction (Geosyntec 
Consultants, 2016) as follows: 
 

Standard Penetration Test blowcounts (N-values) of the foundation material recorded by BST 
(1975, and 1977) typically ranged from 12 to 30 or more, indicating stiff or medium dense to 
dense materials.  Rock, typically red shale or red sandstone, was encountered at 14 to 34 ft-
bgs.  N-values of the foundation soils reported by HDR (2009), typically ranging from 11 to 
46, indicate stiff or medium dense to hard or dense materials. 

 
Further, the technical specifications which governed the construction of the embankment berms 
include the following requirements: 
 

Prior to placing the embankment, the foundation shall be scarified to a depth of 6 inches and 
compacted as specified with the new embankment material to assure a bond between the 
foundation and first layer of embankment. 
 
Embankment material shall be free from all brush, roots, sod or other organic material.  
Frozen material or material containing excess moisture shall not be placed in embankments.  
Embankment material shall not be paled (sic) on frozen surface or on material that has become 
unstable due to excess moisture.”  
 
In any portion of the embankment, each layer shall be constructed continuously and 
approximately horizontally for the full width and length of the embankment.  If the rolled 
surface of any layer is too smooth or too dry to bond properly with the succeeding layer it shall 
be moistened and/or worked with harrow, scarifier, or other suitable equipment to provide a 
satisfactory bonding surface. If the compacted surface of any layer is too wet for placement of 
the succeeding layer of embankment, it shall be removed, allowed to dry or shall be worked 
with harrow, scarifier, or other suitable equipment to reduce the moisture content and then 
recompacted before the succeeding layer of material is placed. 
 
The material shall be placed in continuous and approximately horizontal layers not more than 
12 inches in loose thickness.  The material shall be properly moisture conditioned and 
compacted to a minimum of 95% of the Standard Proctor (ASTM D-698) maximum density. 
The excavation and placing of the materials shall be such that the materials in the embankment 
will be sufficiently blended to secure the best degree of compaction and stability.  Nests of rock 
or cobbles, and gravels and coarse grained soils with less than 12% fines (material passing a 
No. 200 sieve) after blending will not be permitted. 
 

Based on a review of the information described above, Advanced GeoServices found that on-site 
and local soils pose little potential to cause significant differential settlement beneath Basin 6 or 
downslope movement of the unit, under normal operating conditions. 
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It is important to note that there has been some localized sloughing or shallow surface failures 
along the exterior berms of Basin 6, which have been addressed through normal operations and 
maintenance activities.   
 
3.2 ON-SITE OR LOCAL GEOLOGIC OR GEOMORPHOLOGIC FEATURES 
 
The CCR Rule under §257.64(b)(2) requires the owner or operator of a CCR unit to consider on-
site and local geologic and geomorphologic features when demonstrating that the CCR unit is not 
located within an unstable area.  Such geologic or geomorphologic features include local 
topography, surface and subsurface soils, surface slope angles, surface drainage and run-off 
patterns, seepage patterns, rock mass orientations, joint patterns, and fissures.  Such conditions 
should be considered for their potential to cause downslope movement of portions of the CCR unit.  
Karst terrain, for its potential to include sinkholes capable of causing unit instability, is also 
considered in the evaluation of the site geology. 
 
The Basin 6 site area is generally underlain by the Triassic Age New Oxford Formation which 
consists of a shale unit and a conglomerate unit.  The very southern tip of the site is underlain by 
the Cambrian Age Ledger Formation which consists of dolomite.  The contact between the Triassic 
and Cambrian age rock is an apparent angular unconformity.  The bedrock is overlain by native 
sand and gravel and silty clay (see Figure 3). 
 
The local bedrock geology is evident based on outcrops along the roadway and railroad tracks that 
are west of Black Gut Creek.  Several strike and dip measurements were collected from the 
outcrops to identify the bedrock structural orientation.  Based on the measurements, the bedding 
of the New Oxford Formation has an average strike of N45°E and dips to the northwest 
approximately 12°.  Joint sets were evident near vertical orientations perpendicular to the strike 
orientation.   
 
Specific geologic or geomorphologic features are identified and addressed below. 
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FEATURE REFERENCE APPLICABLE TEXT 
Local Topography  Basin 6 is located on an island between the Susquehanna River 

and Black Gut Creek.  Surface water run-on from other areas 
is not expected to contribute to water levels within the basin. 
Water from the plant and precipitation falling directly into 
Basin 6 are managed by discharge through the NPDES-
permitted outfall to the Susquehanna River. 

Surface and 
Subsurface Soils 

GeoSyntec, 
Consultants, 
2016 

“Boring logs prepared by BST (1975) and BST (1977) 
following pre-construction subsurface investigations show 
that the site is underlain mostly by sandy soils (i.e. sandy 
gravels, silty sands, sandy silts) from the surface to depths of 
14 to 34 feet below ground surface (ft-bgs). Clay was 
identified in some borings at depths shallower than 10 ft-bgs. 
Rock, consisting of soft to very hard sandstone and soft to hard 
shale were encountered at depths between approximately 10 ft 
and 29 ft below ground surface (ft-bgs).” 

Surface Slope Angles Schnabel, 2015 “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)." 

Surface Drainage 
Patterns 

 Run-off from Basin 6 is directed to the bordering river through 
a NPDES-permitted outfall. 

Seepage Patterns HDR, 2009 
Schnabel, 2015 

Rapid drawdown analyses were performed by multiple 
consultants.  HDR evaluated embankment stability under 
normal operating conditions (steady seepage) and rapid 
drawdown (after backwater from the Susquehanna River due 
to a significant storm event).  Schnabel re-evaluated these 
scenarios in 2015 after obtaining further field data and using a 
different computer model for the evaluation.  It was concluded 
that the factor of safety (FOS) against failure under rapid 
drawdown was for critical (through the crest of the berm) 
conditions was 1.0 (HDR) and 1.12 (Schnabel).  The minimum 
required FOS is 1.1. 

Rock Mass 
Orientations 

V.F. Britton, 
2016 

Consistent with observations under adjacent Basin 5, the sizes 
of the observed fractures were small and do not indicate that 
the observed joint formations pose a threat to the stability of 
the unit. As such, rock mass orientations are not expected to 
contribute to the instability of the unit or surrounding area. 

Joint Patterns Geosyntec, 
Consultants, 
2016 

“Joint sets and faults are not expected to contribute to 
instability of the unit or surrounding area.” 

Fissures V.F. Britton, 
2016 

No significant fissures have been identified in rock outcrops 
associated with Basin 6; therefore, fissures are not expected 
to contribute to the instability of the unit or surrounding area 

Karst V.F. Britton, 
2016 

As demonstrated by the reviewed geological documentation, 
there is no karst in the Basin 6 area. 
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A review of the above discussed site surface features does not indicate a potential cause for 
instability.  Advanced GeoServices’ review of the available geologic information indicate that the 
bedrock underlying Basin 6 is competent and generally flat.  These conditions indicate that there 
is no significant potential for geological or geomorphological features to cause downslope 
movement or failure of Basin 6 resulting from these geologic conditions. 
 
3.3 ON-SITE AND LOCAL HUMAN MADE FEATURES OR EVENTS 
 
The CCR Rule §257.64(b)(3) requires the owner or operator of a CCR unit to consider on-site and 
local human-made features or events when demonstrating that the unit is not located within an 
unstable area.  Such human-made features or events, which have the potential to cause significant 
differential settlement or failure of the CCR unit, include mining, cut and fill activities during 
construction, excessive drawdown of groundwater, and use of an old landfill as the foundation for 
a new landfill.  
 
Several man-made features are located in the area surrounding Basin 6.  According to the Unstable 
Areas Assessment for Disposal Area 8 (DA8) (Geosyntec Consultants, 2016):  
 

Many (i.e. bottom ash stockpile and marketing area, haul roads, railroad lines, closed mill 
rejects tomb, etc.) are unlikely to influence ground conditions to the extent of posing a threat 
to the stability of Ash Landfill 8 because they are not in close proximity to Ash Landfill 8.   
 

DA8 is constructed atop closed Basin 5, which is located immediately adjacent to Basin 6.  The 
potential for on-site or human-made features in closed Basin 5 area is insignificant due to distance 
from Basin 6.  CCR is being harvested out of Basin 6 for beneficial use and is being staged in 
stockpiles within Basin 6.  These temporary stockpiles are loaded and transported out of Basin 6.  
Much like in Basin 5, the stockpiles in Basin 6 are unlikely to influence ground conditions to the 
extent of posing a threat to stability due to their temporary nature and their distance from the 
perimeter embankments. 
 
Advanced GeoServices performed a review of the Waste Disposal Facility permit application and 
the associated design package to evaluate the human-made features prescribed by the CCR Rule 
preamble and found that none of the features had potential to induce instability.  No evidence of 
mining, cut and fill operations, or excessive drawdown of groundwater were identified. 
 
During the review of the site information and based on our knowledge of the basin, no pipes or 
conduits underlie the basin or basin area.  Electric power lines traverse over the basin area.  
However, the foundations for these power lines are located beyond the basin perimeter berm. 
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Based on the review described above, Advanced GeoServices did not identify any human-made 
features or events with the potential to cause the Basin 6 area to be considered an unstable area 
under §257.64. 
 
3.4 OVERALL SLOPE STABILITY 
 
As part of our due diligence, Advanced GeoServices also reviewed previous stability analyses 
conducted for Basin 6 to assess the factor of safety (FOS) against failure under static, pseudo-static 
(or seismic), and liquefaction conditions.  These analyses were performed as a result of past 
stability concerns arising from the following: 
 

• Evidence of past slope sloughs. 
• Puddled water and other evidence of seepage.  
• Proximity of the site to the Susquehanna River. 
• Adjacent stockpiles imposing surcharge loading on basin berm slopes. 

 
In the summer of 2009, a field and laboratory geotechnical investigation was conducted (HDR 
Engineering, Inc., 2009).  This investigation entailed drilling four (4) test borings along two 
sections through the basin and obtaining samples of existing materials for strength testing.  The 
results of the field investigation uncovered the following data: 
 

• The embankments for the basin were generally constructed of fill material 
consisting of silt, sand, and gravel.  The fill included lenses of material ranging 
from gravel to clay.  Partially weather rock materials (assumed to be mudstone or 
sandstone) were encountered below the soil materials. 

• Moisture content varied, such that water was often visible in granular zones above 
or between silt or clay zones. 

• Open standpipe piezometers were installed in the four borings to document water 
levels in the berms at the time of sampling 

 
Based upon the available data, the stability through the pre-determined “critical section” was 
evaluated for the following conditions: 
 

• Normal Operating Conditions (steady seepage) 
• Surcharge loading (Embankment Overtopping) 
• Rapid Drawdown (after flooded conditions in the Susquehanna River) 
• Earthquake (or seismic) 
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Stability analyses were performed using UTEXAS4 software with manual verification and/or other 
software, SLOPE/W, by another analyst.  The input data for the analyses was taken from 
geotechnical laboratory testing, boring logs, and water level readings.  The simulations were 
calibrated using the rapid drawdown analysis for the highest flood recorded in 2004, during which 
shallow sloughs were observed. 
 
Generally, under each evaluated scenario, the critical slope experienced a shallow surface failure 
(i.e., approximately 3 feet or less), consistent with field observations.  These shallow surface 
failures are typically associated with the minimum FOS.  When the failures were forced to occur 
at depth, the FOS was markedly improved and generally consistent with the minimum 
recommended FOS against failure for the evaluated scenario.   
 
3.5 CONCLUSION 
 
Advanced GeoServices reviewed a number of previous studies conducted by others to understand 
whether unstable conditions may be present that could adversely impact Basin 6 under normal 
operating conditions.  These sources, listed in Section 5 and through Section 3 of this report, 
included information related to the following: 
 

• On-site and local soil conditions 
• Local geological and geomorphological conditions 
• On-site and local manmade features 
• Slope Stability Assessments 

 
Based upon our review of these sources and the information related to the above categories of data, 
it is Advanced GeoServices’ opinion that the site meets the Location Restriction requirement for 
Unstable Areas. 
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4.0  LIMITATIONS 
 
The signature of Advanced GeoServices’ authorized representative on this document represents 
that, to the best of our knowledge, information, and belief, it is our professional opinion that the 
aforementioned information is accurate as of the date of such signature.  Our opinion is made on 
the basis of our experience, qualifications, and professional judgment and is not to be construed 
as a warranty or guaranty.  In addition, opinions relating to environmental, geologic, and 
geotechnical conditions or other estimates are based on available data, and actual conditions may 
vary from those encountered at the times and locations where data are obtained, despite the use of 
due care. 
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Section 1 

Executive Summary 
 

PPL Generation, LLC (PPL) owns and operates Ash Basin No. 6 at their Brunner Island Steam 

Electric Station located in Manchester Township, Pennsylvania.  HDR|DTA performed dam 

safety inspections of Brunner Island Ash Basin No. 6 in 2008 and 2009, as required by 

Pennsylvania Department of Environmental Protection (PADEP) regulations.   

 

During the annual inspections of Brunner Island Ash Basin 6, several slope stability issues were 

identified. These included:  

 

■ Evidence of past slope sloughs at the north and south ends of the east embankment and at 

the north end of the west embankment.  The sloughs were generally shallow, less than 3 feet 

deep, and reportedly occurred during recedance of flooding on the Susquehanna River. 

■ Puddled water and other evidence of seepage were observed extending approximately 1/3 of 

the way up the slope from the toe along the eastern embankment.  This degree of seepage 

was considered to be a concern for a 2:1 slope.  Note that PPL reported that this seepage was 

not evident in July 2008. 

■ The proximity of the ash basin slopes to the Susquehanna River creates the potential for 

recurring rapid drawdown conditions on the downstream slope due to significant, 

rapid-stage changes as a result of flooding.   

■ A topsoil and ash stockpile adjacent to the west embankment will surcharge the adjacent 

slope, although this effect is limited to a small portion of the overall embankment.  PPL has 

reported that the slopes of this stockpile have since been cut back. 

 

As a result of these observations, a recommendation was presented in the 2008 inspection report 

that the stability of the ash basin perimeter dike be reviewed and assessed in greater detail.  

Analyses from the original design were not available for review, although foundation boring 

logs, construction drawings and specifications, and field compaction test results were available.  

HDR|DTA performed preliminary slope stability analyses of the embankment using assumed soil 

parameters and groundwater assumptions.  These analyses indicated that the stability of the 

embankment could be deficient and more detailed exploration and analyses were warranted. 
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A reconnaissance level field and laboratory geotechnical investigation was conducted in the 

summer of 2009.  A total of four test borings were drilled at two cross sections on the east 

embankment that were identified as being potentially critical.  Field and laboratory strength 

testing was performed, and piezometers were installed in each boring.  The drilling program 

found that the embankment was constructed of dense silt, sand, and gravel with lenses of 

material varying from hard clay to gravel.  The foundation soils consisted of stiff to very stiff 

clayey silt and silty clay, and moderately dense to dense silty sand.  The phreatic surface varied 

between the two sections, with the phreatic surface at the north section of the east embankment 

significantly higher than in the middle.  The north section was adjacent to an area where sloughs 

had occurred previously. 

 

Slope stability analyses were conducted using the site specific strength and piezometric data.  

The factors of safety for the downstream embankment slope were found to be slightly less than 

the accepted values for the normal operating and surcharge (full basin) conditions, but were 

considered acceptable.   

 

The factor of safety for the rapid drawdown condition, which would occur during the recession 

of major flooding on the Susquehanna River, was marginal.  The slip surfaces for both the 100- 

and 500-year floods with factors of safety of 1.0 extended to the crest of the embankment, with a 

deep failure surface extending through the entire crest of the embankment for the 500-year flood.  

The failure surface for the 500-year flood in particular, is deep enough that an embankment 

breach could result.  The recommended factor of safety for the rapid drawdown condition is 

between 1.1 and 1.3 for embankment dams, and 1.0 for levees.  The relatively low required 

factors of safety recognize that the drawdown analysis requires that a number of simplifying 

assumptions be made, which tend to be conservative.  PPL noted that ash basins No. 4 and 5, 

which are of similar design, were subject to extreme flooding in 1972 as a result of hurricane 

Agnes without experiencing significant slope failures.  The peak flow was reportedly close to the 

500-year flood level, and the peak stage was close to the top of the dikes. 

 

Based on the results of the analysis, the occurrence of sloughs in the recent past, the service life 

that will be required of the closed ash basin, and the economic and ecological consequences 
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associated with a breach of the embankment and release of ash; remediation of the embankment 

is warranted.  The remediation would likely consist of construction of either a stabilization berm 

or shell, constructed of free-draining gravel.  The cross section of the embankment is generally 

consistent around the ash basin, and the west embankment will also be exposed to river flooding, 

so that the berm will likely be needed over most of the perimeter, which would be a significant 

project.  A filter would be incorporated into either option to address seepage.  Additional 

investigation would be appropriate to account for variations in embankment fill properties and 

groundwater conditions.  Scour and erosion resulting from flood flows should also be considered 

as part of the remediation.  PPL noted that a scour study was completed in 2007, and concluded 

that scour would not be a problem as a result of very low velocities along the shoreline.  

 

Conversely, additional analyses could be performed to assess the transient seepage conditions 

which may determine that an embankment breach as a result of drawdown would not occur.  

These analyses are not straightforward, and there are a number of variables that would need to be 

considered.    

 

Until a final stabilization plan is implemented, PPL should consider the following: 

 

■ Repair the existing sloughed areas. 

■ Drawdown the reservoir if significant tailwater flooding is forecast.  While this is not 

expected to have a major effect, it may reduce the likelihood of progressive failure. 

■ Continue monitoring piezometers on a monthly basis until annual trends can be established. 

 

 



 

 4 

Section 2 
Background 
 

Brunner Island Ash Basin No. 6 is an oval-shaped, man-made reservoir constructed to contain 

and store coal ash slurry.  A plan of the ash basin and original construction drawings are 

provided in Appendix A.  The ash basin consists of an earth embankment perimeter dike that is 

approximately 8,300 feet in circumference and has a maximum height of the downstream slope 

of about 30 feet.  The crest of the embankment is at elevation 290 feet.  The surface area is about 

70 acres, and the storage capacity at the crest of the embankment is about 2,600 acre-feet.  The 

ash basin was constructed in 1979 and is due to be retired in 2011.  After retirement, the basin 

will continue to store partially consolidated coal ash slurry.   

 

The majority of the embankment was constructed of native sandy silt to silty clay compacted to 

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

D698, the Standard Proctor test.  A 10-foot-thick clay blanket was constructed on the upstream 

face of the embankment, extending from elevation 287.5 feet (2.5 feet below the crest) to rock.  

Compaction tests are available indicating that the embankment was constructed substantially in 

accordance with the specifications.  The basin contains two intermediate dikes that divide the 

basin into three sub-basins.  The northernmost sub-basin is essentially filled with ash, although 

slurry is still routed through it, maintaining it in a saturated state.  The center basin is partially 

full, and the southern basin, referred to as the polishing pond, is used for final clarification of 

free water before it is discharged to the Susquehanna River.  The Susquehanna River is located 

approximately 80 feet east of the ash basin at its closest point, and flooding from the 

Susquehanna periodically extends up the embankment slopes.  The ash basin falls under the 

jurisdiction of the PADEP with respect to dam safety.  The dam is classified as a medium-sized, 

significant-hazard-potential structure, referred to as size B-2 using PADEP terminology.  

PADEP requires that the dam be inspected quarterly and has established safety requirements, 

although the performance criteria have not been established.   

 

HDR|DTA performed annual inspections for PPL in 2008 and 2009.  Several slope stability 

issues were identified during these annual inspections.  These included: 
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■ Evidence of past slope sloughs at the north and south ends of the east embankment and at 

the north end of the west embankment.  The sloughs were generally shallow, less than 3 feet 

deep, and reportedly occurred during recedance of flooding on the Susquehanna River. 

■ Puddled water and other evidence of possible seepage (or soil saturation) were observed 

extending approximately 1/3 of the way up the slope from the toe along the eastern 

embankment.  This degree of saturation was considered to be a concern for a 2:1 slope.  

Note that PPL reported that this wetness was not evident in July 2008, and the saturation 

observed in the 2009 inspection was not as extensive as that observed in 2008, possibly 

because the river hadn’t recently flooded and there hadn’t been as much recent rainfall.  The 

inspection was conducted in late May in 2009, as opposed to late April in 2008, and there 

may also be seasonal differences in embankment saturation.  

■ The proximity of the ash basin slopes to the Susquehanna River creates the potential for 

recurring rapid drawdown conditions on the downstream slope due to significant, rapid stage 

changes as a result of flooding. 

■ A topsoil and ash stockpile adjacent to the west embankment will surcharge the adjacent 

slope. 

 

As a result of these observations, a recommendation was presented in the 2008 inspection report 

that the stability of the ash basin perimeter dike be reviewed and assessed in greater detail.  

Analyses from the original design were not available for review, although foundation boring 

logs, construction drawings and specifications, and field compaction test results were available.  

HDR|DTA performed preliminary slope stability analyses of the embankment using assumed soil 

parameters and groundwater assumptions.  These analyses indicated that the stability of the 

embankment could be deficient and more detailed exploration and analyses were warranted. 

 

PPL requested that HDR|DTA perform an assessment of the stability of the embankment, which 

included the development and coordination of a subsurface and laboratory investigation program.  

Construction drawings, specifications, and compaction test results were provided by PPL, but the 

original slope stability analyses and assumptions were not available.  The subsurface 

investigation program conducted in June 2009 served to gather information on in situ soil 

strength parameters and groundwater conditions for the embankment sections determined to be 

critical during the 2009 annual inspection. 
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Section 3 

Subsurface Investigation 
 

3.1 Embankment Geometry 

 

The embankment cross section is generally consistent all of the way around, with the following 

differences: 

 

■ The embankment height varies from essentially zero at the north end of the embankment to 

approximately 30 feet at the middle of the east embankment.  Natural ground at the west 

embankment is generally higher than at the east embankment, although the west 

embankment is still exposed to flooding from the Susquehanna River. 

■ The upstream water level is highest in the northern sub-basin, approximately 1 to 2 feet 

higher than the middle basin, at about elevation 288 feet.  This is high enough to overtop the 

upstream clay liner.  The water level in the center basin is normally about 287 feet.  The 

water level in the polishing pond is normally slightly above the intake pipe top elevation of 

268 feet.  

■ There is an 18-foot-high fill stockpile on the west embankment near Sta 11+00.  Because 

this is a local occurrence, this section was not chosen for analysis. 

 

Two embankment sections were chosen for exploration, as shown on the plan in Appendix A.  

Photos of the embankment sections are provided in Appendix B.  These sections were believed 

to be critical based on observations made during the annual inspections, as noted below.   

 

East Embankment at Station 21+80, Section 1-1 – This section was located immediately south of 

the series of shallow sloughs described previously.  The location where the holes were drilled 

obviously has a somewhat higher factor of safety with respect to shallow slides than the slide 

area, but the expectation is that this section was likely marginally stable at the time the adjacent 

sections slid.  Wet soils were observed on the embankment face approximately 1/3 of the way up 

the slope and the toe was saturated, possibly indicating a high phreatic surface.  A channel 

carrying free water is present at the upstream face.  The section height is approximately 25 feet, 

slightly less than the maximum section height.   
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East Embankment at Station 7+44, Section 2-2 – The section height is approximately 30 feet, 

which is near the maximum height of the downstream slope.  The toe of the embankment was 

observed to be wet at this location with intermittent puddles of standing water near the base of 

the slope, extending 5 feet up the slope.  Water was observed actively seeping from the slope at 

and near the location of Boring B09-4 and could be audibly heard as it trickled down the slope.  

The toe was saturated.  These observations were not consistent with the piezometer readings, 

which show the phreatic surface below the ground surface at Sta 7+44.  It is apparent that 

phreatic conditions are not straightforward, as discussed later.  Saturation of the slope and toe 

may be the result of rainfall and high river levels, although there is not enough piezometric data 

to assess seasonal trends.  Open water in the middle sub-basin extends to the upstream face.  

 

Note that the stability of the splitter dike between the middle sub-basin and the polishing pond 

was not assessed during this study.  The splitter dike is totally contained within the perimeter 

dike, and a breach of the splitter dike would not result in an uncontrolled release of ash, 

providing the discharge conduit was closed.  

 

3.2 Geotechnical Exploration 

 

Four borings were drilled in the east embankment.  Two borings were located at approximate 

station 7+44 (Section 2-2), and an additional two borings were located at approximate station 

21+80 (Section 1-1).  At each station, one boring was drilled in the crest through the existing 

access road, and the second boring was drilled from the slope near the downstream toe of the 

embankment.  Subsurface exploration and piezometer installation was performed by Cumberland 

Geoscience Consultants (CGC), contracted to PPL.  Geotechnical engineering observation, 

borehole logging, and piezometer installation coordination was provided by a geotechnical 

engineer with HDR|DTA.  Drilling work started on Monday, June 8, 2009 and was completed on 

Thursday, June 18, 2009.   

 

Borings located at the crest of the embankment were drilled using a truck-mounted Acker 

SoilMax drilling rig using 4-1/4-inch-diameter, hollow-stem augers (B09-1 and B09-3).   
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Benches were cut in the slope at B09-2 and B09-4 to provide relatively flat working areas to set 

and support the skid rig.  The bench was dug by a PPL Contractor using a large excavator 

working from the perimeter road at the top of the slope.  Bench dimensions were approximately 

2 to 3 feet in height and 5 to 6 feet in width, measured perpendicular to the axis of the 

embankment.  The upper 2 to 3 feet of the slope was generally observed as wet to saturated 

during excavation of the bench area.  Below a depth of 2 to 3 feet, the soil was typically moist to 

dry with zones of wet soil.   

 

Boring locations on the downstream slope were accessed by winching the skid-mounted rig from 

the perimeter road down the slope to the excavated working area.  A perimeter guard rail 

consisting of I-beam posts with steel cable strung between posts was located along each side of 

the perimeter road.  The guard rail cable on the downstream side of the road was removed prior 

to winching the rig off the crest.  The skid-rig was then winched down the slope with the help of 

the excavator which was used to help stabilize the rig during winching.   

 

Borings located on the downstream slope were drilled using a skid-mounted Sprague and 

Henwood 40C drilling rig using a 3-7/8-inch-diameter tri-cone bit and rotary drilling methods 

(B09-2 and B09-4).  Four-inch internal diameter steel casing was advanced in holes completed 

with rotary drilling methods.   

 

Following completion of borehole drilling and installation of the piezometer, the skid-rig was 

winched off of the borehole location and back up the slope.  The excavated soil materials were 

replaced in the excavated area and lightly compacted by tamping with the backhoe bucket.  PPL 

re-attached the guard rail cable.   

 

Sampling was performed at selected depth intervals designated by the geotechnical engineer.  

Sampling was completed using a Standard Penetration Test (SPT) split-spoon sampler driven 

24 inches using a 140-pound safety hammer.  At selected locations and depths where cohesive 

soils were encountered, 3-inch-diameter thin-walled tube samples were attempted.  Bulk samples 

consisting of auger cuttings from selected depth intervals of the embankment fill were also 

obtained at Boring B09-1.  Samples were logged, classified in the field, photographed, and 
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placed in clean glass jars for later laboratory testing.  Boring logs were maintained in the field by 

the on-site geotechnical engineer.   

 

Borehole termination was based on refusal to either the drilling equipment, SPT sampler, or 

based on observation of rock or weathered rock materials in recovered samples.  Upon 

completion of drilling to the required depth, one-inch-diameter piezometers were installed with 

screened depth intervals selected by the geotechnical engineer.   

 

Soil materials were generally granular consisting of silt, sand, and gravel.  Fill materials were 

generally classified as gravelly silt with sand, sandy silt with gravel, or silty sand with gravel.  

Fill materials contained zones of material that ranged from gravel to clay.  Changes in moisture 

content were often observed at these zones where water was often visible in granular zones 

above or between silt or clay zones.  A layer of natural clayey silt (ML) or silty clay (CL) soil 

was observed below the fill at most of the borings.  Silty sand (SM) with gravel was often 

present beneath the clayey silt or silty clay material.  Partially weathered rock materials, assumed 

to consist of mudstone or sandstone based on recovered fragments, were encountered below the 

soil materials near the termination of the borings.   

 

Boring logs were prepared based on the field observations and measurements obtained by the 

HDR|DTA field engineer and are provided in Appendix C. 

 

3.3 Piezometer Construction 

 

Open standpipe piezometers were installed in all four borings.  Generally, a single piezometer 

was installed with the screen interval slightly below the depth where wet soil materials or water 

were observed during drilling.  Two piezometers were installed in Boring B09-3.   

 

Piezometers were constructed by first using bentonite chips to fill and seal the borehole below 

the selected piezometer elevation.  Filter sand (No. 00) was next placed in the borehole to the 

bottom of the selected screen depth.  A 1-inch-diameter PVC piezometer pipe was then placed in 

the borehole and additional sand was placed to the selected height above the screen.  Bentonite 
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chips were then placed to seal the borehole above the sand filter.  Bentonite chips were placed to 

within a few feet of the borehole surface where sand or drill cuttings were then placed to 

complete the installation.   

 

Flush mount covers were installed for piezometers B09-3A/3B and B09-1 located in the 

perimeter road.  A one-inch-diameter drain pipe was extended from inside the flush mount cover, 

below the level of the piezometer cap, to daylight near the top of the downstream slope.  This 

was installed to keep the road boxes from filling with water and influencing the piezometers in 

the event of puddles or standing water on the crest road.  Standpipe protective covers were 

installed for piezometers B09-2 and B09-4 located near the downstream toe.  Cement was placed 

around the flush mount or standpipe cover to secure the cover in place.  PVC caps were placed 

on top of the PVC piezometer risers inside the covers to keep out dirt and debris. 

 

Details on piezometer construction depths are provided on the individual boring logs provided in 

Appendix C.  Daily measurements of installed piezometers were obtained by the HDR|DTA 

geotechnical engineer during drilling of the remaining boreholes.  Ongoing measurement of the 

piezometers is being performed by PPL. Plots of piezometric elevation versus time are provided 

in Appendix F.  The three piezometers at Sta 7+44 toe of the embankment, (B-3A, B-3B, and 

B-4), most recently indicated that the phreatic surface was below the bottom of the piezometer, 

yet the ground surface at the toe was wet.  It is apparent that the native sand layer observed in the 

borings is acting as a drain.   
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Section 4 

Stability Analysis Criteria 
 

PADEP Code 105.97 requires that the stability of jurisdictional dams be assessed, but does not 

stipulate analysis methodology or criteria.  For the purposes of this analysis, the methodology 

and criteria in U.S. Army Corps of Engineers (USACE) Engineering Manual EM 1110-2-1902 

(Revised October 31, 2003) Slope Stability and EM 1110-2-1913 (Revised April 30, 2000) 

Design and Construction of Levees were used.  The loading conditions stipulated by USACE are 

described below, along with reservoir and tailwater levels, the recommended analysis method, 

required factor of safety for each loading condition, and the reference for each parameter.  

USACE notes that a deformation-based seismic analysis method is being developed, but has not 

yet been issued.  Seismic analyses were performed using the Blake equivalent pseudo-seismic 

coefficient method, a deformation-based analysis, as described in “Guidelines for Evaluating and 

Mitigating Seismic Hazards in California.” (Special Publication 117, Page 29 of California 

Geological Survey 2008). 

 

Critical Section - Section 1-1, located at Station 21+80 

 

The piezometric levels at Section 1-1 are noticeably higher than at Section 2-2.  Also, the ash 

basin at Section 1-1 has essentially been filled, while there is an open pool at Section 2-2.  

Otherwise, the two sections are essentially the same.  The cause of the variation in phreatic 

surfaces has not been explained, but could be due to the fact that the free water level against 

Section 1-1 may be slightly higher than at Section 2-2, which may overtop the upstream clay 

liner.  Variation in the fines content of the embankment fill material, especially the higher fine 

contents at Section 1-1, may also partially explain the higher embankment phreatic level.  Note 

that there are likely sections with phreatic surfaces that are higher than that encountered at 

Section 1-1, and this warrants some conservatism when interpreting the stability analysis results. 

 

Section Geometry 

 

 Upstream embankment slope:  2.5:1 (Drawing E158595) 

 Downstream slope:  2:1 (Dwg E158595, field verified with an inclinometer May 1, 2008) 
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 Crest Width:  15 feet (Drawing E158595, field measured as 19 feet on May 28, 2009) 

 Crest Elevation:  290 feet (Drawing E158595), NGVD 1929 

 Toe Elevation:  265 feet (Drawing E324218) 

 Piezometer locations/elevations:  Determined with a tape and pop level, May and June, 

2009) 

 

Loading Conditions – Downstream slope only 

 

Normal Operating Condition (Steady Seepage) 

 

 Headwater:  288.0 feet (PADEP Dam Inspection Checklist, 2008) 

 Tailwater:  None 

 Phreatic conditions:  Based on piezometer readings at Section 1-1, 9/16/2009.  Piezometer 

readings are based on limited data recorded in June, July, and September 2009.  Additional 

data should be obtained when available. 

 Analysis Method:  Drained (EM 1110-2-1902 Table 2-1, p. 2-2) 

 Required Factor of Safety:  1.5 (EM 1110-2-1902 Table 3-1, p. 3-2), and PADEP Residual 

Waste Regulation guidelines. 

 

Note that PPL plans to lower the normal operating level from 288.0 feet to 287.3 feet in 2010.  

The water level at the time of the 2009 inspection was at Elevation 286.9 feet.  The operating 

level is measured at the downstream (south) end of the open water part of the basin.  The 

elevation of free water at the upstream end of the basin, near the ash sluicing operation, is 

somewhat higher as evidenced by the visible gradient in the discharge channel; but it has not 

been measured.  Despite the filling of the northern portion of the ash basin, a discharge channel 

near Section 1-1 provides free water close to the upstream face of Section 1 1, and there is free 

water at the upstream face of the embankment at Section 2-2. 

 

Maximum Surcharge Pool 

 

 Headwater:  289.0 feet (assumed as 1 foot below top of dike) 
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 Tailwater:  None 

 Phreatic conditions:  Based on piezometer readings at Section 1-1, 9/16/2009, scaled up to 

account for the 1-foot reservoir rise and probable variation in the fill permeability.  

 Analysis Method:  Drained (EM 1110-2-1902 Table 2-1, p. 2-2) 

 Required Factor of Safety:  1.4 (EM 1110-2-1902 Table 3-1, p. 3-2 – Consider as Surcharge 

Pool.) 

 

The potential for overtopping the embankments was identified as a concern in the annual dam 

safety inspections.  The basin does not have any drainage area other than the basin itself, so that 

there are no flood runoff issues, except within the basin.  All water into the basin is either rainfall 

falling directly on the basin, or is discharged with pumped sluice lines.  PPL intends to install 

level monitoring devices at the sluice discharge points, in addition to their normal monitoring 

program.  PPL has verified that the level monitoring coupled with the operators’ daily inspection 

rounds will prevent overtopping of the embankment.  Therefore, the surcharge condition has 

been assumed as a 1-foot rise above the normal reservoir level, and it has been assumed that this 

condition would be observed and remedial measures taken before it rises further.  The 

piezometer response to changes in phreatic surface is unknown; therefore, it has also been 

assumed that the rise in phreatic surface associated with this surcharge will be linear and 

proportional, varying from one foot above the measured piezometric head at the embankment 

center to downstream ends.  This may be somewhat conservative, since it is likely that the 

surcharge level will not be maintained long enough for phreatic surface conditions to stabilize.  

However, extrapolating the higher-than-measured phreatic surfaces allows determination of the 

factor of safety at locations where the phreatic surface may be higher than Section 1-1 or for a 

seasonal or future increase in the existing piezometric head.   

 

Maximum Tailwater – This is the first stage of three-stage rapid drawdown analysis for 

evaluation of the stress state in embankment 

 

 Headwater:  288.0 feet (PADEP Dam Inspection Checklist, 2008) 

 Tailwater:  278.2 and 288.8 (100-year and 500-year flood tailwater elevation per PPL email 

9/17/2009 – PPL has requested that both flood levels be evaluated) 



Section 4 Stability Analysis Criteria 
 
 

 14 

 Phreatic conditions:  The assumed embankment piezometric head is the highest value of the 

measured phreatic surface for the normal loading condition and the head corresponding to 

the 100-year tailwater at the toe.  The approximate steady state seepage profile varies from 

normal headwater upstream to the center of embankment at elevation 278.2 (for the 100 year 

flood) and remains horizontal to the tailwater at the toe.  For the 500 year flood, the phreatic 

surface is assumed to be level at 288 feet throughout the embankment.   

 Analysis Method:  Drained (EM 1110-2-1913 Table 6-1b, p. 6-5) 

 

The rapid drawdown condition for the downstream slope of an embankment is an unusual 

loading condition for which there are no established criteria.  PPL has requested that the design 

flood recurrence interval consider both the 100-year and 500-year floods.  The flood condition is 

likely transient enough that phreatic levels will not stabilize at the maximum tailwater level; 

however, a transient analysis of phreatic surface conditions would likely be both complicated and 

inaccurate, due to the lack of field data, variability of the embankment fill material, and the 

required assumptions for duration of flood and variation of the flood level with time.  It is noted 

in EM 1110-2-1902 that a transient phreatic surface analysis is beyond the current state of the 

art.  Modeling the changes in phreatic surface as steady state is conservative, while having a 

drawdown condition on the downstream slope, as opposed to the upstream slope where it is 

normally performed, results in a more severe loading condition.  The Factor of Safety is not 

relevant to this condition, but this analysis is the first step in the rapid drawdown analysis. 

 

Rapid Drawdown – These are the second and third stages of analysis. 

 

 Headwater:  288.0 feet (PADEP Dam Inspection Checklist, 2008)  

 Tailwater:  278.2 and 288.0 (100-year and 500-year flood tailwater elevation per PPL email 

9/17/2009) 

 Toe elevation:  265.2 – base of slope after drawdown (Drawing E324218) 

 Normal river level:  252 +/- (from Drawing 158595)  

 Phreatic conditions:  Assumed steady state associated to the final stage of drawdown, i.e., 

identical to the normal loading condition.   
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 Analysis Method:  Three-stage method (EM 1110-2-1913 Table 6-1b, p. 6-5) based on 

minimum of undrained and drained strength along the critical failure surface. 

 Required Factor(s) of Safety:  

  1.1 (EM 1110-2-1902 Table 3-1, p. 3-2)   

  1.0 (EM 1110-2-1913-Table 6-1a, p. 6-4 – Consider as drawdown for conditions where 

the flood level does not persist for a long period preceding drawdown.) 

 

Earthquake 

 

 Headwater:  288.0 feet (PADEP Dam Inspection Checklist, 2008) 

 Tailwater:  None 

 Maximum Peak Ground Acceleration (PGA): 0.105 g (corresponds to 2% probability of 

exceedance in 50 years according to USGS 2002 data) 

 Analysis Method:  A two-stage method using pseudostatic analysis and Newmark’s 

cumulative displacement analysis.  Using Blake’s screening analysis procedure (SP117A, 

p. 30), a site seismicity factor of approximately 0.6 is estimated, assuming a Magnitude 7.0 

earthquake, an epicentral distance of 20 km, and a threshold displacement of 5 cm.  This 

results in a seismic coefficient Keq = 0.06g to be used in both the pseudostatic analysis and 

in the displacement analysis. 

 Required Factor of Safety:  1.2 (based on PADEP Residual Waste Regulations) and a 

cumulative displacement of less than 1.0 feet. 

 

Strength Parameters 

 

One suite of three isotropically consolidated undrained triaxial tests was performed on a 

reconstituted sample of the embankment fill from Section 1-1, Boring B09-1, at a depth of 15 to 

19 feet.  The sample was compacted in the lab to a density of 95.4 to 98 percent of optimum, as 

determined using the Standard Proctor test (ASTM D698) with a moisture content of 8.3 percent, 

near the optimum of 8.1 percent.  The degree of compaction and moisture content with respect to 

optimum is consistent with the original (1979) specifications and field test results; however, the 
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dry density of the tested samples was 123.5 to 126.9 pounds per cubic foot, which was 

considerably higher than the field tests, and the moisture content was considerably lower.   

 

The triaxial testing results determined that φ’= 39.5 degrees, and c’ = 0.  The three tests were in 

close agreement with respect to a straight line plot of the effective stress envelope.  This value of 

φ’ is fairly high, and one suite of tests obviously will not capture the likely range of variations.  

The Standard Penetration Test blow count “N” value that would correspond to a friction angle of 

39.5 degrees is more than 40 blows per foot, which was observed in approximately half of the 

SPTs.  A lower friction angle of 37 degrees, based on an N value of 30 corresponding to the 

lower range of measured N values, is considered reasonable.  The consolidated undrained 

strength parameters indicate zero cohesion and an undrained friction angle of 24 degrees.   

 

To provide a check of the strength parameters, the friction angle of the embankment was back 

calculated for the rapid drawdown condition that corresponded to the highest tailwater level in 

the last 5 years when the slope sloughing was believed to have occurred.  A tailwater elevation of 

274.1 feet was reported on September 20, 2004.  A target factor of safety of 1.0 was selected, 

consistent with the fact that shallow slope failures did occur, but not over the entire embankment 

and not at Sta 21+80.  An effective friction angle of 37 degrees and cohesion of 0, and an 

undrained cohesion of 0 and friction angle of 24 degrees resulted in a factor of safety of 1.01, 

with a failure surface about 3 feet deep, consistent with field observations.  Based on this 

evaluation, a drained friction angle of 37 degrees and an undrained friction angle of 24 degrees 

were adopted for the remainder of the analyses.  

 

The foundation material is a combination of clay, silt, and sand.  The SPT N values were 

significantly lower in the foundation than in the embankment, and moisture contents were 

higher.  Although the embankment was likely constructed of material similar to the foundation, it 

is likely that the embankment soils have been compacted to a higher in-situ density and are 

closer to the optimum moisture content; therefore, the strength of the embankment will be higher 

than the foundation.  The unconfined compressive strength of the silt and clay foundation 

material based on the N values, field torvane tests, and pocket penetrometer tests was estimated 

at 4,000 psf.  While the majority of the foundation soils encountered in the 2009 borings 
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consisted of stiff to very stiff silts and clays which may have cohesion, sand and gravel lenses 

were encountered in each of the borings, and in the majority of the borings drilled prior to 

construction.  Due to the variability of the foundation soil materials and properties, and the 

limited impact of foundation strength parameters on the critical drawdown analysis, more 

detailed testing and strength parameter determination was not considered warranted for the 

foundation soils.  An effective friction angle, φ’ of 30 degrees, and cohesion, c = 0 psf was 

assumed, based on correlations of effective friction angle and plasticity index.  The sensitivity of 

the normal operating slope stability analysis to cohesion is discussed below.   

 

Material Properties 

 

Table 4-1 below provides a summary of soil material properties used in the analysis.  The 

embankment stratigraphy, natural ground surface elevation, and geometry were determined 

based on field measurements, existing drawings, and logged boring data. 

 

TABLE 4-1 
SUMMARY OF MATERIAL PROPERTIES USED IN ANALYSIS 

Material γmoist γsat c' φ' dKc=1 Kc=1 

Types (pcf) (pcf) (psf) (degrees) (psf) (degrees)

Native Soil N/A 130 0 30.0 1,000 0 

Clay Liner 130 130 0 30.0 1,000 0 

Ash Fill (Storage) N/A 90 0 30.0 N/A N/A 

Embankment Fill 125 135 0 37.0 0 28.7 

 

Rapid Drawdown Material Properties 

 

The required material properties for the rapid drawdown analysis was calculated from the above 

drained and undrained strength parameters.  In addition to the cohesion and friction angle used in 

most stability analyses, the computer program UTEXAS4 uses the parameters dKc, and Kc.  These 

parameters describe the relation between the shear strength and effective consolidation stress on 

the failure plane according to a linear relation, with two parameters: d (intercept) and (slope 

angle), for two states of isotropic consolidation - Kc = 1 developed from the Consolidated 

Undrained (CU) triaxial test and conventional effective strength parameters, Kc = Kf. 
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1. Fill material second stage: dKc=1 = 0, Kc=1= 28.7°, dKc=Kf = 0, Kc=Kf=37°   

2. Natural soil / Clay liner second stage: dKc=1 = 1,000 psf, Kc=1= 0°, dKc=Kf = 0,  

 Kc=Kf= 30° 

 

Note that UTEXAS4 selects the lower of the input undrained and drained strengths for each 

section of the failure arc, in accordance with the recommended procedure.  From the output, it is 

not apparent which drainage condition governed, although it was determined that the undrained 

failure condition provides the lowest factor of safety.   

 

It was further assumed that the ash fill acts as a soil, and that the strength of the ash fill would 

not influence the analysis of the downstream slope.  The failure surface was limited to the top of 

rock elevation. 

 

Discussion of Rapid Drawdown Analysis   

 

Flooding of the Susquehanna River can create a rapid drawdown condition on the downstream 

slopes of the ash basin embankments, which is an unusual loading condition.  Drawdown 

analyses are typically conducted for the upstream face of the embankment in reservoirs, such as 

pumped storage projects, where rapid, large magnitude fluctuations of reservoir level can occur.  

For upstream analyses, the seepage gradient is the opposite of the normal direction of seepage, as 

drainage is relieved at the upstream face.  Upstream drawdown failures do not result in a breach 

of the embankment, as the triggering mechanism is the withdrawal of water from the reservoir.  

For rapid drawdown at the downstream face, the normal seepage and drawdown seepage 

gradients act in the same direction, which is likely a more severe condition.  There are no clear 

criteria for this analysis.   

 

For a slope failure related to rapid drawdown to occur, the embankment must be partially or 

completely saturated at the higher level and must drain slower than the tailwater recedes.  The 

embankment saturation is a function of several factors.  The steady state saturation level in the 

east embankment appears to be high, at least as it appeared in spring 2008.  Significant flooding 

in the Susquehanna will likely occur in the spring when groundwater levels tend to be higher, 
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and will be accompanied by heavy rains, further raising the saturation level in the embankment.  

The same is true for a tropical storm-related flood, which is the likely severe flood scenario.  

However, the rising limb of the hydrograph is steep (approximately two days during Hurricane 

Agnes), and the falling limb is somewhat shallower (4 days during Hurricane Agnes).  Therefore, 

it seems unlikely that significant saturation will occur that cannot drain.  This was addressed in 

part by back calculating strength parameters for conditions where shallow failures were observed 

to occur, using the same methodology for the analysis of the higher level, but this method 

becomes less applicable with deeper failure surfaces that would be slower to saturate.   

 

USACE EM 1110-2-1902 discusses a detailed procedure to evaluate the strength parameters to 

be used for the rapid drawdown analysis.  This rationale is based in part on the assumption that 

shear strength properties are governed by consolidation conditions, and in part on the assumption 

that significant laboratory testing data would be available, allowing discrimination between rapid 

and slow strength testing results.  This embankment is relatively low, and we are assuming that 

foundation soils are pre-consolidated due to past desiccation, while embankment soils are 

pre-consolidated due to compactive effort.  An analysis of the embankment susceptibility to 

erosion from high flood flows was not conducted as part of this stability analysis.  PPL reported 

that a scour study was conducted in 2007 which concluded scour would not be a problem as a 

result of low shoreline velocities.   

 

As observed in the piezometer data, the piezometers at Sta 7+44 show the phreatic surface below 

the bottom of the piezometers, while the ground surface is still wet.  The majority of the borings 

show sand layers in the foundation underlying the embankment.  The continuity of this sand 

layer and its effect on drainage is not known, but it is apparent that the effect is not uniform, as 

evidenced by the differences between the two sections. 
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Section 5 

Analysis Results and Conclusions 
 

5.1 Discussion 

 

Slope stability analyses of Section 1-1 were conducted using limit equilibrium methods and the 

properties shown in Table 4-1 for normal, surcharge, rapid drawdown, and seismic loading 

conditions as described in Section 4.0.  The slope stability software UTEXAS4 was utilized for 

the analyses.  EM 1110-2-1902 recommends that slope stability analyses be checked, either by 

hand or using an independent slope stability program, with the work done by an independent 

analyst.  The factors of safety for each condition were independently verified by a second 

engineer with the slope stability program, SLOPE/W.  To check the accuracy of the developed 

model and assumed parameters, the rapid drawdown associated with the highest flood of record, 

having occurred in 2004, was analyzed first.  Consistent with previous field observations of 

shallow sloughs, the result exhibited a factor of safety less than 1.0 for a circular failure surface 

of approximately 3-foot depth. 

 

Typically, the minimum factor of safety will correspond to a shallow failure surface.  While a 

shallow failure will result in some slope movement and loss of vegetation, it is unlikely to result 

in a breaching failure of the embankment and the loss of the reservoir.  However, shallow 

failures can be a recurring maintenance issue and concern to inspectors.  The software used was 

directed to identify both shallow and deep failure surfaces. 

 

Analysis summary diagrams for each loading case are provided in Appendix E.  Table 5-1 below 

also summarizes the results of the analyses conducted for all loading cases to identify deep 

failure surfaces.  

 

A critical failure surface was defined as a failure surface that extended deep enough into the 

embankment that it intersected the crest.   

 

As shown in Table 5-1, the factor of safety against sliding is acceptable under the 10-year-flood 

and earthquake loading conditions.  Based on these results, it is unlikely that a significant slope 

failure will occur for these conditions, although shallow failure surfaces without the potential to 
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reach the embankment can be expected.  Note that prompt repair of these slope failures is 

necessary, as these areas are more vulnerable to future slope movement than the surrounding 

slopes. 

 

Rapid drawdown loading for both the 100-year flood and the 500-year flood levels was 

determined to be the most critical loading condition.  For both flood levels, the factor of safety is 

less than what is required by the acceptance criteria discussed in Section 4.0.  It is noted that the 

failure surface for these flood levels is entirely within the embankment section; and therefore, the 

foundation strength assumptions will not affect the results.   

 

The factor of safety for the pseudostatic seismic analysis of 1.2 is acceptable.  The calculated 

yield acceleration necessary to initiate noticeable permanent crest displacement was calculated as 

0.14g, which is considerably higher than the seismic coefficient of 0.06g determined to be 

appropriate.  Minimal deformation is anticipated, as expected for a low, well-compacted 

embankment in a low to moderate seismic region. 
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TABLE 5-1 
SUMMARY OF STABILITY ANALYSES RESULTS 

Loading 
Condition 

Factor of 
Safety 

Against 
Deep 

Failure1 

Required 
Minimum 
Factor of 

Safety 

Factor of 
Safety 

Against 
Shallow 
Failure4

Sensitivity Factors Notes 

Normal 1.41 1.5 N/A3 Foundation 
material cohesion 

Although sand and gravel 
was encountered in most 
borings, a small amount of 
cohesion effective for the 
composite foundation could 
exist. 

Surcharge 1.31 1.4 N/A3 Foundation 
material cohesion 

Although sand and gravel 
was encountered in most 
borings, a small amount of 
cohesion effective for the 
composite foundation could 
exist. 

10-year Flood 1.14 1.1 1.00 Embankment 
cohesion 

Due to variable nature of fill 
and results of lab test data, 
assumption of cohesion for 
embankment material is not 
reasonably conservative.

100-year 
Flood 1.0 1.1 0.83 

Embankment 
cohesion; 

Initial embankment 
phreatic surface 

Assuming a lower phreatic 
surface does not affect the 
phreatic surface in the failure 
zone during the flood 
condition 

500-year 
Flood 1.02 1.1 0.76 None 

The failure surface extends to 
upstream edge of the 
embankment crests.

Earthquake 1.2 1.2 N/A3 Increased seismic 
coefficient 

The yield acceleration is 
higher than PGA for 
reasonable PGA values.

1 Factor of safety is the minimum for a failure surface passing through the embankment crest. 
2 For very deep failure surface that encompasses entire width of crest; all other failure surfaces have FS < 1.0. 
3 No surficial failure surfaces were identified for normal, surcharge and earthquake loading conditions, as the 

slope surface was not modeled as saturated during these conditions. 
4 Failure surface is approximately 3 feet deep.  Shallower surfaces will have lower factors of safety.   
 

5.2 Sensitivity Analysis 

 

Sensitivity analyses were performed by varying the parameters shown in Table 5-1, as well as 

the reservoir water levels.  The results of the sensitivity analyses are discussed below. 
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Normal and Surcharge Loading Conditions 

 

Without altering the embankment fill strength parameters, a relatively small cohesion value of 45 

psf was assumed for the foundation (native) soil material.  The assumed foundation material 

strength is summarized in Table 5-2 below. 

 

TABLE 5-2 
PROPERTIES USED IN FOUNDATION COHESION SENSITIVITY ANALYSIS 

Material Type 
γmoist 
(pcf) 

γsat 
(pcf) 

c' 
(psf) 

φ' 
(degrees) 

Foundation (Native) N/A 130 45 30.0 

 

The stability analysis diagram is provided in Appendix E.  Table 5-3 below presents the results 

of this sensitivity analysis. 

 

TABLE 5-3 
RESULTS OF FOUNDATION COHESION SENSITIVITY ANALYSIS 

Loading Condition 
Factor of Safety1

Without Cohesion 
Factor of Safety1

With 45 psf 
cohesion 

Required 
Minimum Factor of 

Safety 
Normal 1.41 1.51 1.5 

Surcharge 1.31 1.40 1.4 
 1 Factor of safety is for a failure surface passing through the downstream edge of the 
  embankment crest. 
 
Although the sand lenses in the foundation indicate that reliance on significant cohesion is not 

appropriate, the analysis does indicate that a very small amount of cohesion would increase the 

factors of safety for the normal and surcharge conditions above the recommended minimums.  

As noted above, foundation cohesion would not affect the rapid drawdown analysis, as the 

critical failure surface is confined to the embankment. 

 

Rapid Drawdown Loading Condition 

 

The sensitivity of the embankment slope stability analysis for the 2004 flood (referred to as the 

10-year flood) and the 500-year flood was assessed by changing the strength parameters of the 

embankment fill, and by changing the upstream water levels.  Cases with embankment strengths 
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lower and higher than the base case were assumed.  The assumed embankment strength for these 

two cases is presented in Table 5-4 below. The stability analysis diagram is provided in 

Appendix E. 

 

TABLE 5-4 
ASSUMED EMBANKMENT FILL STRENGTHS FOR SENSITIVITY ANALYSIS 

Embankment Fill 
Strength 

γmoist 
(pcf) 

γsat 
(pcf) 

c' 
(psf) 

φ' 
(degrees) 

dKc=1 
(psf) 

Kc=1 
(degrees)

Low strength 125 135 0 34.0 0 27.0 

Original strength 125 135 0 37.0 0 28.7 

High strength 125 135 0 37.0 288 28.0 

 

A summary of the calculated factors of safety resulting from altered embankment fill strength is 

provided in Table 5-5 below. 

 

TABLE 5-5 
RESULTS OF EMBANKMENT FILL STRENGTH 

ON RAPID DRAWDOWN ANALYSIS 

Loading Case, 
Assumed Strength 

Factor of 
Safety1 

Base Case 

Factor of 
Safety1 

Low Strength 
Fill 

Factor of 
Safety1 

High Strength 
Fill 

Required 
Minimum Factor 

of Safety 

10 year flood 1.14 1.1 1.44 1.1 
100 year flood 1.0 0.91 1.27 1.1 
500 year flood <1.0 0.80 1.20 1.1 

1 Factor of safety is for a failure surface passing through the downstream edge of the embankment crest. 
 

Change in Embankment Phreatic Level 

 

The embankment phreatic level in the analysis for flood (rapid drawdown) conditions is 

influenced by the initial phreatic surface, the rate of rise and fall of the tailwater flood elevation, 

and the permeability of the embankment material.  Since the failure surface associated with the 

100-year flood is shallow yet passes through the crest of the embankment, as shown in Appendix 

E, an initial phreatic surface lower than what is assumed in the analysis will not effect the 

analyses or improve the factor of safety.  A higher phreatic surface through the embankment was 

analyzed to quantify its effects, and the corresponding stability analysis diagram is provided in 
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Appendix E.  It can be observed that the factor of safety is reduced from 1.0 to 0.91 with the 

higher assumed phreatic surface.  Reducing the reservoir level for the 500-year flood does not 

impact the factor of safety, since the tailwater is close to the crest and almost the entire 

embankment is assumed to be saturated. 

 

5.3 Analysis Summary 

 

For the normal and surcharge loading condition, the stability of the embankment was slightly 

below recommended values, but is considered satisfactory.  As noted in COE Manual EM 1110-

2-1902, “Acceptable values of factors of safety for existing dams may be less than those for 

design of new dams, considering the benefits of being able to observe the actual performance of 

the embankment over a period of time.”  No significant seismic deformation is anticipated.  For 

the rapid drawdown condition, for a return period of as short as 100 years, the embankment does 

not meet the required factor of safety of 1.1 for a failure surface that passes through the 

embankment crest.  Following a rapid drawdown failure, progressive slope failures may continue 

for embankment sections below the phreatic surface that have lost support from the displaced 

soil mass.  The possibility that this could lead to a breach of the embankment cannot be 

discounted.  This condition is considerably more severe under 500-year flood drawdown 

conditions. 

 

There are several factors that lead to a recommendation that the embankment be remediated for 

the drawdown condition.  The calculated factor of safety using current recommended practice is 

deficient, and there is evidence of shallow slope failures at several locations that resulted from a 

nominal flood.  The Susquehanna River has a very large basin with minimal regulation, so that 

significant flooding can be expected in the future.   The ash basin is essentially a permanent 

structure, and it is likely that the moisture content of the ash and its ability to flow when 

unconfined will not change in the foreseeable future.  A breach of the ash basin and an 

uncontrolled discharge of a large quantity of ash into the Susquehanna River would have major 

ecological and economic impacts.  Assuming a major failure does not occur, sloughing could be 

expected during major flood events.  Approximately 300 feet of the embankment has suffered 

slides thus far, as a result of exposure to roughly 10-year-flood events.  Significantly greater 
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sloughing can be anticipated in the future unless steps are taken to prevent it.  The factor of 

safety for shallow slope failures drops from 1.00 for the 10-year flood to 0.83 for the 100-year 

flood to 0.76 for the 500-year flood, indicating that significant damage can be expected, even if 

the embankment does not fail.  

 

Conversely, it is likely that the assumption of complete saturation without drainage is highly 

conservative.  Because these simplifications tend to be conservative, a relatively low factor of 

safety is considered acceptable, with a value of between 1.1 and 1.3 recommended by the Corps 

of Engineers for dams, and 1.0 considered acceptable for levees.  The 1.1 factor of safety 

corresponds to an embankment subject to drawdown from flood levels above the normal water 

level, which corresponds most closely to this case.  A transient analysis would be required to 

model the likely degree of saturation, and this would require quantification of a number of 

variables, including the permeability of the random fill, the impact of foundation sands which 

underlie portions of the embankment, the method of closure of the ash basin, saturation resulting 

from conditions precedent to the design flood, and the timing of the both the rising and falling 

limbs of the design flood.  There are plausible scenarios however, such as the back to back flood 

events in 1955 which is the flood of record for much of the northeast, where saturation is 

conceivable.  As noted in EM 1110-2-1902, transient analyses are generally considered to be 

beyond the current state of the art, but in this case could be warranted. 

 

The sensitivity analyses indicated that a relatively small cohesion of 288 psf (2 psi) would 

provide an adequate factor of safety for the 500-year flood condition.  While the use of this 

cohesion is not supported by the one triaxial test conducted, additional testing could justify the 

use of cohesion at other sections. 

 

Lowering the phreatic surface within the reservoir and embankment does not significantly affect 

the results of the analyses for either the 100- or 500-year floods.  This is seen in pages E20 

through E23 of the sensitivity analysis.  This is due in part to the analysis assumptions, and it is 

likely that lowering the reservoir water level would improve actual drawdown stability, although 

this could only be quantified by a transient analysis.  Lowering of the reservoir level should be 
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considered for significant river floods until the embankment is remediated or has been 

determined to be adequate for drawdown by additional analyses.   

 

The stability of the embankment slope of the polishing pond is anticipated to be essentially the 

same as the rest of the embankment; however, a significantly deeper failure surface can be 

tolerated without the potential for a release of ash. 
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Section 6 

Recommendations 
 

We recommend that PPL improve the stability of the embankment for the rapid drawdown 

condition, or that additional transient analyses be conducted to better define the drawdown 

saturation assumptions.    

 

We have identified the following stabilization alternatives:   

 

■ The most common means of stabilizing an embankment for drawdown is through the 

construction of a free-draining stabilization berm or shell.  A filter could also be 

incorporated to address the unfiltered seepage observed at the site.  The berm or shell would 

likely be needed on the east, south, and west slopes, although this should be verified through 

analysis of each of these areas.  Construction of a berm or shell will entail significant cost. 

■ After the ash basin is closed, it may be possible to seal or cap the downstream slope to 

prevent saturation during river flooding.  The design and analysis of a capping system would 

be complicated, as there needs to be a continuing provision for ash drainage, and portions of 

the embankment foundation appear to be permeable sands that would be hydraulically 

connected to tailwater.  This option would need to be evaluated in more detail before its 

viability can be confirmed. 

■ Lowering the reservoir alone, or in combination with a slurry cut-off wall, does not 

significantly improve the stability with respect to steady state analyses, although it likely 

would have a significant beneficial effect in a transient analysis.  A slurry wall would create 

the potential for a weakened plane that would need to be considered. 

 

Until a final stabilization plan is implemented, PPL should consider the following: 

 

■ Repair the existing sloughed areas; 

■ Drawdown the reservoir if significant tailwater flooding is forecast.  While this is not 

expected to have a major effect, it may reduce the likelihood of progressive failure; and  

■ Continue periodically monitoring piezometers until annual trends can be established. 
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MEMORANDUM 

To:  Marty Mengel, P.G. 

From:  Val F. Britton, P.G. 

Date:  11/09/16 

Subject: Compliance Demonstration – Unstable Areas Brunner Island SES Ash Landfill 8 

 

Marty: 
 
In response to your e-mail request on October 21, 2016, the following is documentation for the 
Geosyntec document dated August 5, 2016 relative to geologic and geomorphic features for Ash 
Disposal Area 8 on Brunner Island, York County, Pennsylvania. Specifically, I have addressed the seepage 
patterns, rock mass orientations, and fissures on page 5 of the Geosyntec document.  
 
Seepage Patterns 
 
Ash Disposal Area 8 is situated on the surface of Ash Basin 5. Basin 5 consists of a coal ash basin that was 
placed on top of fluvial deposits from the Susquehanna River (clay, silt, sand, and gravel).  The fluvial 
deposits sit on top of the competent bedrock (New Oxford Formation).  The average water table 
underlying Ash Disposal Area 8 is below the bottom of Disposal Area 8 and above the bedrock surface. A 
leachate collection system and an associated geo-membrane liner underlies Ash Disposal Area 8. 
Seepage from Ash Basin 8 moves directly into the leachate collection system where it is collected and 
discharged to a water treatment system.  The intent of the leachate collections system was to prevent 
seepage out of Ash Disposal Area 8. Should leachate escape (seep) from the liner, it would seep 
vertically downward into the coal ash material of Basin 5 and enter the water table system within Basin 
5 (within the ash material). Any potential leachate would move out radially from Basin 5 and eventually 
discharge into the Susquehanna River or Black Gut Creek. No evidence collected to date suggests that 
seepage out of Ash Disposal Area 8 has occurred or exists. 
 
Rock Mass Orientations 
 
The Ash Disposal Area 8 is underlain by the New Oxford Formation. Based on geologic publication 
information, the bedding plane orientation in the general area of the site ranges from N 35° E to N 50° E. 
Dip orientation for the bedrock bedding strike ranges from 10° to 40° degrees to the northwest.  Three 
joint sets exist: one parallel to strike (N 35° E to N 50° E), one N 70° to 85° E and one joint set ranges  
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from N 20° E to N 20° W. All three joint sets dip almost vertically (Wood, P.R. and Johnson, H.E., 1964, 
Hydrology of the New Oxford Formation in Adams and York Counties, Pennsylvania, Bulletin 21, 
Pennsylvania Geologic Survey, pp. 11).  The rock material has been defined as having good foundation 
stability; however, excavation to sound material (un-weathered)  may be necessary (Wilshusen, J.P., 
1979, Environmental Geology of the Greater York Area, York County, Pennsylvania, Environmental 
Geology Report 6, Pennsylvania Geologic Survey, Plate 2).   
 
Rock orientations associated with site-specific locations observed by V. F. Britton Group, LLC were 
bedding plane orientations (strike) that ranged from N 18° E to N 22° E with a dip that ranged from 9° to 
11° to the west. Two prominent joint sets were oriented N 10° E and N 20° E.  A third less prominent 
joint set was oriented N 75° E. All three of the joint set dip angles were nearly vertical.  
 
Fissures 
 
Four sets of rock orientations were observed on the site as discussed above; however, and spacing of 
the fractures appeared several inches to several feet apart. The size of the fracture openings were very 
small and significant fissures were not observed in any of the outcrops observed proximate to the site 
that would be associated with the rock underlying Ash Disposal Area 8.    
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