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ACRONYMS AND ABBEVIATIONS 

AP-1 Ash Pond 1 
BMP Best Management Practices 
CCR Coal Combustion Residuals 
CFR Code of Federal Regulations 
CN Curve Number 
CPT Cone Penetrometer Testing 
CRR Cyclic Resistance Ratio 
CSR Cyclic Stress Ratio 
E&S Erosion and Sediment  
E&SC Erosion and Sediment Control 
ECM Erosion Control Matting 
El. Elevation 
EM Engineering Manual, Engineering Monograph 
EPA Environmental Protection Agency 
ER Engineering Regulations  
ETC Engineered Turf Cover 
FGD Flue Gas Desulfurization 
GA Georgia 
EPD Georgia Environmental Protection Division 
GDOT Georgia Department of Transportation 
GM Geomembrane 
GPC Georgia Power Company 
H&H Hydrology and Hydraulic 
HDPE High Density Polyethylene 
HEC-RAS Hydraulic Engineering Center’s River Analysis System 
HELP Hydraulic Evaluation of Landfill Performance 
LLDPE Linear Low-Density Polyethylene 
NAD83 The North American Datum of 1983 
NAVD88 The North American Vertical Datum of 1988 
NOAA National Oceanic and Atmospheric Administration   
NPDES National Pollutant Discharge Elimination System 
NRCS National Resources Conservation Service 
PFDS Precipitation Frequency Data Sheet 
PMF Probable Maximum Flood 
PMP Probable Maximum Precipitation 
PVC Polyvinyl Chloride 
QA/QC Quality Assurance/Quality Control 
QC Quality Control 
RQD Rock Quality Designation 
SCS Southern Company Services 
SPT Standard Penetration Test 
SWPPP Stormwater Pollution Prevention Plan 
TRM Turf Reinforced Matting 
USACE United States Army Corps of Engineers 
USCS United Soil Classification System 
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USBR United States Bureau of Reclamation 
USDA United States Department of Agriculture 
USGS United States Geological Survey 

Note : Acronyms and abbreviations not included in the table are defined in the text the first time used. 
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 INTRODUCTION 

AP-1 at Plant Scherer will be closed by consolidating the CCR within the 550-acre impoundment to a 
smaller footprint in accordance with 40 CFR 257.102(b)(1)(iii). The proposed closure footprint will consist 
of two primary regions within the existing AP-1 footprint; a closure-by-removal area located to the north, 
and the consolidated closure-in-place footprint to the south.  

This document provides an engineering narrative that: (i) describes the design criteria that have been 
adopted to develop the AP-1 closure plan; and (ii) presents a compilation of the engineering documents 
(drawings, calculation packages, narrative plans) used to present and support the closure design and 
address operations during construction.   

1.1 Description 

This Engineering Report describes the design criteria to support the Federal United States 
Environmental Protect Agency (USEPA) CCR Rules and the Georgia Environmental Protection Division 
(EPD) Rule 391-3-4-.10 Coal Combustion Residuals.  This report covers design aspects associated with 
the proposed closure as they pertain to the following primary closure activities:  

 Removal of CCR contact water from AP-1 via a permitted outfall (dewatering);  

 Closure of approximately 200-acres of AP-1 by removal of CCR and placement within the 
planned consolidated closure footprint; 

 Construction of a northern perimeter embankment berm (hereafter referred to as “north 
berm”) to separate the consolidated AP-1 closure-in-place footprint from the northern 200-
acre closure by removal area; 

 Lowering (cutting and grading) of an adjacent high topographic region, referred to as the 
knob area for inclusion in AP-1 closure footprint; 

 Grading of approximately 300-acres of closure-in-place footprint and final cover area, 350-
acres when including the knob area, to promote positive drainage of post-closure surface 
water run-off using a combination of local borrow soils, and CCR excavated from within AP-
1;  

 Installation of a compliant final cover cap system; and 

 Breaching and removal (includes lowering) of portions of the existing AP-1 perimeter 
embankment dikes, which includes one section classified as a Category I High Hazard dam. 

Any significant change or modification to the proposed closure plan described herein will be 
communicated to EPD prior to implementation.   
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1.2 Background 

Plant Scherer is located in Juliette, Georgia which is situated at the northeast edge of Monroe County 
and approximately 30 miles north of Macon and 60 miles southeast of Atlanta. Plant Scherer is located 
in a rural area and bordered by mainly agricultural and residential properties. Plant Scherer occupies 
approximately 12,000 acres and is situated on the north banks of the 3,600-acre Lake Juliette, a 
manmade lake constructed in conjunction with the plant in the early 1980s. Plant Scherer is a four-unit, 
coal-fired power generation facility with a capacity of 3,600 megawatts.  

The four coal-fired units at Plant Scherer include flue gas desulfurization (FGD) equipment (“scrubbers”), 
selective catalytic reduction systems (SCRs), and baghouses.  Coal Combustion Residuals, or CCRs 
(bottom and fly ash) and other process water generated by the plant are stored in a 550-acre ash pond 
situated on-site, northwest of the main plant.  The present inventory of CCR in AP-1 is approximately 15.3 
million cubic yards.   

AP-1 was commissioned in 1980 and has been in operation since the plant became commercially 
operational in 1982. AP-1 has two discharge structures; one is a “morning-glory” standpipe that serves 
as the principal spillway that normally passes decanted flows to the settling pond (referred herein as the 
Recycle Pond), and a second emergency spillway that also discharges to the Recycle Pond during 
elevated (storm related) pool levels.  AP-1 is operated in conjunction and in series with the Recycle Pond 
in a water recirculating mode in which clarified effluent from the AP-1 discharges by gravity to the 
Recycle Pond, which then serves as the source of water used by the plant for operations. The recycling 
pond has a permitted emergency overflow discharge (Outfall 07) to Lake Juliette under the plant’s 
NPDES permit GAD00612796.  

The AP-1 perimeter embankment functions as a cross-valley dam. This embankment dike includes a 
continuous embankment situated on the north and east sides of AP-1 and the AP-1 south dike, situated 
on the south side of AP-1 and bordering Plant Scherer. The AP-1 dike has a maximum height of 
approximately 100 feet and the AP-1 southern dike has a maximum height of approximately 30 feet. The 
minimum crest elevation of the embankment dike is El. 504.1 ft, and the upstream slopes are covered 
with a grout-filled erosion protection blanket that spans from El. 485 feet to the crest. The crest of the 
dike is surfaced with grass and a gravel access drive. Downstream slopes are covered with grass, and 
both upstream and downstream slopes are at a 3H:1V (horizontal to vertical) orientation. The AP-1 dike 
is regulated by the Georgia Department of Natural Resources Safe Dams Program, and is categorized as 
“Category 1 High Hazard”, with an assigned State ID 102-032-04236.  

Figure A below is a location map and aerial view of Plant Scherer pointing out the various site features 
described above, and its proximity to Lake Juliette to the south.   
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Figure A:  Plant Scherer Location Map 



  September 2022 
Plant Scherer – Ash Pond 1 (AP-1) Closure  Revision 2 
Engineering Report  

AECOM, 5438 Wade Park Boulevard, Suite 200, Raleigh, NC 27607, (919) 461-1230, (919) 461-1415 1-4 

The existing AP-1 and surrounding site features are also shown on the attached Figure 1-1–Existing 
Ash Pond 1 Site Conditions.  

1.3 Closure Approach 

AP-1 closure will consist of two primary regions within AP-1; 1) a closure-by-removal area located to the 
north and 2) a consolidated closure-in-place footprint located to the south, which will include the knob 
area.  Engineering analyses and groundwater modeling indicate that it is beneficial to include the knob 
area, to reduce lateral migration of groundwater into the capped, consolidated closure-in-place footprint 
even though it is outside AP-1 and does not contain CCR.  

The two proposed closure areas will be separated by the new north berm that will form the consolidated 
north limit of the final cover area.  The consolidated closure-in-place footprint encompasses 
approximately 300 acres and 350 acres when the knob area is included. The closure-by-removal area 
encompasses approximately 200 acres. Figure B below illustrates the proposed closure approach for 
AP-1.  

 

Figure B:  Plant Scherer Ash Pond 1 Closure Approach 
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1.3.1 Closure Geometry and Additional Details 

The closure geometry and consolidated footprint design for AP-1 discussed herein was developed using 
the computer program AutoCAD Civil 3D 2019 which has been utilized to generate engineered pond 
closure and final cover drawings (hereafter referred to as the Closure Drawings). The Closure Drawings 
are included in the Plant Scherer EPD permit application package and are referenced herein throughout 
this report. The main elements of the proposed closure approach geometry and supporting features 
include: 

 AP-1’s CCR surface will be graded into a ridge and valley “herringbone” design to minimize 
the quantity of additional fill required to establish suitable final cover grades. The planar 
slopes of the final cover area are designed at 3% minimum grades and finish slopes for the 
north berm are designed at a maximum of 3H:1V.  The final cover system stormwater 
features include drainage swales and perimeter ditches that are designed with 0.5% to 1% 
slopes. 

 CCR will be graded to promote positive drainage to the final cover system stormwater 
feature drainage swales and perimeter ditches. The stormwater drainage swales and ditches 
will flow and discharge to outlet structures that will convey post-closure surface water runoff 
from the final cover partly west to the Recycle Pond and partly east to Berry Creek.  In 
general, approximately 60% of the consolidated closure footprint has been designed to flow 
west to the Recycle Pond, and the remaining portion of the closure footprint including the 
eastern and northern portions have been designed to flow east to Berry Creek. 

 Conveyance of post-closure stormwater flows west to the Recycle Pond will require the 
complete removal of the existing “morning glory” principal spillway structure situated at the 
southwest corner of AP-1 and the replacement of the spillway with a trapezoidal conveyance 
channel.  The replacement channel referred to as the “southwest outlet channel” will consist 
of a riprap reinforced 20-foot base width and 3H:1V finish sideslopes. A culvert structure is 
currently planned to be constructed to span the proposed southwest outlet channel and to 
maintain Plant access to the west portion of AP-1. It is anticipated an open bottom culvert 
such as an arch culvert type structure will be utilized to span the channel and support Plant 
traffic and access.  The southwest outlet channel will convey post-closure stormwater flows 
from approximately 235 acres of the total consolidated closure-in-place footprint. 

 Conveyance of post-closure stormwater flows east to Berry Creek will be accomplished by 
the north berm letdown culvert structure that has been designed into the consolidated 
closure-in-place cap system to convey flows down a section of the north berm into a 
trapezoidal conveyance channel (referred to herein as “letdown channel”) and then into a 
planned detention basin (Detention Basin A).  The letdown channel will be 1 to 2.5% and 
include a base width of 35-feet and 5H:1V sideslopes that are reinforced with riprap 
materials. Detention Basin A will include a primary spillway outlet structure that will discharge 
into a new outlet channel that has been designed to flow into Berry Creek just east of AP-1. 
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Detention Basin A has also been designed to manage and convey flows from two upstream 
detention basins (denoted as Detention Basin B and C) within north closure-by-removal area.  

 The 50-acre high topographic region located adjacent to AP-1, referred to as the knob area, 
is located outside of AP-1 limits and does not contain CCR. Based on groundwater modeling, 
the knob area contributes to groundwater recharge directly upgradient of AP-1 and it has 
been recommended for capping to reduce lateral flow into AP-1 closure-in-place footprint. 
Since this region does not contain CCR, it does not require the same type of closure cover 
system required for the consolidated closure footprint.  The knob area will be covered with 
a low-permeable cover system (either a soil or geosynthetics cover, or a combination of 
both) that will facilitate a transition from the consolidated closure-in-place footprint final 
cover system to the knob area cover system.   

 Removal of CCR contact water from AP-1 will be necessary to perform the closure-by-
removal of the north area and also to complete the earthwork planned activities within the 
consolidated closure-in-place footprint.  Additional information regarding the proposed 
removal of CCR contact water and dewatering needs are further described in the Closure 
Plan submitted as a separate permit application document.  

 The existing AP-1 ash delta has scattered high and low spots that will require earthwork and 
regrading activities to achieve the proposed consolidated closure-in-place footprint final 
cover grades.  Maximum fills are expected beyond (north of) the existing ash delta where the 
north berm will be constructed. Fill depths up to approximately 50 ft are expected along the 
northern closure slope that will be bordered by the proposed new north berm. The maximum 
anticipated cut in the ash delta is approximately 18 ft and is planned along the eastern 
perimeter ditch.  Cuts in the ash delta that extend below the normal pool level of AP-1 (El. 
494.5 NAVD88) will require CCR dewatering methods to achieve the proposed final cover 
grades.  

 Establishing the north closure-by-removal area will require excavation and removal of CCR 
within this 200-acre section of AP-1 and relocating the excavated materials south to inside 
the consolidated closure-in-place footprint. Based on comparing 1980 predevelopment 
USGS topographic map contours to 2015 bathymetric data, and based on 2016 and 2019 
free liquids exploration borings completed in the free water portion of AP-1 by AECOM, thin 
(<1 foot) deposits of CCR are expected across most of the planned closure-by-removal area. 
Once CCR is removed and verified including the top six inches of natural soils underlaid by 
the CCR from the closure-by-removal area, the remaining subgrade will be graded to sheet 
flow post-closure stormwater flows south and east to Berry Creek.  

 The planned new north berm will be an earthen embankment constructed out of local site 
soils and founded on the native residual foundation soils in-place currently beneath AP-1. 
The crest of the embankment will be 24 ft wide and a 20 ft wide drivable access road will be 
constructed along its finished crest. The north berm crest elevation will vary along its 
alignment, but will generally follow the proposed grading of the consolidated final cover 
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grades and contours, and the final cover system stormwater conveyances, with the lowest 
elevation at the letdown structure planned for the northeast corner of the consolidated 
closure-in-place footprint. The high section of the new north berm will be at its planned 
intersection with the existing east AP-1 dike and at the opposite (west) end where the berm 
will tie-in with the sideslopes of the knob area.   

Figure C below shows the planned AP-1 closure approach/design, with each of the above key features 
indicated on the figure along with the design final cover system grades. 

 

 
Figure C:  Planned Plant Scherer Ash Pond 1 Closure Approach/Design 
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 GEOTECHNICAL EVALUATION  

AECOM completed geotechnical evaluations to support the planned AP-1 closure design.  The 
geotechnical evaluations include slope stability, settlement, and liquefaction analyses.  The sections 
below summarize the information and data relied upon for the geotechnical evaluations that have been 
completed, and the analyses methodologies and results.   

2.1 Site and Subsurface Information 

2.1.1 Geology 
According to public geologic references, the Plant Scherer site occurs in the Piedmont Geologic 
Province of central Georgia, which is underlain by igneous and metamorphic rock and forms the foothills 
of the Appalachian Mountains.  The Piedmont extends west to east across Georgia, from the edge of the 
Coastal Plain to the south to the Blue Ridge chain of the Appalachian Mountains to the north. The primary 
and secondary rock types for the Monroe County/Juliette, Georgia Piedmont area are gneiss and 
amphibolite, respectively, of the Precambrian-Paleozoic period.  

AP-1 is located within the Piedmont/Blue Ridge geologic province, which is comprised of late 
Precambrian (Neoprotezoic) to late Paleozoic (Permian) rocks which have undergone repeated cycles of 
igneous intrusions and extrusions, metamorphism, folding, faulting, shearing, and silification.  

2.1.2 Site Subsurface Explorations 
Numerous site and subsurface explorations have been performed within or in the vicinity of AP-1, and 
along the perimeter of AP-1 since the 1970’s.  Subsurface explorations dating from 1974 to 2016 
account for well over 100 on-site explored locations.  The 2016 explorations were completed by AECOM 
in support of AP-1 closure engineering and design efforts.  The attached Figure 2-1–Geotechnical Site 
Plan shows the past locations explored within or in the vicinity of AP-1 at Plant Scherer, including those 
completed in 2016 by AECOM.  

AECOM has reviewed the historic subsurface data from past explorations in and around AP-1 and utilized 
the most-relevant data as a supplement to the 2019 AECOM exploration data to complete the closure 
geotechnical evaluations presented in this report.  The historic subsurface exploration data relied upon 
and utilized by AECOM for this permit-level design package include:   

 A 1974 to 1976 Law Engineering Testing Company subsurface exploration that included 
41 borings completed in the vicinity of the AP-1 south and east perimeters prior to the AP-1 
construction (C series borings).  The borings included split-spoon sampling and standard 
penetration testing (SPT) in the soil overburden, with the majority of the borings being 
terminated at auger refusal or top of rock. Exploration depths varied between 24 to 168 ft 
below ground surfaces.  
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 A 1978 and 1979 Alabama Power Company laboratory testing program that included 
geotechnical testing of random fill materials used in AP-1 construction.  Laboratory testing 
included Atterberg limits, specific gravity, grain size analysis, Proctor (standard and 
modified), swell, and direct shear testing. There is no indication of where specifically these 
materials came from, if they were on-site or off-site, or how they were acquired/sampled.  
AECOM has assumed these are local site soils, but cannot confirm if they are from on-site. 

 A 2010 SCS subsurface exploration that included 2 borings (S series borings) through the 
existing AP-1 perimeter earthen embankment dikes.  One of these borings was completed 
along the east section of AP-1 dike and the second boring was completed along the south 
dike. The borings included split-spoon sampling and SPT to determine the thickness of 
embankment materials. Borings were extended to depths of 66 and 126 ft below ground 
surfaces, and both borings were terminated in residual soils with SPT N-values greater than 
50 blows per foot (bpf).  

 A 2015-2016 SCS subsurface exploration that included 12 borings (SPT series borings) and 
7 cone penetration test soundings (CPTs) (CPT series soundings).  These borings and CPTs 
were completed within the ash delta at the south end of AP-1, along the perimeter dikes, and 
at other locations surrounding the AP-1. The borings were extended to depths varying from 
43 to 170 ft below existing ground surfaces. The borings included split-spoon sampling and 
SPT, and coring was completed to collect representative rock samples for rock quality 
designation (RQD).  Additionally, 38 piezometers (PZ series borings) were installed around 
the perimeter of AP-1, with the majority of these piezometers installed near the north and 
east perimeter dikes.  SCS also installed 25 groundwater monitoring wells (SGWA/SGWC 
series borings) around AP-1 for the CCR monitoring program.  

 An AECOM 2016 exploration included 16 borings (B series borings) and 14 CPTs (C series 
soundings). The borings were completed along the perimeter dikes, within the ash delta, and 
within the north free water portion of AP-1.  The CPTs were completed along the perimeter 
dikes and the ash delta.  The 2016 AECOM borings were extended to depths varying 
between 30 and 100 ft below the existing ground surface or AP-1 pool level, and terminated 
within residual foundation soils or partially weathered rock (PWR).  The borings included split-
spoon sampling and SPT.  The CPTs included seismic shear wave velocity measurements 
and pore pressure dissipation testing. The 2016 AECOM exploration also included 
installation of 3 paired piezometer sets (6 total piezometers) within the ash delta. 

 Additional AECOM explorations in 2018 through 2019 were performed to further evaluate 
the subsurface conditions and characteristics for closure construction purposes. These 
explorations included 47 free water explorations (performed in 2019) and 22 ash delta SPT 
borings and 6 CPT’s. The additional AECOM borings were extended to depths varying 
between 6 and 102.5 ft below the existing ground surface or AP-1 pool level, and terminated 
within residual foundation soils or partially weathered rock (PWR). These locations were 
performed to further delineate the CCR thickness within the closure-by-removal area to 
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further refine the construction quantities for closure activities and to determine CCR 
thickness and composition along the ash delta. 

As stated above, the listed historic subsurface data was used as a supplement to the AECOM subsurface 
exploration completed specifically to support AP-1 closure efforts.   

Figure D below exclusively shows the locations of the AECOM borings, CPTs, and piezometers.  

 
Figure D:  AECOM Geotechnical Exploration Locations 

 



  September 2022 
Plant Scherer – Ash Pond 1 (AP-1) Closure  Revision 2 
Engineering Report  

AECOM, 5438 Wade Park Boulevard, Suite 200, Raleigh, NC 27607, (919) 461-1230, (919) 461-1415 2-4 

Boring and CPT logs, location plans, available laboratory test results, and other relevant data from the 
past explorations listed above are provided in Appendix A1, following logs and data from the AECOM 
explorations. 
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2.1.3 Site Subsurface Conditions 
Based on results of past site subsurface explorations and the relied upon historic site subsurface data 
combined with results and data from the AECOM subsurface exploration programs, the following 
stratigraphic materials have been identified at the site.  The stratigraphy descriptions represent 
subsurface materials encountered in the site subsurface explorations completed within or in the vicinity 
of AP-1 as stated previously.  

 CCR: CCR consists of fly ash and bottom ash created by coal combustion at Plant Scherer, 
and is most-prolific in the south end of AP-1 (ash delta) and only limited across the north end 
where the larger free water area exists.  CCR deposits in the ash delta range from 68.5 to 
83.5 ft thick. The upper 5 to 10 ft of the ash delta consists of a mixture of dry fly ash and 
bottom ash.  The lower CCR appears to be wet and consists mainly of fly ash with only limited 
amounts of bottom ash.  The CCR generally consists of very loose non-plastic silt (ML), with 
some isolated zones of medium dense material or silty sand (SM). SPT N-values recorded in 
the CCR are typically weight-of-hammer or weight-of-rods, and recorded CPT tip 
resistances in CCR are typically on the order of 10 to 20 tsf.  Much of the ash delta includes 
a higher-strength crust over the top surface relative to the saturated sluiced CCR present at 
depth. 

 Dikes: The AP-1 dikes were constructed with local clayey fill materials originating from on-
site excavation/borrowing (potentially within interior sections of AP-1).  Dike soils are 
generally lean clay (CL), silt (ML), and clayey sand (SC), with stiff consistency.  Records show 
that the AP-1 dikes do not include CCR. 

 Alluvium: Alluvium is present beyond the downstream toe of the AP-1 dikes and along the 
original drainage features extending through the AP-1 area.  The alluvium is variable in 
nature, but generally consist of very soft to firm lean clay (CL) and fat clay (CH) and very loose 
to medium dense, silty sand (SM) and clayey sand (SC). Records show that alluvium soils were 
removed prior to constructing the AP-1 dikes. 

 Residuum: Residuum extends across the AP-1 site and generally consists of sandy firm to 
very stiff elastic silt (MH) with trace mica and fine sand with zones of fat clay (CH), lean clay 
(CL), and silty sand (SM). Within or close to AP-1, the residuum can exhibit soft to very soft 
consistency. Residuum soils make up the upper layer of the AP-1 and AP-1 dike foundations. 

 Saprolite: Saprolite extends across the AP-1 site, generally beneath the residuum, and 
differs from residual soil in that it retains relict structure from the parent bedrock, including 
banding of various minerals, and relatively high mica content.  The saprolite consists of very 
loose to very dense silty sand (SM) with mica or soft to stiff sandy silt (ML) with mica, and 
some zones of sandy clay (CL).  

 Partially Weathered Rock: PWR extends across the site, generally beneath the saprolite.  
The PWR corresponds to slightly or moderately weathered parent bedrock, which is 
predominantly a biotite gneiss. PWR is distinguished from saprolite by SPT N-values that are 
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50 blows per foot or higher (Sowers, 1963).  The PWR generally classifies as very dense silty 
sand (SM) with mica, feldspar, and gravel (fracture rock). 

 Gneiss Bedrock: Gneiss bedrock extends across the site, generally beneath the PWR.  The 
bedrock is described as light brown to gray, granitic gneiss with gray and white banding, 
inclined, soft to hard, and fine to coarse grained. RQD from representative site bedrock 
samples vary from 0 to 100%, indicating a poor to excellent quality of rock.    

Appendix A1 should be referenced for detailed information on site subsurface conditions and soil 
stratigraphy.    

2.2 Geotechnical Evaluation 

2.2.1 Previous Studies 
AECOM has relied upon previous engineering and geological studies, in part, for design and analyses of 
the planned AP-1 closure approach.  These include historical geotechnical evaluations by SCS and a 
recent groundwater modeling study by AECOM.  AECOM has relied on these previous studies and their 
analyses and engineering conclusions to support design considerations for the planned closure 
activities.  The previous studies utilized and relied upon by AECOM for AP-1 closure engineering and 
design include:   

 A 1976 Foundation Report and Stability Analysis by SCS (Safe Dams item SCH-API-025) with 
calculated soil strength parameters for AP-1 foundation and a hand calculated stability 
analysis for the east section of the AP-1 dike (SCH-API-027).  The report did not indicated 
specifically where the east embankment dike section was analyzed; therefore, AECOM has 
utilized this report for informational purposes only.  

 A 1986 Plant Scherer Ash Pond Dam Stability Analysis by SCS (Safe Dams item SCH-API 
026) that evaluated the critical section of the east section of the AP-1 dike.  A wet area was 
noted on the downstream side of the maximum dike section of the embankment; therefore, 
GPC requested a stability analysis be performed, as well as seepage analyses using flow 
nets.  The conclusions of this analysis recommended the use of pervious material to raise 
the wet area, if the wet area persisted and caused maintenance issues.  

 A 2010 Slope Stability Analysis of Ash Pond and Retention Pond Dikes (Calculation ID: TV-
SH-ECS9241-001) by SCS completed to determine minimum factors of safety for normal 
and maximum pool (surcharge) steady state conditions of maximum height locations of the 
AP-1 and Recycle Pond dikes.  The analysis utilized data from borings completed along the 
dikes to develop material property and strength parameters for the stability analysis. Results 
of the stability analysis indicated satisfactory factor of safety values.  

 November 2018 Geological and Hydrogeological Report, revised as the Hydrogeologic 
Assessment Report, September 2021 provided information pertaining to site geologic 
conditions and provided a discussion on conceptual site hydrogeological model. The report 
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describes adjacent high regions that recharge the uppermost aquifer through precipitation 
that are limited to erosionally-isolated high regions to the west and the small hill south of the 
landfill area. The report indicates potentiometric contours and horizontal hydraulic gradient 
is variable and reflects topography at the site.  AECOM completed a separate detailed 
groundwater study specifically to support the closure engineering and design. The AECOM 
detailed groundwater study and Golder’s Geological and Hydrogeological Report have been 
included in Part B of the permit application. 

The groundwater modeling report relied upon for the closure geotechnical analysis was completed in 
2020 by AECOM.  The report supports the planned AP-1 closure and included development of a 
conceptual site model, development of an existing, pre-closure conditions numerical groundwater flow 
model and a conceptual, post-closure groundwater model for the planned consolidated closure 
approach.  AECOM utilized results from the modeling report as a basis to set groundwater levels and 
establish potentiometric and phreatic surfaces in the geotechnical evaluation and analyses completed 
as a part of the closure design, and discussed and presented herein.   

2.2.2 Liquefaction Screening 
One of the first geotechnical evaluations that needed to be considered for the planned AP-1 closure was 
to analyze the site for susceptibility to liquefaction. Liquefaction is defined as the sudden loss of soil 
strength due to the increase of pore water pressure during dynamic loading (i.e. earthquakes), which has 
an impact on stability of the final cover system and AP-1 dikes. The increased pore water pressure is due 
to volumetric strains caused by cyclic stresses commonly associated with earthquake shaking or other 
dynamic loadings.  Liquefaction occurs primarily in clean sands, non-plastic silty sands, non-plastic silts, 
and gravels that are below the water table, or otherwise saturated. Liquefaction has reportedly also been 
observed in saturated sensitive clays and non-plastic silts.  

AECOM completed a preliminary screening procedure to evaluate if the site in-situ soils and CCR are 
susceptible to liquefaction.  A commonly used screening procedure is included in the USEPA document 
RCRA Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste Landfill Facilities, among other 
sources. This method suggests performing a more in-depth analysis if site soils meet three or more of 
the following criteria:  

 Saturation. Soils have to be saturated in order to liquefy. 

 Fines Content and Plasticity. Liquefaction potential in a soil layer increases with decreasing 
fines content and plasticity of the soil. Soils having less than 15% (by weight) finer than 0.005 
mm, a liquid limit less than 35, and an in-situ water content greater than 0.9 times the liquid 
limit may be susceptible to liquefaction (Seed and Idriss, 1982). 

Seed et al. (1983) state that based on both laboratory testing and field performance, the 
great majority of cohesive soils will not liquefy during earthquakes. Using these criteria 
originally stated by Seed and Idriss (1982) and subsequently confirmed by Youd and Gilstrap 
(1999), in order for a cohesive soil to liquefy, it must meet all three criteria. If a cohesive soil 
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does not meet all three criteria, then it is generally considered not to be susceptible to 
liquefaction (Day, 2002).  

 Depth below Ground Surface. Liquefaction is generally not likely to occur more than 50 ft 
below the ground surface due to overburden confinement of the soils.  

 Soil Penetration Resistance. Seed et al. (1985) state that soil layers with a normalized SPT 
N-value less than 22 have been known to liquefy. Marcuson et al. (1990) suggest an SPT N-
value of less than 30 as the threshold to use for suspecting liquefaction potential.  

The results of the preliminary liquefaction screening completed by AECOM are summarized in Table 2.1 
below: 

Table 2.1:  Summary of Preliminary Liquefaction Screening Results 

*This criterion must be met in order for the material to be liquefiable. 
**Considers sluiced CCR materials below the post-closure phreatic surface level and not stacked ash materials 

Results of the preliminary liquefaction screening analysis indicates that the CCR within AP-1 meets 3 or 
more of the screening criteria and is therefore potentially liquefiable. The analysis indicates that the on-
site alluvium is also potentially liquefiable; however, as stated above, record documents show that alluvial 
soils were removed prior to constructing the AP-1 dikes.  Thus, any alluvium within AP-1 should be within 
the interior limits of the pond just like the CCR, but it should all be limited to within the lower portions of 
AP-1 and only along the old predevelopment drainage features and creek beds.  Furthermore, much of 
the alluvium consists of fine grained soils and is likely not susceptible to classical liquefaction. 

Based on these screening results, AECOM performed a liquefaction triggering analysis for the CCR using 
SPT and SCPTu data from the historic subsurface data and data from the AECOM subsurface 
explorations completed for the closure engineering and design efforts.  The SPT-based liquefaction 
procedure followed the revised methodology by Youd et al. (2001), and updated by Idriss and Boulanger 
(2008, 2014).  The SCPTu-based liquefaction procedure is based on Youd et al. (2001) and Idriss and 
Boulanger (2008).  Both of these procedures consider a stress-based approach to evaluate the potential 
for liquefaction triggering, and the calculated earthquake-induced cyclic stress ratios (CSR) are 

Site Subsurface 
Material 

Liquefaction Screening Criteria 

Saturated* 
Fines 

Content & 
Plasticity 

Depth Below 
Ground 
Surface 

SPT 
Resistance 

Potentially 
Liquefiable (meets 3 

of more criteria) 

CCR Materials**      YES 

Embankment 
Materials X X  X NO 

Alluvium  X   YES 

Residuum  X  X NO 

Saprolite  X X X NO 
Partially 

Weathered Rock  X X X NO 
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compared with the estimated cyclic resistance ratios (CRR) of the soil (CCR and alluvium in this sites 
case) to establish a factor of safety against liquefaction triggering.   This triggering analysis methodology 
is considered to be the next step analysis for the initial liquefaction screening procedure.   

For conservatism, the triggering analysis analyzed existing site in-situ conditions with current 
subsurface water levels for potential to liquefy. Based on the triggering analysis completed by AECOM, 
the CCR exhibits factors of safety that are below 1.0 intermittently throughout various layers of the ash 
delta. Therefore, it has been conservatively assumed that the ash delta deposits below the AP-1 water 
surface (i.e. saturated zones) have the potential to liquefy during the design earthquake.   

Analyses indicate that the AP-1 dikes are not subject to liquefaction under the pseudostatic conditions 
analyzed.  This indicates that even if liquefaction of the CCR occurs, a breach of the Plant Scherer AP-1 
embankment dikes will not occur.  If liquefaction does occur, CCR beneath the final cover system at post-
closure may result in widespread deformation, which could result in onsite maintenance and 
reconstruction measures of the cover system being required. 

The detailed results of AECOM’s liquefaction screening and subsequent triggering analysis for the CCR 
are in Appendix A3. 

2.2.3 Seismic Site Class and Pseudostatic Coefficient 
To evaluate the planned consolidated closure-in-place footprint finish slopes and the AP-1 dikes for 
seismic loading and post-closure conditions, a seismic hazard class must be selected for the site and 
the resulting seismic coefficient must be estimated so that horizontal loads from the design earthquake 
can be considered in the stability analysis.  Based on the historic subsurface data and the AECOM 
exploration data, the presence of loose to medium dense alluvial soils and medium dense to very dense 
residual and saprolitic soils indicate the most appropriate seismic hazard classification for AP-1 site is 
Class D.  

The seismic coefficient (kh) is calculated based on the seismic hazard classification identified for the site. 
It is a variable in that the inertia forces due to earthquake shaking are represented by a constant 
horizontal force equal to the weight of the potential sliding mass multiplied by the peak average 
acceleration of the failure mass.  This additional force is used in the limit equilibrium stability analysis to 
account for seismic impacts in the design for the facility, and to minimize impacts to the engineered and 
critical components.  This approach is commonly called a “pseudostatic stability analysis” and is one of 
the simplest means used in earthquake engineering to evaluate the seismic response of earthen 
embankments and slopes.  

The seismic coefficient kh is typically the only variable necessary to perform the pseudostatic analysis, 
and it is used directly in the limit equilibrium analysis as an additional load applied to the modeled 
embankment.  Field observations indicate that the pseudostatic method is appropriate for evaluating the 
performance of earthen fill embankments and slopes not susceptible to liquefaction, and constructed of 
fill materials such as clays, clayey soils, dry or moist cohesionless soils, and dense cohesionless soils 
not subject to strain softening. 
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AECOM determined the seismic coefficient kh to be used for AP-1 closure design by utilizing the 
guidelines established by the International Building Code (IBC) (2012).  This method propagates the 
bedrock acceleration to the ground surface based on the seismic hazard classification. Based on the 
assigned Class D seismic hazard classification and utilizing USGS-mapped spectral acceleration maps, 
the Peak Ground Acceleration (PGA) in the bedrock at Plant Scherer is 0.089g.  To obtain the site-specific 
PGA for fill embankment stability analysis, the PGA in the bedrock is multiplied by the site amplification 
factor 1.6 to obtain the PGAm at the base of the embankment (PGAbase).  It is recommended that the 
acceleration at the base of the embankment be amplified to obtain the PGA at the crest of the modeled 
fill embankment or slope (PGAcrest). Idriss (2015) provides variations of recorded peak crest accelerations 
(PGAcrest) versus those recorded at the base of earth and rock fill dams (PGAbase). Based on Idriss (2015), 
the PGAcrest is 0.36g. Makdisi & Seed (1977) provides variation of the maximum acceleration ratio with 
depth of sliding mass. Based on Makdisi & Seed (1977), the ratio between PGAbase of sliding mass and 
PGAcrest is 0.44g (average of all data). In other words, the PGAcrest can be reduced by 66% when the sliding 
mass extends to the bottom of the modeled fill embankment or slope, and the seismic coefficient kh 
becomes 0.34xPGAcrest.  

Therefore, the seismic coefficient kh is equal to 0.34x0.44g or 0.15g, which was used by AECOM as the 
seismic coefficient in the pseudo-static stability analysis presented in the following section.  The seismic 
coefficient kh=0.15g was used for both the global and local stability analyses presented herein. 

Details regarding AECOM’s selection of the seismic hazard classification and detailed calculations 
completed by AECOM to determine the seismic coefficient kh are in Appendix A4, which includes 
methodology and the USGS-mapped spectral acceleration outputs.   

2.2.4 Stability Analysis 
AECOM completed slope stability analysis for the planned consolidated closure-in-place footprint, 
which included modeling post-closure conditions of the AP-1 perimeter dikes, the planned new north 
berm, and the proposed final cover system.  The stability analysis was completed using the widely 
industry accepted computer software program Slope/W (GeoStudio 2016, http://www.geo-slope.com/).   
This software is capable of utilizing a wide variety of methods to evaluate stability based on 2-
dimensional limit equilibrium theory. For the AP-1 stability analysis, Slope/W was set to utilize Spencer's 
Method to evaluate slope stability and estimate factors of safety for both circular and translational failure 
surface geometries for deep-seated global slip surfaces and for shallow local slip surfaces.  

AECOM completed the stability analysis based on model cross-sections developed for what are believed 
to be the most-critical embankment slopes of the perimeter AP-1 dikes and the planned new north berm. 
Considerations for selecting the most-critical cross-sections include maximum height, steepest 
embankment slopes, presence of relatively weak foundation soils, or other engineering factors, including 
past experience.  Representative critical cross-sections selected for the stability analysis are shown on 
Figure E below. 
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Figure E:  Slope Stability Analysis Cross-Section Locations 

The slope stability analysis was completed to analyze both static and seismic loading conditions for the 
planned AP-1 closure approach and geometry, and the analysis evaluated both global and local slip 
surfaces as stated above.  The post-closure seismic loads modeled were developed as described 
previously, and are based on the design earthquake for the site.  The slope stability loading conditions 
modeled by AECOM are summarized below, and again represent the planned consolidated closure-in-
place footprint and estimated post-closure site and subsurface conditions.  It should be noted that 
existing subsurface water level and resulting model phreatic surface were utilized in the slope stability 
analysis.  This is because the expected long-term post-closure subsurface water levels within the 
consolidated closure-in-place footprint and resulting phreatic surfaces will take years to reach 
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equilibrium.  It is more conservative to complete the slope stability model using the current (elevated) 
water levels and resulting phreatic surfaces for the slope stability analysis, and these are more 
representative of the conditions occurring during construction and are within the most-critical time 
period following completion of the AP-1 closure.  

 Static, Steady-State, Global and Local Failure:  This load case models the conditions under 
static, long-term conditions. Drained (effective stress) shear strength parameters were used 
for all materials.  A minimum Factor of Safety of 1.50 is required for this load case. Global 
failure extends from well into the embankment crest to the downstream slope toe.  Local 
failure generally occurs in the form of shallow slides or sloughs along the slope surface, but 
can extend into the crest. 

 Static, Steady-State, Temporary Loading:  This load case models the conditions under 
static, long-term conditions, but with a temporary load (generally consisting of construction 
or maintenance equipment loading) placed at the crest of the slope resulting in additional 
undrained loading. Undrained (total stress) shear strength parameters were used for 
materials, which would model the embankment experiencing significant changes in load due 
to the temporary construction equipment weights/loads.  A minimum Factor of Safety of 1.30 
is required for this loading condition. Failure extends from well into the embankment crest to 
the downstream slope toe, or can be a shallow localized type slide of the crest edge or upper 
slope. 

 Pseudostatic (Seismic) Stability Condition:  This load case incorporates the seismic 
coefficient kh calculated based on the seismic hazard classification identified for the site, and 
as described previously, models the additional horizontal loading expected during the 
design earthquake event (i.e. a “pseudostatic” analysis).  The pseudostatic load case used 
peak undrained (total stress) shear strength parameters in materials that are not considered 
to be rapidly draining materials, and peak drained (effective stress) shear strength 
parameters in materials considered to freely drain.  A minimum Factor of Safety of 1.00 is 
required for this load case. 

 Static, Post-Liquefaction Condition:  This load case was analyzed at each critical cross-
section where liquefaction triggering analysis indicates potential liquefaction of CCR, and 
this load case models reduced shear strength conditions that can be expected in the 
embankment slopes immediately following the design earthquake due to liquefaction. No 
horizontal seismic coefficient kh is included in this load cased analysis, but selection of 
strength parameters take into account the potential for softening/weakening of materials as 
a result of pore pressures generated in sand-like granular soils, or cyclic softening in clay-
like cohesive soils due to the seismic shaking.  A minimum Factor of Safety of 1.20 is required 
for this load case. 

The slope stability analysis results are summarized in Table 2.2 below.   
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Table 2.2:  Slope Stability Analysis Results (Post‐Closure)  

The detailed results of AECOM’s stability analysis completed to support the planned AP-1 closure 
approach are included in Appendix A3. 

2.2.5 Settlement Analysis 
A number of closure design elements are anticipated to induce settlements of earthwork fill placed to 
reach final closure grades (includes soil and CCR fill) and construct the final cover system within the 
consolidated closure-in-place footprint.  The fills may also induce settlement of materials already in AP-
1 and possibly the foundation residual soils in limited areas.  The design elements expected to induce 
settlements, and the types of settlement that can be expected include: 

 Settlement from placement of soil or CCR fill to attain closure grades – Additional vertical 
compressive stress from placement of soil or CCR fill will result in further consolidation of 
the underlying in-place CCR and potentially the AP-1 foundation soils.  Placement of fill 
materials is anticipated to be on the order of several feet thick in most areas of the planned 
consolidated closure-in-place footprint to as much as 50 ft thick in the northern slope 
regions.  The magnitude of these settlements is proportional to the thickness of CCR and the 
depth of soil/CCR fill placed over them.  The magnitude of any settlements of foundations 
soils will also depend on the fill depths and stress states of the native soils.  Although the 
time to achieve consolidation is generally several weeks to several months, which would be 
within the closure construction period, longer duration post-closure settlements could 
occur (i.e. secondary settlement).  The potential impacts of post-closure settlement can be 
mitigated by phasing final cover construction to minimize post closure differential 
settlements. 

 Settlement due to placement of the final cover soils (Alternate Cover System) – Placement 
of the 2-ft final cover soils and access roadways could result in settlement, especially in 
areas that have not been pre-loaded or previously filled or dewatered.  Since these 
settlements are initiated near the end of final cover construction, they could impact post-
closure function of the final cover system.  These settlements are expected to be relatively 

Load Case CCR Rule 
Criteria Geometry 

Cross Sections 

1-1’ 2-2’ 3-3’ 4-4’ 
Static, Steady-State   
(Global Failure) FS ≥ 1.50 Circular 2.67 2.71 3.16 3.13 

Static, Steady-State  
(Local Failure) FS ≥ 1.50 Circular --- --- 2.17 2.05 

Static, Steady-State, 
Temporary Loading FS ≥ 1.30 Circular 2.67 2.26 2.65 1.99 

Pseudostatic (Seismic) FS ≥ 1.00 
Circular 1.68 1.62 1.56 1.31 

Block --- --- 1.55 1.61 

Static, Post-Liquefaction FS ≥ 1.20 
Circular 2.73 2.72 2.56 2.00 

Block 2.67 2.66 1.95 1.22 
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small and can be mitigated, if necessary, by phasing of the final cover or pre-loading areas 
during closure. 

 Consolidation of CCR caused by changes in stress state resulting from temporary or 
permanent changes in the phreatic surface – Removal of free water, construction 
dewatering, and natural long-term lowering of the subsurface water surface in AP-1 (as 
predicted by the hydrogeological modelling) within the existing sluiced ash materials that will 
underlie the consolidated closure-in-place footprint will increase the effective stresses 
within the CCR.  This stress increase is anticipated to induce significant consolidation 
settlement in these materials.  

It is necessary to differentiate short-term (during construction) and long-term (post-construction) 
settlements, as these components will impact the design and construction of the closure differently.  The 
anticipated settlements are described below, relative to the AP-1 closure: 

 Short-term settlements are those that occur during the course of grading activities and prior 
to completion of the 2 final cover system “cap” materials, and can include both elastic and 
consolidation settlement.  These settlements will affect the quantity/volume of fill materials 
that are necessary to construct the final cover (i.e. additional fill materials will be necessary 
in order to make-up short term settlements and bring grades up to the cover subgrade 
elevations).  Short-term settlements include elastic settlement and consolidation settlement 
due to fill surcharge occurring during the course of construction.   

 Long term settlements are those that occur after construction of the final cover system, and 
would generally include consolidation settlement that extends past final cover system 
construction and possibly into the post-closure period. Post-construction (long-term) 
settlement of the final cover surface could alter the as-constructed surface slopes and the 
function of the surface drainage system of the closure cap.  Long-term settlements include 
that portion of the fill-surcharge induced settlement that occurs post-construction, and 
settlement that occurs due to long-term drop in the subsurface water level in the AP-1 
expected from the dewatering activities.  

AECOM has completed one-dimensional elastic and consolidation settlement analysis to support the 
planned consolidated closure approach for AP-1.  Loading from the proposed consolidated closure-in-
place footprint crown and cap fills were estimated based on the proposed final design grades relative to 
existing AP-1 grades, and compressibility parameters were established on the basis of in-situ tests 
completed during AECOM’s explorations and laboratory consolidation tests taken from the historic 
subsurface data described herein and AECOM’s previous experience with CCR materials.  Settlements 
were calculated along three cross-sections across the planned closure-in-place footprint, which are 
oriented along drainage conveyances (valleys) that will be graded into the final closure system cap.  The 
shallowest permanent slopes of the cap exist along these drainage ways and vary from 0.5% to 3%.  

The results of the settlement analysis are summarized as follows: 
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 Maximum predicted short-term (construction) settlements are on the order of about 1 ft.  
Average short-term settlements are just a few inches.  This indicates that the quantity of 
additional fill material that could be needed to balance short-term settlement will be nominal, 
compared to the total fill quantities that are proposed for the AP-1 closure.   

 Maximum predicted long-term (post-construction) settlements range from about 7 to 12-in.   
In general, settlements are anticipated to increase (not decrease) the slopes of the drainage 
conveyances in the long term.  Where slope decreases are predicted, the maximum 
decrease is about 0.25%.  Since the minimum proposed slopes within the drainage 
conveyances of the cap are 0.5%, slope reversals (which could create ponding on the cover) 
are not anticipated.   

Considering the results of the settlement analysis and relatively minor construction and post-
construction settlement predicted, settlement mitigation techniques are not considered to be 
necessary by AECOM.  However, it is recommended as a good closure construction practice that 
settlements be monitored during construction in the field, so that the actual settlements and subsidence 
behavior of the consolidated closure-in-place footprint, cap, and other finish graded areas can be 
compared to the predicted settlements and grade adjustments can be made when/where needed.  The 
monitoring program can consist of a series of settlement platforms, or finish surface mounted rigid 
plates or monuments that are surveyed on a regular basis throughout construction. 

The detailed results of AECOM’s settlement analysis are included in Appendix A2. 

2.3 North Berm Design 

The planned new north berm will be constructed over native residual foundation soils to establish the 
consolidated closure-in-place footprint north boundary.  The north berm will be approximately 4,280 ft 
long with approximately 485 ft of the total length serves as an extension to connect the north berm 
access road to the detention basin access road.  The north berm has been designed to serve multiple 
purposes and will function as both a visual separation and regulatory boundary between the 
consolidated closure-in-place footprint and the closure-by-removal, but it also provides operational 
function for the closure, and an engineering purpose for the designed consolidated closure-in-place 
footprint. 

The north berm has been designed with a drivable access road along its crest to provide access around 
the entire consolidated closure-in-place footprint, as well as access through the closure-by-removal 
area via a new road that will be constructed off of the north berm access road to extend through the 
closure-by-removal area to the Luther Smith Road site access gate.  From an engineering standpoint, 
the berm will provide stability support (“buttress”) to the toe of the north consolidated closure-in-place 
footprint perimeter and its upgrade slopes. 
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The closure stability analysis completed by AECOM included the planned new north berm.  Geometry 
features of the north berm, which were considered in the AECOM stability analysis, are as follows: 

North Berm Geometry: 

 Height: ranges from 10 ft minimum to 40 ft maximum 

 Crest elevations: range from El. 466 NAVD88 to 478 NAVD88 

 Berm crest width: 24 ft 

 Downstream finish slope (north exposed side): 3H:1V 

 Upstream finish slope (south interior side): 2H:1V   

The stability analysis completed indicates acceptable factors of safety for all loading conditions 
analyzed for the north berm.  It should be noted that the stability analysis completed by AECOM assumed 
that all CCR will be excavated and removed from underneath the planned berm footprint and at least 50 
ft outside of the footprint (both on interior and exposed sides).  The berm was analyzed as being 
constructed entirely over firm native residuum site soils. 

The designed north berm geometry and planned represents the minimum size earthen embankment 
required to serve the various purposes described above for this embankment, and it is intended that the 
current north berm design will be carried forward to construction unless analyses or other closure 
planning activities completed during the further detailed engineering and design stage reveal design 
changes that are needed.   
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 FINAL COVER SYSTEM DESIGN 

The proposed final cover system is designed to minimize surface water infiltration into the closed AP-1 
consolidated footprint, and to function with a minimum maintenance effort over the post-closure period.  
The requirements for the final cover system as they pertain to the USEPA and EPD CCR Rules, and the 
proposed final cover system to be utilized for AP-1 closure, are described in the sections below.   

AP-1 is an unlined impoundment, and there is no base liner system proposed for the planned 
consolidated closure-in-place footprint. 

3.1 Final Cover Design Criteria 

As required by EPD Rule 391-3-4-.10 USEPA 40 CFR §257.102(d)(3)(ii), the final cover system must be 
designed and constructed to meet the criteria in paragraphs (d)(3)(ii)(A) through (C) and as listed below:  

(A) The design of the final cover system must include an infiltration layer that achieves an 
equivalent reduction in infiltration layer specified in 40 CFR §257.102(d)(3)(i)(A) and (B).  

(B) The design of the final cover system must include an erosion layer that provides equivalent 
protection from wind or water erosion as the erosion layer specified in 40 CFR 
§257.102(d)(3)(i)(C). 

(C) The disruption of the integrity of the final cover system must be minimized through a 
design that accommodates settling and subsidence. 

The cover system described above is an engineered geomembrane turf composite (ETC). This cover 
system has been demonstrated to be equal to or greater than the regulatory standard final cover system. 

3.1.1 Final Cover System Design Elements 

In accordance with the CCR Rule, GPC/SCS has elected to utilize a non‐traditional final cover system for 
AP‐1 closure.   The planned AP‐1 closure  final cover system will consist of engineered  turf cover  (ETC) 
system, referred to herein as the Final Cover System. This Final Cover System consists of a manufactured 
composite of 40 mil LLDPE geomembrane cap surfaced with a synthetic turf as shown below in Figure F.  
Some ETC products also require sand infill to ballast the turf, while some utilize anchors to mechanically 
tie‐down the turf to the underlying subgrade.  Anchors used to tie‐down the ETC differ with the various 
manufacturers of these systems. The proposed Final Cover system has been shown herein to exceed the 
infiltration performance of the USEPA regulatory standard cover system and the synthetic ETC system 
“turfs” have also shown to meet the performance of grass for most closure applications.  
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Figure F:  AP-1 Final Cover System Detail 

 

As a proposed alternate to the Final Cover System, a geomembrane cap with a soil protective layer 
(referred to hereafter as the Alternative Final Cover System). This system differs from the USEPA 
regulatory standard final cover system as shown below in Figure G. 

 

Figure G:  USEPA Regulatory Standard Final Cover System 

The alternative Final Cover System will consist of a geomembrane barrier layer installed on a prepared 
CCR surface subgrade that is finish graded per the planned consolidated closure-in-place footprint 
design.  The geomembrane will be overlain by a drainage geocomposite, an 18-in. thick compacted soil 
layer, and a 6-in. thick vegetative cover soil as shown below in Figure H.  The Alternative Final Cover 
System exhibits performance equal to or greater than the USEPA regulatory standard final cover system.  
Subsequent sections below describe the comparison between the regulatory standard final cover 
system and the planned AP-1 closure Final Cover System and Alternative Final Cover System.    
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Figure H:  Planned Plant Scherer Ash Pond 1 Closure Final Cover System 

As stated above, GPC is proposing a Final Cover System consisting of an ETC system in lieu of the 
“traditional” geomembrane and soil cover like the Final Cover Systems shown in Figure G and Alternative 
Final Cover System shown in Figure H and described above.  GPC has utilized ETC systems at other pond 
closures and in landfill-type applications with relative success and approval from EPD.  Furthermore, an 
ETC system can be economically advantageous when there is a lack of site or local borrow soils, and in 
limiting long-term maintenance of the closure footprint during the post-closure period.   

3.1.2 Final Cover System Hydrologic Analysis 

Hydrologic analysis was completed to compare the USEPA regulatory standard cover system to the 
planned AP‐1 closure Final Cover System.  The hydrologic analysis was completed using the Hydrologic 
Evaluation of Landfill Performance (HELP) modeling program (Version 4.0).  Based on a number of site 
specific climatic, soil, and design input parameters, HELP can be used to compare the amount of 
infiltration expected for various different final cover system designs (Schroeder et al., 1994). The results 
of the HELP modeling provide a detailed look at daily, monthly, and annual quantities of surface water 
runoff, evapotranspiration, and infiltration expected to be generated for a given cover system design.  
Therefore, the efficacy of considered cover systems can be directly compared by the quantity of 
infiltration estimated per acre of the final cover footprint area.  A detailed engineering manual discussing 
the basis for the HELP modeling is available online at: https://www.epa.gov/land-research/hydrologic-
evaluation-landfill-performance-help-model. 

HELP requires four different groups of climate data to execute the hydrologic modeling, including 
evapotranspiration, precipitation, temperature, and solar radiation.  Each data group is based on a 
specific location and can either be synthetically generated using the HELP model or manually entered. 
For this analysis, the most important parameter is precipitation because it directly correlates to the 
quantities of runoff and infiltration estimated.  For all four data groups, the program was used to generate 
100 years of synthetic data based on the default database associated with the closest city to the site, 
which is Atlanta that is approximately 60 miles northwest of Plant Scherer.  The synthetic precipitation 
data was back checked with the National Oceanic and Atmospheric Administration’s (NOAA) Summary 
of Monthly Normals for precipitation to determine if the actual climate values were consistent with the 
model data.  It was determined that synthetic and Monthly Normals precipitation values were in fair 
agreement for purposes of this analysis.  The precipitation data comparison is included in Part 2, 
Appendix B1.   

The remaining model parameters included site geometry and material characteristics.  A standard of 
1 acre with a minimum slope of 2% with a 300-ft slope length was set up as a representative area for 
each cover system type analyzed. With the exception of the cover system elements modelled (cover 
system barrier, vegetation, etc.), all other inputs into HELP were held constant to facilitate a fair 
comparison.  Each cover system type was input into the model and the amount of contact water 
measured after 100 years was compared.  The modeling results present peak daily and average annual 
results over the 100-year simulation period. Input parameters are included in the output files in Appendix 
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B1. Table 3.1 and Table 3.2 below summarize the results of the final cover system hydrologic analysis 
and cover system type comparison.  

Table 3.1:  Rainfall/Runoff/Infiltration of Regulatory Standard Cover versus Proposed Final Cover 

Table 3.2:  Hydraulic Performance of Regulatory Standard Cover versus Proposed Final Cover 

3.1.3 Alternative Final Cover System Veneer Stability 

Veneer stability analysis was not performed on the Final Cover System since interfacing materials and 
driving forces (cover ballast force is negligible) do not occur in an ETC system.  

Veneer stability analysis was completed for the Alternative Final Cover System to evaluate the potential 
for preferential sliding between the cover soils, underlying geosynthetics surfaces, and geosynthetic to 
subgrade.   

Analysis of the sliding potential of relatively thin cover soil layers (veneer) placed over the geosynthetic 
liner layers (i.e. geomembrane and geocomposite) is important.  This is because the underlying barrier 
materials generally represent a low interface shear strength boundary with respect to the soil placed 
above them, and the geosynthetics are oriented precisely in the direction of potential sliding.   

The method used in AECOM’s analysis of the Alternative Final Cover System closely follows the methods 
outlined by Koerner and Soong (Koerner and Soong, 2005). The analysis is performed using limit 
equilibrium procedures to balance the driving forces due to gravity pulling on the cover soils and the 
resistance to sliding due to friction between the soil layer contact surface with the underlying 
geosynthetics.  Resistance to sliding is also due in part to the toe support (passive wedge) provided to 
the liner system at the base of the sliding mass.  It is assumed in the analysis that the cover soil is of 
uniform thickness.   

Cover System 
Average Annual 

Precipitation 
(inches) 

Average Annual 
Runoff 

(inches) 

Average Annual 
Percolation 

(inches) 

Regulatory Standard Cover 

46.4 

5.59 27.8 

Alternative Final Cover System 4.69 0.072 

Final Cover System (ETC) 28.65 0.258 

Cover System 
Average Daily 
Leakage Rate 

(Gallons/Acre/Day) 

Peak Daily 
Leakage Rate 

(Gallons/Acre/Day) 

Average Annual 
Leakage Rate 

(Gallons/Acre/Year) 

Regulatory Standard Cover 2,069 12,299 755,327 

Alternative Final Cover System 5.4 865 1,959 

Final Cover System (ETC) 19.2 57.7 7,013 
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Based on the current Plant Scherer consolidated closure-in-place footprint grading plan, the Alternative 
Final Cover System will have a minimum slope of 3% and a maximum slope of 20% on the surface of the 
final cover.  The maximum slope length at 20% is 160 ft and is the critical slope section for the Alternative 
Final Cover System. Although the majority of the alternative final cover is graded to the 3% minimum 
slope, the critical slope for the Alternative Final Cover System design was restricted to the interface of 
the 20% slope. Therefore, the results concluded from the 20% slopes analysis are conservatively 
applied for the 3% slopes, and any of the remaining limited number of final slopes that are between the 
3% minimum and the 20% maximum.  

The veneer stability analysis includes identifying the minimum strength parameters (i.e. friction angle () 
and adhesion (ca)) for a given interface to meet required factors of safety against translational failure.  
Conservatively assuming the ratio of cohesion/adhesion is equal to zero, the minimum required shear 
strength parameters for the Alternative Final Cover System are summarized for the critical slope (20%) 
to achieve the required minimum factor of safety.  

Table 3.3:  Alternative Final Cover System Minimum Calculated Required Friction Angles  

Loading Condition Minimum Factor of Safety Minimum Required Friction Angle, 
Φ (degrees) 

Static, Steady-State, Temporary 
Loading 1.25 11 

Pseudostatic (Seismic) 1.00 17 

Static, Post-Liquefaction 1.10 8.3 

*Calculation of friction angles assumes interface adhesion (ca) is equal to zero. 

The analysis indicates that the seismic (pseudostatic) loading condition governs the design.  Based on 
these results, a minimum interface friction angle of 17 degrees is recommended to achieve the minimum 
factors of safety between the geosynthetic materials (geomembrane to geocomposite materials) or the 
geomembrane to subgrade materials. Pre-construction testing with the actual closure materials will 
need to be completed to verify that the materials analyzed exhibit interface properties above the 
minimum shear strength envelope. 

The detailed results of AECOM’s veneer stability analysis are in Appendix B2.  The minimum peak and 
residual shear strength parameters for each analysis condition are included in graphical form in the 
calculations.   
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 STORMWATER MANAGEMENT EVALUATION 

Stormwater features for the AP-1 closure and planned Final Cover System have been designed to 
promote positive surface drainage, control erosion, and minimize long-term maintenance. Design of the 
closure stormwater features and erosion controls was completed based on the following criteria: 

 The 100-year, 24-hour duration storm event was used to design the permanent stormwater 
channels in the north closure-by-removal area and on the close-in-place stormwater 
channels with direction from GPC. This exceeds the requirements of the Environmental 
Protection Agency’s (EPA’s) Final CCR Rule (40 CFR Part 257) and Georgia Rule 391-3-4-.07, 
both of which only require ash pond closure designs to safely pass stormwater flows resulting 
from the 25-year, 24-hour duration storm event.  

 The channel leading from the closure cap into Detention Basin A (Channels B0 and B1) and the 
north berm letdown culvert upstream of this channel to safely pass flows resulting from the 
1000-year, 24-hour storm as an added factor of safety.  This larger design storm was selected 
since the failure of this structure/channel could result in a cascading failure throughout the 
closure system.   

 The 100-year, 24-hour storm event has been used to determine the required storage volumes 
for the detention basins and to determine the required dimensions and armoring for all channels 
and conveyance structures proposed as a part of the closure design.  The 500-year, 24-hour 
storm event was also used to design auxiliary spillways for each of the three detention basins 
that are proposed as a part of the closure design. 

 Permanent channels within the consolidated closure-in-place footprint have been designed 
with a minimum slope of 0.4%. 

 Riprap lining has been utilized within the consolidated closure-in-place footprint to provide 
permanent swale and ditch channels suitable for both the Final Cover System (ETC) and the 
Alternative Final Cover System (geomembrane/soil).  Riprap lining has also been utilized 
elsewhere based on the H&H analysis. 

 Turf reinforced matting (TRM) has been utilized for permanent conveyances outside of the 
consolidated closure-in-place footprint (i.e. north closure-by-removal area ditch channels). 

 The discharge of stormwater from construction activities to the waters of the State of 
Georgia will be in accordance with the limitations, monitoring requirements and other 
conditions set forth in NPDES Construction Stormwater General Permit for Stand Alone 
Construction Projects No. GAR 100001. Erosion and sediment control measures 
implemented during construction were selected and designed in accordance with the 
design specifications contained in the Manual for Erosion and Sediment Control in Georgia.  
Future analysis and more specific detailing of the erosion and sediment controls are 
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anticipated to be completed during the further detailed engineering and design stage of the 
closure activities. 

4.1 Hydrologic and Hydraulic Analysis 

AECOM completed a hydrologic and hydraulic (H&H) analysis of the planned AP-1 post-closure 
conditions, and the analysis results and our engineering recommendations for the closure system 
stormwater management features and erosion controls are discussed in the sections below.  The 
detailed results of AECOM’s H&H analysis are in Appendix C1. 

4.1.1 Hydrologic Analysis 
AECOM completed post-closure conditions hydrologic analysis to estimate peak stormwater flow 
discharges to use for design of the closure stormwater features.  The hydrologic analysis is based on 
the design storm event and site-specific historical rainfall data, and the planned Plant Scherer 
consolidated closure-in-place footprint features, finished grades, and contours shown on the Closure 
Drawings. Recommendations and calculations may be revised as the design is changed and if alternative 
closure methods are selected. 

Subcatchment delineation for the hydrologic analysis was completed using the United States Geological 
Survey (USGS) StreamStats (v4.2.0) web tool.  The StreamStats web tool can be used to estimate 
subcatchments and flows for existing creeks, streams, and rivers across the United States.  AutoCAD 
Civil 3D 2019 was used to verify and update the subcatchment delineations based on design topography 
and updated surveys. 

AECOM used HydroCAD version 10.00-25 to model the post-closure stormwater conditions at the AP-
1 site.  HydroCAD is a modeling software that is used to calculate hydrologic inflows for a variety of 
design storms.  HydroCAD allows the user to create a complex network of “nodes” to simulate how 
stormwater flows would be routed through a site’s stormwater features. AECOM created  two HydroCAD 
models: one that discharges to the east into Berry Creek and one that discharges to the West in the 
Recycle Pond.  These models were created to determine the peak inflows into the various stormwater 
features of the proposed closure design.  The models were also used to determine the storage 
requirements for the three detention basins in the closure-by-removal area and the spillway. 

Rainfall data for the design storms were obtained using precipitation estimates from NOAA’s 
Precipitation Frequency Data Server (PFDS) web tool.  Estimates provided by this web tool are calculated 
using the NOAA Atlas 14 publication for storms with recurrence intervals ranging between 1 year and 
1,000 years, and durations ranging between 5 minutes and 60 days. 

The National Resources Conservation Service (NRCS) Type II synthetic rainfall distribution (Type II 
Distribution) was used for temporal routing of the design storm throughout the site.  The Type II 
distribution may be used for storms up to the 1,000-year, 24-hour duration storm event throughout most 
of the continental United States (including Juliette, Georgia and the Plant Scherer site).   
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AECOM selected an appropriate curve number (CN) for each subcatchment based on the NRCS Curve 
Number Method (NRCS, 1986).  The two major factors that determine the appropriate curve number are 
the hydrologic soil group and the cover system type. Site soil data used to determine the hydrologic soil 
group was obtained from the NRCS Web Soil Survey database. Land use data used to determine the 
cover type was delineated using aerial photography.   

The curve numbers for the consolidated closure-in-place footprint will be substantially different 
compared to existing conditions.  The Final Cover System (ETC) is near impervious and results in high 
CN value of 95 for the closure cap subcatchments.   

In addition, the curve number in the closure by removal area is assumed to increase compared to the 
existing conditions from grading and compaction of native soils.  It is assumed that the hydrologic soil 
group will increase from Group B to Group C within the limits of grading, ultimately resulting in increased 
runoff. 

Subcatchments have been delineated based on post-closure conditions and may be revised as the 
design is changed.  There are three main subcatchments that are a part of the closure design.  Two of 
these subcatchments are on the closure cap, and one is to the north of the closure cap in the closure-
by-removal area.  All but one of these subcatchments will discharge to the east into Berry Creek.  The 
western closure cap subcatchment will discharge through the southwest outlet channel to the Recycle 
Pond.  Table 4.1 below summarizes these subcatchments and their relevant hydrologic features. Each of 
these subcatchments have been split into several smaller subcatchments for a more detailed analysis 
of peak flows, velocities, and flow depths throughout the closure design. Additional details are provided 
in Attachment B of Appendix C1. 

Table 4.1: Subcatchment Hydrologic Summary 

The storage in the three-detention basins in the closure-by-removal area was calculated to attenuate 
the flows resulting from the design storm while slowly discharging the stormwater downstream to Berry 
Creek. The detention basins were also sized to keep the maximum height and storage capacity below 25 
feet and 100 acre-feet respectively to avoid being classified as a dam as defined by Georgia Safe Dams 
Rule 391-3-8-.02.  

A hydrologic summary of the three detention basins including the peak discharge for each pond is 
provided below in Table 4.2.  A detailed summary of AECOM’s HydroCAD modeling is provided in 
Appendix C1. 

Table 4.2:  Summary of Estimated Stormwater Peak Discharges 

Design Area Drainage Area (Acres) Receiving Water Body 

Closure Cap (East) 150 Berry Creek 

Closure Cap (West) 235 Recycle Pond 

Closure-By-Removal Area 410 Berry Creek 
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Note 1: The auxiliary spillway crest for each basin is 1 foot below the top of the basin. 

4.1.2 Hydraulic Analysis  
AECOM completed post-closure conditions hydraulic analysis to estimate the peak stormwater flow 
depths and velocities, and then to design the various post-closure stormwater features to convey the 
estimated flows without eroding or overtopping.  The hydraulic analysis utilizes the peak discharges 
(accounting for storage in the channels) estimated from the hydrologic analysis, which are based on the 
design storm event and site specific historical rainfall data, and the planned Plant Scherer consolidated 
closure-in-place footprint and remaining closure-by-removal area features, finish grades, and contours 
shown on the Closure Drawings.  

Hydraulic Toolbox Version 4.4 was used to determine the stability of each channel proposed as a part of 
the closure design.  Hydraulic Toolbox utilizes the methodology of Hydraulic Engineering Circular No. 15 
(HEC 15) to calculate the expected shear force, velocity, manning’s n roughness values, Froude number, 
and stability of proposed armoring based on the channel geometry, minimum curve radius, and peak 
stormwater flows. The minimum stable stone size was selected to armor each channel proposed as a 
part of the closure design. 

Georgia Department of Transportation (GDOT) Type 1 or Type 3 riprap or AASHTO No. 1 stone has been 
specified for use in all channels on the closure cap.  Turf reinforced matting (TRM) has been proposed to 
armor all channels within the closure by removal area.  A minimum channel slope of 0.3% and 0.35% was 
proposed within the closure by removal area and the closure cap area respectively to minimize the 
amount of fill required while promoting positive drainage; however, most proposed channels have a 
slope between 0.5% and 3%. 

TRM was selected for the planned new closure-by-removal channels as a potential cost savings measure 
and because channel flow velocities are anticipated to be lower in this area compared with the channels 
on the closure-in-place Final Cover System, and erosion in the closure-by-removal area is less critical. 
TRM’s effectiveness relies on adequate vegetation growth and proper installation, and may require 
additional maintenance compared to riprap and other hard channel lining options.   

All three new detention basins (A, B, and C) include an emergency spillway that are a minimum of 100 ft 
wide will discharge into a new downstream channel leading in to Berry Creek for Detention Basin A or the 
post-closure channel within the closure-by-removal region for Detention Basins B and C.  The detention 

Detention 
Basin 

 

Peak 
Inflow 
(CFS) 

Peak Discharge 
(CFS) 

Peak WSE 
(ft) 

Top of 
Pond 
(ft)1 

Freeboard 
(ft) 

100-
year 

500-
year 

100-
year 

500-
year 

100-
year 

500-
year 

100-
year 

500-
year 

Basin A 1523 2028 126 274 449.2 450.6 451.0 1.8 0.4 

Basin B 455 659 9 23 461.9 462.9 463.0 1.1 0.1 

Basin C 387 579 10 43 464.7 465.6 466.0 1.3 0.4 
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basin emergency spillway is sized to pass storms up to the 500-year, 24-hour storm event without 
overtopping the detention basin embankments. Rigid reinforced concrete pavement with turndown 
slabs will be utilized to maintain Plant access for maintenance and inspection purposes and riprap 
materials are planned for the detention basin emergency spillway to protect against erosion and scour.  
Hydraulic calculations for the detention basin emergency spillway were completed based on its hydraulic 
capacity.  Future detailed engineering and design efforts will include evaluation of channel stability, which 
could result in adjustments/refinements to the current planned emergency spillway liner design. 

Table 4.3 below summarizes the minimum lining thicknesses and depths required for the stormwater 
channels included in the planned AP-1 closure based on the hydraulic analysis completed by AECOM. 
AECOM’s detailed hydraulic analysis and stormwater channel lining calculations are in Attachment C of 
Appendix C1. 

Table 4.3:  Summary of Calculated Stormwater Feature Channel Linings 

Stormwater Feature Channel Lining Type 
Minimum 

Required Lining 
Thickness 

Minimum 
Required Lining 

Depth 
Closure-In-Place Footprint 
Swale  Channels (on eastern 
herringbone portion of final 
cover) 

GDOT Type 3 Riprap 24 inches 3 ft 

Closure-In-Place Footprint 
Swale  Channels (on north 
portion of final cover) 

GDOT Type 3 Riprap 24 inches 2 ft 

Closure-In-Place Perimeter 
Ditch Channels GDOT Type 3 Riprap 15 inches 5 ft 

Southwest Outlet Channel  
(to Recycle Pond) GDOT Type 3 Riprap 15 inches 5 ft or El. 493.0 NAVD88 

(whichever is greater) 
Letdown to Detention Basin A GDOT Type 1 Riprap 36 inches  6 ft 
Channels in Closure-By-
Removal Area Turf Reinforced Matting N/A 4 ft 

Detention Basin A Turf Reinforced Matting N/A Up to top of basin 

Detention Basin B Turf Reinforced Matting N/A Up to top of basin 

Detention Basin C Turf Reinforced Matting N/A Up to top of basin 

Detention Basins (A, B, and C) 
Emergency Spillway Channel GDOT Type 1 Riprap 36 inches 2 ft 

Northeast Outlet Channel (to 
Berry Creek) GDOT Type 3 Riprap 24 inches 3 ft 

4.2 Closure Stormwater Features 

The AP-1 closure design includes a consolidated closure-in-place footprint and a closure-by-removal 
area. Stormwater runoff from the closure-by-removal area will discharge into three detention basins (A, 
B, and C) to Berry Creek as shown on the Closure Drawings.  Post-closure stormwater runoff from the 
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consolidated eastern closure-in-place footprint will also discharge to Berry Creek and the remaining 
western portion of the closure-in-place footprint will discharge to the Recycle Pond through the 
proposed southwest outlet channel. The recommendations for the stormwater features described in this 
section are based on the H&H analysis summarized in Section 4.1.  

The finished surface of the closure cap has been designed in a herringbone pattern (series of ridges and 
valleys) so that stormwater runoff from the consolidated closure-in-place footprint discharges both to 
the east (towards Berry Creek) and to the west (towards the Recycle Pond).  Stormwater runoff from the 
north and east portions of the closure-in-place footprint (approximately 150 acres) will be directed 
through shallow trapezoidal shape stormwater collection cross swales into trapezoidal shape perimeter 
ditches.  The perimeter ditches extend along the north and east perimeters of the closure-in-place 
footprint, and are designed to discharge into the detention basins through riprap lined letdown as shown 
on the Closure Drawings.   

Stormwater runoff from the south and west portions of the closure-in-place footprint (approximately 240 
acres) will be directed through shallow trapezoidal stormwater collection cross swales into the 
southwest outlet channel as shown on the Closure Drawings.  The existing morning glory spillway 
structure, which currently discharges into the Recycle Pond, will be completely removed and replaced 
with a trapezoidal channel (southwest outlet channel) as shown on the Closure Drawings.   

The closure-by-removal area will be graded only as needed to convey flows to the detention basins, and 
east towards Berry Creek. 

Table 4.4 below summarizes the stormwater feature discharge locations planned for the AP-1 closure 
and shown on the Closure Drawings. 

Table 4.4:  Summary of Stormwater Conveyance Discharge Location 

4.2.1 Closure-By-Removal Area Stormwater Features 
Stormwater features within the closure-by-removal area have been designed to the extent possible to 
mimic and utilize drainage features that were present on-site prior to constructing AP-1.  The 
predevelopment drainage features flowed generally north to south across the site, which is the direction 
that they will flow in the closure-by-removal area after implementing the planned closure.  The latest 
bathymetry survey of AP-1 indicates that old drainage swales and creek beds still exist at the north end 

Stormwater Feature Discharge Location 

North and East Consolidated Closure-In Place 
Footprint Areas Letdown Channel to Detention Basin A  

Closure-By-Removal Area Detention Basin A, B, and C 

Detention Basins A, B, and C Berry Creek 
South and West Consolidated Closure-In-Place 
Footprint Areas Southwest Outlet Channel 

Southwest Outlet Channel Recycle Pond 
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of the pond and so these features will be utilized to manage and convey post-closure stormwater flows 
within the closure-by-removal area during post closure.  Some grading of the closure-by-removal area 
is planned and necessary to construct the new channels that will convey flows across the north closure-
by-removal area. All of the predevelopment drainage features will feed into several branch channels, and 
discharge through Detention Basins A, B, and C and eventually through the new northeast outlet channel 
that will breach the existing AP-1 dike and discharge into Berry Creek.  The new closure-by-removal area 
channels will be trapezoidal shaped with variable bottom width, 4H:1V sideslopes, and sloped at 
approximately 0.4%.  The new closure-by-removal area channels will be lined with TRM.  The grading 
planned for the closure-by-removal area is shown on the Closure Drawings.  As described above, 
stormwater features for the closure-by-removal area (including the two new channels) are designed for 
the 100-year, 24-hour storm. 

4.2.2 Closure-In-Place Area Stormwater Features 
As described above, the consolidated closure-in-place footprint and final cover cap have been designed 
in a herringbone pattern with a number of trapezoidal shaped cross swale and perimeter ditch channels 
that will be built into the closure cap as shown on the Closure Drawings.  The consolidated closure-in-
place footprint swale and ditch channels will all be lined with either GDOT Type 1 or Type 3 riprap or 
AASHTO No. 1 stone described previously and as shown on the Closure Drawings.  Stormwater runoff 
from the consolidated closure-in-place footprint will drain to the east and west along channels up to 
2,100 ft long.  The closure cap and channels have been designed to discharge either to the west directly 
into the southwest outlet channel, which discharges to the Recycle Pond, or to the perimeter ditch 
channels that leads to the planned new letdown structure that will discharge into the letdown channel 
and into Detention Basin A and flow out the new northeast outlet channel east to Berry Creek as 
discussed above and as shown on the Closure Drawings.  The perimeter ditch channels will be 
trapezoidal shaped with a variable bottom width and 5H:1V sideslopes. The east side perimeter ditch 
channel (referred to as “eastern channel”) will be approximately 6,000 ft long and sloped from 0.4% to 
1%.  The north side perimeter ditch channel (referred to as North Berm channel) will be approximately of 
2,500 ft long and sloped at 0.4%.  The letdown into Detention Basin A will be trapezoidal shape with a 
bottom width of 35 ft and 5H:1V sideslopes. The letdown will be approximately 650 ft long and sloped 
from 1.0% to 2.2%.  The letdown will be lined with GDOT Type 1 riprap materials.  As discussed previously, 
stormwater features for the consolidated closure-in-place footprint are designed for the 100-year, 24-
hour storm, including the letdown into the detention basin (which is also designed for the 1000-year, 24-
hour storm event). 

4.2.3 Detention Basins 
The purpose of the three detention basins planned for the closure-by-removal area and at the base of 
the consolidated closure-in-place footprint is to reduce the peak discharge of post-closure stormwater 
flows into Berry Creek.  The planned detention basins will have an embankment crest set at the elevations 
stated above in Table 4.2. The detention basins will discharge through either an 18-inch HDPE outlet 
culvert (for Detention Basins B and C) or a 42-inch HDPE outlet culvert (for Detention Basin A) that will 
serve as the primary spillway.  The detention basins will also include a trapezoidal shaped emergency 
spillway as shown on the Closure Drawings.  The detention basins will have a maximum height and 
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storage capacity below 25 feet and 100 acre-feet respectively to avoid being classified as a dam as 
defined by Georgia Rule 391-3-8-.02 at a maximum pool level.  The planned Detention Basin A will 
discharge through the planned new northeast outlet channel that will require a breach in the existing AP-
1 dike during construction and flow into Berry Creek.  The planned detention basins include a low flow 
channel lined with GDOT Type 3 Riprap or TRM and will be lined entirely with TRM up to the top of the 
basin.  The emergency spillways for each detention basin will be lined with GDOT Type 1 riprap.  The 
planned new northeast outlet channel to Berry Creek will be trapezoidal shaped with a bottom width of 
15 ft, 3H:1V sideslopes, and channel slope ranging from 0.5% to 4.5%.  The northeast outlet channel to 
Berry Creek will be approximately 1,650 ft and lined with GDOT Type 3 riprap. 



  September 2022 
Plant Scherer – Ash Pond 1 (AP-1) Closure  Revision 2 
Engineering Report 

AECOM, 5438 Wade Park Boulevard, Suite 200, Raleigh, NC 27607, (919) 461-1230, (919) 461-1415 5-1 

 CLOSURE DEWATERING 

“Removal of free water” is the process of removing ponded or free surface water in AP-1 and 
“dewatering” is the process of removing water from within the CCR. Removal of approximately 7,400 
acre-feet (2.4 billion gallons) of free water is required as a part of implementing closure.  Dewatering of 
the wet CCR within the planned consolidated closure-in-place footprint will need to be in-progress prior 
to some of the anticipated excavation activities and the placement of contouring fill and regrading of the 
ash delta surface.  

As part of closure, sluicing to AP-1 will cease and plant process waste flows will be rerouted to a newly 
constructed water treatment facility (designed by others and currently being constructed).  The 
proposed removal of CCR contact  water and the proposed CCR dewatering system and measures 
needed for closure are described in the Closure Plan included in Part A of this permit application.  

5.1 Stability During Free Water Removal 

Stability of the AP-1 perimeter embankment dikes (a section of which is a Category I dam) and exposed 
CCR excavation or in-place slopes during removal of free water activities will be controlled by the rate 
that the free water is removed from AP-1.  Removal of free water during closure construction activities 
will be controlled at a removal rate of no greater than 1-ft per week for storage fluid above El. 460 
NAVD88. The rate is considered conservative to allow pore pressures within embankment soils to 
equalize during removal of free water activities.  If evidence of sloughing of the interior slopes of the 
perimeter embankment dikes are observed, the rate of removal of free water may be further reduced. 

The unsupported CCR face along the northern limit of the ash delta consists of finer silt and silty sand 
size particles within the CCR materials (as described in Section 2.1 of this report).  CCR slopes may be 
subject to sliding, spreading, or settlement as free and interstitial water is removed.  Excess pore 
pressure may remain within or adjacent to the exposed CCR surface resulting in sloughing or slope 
instability prior to and during closure activities.  For this reason, dewatering is required to reduce excess 
pore pressure and to lower the phreatic surface in areas where CCR excavation or placement is planned.  
Additionally, construction measures and the construction phasing will need to account or the risks of 
potential mass instability of the leading edge of the CCR delta as discussed previously. 

Criteria for the lowering of the phreatic surface and the maximum cut or fill CCR slopes will be established 
based upon stability analyses that are to be completed as a part of the further detailed engineering and 
design closure planning.  Based upon experience, undrained conditions are assumed within the CCR and 
residual shear strength of the sluiced CCR will be used for analyses. 
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Figure 1 – Typical Section of Ash Pond Dam Showing Internal Drainge System 
(from GPC Drawing E1H1002, 1982) 
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Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/14/16
Test Id: 370727

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-100

B-100

B-100

B-100

B-100

B-100

B-100

B-100

B-100

B-100

SPT- 2

T- 4

SPT- 5

T- 6

SPT- 7

T- 8

T- 10

SPT- 11

T- 12

 SPT13

3.5-5 ft

8-10 ft

13.5-15 ft

18-20 ft

23.5-25 ft

25-27 ft

30-32 ft

33.5-35 ft

35-37 ft

38.5-40 ft

Moist, red clay

Moist, red silt

Moist, reddish brown silt with sand

Moist, red sandy silt

Moist, reddish brown sandy silt

Moist, red sandy silt

Moist, dark reddish brown sandy clay

Moist, reddish brown silt with sand

Moist, red silt with sand

Moist, reddish brown sandy silt

16.9

27.2

28.3

28.3

26.9

28.3

20.5

28.0

30.2

27.8

Notes: Temperature of Drying : 110º Celsius



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/05/16
Test Id: 370734

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-100

B-100

B-100

B-100

B-100

B-100

B-100

T- 14

SPT- 16

SPT- 17

SPT- 18

SPT- 20

SPT- 24

SPT- 26

40-42 ft

48.5-50 ft

53.5-55 ft

58.5-60 ft

68.5-70 ft

88.5-90 ft

98.5-100 ft

Moist, red sandy silt

Moist, red clay

Moist, very dark gray sand with silt and
gravel

Moist, red silt with sand

Moist, olive brown sandy silt

Moist, dark olive gray silty sand

Moist, olive brown sandy clay

27.7

29.5

10.6

28.0

27.5

20.8

25.5

Notes: Temperature of Drying : 110º Celsius



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: T-4
Depth : 8-10 ft

Sample Type: tube
Test Date: 04/13/16
Test Id: 370737

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, red silt
Sample Comment: ---

 Atterberg Limits - ASTM D4318



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: T-6
Depth : 18-20 ft

Sample Type: tube
Test Date: 04/08/16
Test Id: 370738

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, red sandy silt
Sample Comment: ---

 Atterberg Limits - ASTM D4318



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: T-8
Depth : 25-27 ft

Sample Type: tube
Test Date: 04/08/16
Test Id: 370739

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, red sandy silt
Sample Comment: ---

 Atterberg Limits - ASTM D4318



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: T-10
Depth : 30-32 ft

Sample Type: tube
Test Date: 04/08/16
Test Id: 370740

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark reddish brown sandy clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: T-12
Depth : 35-37 ft

Sample Type: tube
Test Date: 04/08/16
Test Id: 370741

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, red silt with sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: T-14
Depth : 40-42 ft

Sample Type: tube
Test Date: 04/08/16
Test Id: 370742

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, red sandy silt
Sample Comment: ---

 Atterberg Limits - ASTM D4318



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: T-6
Depth : 18-20 ft

Sample Type: tube
Test Date: 04/12/16
Test Id: 370743

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, red sandy silt
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: SPT-7
Depth : 23.5-25 ft

Sample Type: bag
Test Date: 04/18/16
Test Id: 370714

Tested By: GA
Checked By: n/a

Test Comment: ---
Visual Description: Moist, reddish brown sandy silt
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: T-8
Depth : 25-27 ft

Sample Type: tube
Test Date: 04/18/16
Test Id: 370744

Tested By: GA
Checked By: n/a

Test Comment: ---
Visual Description: Moist, red sandy silt
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: T-10
Depth : 30-32 ft

Sample Type: tube
Test Date: 04/12/16
Test Id: 370745

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark reddish brown sandy clay
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: T-12
Depth : 35-37 ft

Sample Type: tube
Test Date: 04/12/16
Test Id: 370746

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, red silt with sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: SPT13
Depth : 38.5-40 ft

Sample Type: bag
Test Date: 04/18/16
Test Id: 370715

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, reddish brown sandy silt
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: T-14
Depth : 40-42 ft

Sample Type: tube
Test Date: 04/12/16
Test Id: 370747

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, red sandy silt
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: SPT-17
Depth : 53.5-55 ft

Sample Type: bag
Test Date: 04/05/16
Test Id: 370765

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, very dark gray sand with silt and gravel
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: SPT-20
Depth : 68.5-70 ft

Sample Type: bag
Test Date: 04/12/16
Test Id: 370748

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, olive brown sandy silt
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: SPT-24
Depth : 88.5-90 ft

Sample Type: bag
Test Date: 04/12/16
Test Id: 370749

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark olive gray silty sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-100
Sample ID: SPT-24
Depth : 88.5-90 ft

Sample Type: bag
Test Date: 04/12/16
Test Id: 370749

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark olive gray silty sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project Name: SCS Plant Scherer Ph.2
Project Location: Monroe County, GA
GTX #: 304548
Test Date: 04/14/16
Tested By: jm
Checked By: mcm

---
10:47 AM
20.7

Grade oC Grade oC Grade oC

B-100 SPT-5 13.5-15 2 20.7 4 20.6 4 20.7

Notes: Moisture content determined by ASTM D2216 at 110o C
Photo provided was taken after 6 hour reading

Initial Water Temperature, oC:
Time Test Started:

Boring
ID

Sample
ID

Depth,
ft

Visual
Description

1 Hour 6 hours

Moist, reddish brown silt with sand

Determining Dispersive Characteristics of Clayey Soils by the
Crumb Test ASTM D6572

2 Minutes

Type of Test:

Curing Time, min:
Natural Moisture Content. %:

Method B - Remolded Crumb Cube
28.3



Client: AECOM
Project Name: SCS Plant Scherer Ph.2
Project Location: Monroe County, GA
GTX #: 304548
Test Date: 04/14/16
Tested By: jm
Checked By: mcm

---
10:50 AM
20.7

Grade oC Grade oC Grade oC

B-100 SPT-11 33.5-35 2 20.7 4 20.6 4 20.7

Notes: Moisture content determined by ASTM D2216 at 110o C
Photo provided was taken after 6 hour reading

Initial Water Temperature, oC:
Time Test Started:

Boring
ID

Sample
ID

Depth,
ft

Visual
Description

1 Hour 6 hours

Moist, reddish brown silt with sand

Determining Dispersive Characteristics of Clayey Soils by the
Crumb Test ASTM D6572

2 Minutes

Type of Test:

Curing Time, min:
Natural Moisture Content. %:

Method B - Remolded Crumb Cube
28.0



Client: AECOM
Project Name: SCS Plant Scherer Ph.2
Project Location: Monroe County, GA
GTX #: 304548
Test Date: 04/14/16
Tested By: jm
Checked By: mcm

---
10:54 AM
20.7

Grade oC Grade oC Grade oC

B-100 SPT-18 58.5-60 1 20.7 4 20.6 4 20.7

Notes: Moisture content determined by ASTM D2216 at 110o C
Photo provided was taken after 6 hour reading

Initial Water Temperature, oC:
Time Test Started:

Boring
ID

Sample
ID

Depth,
ft

Visual
Description

1 Hour 6 hours

Moist, dark red silt with sand

Determining Dispersive Characteristics of Clayey Soils by the
Crumb Test ASTM D6572

2 Minutes

Type of Test:

Curing Time, min:
Natural Moisture Content. %:

Method B - Remolded Crumb Cube
28.0



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/18/16
Test Id: 370761

Tested By: GA
Checked By: mcm

 Laboratory Determination of Density (Unit Weight)
of Soil Specimens by ASTM D7263

 Boring
ID

 Sample
ID

 Depth  Visual Description  Bulk
Density

pcf

Moisture
Content

 %

 Dry
Density

pcf

 *

B-100

B-100

B-100

B-100

B-100

B-100

T- 4

T- 6

T- 8

T- 10

T- 12

T- 14

8-10 ft

18-20 ft

25-27 ft

30-32 ft

35-37 ft

40-42 ft

Moist, red silt

Moist, red sandy silt

Moist, red sandy silt

Moist, dark reddish brown sandy clay

Moist, red silt with sand

Moist, red sandy silt

115.7

116.2

114.3

127.0

114.6

119.2

27.19

27.25

26.86

22.78

33.90

20.47

90.98

91.29

90.07

103.5

85.61

98.96

(1)

(2)

(3)

(4)

(5)

(6)

* Sample Comments

(1): Method B-Cylinder, Intact

(2): Method B-Cylinder, Intact

(3): Method B-Cylinder, Intact

(4): Method B-Cylinder, Intact

(5): Method B-Cylinder, Intact

(6): Method B-Cylinder, Intact

Notes: Moisture Content determined by ASTM D2216.



Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe County, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-100
Sample #: T-6
Depth: 18-20 ft
Visual Description: Moist, red sandy silt

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 6/7

Sample Preparation:

Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 92.04 Increased Cell Pressure, psi: 96.96 Cell Pressure Increment, psi: 4.92
Sample Pressure, psi: 75.97 Corresponding Sample Pressure, psi: 80.56 Sample Pressure Increment, psi: 4.59

B Coefficient: 0.93

FLOW DATA

Trial
Elapsed
Time,

Permeability
K, Temp,

Permeability
K @ 20 oC,

Date # Cell Sample Z1 Z2 Z1-Z2 sec Gradient cm/sec oC Rt cm/sec

4/11 1 92.0 76.0 10.0 9.7 0.3 34 19.8 3.4E-07 20.3 0.993 3.4E-07
4/11 2 92.0 76.0 10.0 9.7 0.3 36 19.8 3.2E-07 20.3 0.993 3.2E-07
4/11 3 92.0 76.0 10.0 9.7 0.3 37 19.8 3.1E-07 20.3 0.993 3.1E-07
4/11 4 92.0 76.0 10.0 9.7 0.3 37 19.8 3.1E-07 20.3 0.993 3.1E-07

4/7/2016
4/12/2016

PERMEABILITY AT 20o C:   3.2 x 10-7  cm/sec   (@ 16 psi effective stress)

Parameter
2.52
2.86
6.42
16.2

Manometer Readings

494

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Volume

Initial

16.1
507
120

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture content.
Trimmings moisture content = 27.0%.

Final
2.50
2.86
6.42

116
28.5
93.3
98

Pressure, psi

25.2
92.6
85

*B value did not increase with increase in pressure.
Final degree of saturation >95%.



Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe County, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-100
Sample #: T-10
Depth: 30-32 ft
Visual Description: Moist, dark reddish brown sandy clay

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 9/23

Sample Preparation:

Assumed Specific Gravity: 2.65

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 92.01 Increased Cell Pressure, psi: 96.98 Cell Pressure Increment, psi: 4.97
Sample Pressure, psi: 65.97 Corresponding Sample Pressure, psi: 70.18 Sample Pressure Increment, psi: 4.21

B Coefficient: 0.85

FLOW DATA

Trial
Elapsed
Time,

Permeability
K, Temp,

Permeability
K @ 20 oC,

Date # Cell Sample Z1 Z2 Z1-Z2 sec Gradient cm/sec oC Rt cm/sec

4/11 1 92.0 66.0 10.5 9.7 0.8 35 20.0 9.2E-07 20.3 0.993 9.1E-07
4/11 2 92.0 66.0 10.5 9.7 0.8 36 20.0 8.9E-07 20.3 0.993 8.9E-07
4/11 3 92.0 66.0 10.5 9.7 0.8 36 20.0 8.9E-07 20.3 0.993 8.9E-07
4/11 4 92.0 66.0 10.5 9.7 0.8 36 20.0 8.9E-07 20.3 0.993 8.9E-07

119
22.3
102.2

95

Pressure, psi

20.9
98.1
81

*B value did not increase with increase in pressure.
Final degree of saturation >95%.

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Volume

Initial

16.5
543
125

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture content.
Trimmings moisture content = 22.5%.

Final
2.61
2.84
6.33

4/8/2016
4/12/2016

PERMEABILITY AT 20o C:   8.9 x 10-7  cm/sec   (@ 26 psi effective stress)

Parameter
2.68
2.86
6.42
17.2

Manometer Readings

537















Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/05/16
Test Id: 370773

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-101

B-101

B-101

B-101

B-101

B-101

B-101

S- 1 (BAG)

S- 4 (BAG)

S- 6 (BAG)

S- 7 (TUBE)

S- 8 (BAG)

S- 11 (BAG)

S- 13 (BAG)

1-2.5 ft

8.5-10 ft

12-13.5 ft

13.5-15.5 ft

18.5-20 ft

33.5-35 ft

41-42 ft

Moist, reddish brown clay with sand

Moist, dark brown clay

Moist, olive clay with sand

Moist, mottled dark gray and white
sandy silty clay

Moist, very dark gray silty sand

Moist, very dark gray sandy clay

Moist, very dark gray sandy clay

22.5

31.8

24.2

26.2

27.5

13.2

16.9

Notes: Temperature of Drying : 110º Celsius



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-101
Sample ID: S-7 (TUBE)
Depth : 13.5-15.5 ft

Sample Type: tube
Test Date: 04/12/16
Test Id: 370780

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, mottled dark gray and white sandy silty clay
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-101
Sample ID: S-8 (BAG)
Depth : 18.5-20 ft

Sample Type: bag
Test Date: 04/12/16
Test Id: 370781

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, very dark gray silty sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-101
Sample ID: S-1 (BAG)
Depth : 1-2.5 ft

Sample Type: bag
Test Date: 04/07/16
Test Id: 370774

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, reddish brown clay with sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-101
Sample ID: S-4 (BAG)
Depth : 8.5-10 ft

Sample Type: bag
Test Date: 04/06/16
Test Id: 370776

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark brown clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-101
Sample ID: S-6 (BAG)
Depth : 12-13.5 ft

Sample Type: bag
Test Date: 04/07/16
Test Id: 370777

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, olive clay with sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-101
Sample ID: S-7 (TUBE)
Depth : 13.5-15.5 ft

Sample Type: tube
Test Date: 04/08/16
Test Id: 370778

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, mottled dark gray and white sandy silty clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-101
Sample ID: S-7 (TUBE)
Depth : 13.5-15.5 ft

Sample Type: tube
Test Date: 04/18/16
Test Id: 370785

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, mottled dark gray and white sandy silty clay
Sample Comment: ---

 Laboratory Determination of Density (Unit Weight)
of Soil Specimens by ASTM D7263

 Boring
ID

 Sample
ID

 Depth  Visual Description  Bulk
Density

pcf

Moisture
Content

 %

 Dry
Density

pcf

B-101 S- 7 (TUBE) 13.5-15.5
ft

Moist, mottled dark gray and white sandy silty clay 122.8 29.37 94.95

* Sample Comments

(1): Method B-Cylinder, Intact

Notes: Moisture Content determined by ASTM D2216.







Client: AECOM
Project Name: SCS Plant Scherer Ph.2
Project Location: Monroe County, GA
GTX #: 304548
Boring ID: B-101
Sample ID: S-3
Depth, ft: 5-7

insert picture here
Vertical = 2.5" ht, 1.88" width
Horiz = 2.25" ht, 3" width

insert picture here
Vertical = 2.5" ht, 1.88" width
Horiz = 2.25" ht, 3" width

insert picture here
Vertical = 2.5" ht, 1.88" width
Horiz = 2.25" ht, 3" width

Top of tube Bottom of tube

Top of tube Bottom of tube

Top Section of Tube

Middle Section of Tube

Bottom Section of Tube

Top of tube Bottom of tube

Page 1 of 1



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/11/16
Test Id: 371547

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

printed 5/3/2016 4:56:59 PM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-102

B-102

B-102

S- 2

S- 17

S- 19

3.5-5 ft

68.5-70 ft

78.5-80 ft

Moist, olive brown silty sand

Moist, olive sandy clay

Moist, dark yellowish brown silty sand

24.6

22.9

43.1

Notes: Temperature of Drying : 110º Celsius





























Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-102
Sample ID: S-17
Depth : 68.5-70 ft

Sample Type: bag
Test Date: 04/08/16
Test Id: 371579

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, olive sandy clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 5/3/2016 6:22:36 PM





Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-102
Sample ID: S-19
Depth : 78.5-80 ft

Sample Type: bag
Test Date: 04/08/16
Test Id: 371580

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark yellowish brown silty sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 5/3/2016 6:22:36 PM

Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-19 B-102 78.5-80
ft

43 n/a n/a n/a n/a Silty sand (SM)

Sample Determined to be non-plastic

25% Retained on #40 Sieve

Dry Strength: NONE

Dilatancy: RAPID

Toughness: n/a

The sample was determined to be Non-Plastic







Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe Couny, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-102
Sample #: S-3 (TUBE)
Depth: 6-8 ft
Visual Description: Moist, dark gray sandy silt (ASH)

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 4/5

Sample Preparation:

Measured Specific Gravity: 2.39

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.03 Increased Cell Pressure, psi: 94.91 Cell Pressure Increment, psi: 4.88
Sample Pressure, psi: 84.95 Corresponding Sample Pressure, psi: 89.73 Sample Pressure Increment, p 4.78

B Coefficient: 0.98
FLOW DATA

Time, Temp,
Permeability
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/25 --- 90.0 85.1 84.9 1.8 10.90 13.50 --- --- --- --- ---
4/25 38 90.0 85.1 84.9 1.8 11.30 13.10 0.40 0.40 20.1 0.998 1.5E-04
4/25 ---- 90.0 85.1 84.9 1.8 12.10 12.80 --- --- --- --- ---
4/25 37 90.0 85.1 84.9 1.8 12.50 12.40 0.40 0.40 20.1 0.998 1.5E-04
4/25 ---- 90.0 85.1 84.9 1.8 12.20 12.60 --- --- --- --- ---
4/25 39 90.0 85.1 84.9 1.8 12.60 12.20 0.40 0.40 20.1 0.998 1.4E-04
4/25 ---- 90.0 85.1 84.9 1.8 11.90 12.40 --- --- --- --- ---
4/25 37 90.0 85.1 84.9 1.8 12.30 12.00 0.40 0.40 20.1 0.998 1.5E-04

53.6
63.5
95

Pressure, psi Flow Volume, cc

56.5
61.7
95

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/21/2016
4/27/2016

Initial

98

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture
content.  Moisture Content determined at 60° C for ash.

Final
2.84
2.85
6.38

PERMEABILITY AT 20o C:   1.5 x 10-4  cm/sec   (@ 5 psi effective stress)

Parameter
2.90
2.86
6.42
18.6
473
97

18.1
465



Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe Couny, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-102
Sample #: S-8 (TUBE)
Depth: 23-25 ft
Visual Description: Moist, dark gray silt (ASH)

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 12/2

Sample Preparation:

Measured Specific Gravity: 2.34

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.02 Increased Cell Pressure, psi: 94.83 Cell Pressure Increment, psi: 4.81
Sample Pressure, psi: 83.47 Corresponding Sample Pressure, psi: 88.19 Sample Pressure Increment, p 4.72

B Coefficient: 0.98
FLOW DATA

Time, Temp,
Permeability
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/25 --- 90.0 83.6 83.4 1.9 11.70 13.60 --- --- --- --- ---
4/25 46 90.0 83.6 83.4 1.9 12.30 13.00 0.60 0.60 20.1 0.998 1.7E-04
4/25 ---- 90.0 83.6 83.4 1.9 12.60 13.30 --- --- --- --- ---
4/25 42 90.0 83.6 83.4 1.9 13.10 12.80 0.50 0.50 20.1 0.998 1.5E-04
4/25 ---- 90.0 83.6 83.4 1.9 13.20 13.60 --- --- --- --- ---
4/25 36 90.0 83.6 83.4 1.9 13.60 13.20 0.40 0.40 20.1 0.998 1.4E-04
4/25 ---- 90.0 83.6 83.4 1.9 12.40 13.00 --- --- --- --- ---
4/25 35 90.0 83.6 83.4 1.9 12.80 12.60 0.40 0.40 20.1 0.998 1.5E-04

PERMEABILITY AT 20o C:   1.5 x 10-4  cm/sec   (@ 6.5 psi effective stress)

Parameter
2.99
2.86
6.42
19.2
465
92

18.7
459

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/22/2016
4/27/2016

Initial

93

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture
content.  Moisture Content determined at 60° C for ash.

Final
2.93
2.85
6.38

62.6
57.4
95

Pressure, psi

64.5
55.9
94



Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe Couny, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-102
Sample #: S-11 (TUBE)
Depth: 38-40 ft
Visual Description: Moist, dark gray silt (ASH)

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 8/13

Sample Preparation:

Assumed Specific Gravity: 2.35

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 89.98 Increased Cell Pressure, psi: 94.99 Cell Pressure Increment, psi: 5.01
Sample Pressure, psi: 79.72 Corresponding Sample Pressure, psi: 84.54 Sample Pressure Increment, p 4.82

B Coefficient: 0.96
FLOW DATA

Time, Temp,
Permeability
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/25 --- 90.0 80.2 79.8 4.0 11.30 13.60 --- --- --- --- ---
4/25 117 90.0 80.2 79.8 4.0 11.70 13.20 0.40 0.40 20.1 0.998 2.1E-05
4/25 ---- 90.0 80.2 79.8 4.0 11.80 13.40 --- --- --- --- ---
4/25 86 90.0 80.2 79.8 4.0 12.10 13.10 0.30 0.30 20.1 0.998 2.2E-05
4/25 ---- 90.0 80.2 79.8 4.0 12.30 13.20 --- --- --- --- ---
4/25 88 90.0 80.2 79.8 4.0 12.60 12.90 0.30 0.30 20.1 0.998 2.1E-05
4/25 ---- 90.0 80.2 79.8 4.0 12.80 13.00 --- --- --- --- ---
4/25 60 90.0 80.2 79.8 4.0 13.00 12.80 0.20 0.20 20.1 0.998 2.1E-05

41.8
72.0
95

Pressure, psi Flow Volume, cc

45.2
66.8
89

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/21/2016
4/27/2016

Initial

102

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture
content.  Moisture Content determined at 60° C for ash.

Final
2.75
2.81
6.20

PERMEABILITY AT 20o C:   2.1 x 10-5  cm/sec   (@ 10 psi effective stress)

Parameter
2.86
2.86
6.42
18.4
469
97

17.1
458



Client: AECOM
Project Name: SCS Plant Scherer Ph.2
Project Location: Monroe County, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-102
Sample #: S-16 (TUBE)
Depth: 63-65 ft
Visual Description: Moist, dark gray silt with sand (ASH)

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 9/23

Sample Preparation:

Assumed Specific Gravity: 2.35

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.03 Increased Cell Pressure, psi: 95.40 Cell Pressure Increment, psi: 5.37
Sample Pressure, psi: 73.98 Corresponding Sample Pressure, psi: 79.21 Sample Pressure Increment, p 5.23

B Coefficient: 0.97
FLOW DATA

Time, Temp,
Permeability
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/25 --- 90.0 74.2 73.8 4.0 11.70 14.30 --- --- --- --- ---
4/25 52 90.0 74.2 73.8 4.0 12.00 14.00 0.30 0.30 20.1 0.998 3.5E-05
4/25 ---- 90.0 74.2 73.8 4.0 12.20 13.90 --- --- --- --- ---
4/25 55 90.0 74.2 73.8 4.0 12.50 13.60 0.30 0.30 20.1 0.998 3.3E-05
4/25 ---- 90.0 74.2 73.8 4.0 12.70 14.20 --- --- --- --- ---
4/25 55 90.0 74.2 73.8 4.0 13.00 13.90 0.30 0.30 20.1 0.998 3.3E-05
4/25 ---- 90.0 74.2 73.8 4.0 12.20 13.00 --- --- --- --- ---
4/25 55 90.0 74.2 73.8 4.0 12.50 12.70 0.30 0.30 20.1 0.998 3.3E-05

PERMEABILITY AT 20o C:   3.4 x 10-5  cm/sec   (@ 16 psi effective stress)

Parameter
2.94
2.86
6.42
18.9
458
92

17.6
444

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/21/2016
4/27/2016

Initial

96

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture
content.  Trimmings moisture content = 57.1%.

Final
2.78
2.84
6.33

56.6
61.2
95

Pressure, psi Flow Volume, cc

61.5
57.1
92



















                                              One-Dimensional Consolidation by ASTM D2435 - Method B

Project: SCS Plant Scherer Ph.2           Location: Monroe County, GA               Project No.: GTX-304548
Boring No.: B-102                         Tested By: jm                             Checked By: mcm
Sample No.: S-3                           Test Date: 4/9/16                         Depth: 6-8 ft
Test No.: IP-2                            Sample Type: intact                       Elevation: ---

Soil Description: Moist, dark gray silty sand (ASH)
Remarks: Swell pressure = 0.672 tsf. Moisture Content determined at 60° C for ash.

Estimated Specific Gravity: 2.32       Liquid Limit: ---                      Specimen Diameter: 2.50 in
Initial Void Ratio: 1.07               Plastic Limit: ---                     Initial Height: 1.00 in
Final Void Ratio: 0.873                Plasticity Index: ---                  Final Height: 0.90 in

                                             Before Consolidation                   After Consolidation
                                         Trimmings       Specimen+Ring       Specimen+Ring           Trimmings

Container ID                                   a39                RING                   A                  a2

Wt. Container + Wet Soil, gm                90.140              239.82              232.90              138.82
Wt. Container + Dry Soil, gm                59.550              199.01              199.01              105.56
Wt. Container, gm                           17.290              108.84              108.84              17.080
Wt. Dry Soil, gm                            42.260              90.166              90.166              88.480
Water Content, %                             72.39               45.27               37.59               37.59
Void Ratio                                     ---                1.07               0.873                 ---
Degree of Saturation, %                        ---               98.07              100.00                 ---
Dry Unit Weight, pcf                           ---              69.976              77.408                 ---

Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end
      of the test. Therefore, values may not represent actual values for the specimen.



                                              One-Dimensional Consolidation by ASTM D2435 - Method B

Project: SCS Plant Scherer Ph.2           Location: Monroe County, GA               Project No.: GTX-304548
Boring No.: B-102                         Tested By: jm                             Checked By: mcm
Sample No.: S-3                           Test Date: 4/9/16                         Depth: 6-8 ft
Test No.: IP-2                            Sample Type: intact                       Elevation: ---

Soil Description: Moist, dark gray silty sand (ASH)
Remarks: Swell pressure = 0.672 tsf. Moisture Content determined at 60° C for ash.

Displacement at End of Increment

          Applied         Final        Void      Strain       Sq.Rt
           Stress  Displacement       Ratio      at End         T90          Cv          Mv           k
              tsf            in                       %         min     ft²/sec       1/tsf      cm/sec

    1      0.0676      0.002750        1.07       0.275      64.797   3.78e-007   4.07e-002   1.46e-008
    2       0.125      0.009857        1.05       0.986       0.418   5.80e-005   1.24e-001   6.83e-006
    3       0.250       0.01478        1.04        1.48       1.117   2.14e-005   3.94e-002   8.04e-007
    4       0.500       0.02147        1.03        2.15       8.528   2.77e-006   2.68e-002   7.06e-008
    5        1.00       0.02614        1.02        2.61       7.206   3.24e-006   9.33e-003   2.88e-008
    6        2.00       0.03155        1.01        3.15       8.291   2.79e-006   5.41e-003   1.44e-008
    7        4.00       0.03934       0.990        3.93       3.012   7.58e-006   3.89e-003   2.81e-008
    8        1.00       0.03785       0.993        3.79       2.900   7.82e-006   4.94e-004   3.68e-009
    9       0.250       0.03687       0.996        3.69      15.899   1.43e-006   1.31e-003   1.79e-009
   10       0.500       0.03879       0.992        3.88       0.000   0.00e+000   7.67e-003   0.00e+000
   11        1.00       0.03849       0.992        3.85      69.902   3.24e-007  -5.92e-004  -1.83e-010
   12        2.00       0.03889       0.991        3.89      78.934   2.87e-007   4.02e-004   1.10e-010
   13        4.00       0.03993       0.989        3.99      48.903   4.63e-007   5.19e-004   2.29e-010
   14        8.00       0.05273       0.963        5.27       4.726   4.72e-006   3.20e-003   1.44e-008
   15        16.0       0.07986       0.906        7.99       3.115   6.87e-006   3.39e-003   2.22e-008
   16        32.0        0.1192       0.825        11.9       4.606   4.32e-006   2.46e-003   1.01e-008
   17        8.00        0.1207       0.822        12.1      11.890   1.60e-006  -6.41e-005  -9.75e-011
   18        2.00        0.1204       0.822        12.0      17.864   1.06e-006   4.92e-005   4.98e-011
   19       0.500        0.1187       0.826        11.9      14.588   1.30e-006   1.15e-003   1.43e-009
   20       0.125        0.1158       0.832        11.6      21.105   9.06e-007   7.69e-003   6.63e-009

          Applied         Final        Void      Strain         Log
           Stress  Displacement       Ratio      at End         T50          Cv          Mv           k          Ca
              tsf            in                       %         min     ft²/sec       1/tsf      cm/sec           %

    1      0.0676      0.002750        1.07       0.275       0.000   0.00e+000   4.07e-002   0.00e+000   0.00e+000
    2       0.125      0.009857        1.05       0.986       0.000   0.00e+000   1.24e-001   0.00e+000   0.00e+000
    3       0.250       0.01478        1.04        1.48       0.000   0.00e+000   3.94e-002   0.00e+000   0.00e+000
    4       0.500       0.02147        1.03        2.15       0.000   0.00e+000   2.68e-002   0.00e+000   0.00e+000
    5        1.00       0.02614        1.02        2.61       0.000   0.00e+000   9.33e-003   0.00e+000   0.00e+000
    6        2.00       0.03155        1.01        3.15       0.000   0.00e+000   5.41e-003   0.00e+000   0.00e+000
    7        4.00       0.03934       0.990        3.93       0.000   0.00e+000   3.89e-003   0.00e+000   0.00e+000
    8        1.00       0.03785       0.993        3.79       0.000   0.00e+000   4.94e-004   0.00e+000   0.00e+000
    9       0.250       0.03687       0.996        3.69       0.000   0.00e+000   1.31e-003   0.00e+000   0.00e+000
   10       0.500       0.03879       0.992        3.88       0.000   0.00e+000   7.67e-003   0.00e+000   0.00e+000
   11        1.00       0.03849       0.992        3.85       0.000   0.00e+000  -5.92e-004  -0.00e+000   0.00e+000
   12        2.00       0.03889       0.991        3.89       0.000   0.00e+000   4.02e-004   0.00e+000   0.00e+000
   13        4.00       0.03993       0.989        3.99       0.000   0.00e+000   5.19e-004   0.00e+000   0.00e+000
   14        8.00       0.05273       0.963        5.27       0.000   0.00e+000   3.20e-003   0.00e+000   0.00e+000
   15        16.0       0.07986       0.906        7.99       0.267   1.86e-005   3.39e-003   6.01e-008   0.00e+000
   16        32.0        0.1192       0.825        11.9       0.583   7.93e-006   2.46e-003   1.86e-008   0.00e+000
   17        8.00        0.1207       0.822        12.1       0.000   0.00e+000  -6.41e-005  -0.00e+000   0.00e+000
   18        2.00        0.1204       0.822        12.0       0.000   0.00e+000   4.92e-005   0.00e+000   0.00e+000
   19       0.500        0.1187       0.826        11.9       0.000   0.00e+000   1.15e-003   0.00e+000   0.00e+000
   20       0.125        0.1158       0.832        11.6       0.000   0.00e+000   7.69e-003   0.00e+000   0.00e+000













































                                              One-Dimensional Consolidation by ASTM D2435 - Method B

Project: SCS Plant Scherer Ph.2           Location: Monroe County, GA               Project No.: GTX-304548
Boring No.: B-102                         Tested By: jm                             Checked By: mcm
Sample No.: S-16                          Test Date: 4/9/16                         Depth: 63-65 ft
Test No.: IP-3                            Sample Type: intact                       Elevation: ---

Soil Description: Moist, dark gray silty sand (ASH)
Remarks: Swell Pressure = 0.0721 tsf. Moisture Content determined at 60° C for ash.

Estimated Specific Gravity: 2.25       Liquid Limit: ---                      Specimen Diameter: 2.50 in
Initial Void Ratio: 1.35               Plastic Limit: ---                     Initial Height: 1.00 in
Final Void Ratio: 1.10                 Plasticity Index: ---                  Final Height: 0.89 in

                                             Before Consolidation                   After Consolidation
                                         Trimmings       Specimen+Ring       Specimen+Ring           Trimmings

Container ID                                   a46                RING                1057                 a47

Wt. Container + Wet Soil, gm                121.77              230.28              222.68              133.12
Wt. Container + Dry Soil, gm                78.140              185.11              185.11              95.590
Wt. Container, gm                           16.700              108.03              108.03              18.600
Wt. Dry Soil, gm                            61.440              77.077              77.077              76.990
Water Content, %                             71.01               58.61               48.75               48.75
Void Ratio                                     ---                1.35                1.10                 ---
Degree of Saturation, %                        ---               97.90              100.00                 ---
Dry Unit Weight, pcf                           ---              59.818              66.948                 ---

Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end
      of the test. Therefore, values may not represent actual values for the specimen.



                                              One-Dimensional Consolidation by ASTM D2435 - Method B

Project: SCS Plant Scherer Ph.2           Location: Monroe County, GA               Project No.: GTX-304548
Boring No.: B-102                         Tested By: jm                             Checked By: mcm
Sample No.: S-16                          Test Date: 4/9/16                         Depth: 63-65 ft
Test No.: IP-3                            Sample Type: intact                       Elevation: ---

Soil Description: Moist, dark gray silty sand (ASH)
Remarks: Swell Pressure = 0.0721 tsf. Moisture Content determined at 60° C for ash.

Displacement at End of Increment

          Applied         Final        Void      Strain       Sq.Rt
           Stress  Displacement       Ratio      at End         T90          Cv          Mv           k
              tsf            in                       %         min     ft²/sec       1/tsf      cm/sec

    1      0.0721      0.003001        1.34       0.300      61.867   3.95e-007   4.16e-002   1.57e-008
    2       0.125      0.008472        1.33       0.847       0.453   5.36e-005   1.03e-001   5.27e-006
    3       0.250       0.01506        1.31        1.51       0.752   3.19e-005   5.27e-002   1.60e-006
    4       0.500       0.02156        1.29        2.16       8.835   2.68e-006   2.60e-002   6.62e-008
    5        1.00       0.02863        1.28        2.86       7.292   3.20e-006   1.41e-002   4.30e-008
    6        2.00       0.03848        1.25        3.85       7.727   2.97e-006   9.84e-003   2.78e-008
    7        4.00       0.05366        1.22        5.37      11.523   1.94e-006   7.59e-003   1.40e-008
    8        1.00       0.04806        1.23        4.81       0.000   0.00e+000   1.87e-003   0.00e+000
    9       0.250       0.04282        1.24        4.28      93.467   2.39e-007   6.98e-003   1.59e-009
   10       0.500       0.04700        1.23        4.70       0.000   0.00e+000   1.67e-002   0.00e+000
   11        1.00       0.04879        1.23        4.88       0.000   0.00e+000   3.57e-003   0.00e+000
   12        2.00       0.05183        1.22        5.18       0.000   0.00e+000   3.04e-003   0.00e+000
   13        4.00       0.05701        1.21        5.70      23.905   9.18e-007   2.59e-003   2.26e-009
   14        8.00       0.07743        1.16        7.74      14.718   1.45e-006   5.10e-003   7.04e-009
   15        16.0        0.1106        1.09        11.1      14.730   1.37e-006   4.15e-003   5.40e-009
   16        32.0        0.1555       0.981        15.5      13.117   1.41e-006   2.80e-003   3.75e-009
   17        8.00        0.1480       0.998        14.8       0.000   0.00e+000   3.14e-004   0.00e+000
   18        2.00        0.1414        1.01        14.1      79.900   2.25e-007   1.10e-003   2.35e-010
   19       0.500        0.1330        1.03        13.3       7.459   2.45e-006   5.54e-003   1.29e-008
   20       0.125        0.1253        1.05        12.5       0.401   4.63e-005   2.07e-002   9.14e-007

          Applied         Final        Void      Strain         Log
           Stress  Displacement       Ratio      at End         T50          Cv          Mv           k          Ca
              tsf            in                       %         min     ft²/sec       1/tsf      cm/sec           %

    1      0.0721      0.003001        1.34       0.300       0.000   0.00e+000   4.16e-002   0.00e+000   0.00e+000
    2       0.125      0.008472        1.33       0.847       0.052   1.09e-004   1.03e-001   1.07e-005   0.00e+000
    3       0.250       0.01506        1.31        1.51       0.000   0.00e+000   5.27e-002   0.00e+000   0.00e+000
    4       0.500       0.02156        1.29        2.16       0.000   0.00e+000   2.60e-002   0.00e+000   0.00e+000
    5        1.00       0.02863        1.28        2.86       0.000   0.00e+000   1.41e-002   0.00e+000   0.00e+000
    6        2.00       0.03848        1.25        3.85       0.000   0.00e+000   9.84e-003   0.00e+000   0.00e+000
    7        4.00       0.05366        1.22        5.37       0.000   0.00e+000   7.59e-003   0.00e+000   0.00e+000
    8        1.00       0.04806        1.23        4.81       0.000   0.00e+000   1.87e-003   0.00e+000   0.00e+000
    9       0.250       0.04282        1.24        4.28       0.000   0.00e+000   6.98e-003   0.00e+000   0.00e+000
   10       0.500       0.04700        1.23        4.70       7.609   6.83e-007   1.67e-002   1.09e-008   0.00e+000
   11        1.00       0.04879        1.23        4.88       0.000   0.00e+000   3.57e-003   0.00e+000   0.00e+000
   12        2.00       0.05183        1.22        5.18       0.000   0.00e+000   3.04e-003   0.00e+000   0.00e+000
   13        4.00       0.05701        1.21        5.70       0.000   0.00e+000   2.59e-003   0.00e+000   0.00e+000
   14        8.00       0.07743        1.16        7.74       0.000   0.00e+000   5.10e-003   0.00e+000   0.00e+000
   15        16.0        0.1106        1.09        11.1       0.000   0.00e+000   4.15e-003   0.00e+000   0.00e+000
   16        32.0        0.1555       0.981        15.5       0.000   0.00e+000   2.80e-003   0.00e+000   0.00e+000
   17        8.00        0.1480       0.998        14.8       0.000   0.00e+000   3.14e-004   0.00e+000   0.00e+000
   18        2.00        0.1414        1.01        14.1       0.000   0.00e+000   1.10e-003   0.00e+000   0.00e+000
   19       0.500        0.1330        1.03        13.3       0.000   0.00e+000   5.54e-003   0.00e+000   0.00e+000
   20       0.125        0.1253        1.05        12.5       0.000   0.00e+000   2.07e-002   0.00e+000   0.00e+000











































Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/12/16
Test Id: 370796

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-103

B-103

B-103

B-103

B-103

B-103

B-103

B-103

B-103

B-103

S- 2 (BAG)

S- 4 (TUBE)

S- 8 (BAG)

S- 11 (TUBE)

S- 12 (TUBE)

S- 13 (TUBE)

S- 14 (TUBE)

S- 15 (TUBE)

S- 17 (BAG)

S- 19 (BAG)

3.5-5 ft

8-10 ft

22-24 ft

38-40 ft

43-45 ft

48.5-50.5 ft

53-55 ft

58-60 ft

68.5-70 ft

78.5-80 ft

Moist, pale olive sandy silt (ASH)

Moist, olive sandy silt (ASH)

Moist, dark gray silt with sand (ASH)

Moist, gray silt with sand (ASH)

Moist, olive silt (ASH)

Moist, dark gray silt with sand (ASH)

Moist, olive silt (ASH)

Moist, dark gray silt (ASH)

Moist, dark gray sandy silt (ASH)

Moist, dark gray silt with sand (ASH)

66.5

31.8

82.7

77.3

61.8

69.1

54.5

40.2

53.3

64.4

Notes: Temperature of Drying : 60º Celsius



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/05/16
Test Id: 370798

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-103

B-103

S- 20 (BAG)

S- 22 (BAG)

83.5-85 ft

93.5-95 ft

Moist, brown sand with clay

Moist, greenish gray clayey sand

26.6

13.3

Notes: Temperature of Drying : 110º Celsius



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-2 (BAG)
Depth : 3.5-5 ft

Sample Type: bag
Test Date: 04/12/16
Test Id: 370799

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, pale olive sandy silt (ASH)
Sample Comment: Moisture Content determined at 60° C for ash.

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-4 (TUBE)
Depth : 8-10 ft

Sample Type: tube
Test Date: 04/11/16
Test Id: 370800

Tested By: jbr
Checked By: mcm

Test Comment: ---
Visual Description: Moist, olive sandy silt (ASH)
Sample Comment: Moisture Conent deternmined at 60° C for ash.

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-8 (BAG)
Depth : 22-24 ft

Sample Type: bag
Test Date: 04/12/16
Test Id: 370801

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark gray silt with sand (ASH)
Sample Comment: Moisture Content determined at 60° C for ash.

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-11 (TUBE)
Depth : 38-40 ft

Sample Type: tube
Test Date: 04/14/16
Test Id: 370802

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, gray silt with sand (ASH)
Sample Comment: Moisture Content determined at 60° C for ash.

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-12 (TUBE)
Depth : 43-45 ft

Sample Type: tube
Test Date: 04/11/16
Test Id: 370803

Tested By: jbr
Checked By: mcm

Test Comment: ---
Visual Description: Moist, olive silt (ASH)
Sample Comment: Moisture Content determined at 60° C for ash.

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-13 (TUBE)
Depth : 48.5-50.5 ft

Sample Type: tube
Test Date: 04/14/16
Test Id: 370804

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark gray silt with sand (ASH)
Sample Comment: Moisture Content determined at 60° C for ash.

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-14 (TUBE)
Depth : 53-55 ft

Sample Type: tube
Test Date: 04/11/16
Test Id: 370805

Tested By: jbr
Checked By: mcm

Test Comment: ---
Visual Description: Moist, olive silt (ASH)
Sample Comment: Moisture Content determined at 60° C for ash.

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-15 (TUBE)
Depth : 58-60 ft

Sample Type: tube
Test Date: 04/14/16
Test Id: 370806

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark gray silt (ASH)
Sample Comment: Moisture Content determined at 60° C for ash.

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-17 (BAG)
Depth : 68.5-70 ft

Sample Type: bag
Test Date: 04/05/16
Test Id: 370808

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark gray sandy silt (ASH)
Sample Comment: Moisture Content determined at 60° C for ash.

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-19 (BAG)
Depth : 78.5-80 ft

Sample Type: bag
Test Date: 04/12/16
Test Id: 370807

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark gray silt with sand (ASH)
Sample Comment: Moisture Content determined at 60° C for ash.

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-20 (BAG)
Depth : 83.5-85 ft

Sample Type: bag
Test Date: 04/05/16
Test Id: 370809

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, brown sand with clay
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-103
Sample ID: S-22 (BAG)
Depth : 93.5-95 ft

Sample Type: bag
Test Date: 04/05/16
Test Id: 370810

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, greenish gray clayey sand
Sample Comment: ---

Particle Size Analysis - ASTM D422





Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/22/16
Test Id: 370813

Tested By: GA
Checked By: n/a

Specific Gravity of Soils by ASTM D854

Boring ID Sample ID Depth Visual Description Specific
Gravity

Comment

B-103

B-103

B-103

S-4 (TUBE)

S-13 (TUBE)

S-17 (BAG)

8-10 ft

48.5-50.5 ft

68.5-70 ft

Moist, olive sandy silt (ASH)

Moist, dark gray silt with sand
(ASH)

Moist, dark gray sandy silt (ASH)

2.37

2.34

2.33

Notes: Specific Gravity performed by using method B (oven dried specimens) of ASTM D854

Moisture Content determined by ASTM D2216.



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/14/16
Test Id: 370828

Tested By: GA
Checked By: mcm

 Laboratory Determination of Density (Unit Weight)
of Soil Specimens by ASTM D7263

 Boring
ID

 Sample
ID

 Depth  Visual Description  Bulk
Density

pcf

Moisture
Content

 %

 Dry
Density

pcf

 *

B-103

B-103

B-103

B-103

B-103

B-103

S- 4
(TUBE)

S- 11
(TUBE)

S- 12
(TUBE)

S- 13
(TUBE)

S- 14
(TUBE)

S- 15
(TUBE)

8-10 ft

38-40 ft

43-45 ft

48.5-50.5
ft

53-55 ft

58-60 ft

Moist, olive sandy silt (ASH)

Moist, gray silt with sand (ASH)

Moist, olive silt (ASH)

Moist, dark gray silt with sand (ASH)

Moist, olive silt (ASH)

Moist, dark gray silt (ASH)

109.5

90.71

89.18

92.79

90.06

99.50

38.05

77.33

87.22

69.11

70.13

40.16

79.33

51.15

47.63

54.87

52.94

70.99

(1)

(2)

(3)

(4)

(5)

(6)

* Sample Comments

(1): Moisture Conent deternmined at 60° C for ash.

Method B-Cylinder, Intact

(2): Moisture Content determined at 60° C for ash.

Method B-Cylinder, Intact

(3): Moisture Content determined at 60° C for ash.

Method B-Cylinder, Intact

(4): Moisture Content determined at 60° C for ash.

Method B-Cylinder, Intact

(5): Moisture Content determined at 60° C for ash.

Method B-Cylinder, Intact

(6): Moisture Content determined at 60° C for ash.

Method B-Cylinder, Intact

Notes: Moisture Content determined by ASTM D2216.



Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe County, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-103
Sample #: S-11 (TUBE)
Depth: 38-40 ft
Visual Description: Moist, olive silt (ASH)

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 6/7

Sample Preparation:

Assumed Specific Gravity: 2.35

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.01 Increased Cell Pressure, psi: 94.99 Cell Pressure Increment, psi: 4.98
Sample Pressure, psi: 78.98 Corresponding Sample Pressure, psi: 83.69 Sample Pressure Increment, p 4.71

B Coefficient: 0.95
FLOW DATA

Time, Temp,
Permeability
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/14 --- 90.0 79.1 78.9 1.7 12.30 14.10 --- --- --- --- ---
4/14 68 90.0 79.1 78.9 1.7 12.90 13.50 0.60 0.60 20.5 0.988 1.2E-04
4/14 ---- 90.0 79.1 78.9 1.7 13.40 13.90 --- --- --- --- ---
4/14 66 90.0 79.1 78.9 1.7 13.90 13.40 0.50 0.50 20.5 0.988 1.1E-04
4/14 ---- 90.0 79.1 78.9 1.7 13.10 13.90 --- --- --- --- ---
4/14 62 90.0 79.1 78.9 1.7 13.60 13.40 0.50 0.50 20.5 0.988 1.1E-04
4/14 ---- 90.0 79.1 78.9 1.7 13.30 14.00 --- --- --- --- ---
4/14 63 90.0 79.1 78.9 1.7 13.80 13.50 0.50 0.50 20.5 0.988 1.1E-04

73.7
52.0
95

Pressure, psi Flow Volume, cc

75.0
50.6
93

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/12/2016
4/18/2016

Initial

90

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture
content.  Moisture Content determined at 60° C for ash.

Final
2.59
2.85
6.38

PERMEABILITY AT 20o C:   1.1 x 10-4  cm/sec   (@ 11 psi effective stress)

Parameter
2.66
2.85
6.38
17.0
395
89

16.5
392



Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe County, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-103
Sample #: S-13 (TUBE)
Depth: 48.5-50.5 ft
Visual Description: Moist, olive silt (ASH)

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 2/5

Sample Preparation:

Assumed Specific Gravity: 2.35

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.03 Increased Cell Pressure, psi: 96.54 Cell Pressure Increment, psi: 6.51
Sample Pressure, psi: 76.99 Corresponding Sample Pressure, psi: 83.18 Sample Pressure Increment, p 6.19

B Coefficient: 0.95
FLOW DATA

Time, Temp,
Permeability
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/14 --- 90.0 77.2 76.8 4.3 12.30 13.70 --- --- --- --- ---
4/14 35 90.0 77.2 76.8 4.3 12.70 13.30 0.40 0.40 20.5 0.988 6.4E-05
4/14 ---- 90.0 77.2 76.8 4.3 12.60 13.60 --- --- --- --- ---
4/14 36 90.0 77.2 76.8 4.3 13.00 13.20 0.40 0.40 20.5 0.988 6.2E-05
4/14 ---- 90.0 77.2 76.8 4.3 12.80 13.50 --- --- --- --- ---
4/14 35 90.0 77.2 76.8 4.3 13.20 13.10 0.40 0.40 20.5 0.988 6.4E-05
4/14 ---- 90.0 77.2 76.8 4.3 12.70 13.30 --- --- --- --- ---
4/14 36 90.0 77.2 76.8 4.3 13.10 12.90 0.40 0.40 20.5 0.988 6.2E-05

PERMEABILITY AT 20o C:   6.3 x 10-5  cm/sec   (@ 13 psi effective stress)

Parameter
2.62
2.86
6.42
16.8
415
94

16.2
409

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/12/2016
4/18/2016

Initial

96

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture
content.  Moisture Content determined at 60° CC for ash.

Final
2.56
2.84
6.33

56.4
61.3
95

Pressure, psi Flow Volume, cc

58.6
59.0
93



Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe County, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-103
Sample #: S-15 (TUBE)
Depth: 58-60 ft
Visual Description: Moist, olive silt (ASH)

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 8/13

Sample Preparation:

Assumed Specific Gravity: 2.35

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.01 Increased Cell Pressure, psi: 95.11 Cell Pressure Increment, psi: 5.10
Sample Pressure, psi: 74.98 Corresponding Sample Pressure, psi: 79.91 Sample Pressure Increment, p 4.93

B Coefficient: 0.97
FLOW DATA

Time, Temp,
Permeability
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/14 --- 90.0 75.11 74.91 1.6 12.40 13.50 --- --- --- --- ---
4/14 40 90.0 75.1 74.9 1.6 12.80 13.10 0.40 0.40 20.5 0.988 1.5E-04
4/14 ---- 90.0 75.1 74.9 1.6 12.50 13.40 --- --- --- --- ---
4/14 38 90.0 75.1 74.9 1.6 12.90 13.00 0.40 0.40 20.5 0.988 1.6E-04
4/14 ---- 90.0 75.1 74.9 1.6 13.00 13.50 --- --- --- --- ---
4/14 41 90.0 75.1 74.9 1.6 13.40 13.10 0.40 0.40 20.5 0.988 1.4E-04
4/14 ---- 90.0 75.1 74.9 1.6 13.10 13.50 --- --- --- --- ---
4/14 40 90.0 75.1 74.9 1.6 13.50 13.10 0.40 0.40 20.5 0.988 1.5E-04

PERMEABILITY AT 20o C:   1.5 x 10-4  cm/sec   (@ 15 psi effective stress)

Parameter
3.49
2.86
6.42
22.4
544
92

21.5
543

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/12/2016
4/18/2016

Initial

96

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture
content.  Moisture Content determined at 60° C for ash.

Final
3.39
2.84
6.33

55.6
61.7
95

Pressure, psi Flow Volume, cc

55.9
59.1
89



















                                              One-Dimensional Consolidation by ASTM D2435 - Method B

Project: SCS Plant Scherer Ph.2           Location: Monroe, GA                      Project No.: GTX-304432
Boring No.: B-103                         Tested By: jm                             Checked By: mcm
Sample No.: S-11                          Test Date: 4/2/16                         Depth: 38-40 ft
Test No.: IP-1                            Sample Type: intact                       Elevation: ---

Soil Description: Moist, dark gray silt with sand (ASH)
Remarks: Swell Pressure = 0.0792 tsf. Moisture Content determined at 60° C for ash.

Estimated Specific Gravity: 2.27       Liquid Limit: ---                      Specimen Diameter: 2.50 in
Initial Void Ratio: 1.57               Plastic Limit: ---                     Initial Height: 1.00 in
Final Void Ratio: 1.19                 Plasticity Index: ---                  Final Height: 0.85 in

                                             Before Consolidation                   After Consolidation
                                         Trimmings       Specimen+Ring       Specimen+Ring           Trimmings

Container ID                                    a6                RING                5077                 a10

Wt. Container + Wet Soil, gm                102.97              328.03              318.81              124.55
Wt. Container + Dry Soil, gm                66.010              281.41              281.41              87.230
Wt. Container, gm                           16.920              210.40              210.40              16.380
Wt. Dry Soil, gm                            49.090              71.007              71.007              70.850
Water Content, %                             75.29               65.66               52.67               52.67
Void Ratio                                     ---                1.57                1.19                 ---
Degree of Saturation, %                        ---               94.94              100.00                 ---
Dry Unit Weight, pcf                           ---              55.107              64.491                 ---

Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end
      of the test. Therefore, values may not represent actual values for the specimen.



                                              One-Dimensional Consolidation by ASTM D2435 - Method B

Project: SCS Plant Scherer Ph.2           Location: Monroe, GA                      Project No.: GTX-304432
Boring No.: B-103                         Tested By: jm                             Checked By: mcm
Sample No.: S-11                          Test Date: 4/2/16                         Depth: 38-40 ft
Test No.: IP-1                            Sample Type: intact                       Elevation: ---

Soil Description: Moist, dark gray silt with sand (ASH)
Remarks: Swell Pressure = 0.0792 tsf. Moisture Content determined at 60° C for ash.

Displacement at End of Increment

          Applied         Final        Void      Strain       Sq.Rt
           Stress  Displacement       Ratio      at End         T90          Cv          Mv           k
              tsf            in                       %         min     ft²/sec       1/tsf      cm/sec

    1      0.0792       0.03558        1.48        3.56       9.065   2.61e-006   4.49e-001   1.12e-006
    2       0.125       0.03655        1.47        3.65       4.731   4.82e-006   2.10e-002   9.64e-008
    3       0.250       0.04025        1.46        4.02       1.083   2.09e-005   2.96e-002   5.90e-007
    4       0.500       0.04601        1.45        4.60       1.184   1.90e-005   2.31e-002   4.16e-007
    5        1.00       0.05321        1.43        5.32       1.157   1.91e-005   1.44e-002   2.62e-007
    6        2.00       0.06392        1.40        6.39       8.608   2.53e-006   1.07e-002   2.57e-008
    7        4.00       0.08183        1.36        8.18       1.268   1.66e-005   8.96e-003   1.42e-007
    8        1.00       0.07953        1.36        7.95       0.793   2.62e-005   7.68e-004   1.91e-008
    9       0.250       0.07654        1.37        7.65       3.299   6.32e-006   3.99e-003   2.40e-008
   10       0.500       0.07837        1.37        7.84       0.000   0.00e+000   7.34e-003   0.00e+000
   11        1.00       0.07909        1.36        7.91       0.381   5.47e-005   1.44e-003   7.47e-008
   12        2.00       0.08066        1.36        8.07      30.546   6.80e-007   1.57e-003   1.02e-009
   13        4.00       0.08370        1.35        8.37      10.409   1.99e-006   1.52e-003   2.87e-009
   14        8.00        0.1203        1.26        12.0       1.305   1.52e-005   9.14e-003   1.32e-007
   15        16.0        0.1701        1.13        17.0       3.152   5.69e-006   6.22e-003   3.37e-008
   16        32.0        0.2203        1.00        22.0       3.303   4.81e-006   3.14e-003   1.44e-008
   17        8.00        0.2176        1.01        21.8      15.474   9.67e-007   1.14e-004   1.05e-010
   18        2.00        0.2091        1.03        20.9      61.312   2.48e-007   1.42e-003   3.34e-010
   19       0.500        0.1973        1.06        19.7       0.844   1.85e-005   7.82e-003   1.37e-007
   20       0.125        0.1839        1.10        18.4       1.226   1.31e-005   3.59e-002   4.48e-007

          Applied         Final        Void      Strain         Log
           Stress  Displacement       Ratio      at End         T50          Cv          Mv           k          Ca
              tsf            in                       %         min     ft²/sec       1/tsf      cm/sec           %

    1      0.0792       0.03558        1.48        3.56       0.000   0.00e+000   4.49e-001   0.00e+000   0.00e+000
    2       0.125       0.03655        1.47        3.65       0.689   7.69e-006   2.10e-002   1.54e-007   0.00e+000
    3       0.250       0.04025        1.46        4.02       0.174   3.04e-005   2.96e-002   8.55e-007   0.00e+000
    4       0.500       0.04601        1.45        4.60       0.160   3.27e-005   2.31e-002   7.17e-007   0.00e+000
    5        1.00       0.05321        1.43        5.32       0.000   0.00e+000   1.44e-002   0.00e+000   0.00e+000
    6        2.00       0.06392        1.40        6.39       0.000   0.00e+000   1.07e-002   0.00e+000   0.00e+000
    7        4.00       0.08183        1.36        8.18       0.000   0.00e+000   8.96e-003   0.00e+000   0.00e+000
    8        1.00       0.07953        1.36        7.95       0.000   0.00e+000   7.68e-004   0.00e+000   0.00e+000
    9       0.250       0.07654        1.37        7.65       0.000   0.00e+000   3.99e-003   0.00e+000   0.00e+000
   10       0.500       0.07837        1.37        7.84       0.000   0.00e+000   7.34e-003   0.00e+000   0.00e+000
   11        1.00       0.07909        1.36        7.91       0.000   0.00e+000   1.44e-003   0.00e+000   0.00e+000
   12        2.00       0.08066        1.36        8.07       0.000   0.00e+000   1.57e-003   0.00e+000   0.00e+000
   13        4.00       0.08370        1.35        8.37       0.000   0.00e+000   1.52e-003   0.00e+000   0.00e+000
   14        8.00        0.1203        1.26        12.0       0.146   3.14e-005   9.14e-003   2.73e-007   0.00e+000
   15        16.0        0.1701        1.13        17.0       0.201   2.08e-005   6.22e-003   1.23e-007   0.00e+000
   16        32.0        0.2203        1.00        22.0       0.295   1.25e-005   3.14e-003   3.75e-008   0.00e+000
   17        8.00        0.2176        1.01        21.8       0.000   0.00e+000   1.14e-004   0.00e+000   0.00e+000
   18        2.00        0.2091        1.03        20.9       0.000   0.00e+000   1.42e-003   0.00e+000   0.00e+000
   19       0.500        0.1973        1.06        19.7       0.138   2.62e-005   7.82e-003   1.95e-007   0.00e+000
   20       0.125        0.1839        1.10        18.4       0.000   0.00e+000   3.59e-002   0.00e+000   0.00e+000















































                                              One-Dimensional Consolidation by ASTM D2435 - Method B

Project: SCS Plant Scherer Ph 2           Location: Monroe County, GA               Project No.: GTX-304548
Boring No.: B-103                         Tested By: jm                             Checked By: mcm
Sample No.: S-13                          Test Date: 4/9/16                         Depth: 48.5-50. ft
Test No.: IP-4                            Sample Type: intact                       Elevation: ---

Soil Description: Moist, dark gray silt with sand (ASH)
Remarks: Swell Pressure = 0.0819 tsf. Moisture Content determined at 60° C for ash.

Estimated Specific Gravity: 2.34       Liquid Limit: ---                      Specimen Diameter: 2.50 in
Initial Void Ratio: 1.84               Plastic Limit: ---                     Initial Height: 1.00 in
Final Void Ratio: 1.16                 Plasticity Index: ---                  Final Height: 0.76 in

                                             Before Consolidation                   After Consolidation
                                         Trimmings       Specimen+Ring       Specimen+Ring           Trimmings

Container ID                                    a7                RING                5077                 a23

Wt. Container + Wet Soil, gm                145.60              326.67              309.46              116.81
Wt. Container + Dry Soil, gm                92.940              276.53              276.53              83.930
Wt. Container, gm                           17.180              210.40              210.40              17.910
Wt. Dry Soil, gm                            75.760              66.127              66.127              66.020
Water Content, %                             69.51               75.83               49.80               49.80
Void Ratio                                     ---                1.84                1.16                 ---
Degree of Saturation, %                        ---               96.14              100.00                 ---
Dry Unit Weight, pcf                           ---              51.320              67.437                 ---

Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end
      of the test. Therefore, values may not represent actual values for the specimen.



                                              One-Dimensional Consolidation by ASTM D2435 - Method B

Project: SCS Plant Scherer Ph 2           Location: Monroe County, GA               Project No.: GTX-304548
Boring No.: B-103                         Tested By: jm                             Checked By: mcm
Sample No.: S-13                          Test Date: 4/9/16                         Depth: 48.5-50. ft
Test No.: IP-4                            Sample Type: intact                       Elevation: ---

Soil Description: Moist, dark gray silt with sand (ASH)
Remarks: Swell Pressure = 0.0819 tsf. Moisture Content determined at 60° C for ash.

Displacement at End of Increment

          Applied         Final        Void      Strain       Sq.Rt
           Stress  Displacement       Ratio      at End         T90          Cv          Mv           k
              tsf            in                       %         min     ft²/sec       1/tsf      cm/sec

    1      0.0819      0.003083        1.84       0.308     169.655   1.44e-007   3.76e-002   5.16e-009
    2       0.125      0.004182        1.83       0.418      38.644   6.30e-007   2.55e-002   1.53e-008
    3       0.250      0.007224        1.82       0.722       3.039   7.98e-006   2.43e-002   1.85e-007
    4       0.500       0.01181        1.81        1.18       4.812   5.00e-006   1.83e-002   8.72e-008
    5        1.00       0.02055        1.79        2.06       3.047   7.79e-006   1.75e-002   1.30e-007
    6        2.00       0.06086        1.67        6.09       0.929   2.43e-005   4.03e-002   9.32e-007
    7        4.00        0.1221        1.50        12.2       0.850   2.38e-005   3.06e-002   6.94e-007
    8        1.00        0.1202        1.50        12.0       8.900   2.13e-006   6.31e-004   1.28e-009
    9       0.250        0.1168        1.51        11.7       3.123   6.11e-006   4.57e-003   2.65e-008
   10       0.500        0.1188        1.51        11.9       0.000   0.00e+000   8.04e-003   0.00e+000
   11        1.00        0.1189        1.51        11.9      24.725   7.70e-007   2.58e-004   1.89e-010
   12        2.00        0.1207        1.50        12.1     105.934   1.79e-007   1.71e-003   2.91e-010
   13        4.00        0.1258        1.49        12.6      13.559   1.39e-006   2.56e-003   3.39e-009
   14        8.00        0.1749        1.35        17.5       0.905   1.96e-005   1.23e-002   2.29e-007
   15        16.0        0.2260        1.20        22.6       3.438   4.56e-006   6.39e-003   2.77e-008
   16        32.0        0.2756        1.06        27.6       4.051   3.40e-006   3.10e-003   1.00e-008
   17        8.00        0.2727        1.07        27.3      55.721   2.32e-007   1.24e-004   2.74e-011
   18        2.00        0.2671        1.08        26.7     115.531   1.13e-007   9.30e-004   1.00e-010
   19       0.500        0.2600        1.10        26.0       5.222   2.55e-006   4.74e-003   1.15e-008
   20       0.125        0.2513        1.13        25.1       2.683   5.07e-006   2.31e-002   1.12e-007

          Applied         Final        Void      Strain         Log
           Stress  Displacement       Ratio      at End         T50          Cv          Mv           k          Ca
              tsf            in                       %         min     ft²/sec       1/tsf      cm/sec           %

    1      0.0819      0.003083        1.84       0.308       0.000   0.00e+000   3.76e-002   0.00e+000   0.00e+000
    2       0.125      0.004182        1.83       0.418       9.183   6.16e-007   2.55e-002   1.50e-008   0.00e+000
    3       0.250      0.007224        1.82       0.722       0.184   3.07e-005   2.43e-002   7.10e-007   0.00e+000
    4       0.500       0.01181        1.81        1.18       0.181   3.10e-005   1.83e-002   5.40e-007   0.00e+000
    5        1.00       0.02055        1.79        2.06       0.236   2.33e-005   1.75e-002   3.88e-007   0.00e+000
    6        2.00       0.06086        1.67        6.09       0.201   2.60e-005   4.03e-002   9.99e-007   0.00e+000
    7        4.00        0.1221        1.50        12.2       0.162   2.90e-005   3.06e-002   8.44e-007   0.00e+000
    8        1.00        0.1202        1.50        12.0       0.000   0.00e+000   6.31e-004   0.00e+000   0.00e+000
    9       0.250        0.1168        1.51        11.7       0.208   2.13e-005   4.57e-003   9.26e-008   0.00e+000
   10       0.500        0.1188        1.51        11.9       0.000   0.00e+000   8.04e-003   0.00e+000   0.00e+000
   11        1.00        0.1189        1.51        11.9       0.000   0.00e+000   2.58e-004   0.00e+000   0.00e+000
   12        2.00        0.1207        1.50        12.1       0.000   0.00e+000   1.71e-003   0.00e+000   0.00e+000
   13        4.00        0.1258        1.49        12.6       3.738   1.17e-006   2.56e-003   2.85e-009   0.00e+000
   14        8.00        0.1749        1.35        17.5       0.132   3.12e-005   1.23e-002   3.65e-007   0.00e+000
   15        16.0        0.2260        1.20        22.6       0.187   1.95e-005   6.39e-003   1.19e-007   0.00e+000
   16        32.0        0.2756        1.06        27.6       0.676   4.73e-006   3.10e-003   1.40e-008   0.00e+000
   17        8.00        0.2727        1.07        27.3      10.119   2.97e-007   1.24e-004   3.50e-011   0.00e+000
   18        2.00        0.2671        1.08        26.7       0.000   0.00e+000   9.30e-004   0.00e+000   0.00e+000
   19       0.500        0.2600        1.10        26.0       0.000   0.00e+000   4.74e-003   0.00e+000   0.00e+000
   20       0.125        0.2513        1.13        25.1       0.309   1.02e-005   2.31e-002   2.25e-007   0.00e+000















































































Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe County, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-104
Sample #: S-6 (TUBE)
Depth: 13-15 ft
Visual Description: Moist, dark gray sandy silt (ASH)

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 6/7

Sample Preparation:

Assumed Specific Gravity: 2.35

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.02 Increased Cell Pressure, psi: 94.91 Cell Pressure Increment, psi: 4.89
Sample Pressure, psi: 84.96 Corresponding Sample Pressure, psi: 89.74 Sample Pressure Increment, p 4.78

B Coefficient: 0.98
FLOW DATA

Time, Temp,
Permeability
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/25 --- 90.0 85.1 84.9 1.8 12.40 14.20 --- --- --- --- ---
4/25 48 90.0 85.1 84.9 1.8 13.80 12.80 1.40 1.40 20.1 0.998 4.0E-04
4/25 ---- 90.0 85.1 84.9 1.8 12.50 13.10 --- --- --- --- ---
4/25 43 90.0 85.1 84.9 1.8 13.70 11.90 1.20 1.20 20.1 0.998 3.8E-04
4/25 ---- 90.0 85.1 84.9 1.8 12.10 13.40 --- --- --- --- ---
4/25 40 90.0 85.1 84.9 1.8 13.20 12.30 1.10 1.10 20.1 0.998 3.8E-04
4/25 ---- 90.0 85.1 84.9 1.8 12.20 13.00 --- --- --- --- ---
4/25 37 90.0 85.1 84.9 1.8 13.20 12.00 1.00 1.00 20.1 0.998 3.7E-04

PERMEABILITY AT 20o C:   3.8 x 10-4  cm/sec   (@ 5 psi effective stress)

Parameter
2.96
2.86
6.42
19.0
473
95

18.1
475

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/22/2016
4/27/2016

Initial

100

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture
content.  Moisture Content determined at 60° C for ash.

Final
2.83
2.85
6.38

45.9
68.5
95

Pressure, psi Flow Volume, cc

45.4
65.1
85



Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe County, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-104
Sample #: S-10 (TUBE)
Depth: 33-35 ft
Visual Description: Moist, dark gray sandy silt (ASH)

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 9/15

Sample Preparation:

Assumed Specific Gravity: 2.35

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 89.98 Increased Cell Pressure, psi: 94.90 Cell Pressure Increment, psi: 4.92
Sample Pressure, psi: 80.98 Corresponding Sample Pressure, psi: 85.74 Sample Pressure Increment, p 4.76

B Coefficient: 0.97
FLOW DATA

Time, Temp,
Permeability
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/25 --- 90.0 81.2 80.8 4.1 11.60 13.80 --- --- --- --- ---
4/25 39 90.0 81.2 80.8 4.1 12.10 13.30 0.50 0.50 20.1 0.998 7.6E-05
4/25 ---- 90.0 81.2 80.8 4.1 12.40 13.50 --- --- --- --- ---
4/25 41 90.0 81.2 80.8 4.1 12.90 13.00 0.50 0.50 20.1 0.998 7.2E-05
4/25 ---- 90.0 81.2 80.8 4.1 12.00 13.10 --- --- --- --- ---
4/25 41 90.0 81.2 80.8 4.1 12.50 12.60 0.50 0.50 20.1 0.998 7.2E-05
4/25 ---- 90.0 81.2 80.8 4.1 12.50 13.00 --- --- --- --- ---
4/25 40 90.0 81.2 80.8 4.1 13.00 12.50 0.50 0.50 20.1 0.998 7.4E-05

PERMEABILITY AT 20o C:   7.4 x 10-5  cm/sec   (@ 9 psi effective stress)

Parameter
2.75
2.86
6.42
17.7
411
88

17.3
405

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/21/2016
4/27/2016

Initial

89

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture
content.  Moisture Content determined at 60° C for ash.

Final
2.71
2.85
6.38

78.0
50.0
95

Pressure, psi Flow Volume, cc

80.6
49.0
95



Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe County, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-104
Sample #: S-15 (TUBE)
Depth: 58-60 ft
Visual Description: Moist, dark gray silt with sand (ASH)

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 2/5

Sample Preparation:

Assumed Specific Gravity: 2.35

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 90.02 Increased Cell Pressure, psi: 95.79 Cell Pressure Increment, psi: 5.77
Sample Pressure, psi: 75.97 Corresponding Sample Pressure, psi: 81.51 Sample Pressure Increment, p 5.54

B Coefficient: 0.96
FLOW DATA

Time, Temp,
Permeability
K @ 20 oC,

Date sec Cell Inlet Outlet Gradient In Out    In    Out oC Rt cm/sec

4/25 --- 90.0 76.1 75.9 1.7 11.50 12.90 --- --- --- --- ---
4/25 46 90.0 76.1 75.9 1.7 11.80 12.60 0.30 0.30 20.1 0.998 9.3E-05
4/25 ---- 90.0 76.1 75.9 1.7 12.00 12.90 --- --- --- --- ---
4/25 45 90.0 76.1 75.9 1.7 12.30 12.60 0.30 0.30 20.1 0.998 9.5E-05
4/25 ---- 90.0 76.1 75.9 1.7 12.40 12.70 --- --- --- --- ---
4/25 45 90.0 76.1 75.9 1.7 12.70 12.40 0.30 0.30 20.1 0.998 9.5E-05
4/25 ---- 90.0 76.1 75.9 1.7 12.10 12.50 --- --- --- --- ---
4/25 45 90.0 76.1 75.9 1.7 12.40 12.20 0.30 0.30 20.1 0.998 9.5E-05

PERMEABILITY AT 20o C:   9.4 x 10-5  cm/sec   (@ 14 psi effective stress)

Parameter
3.32
2.86
6.42
21.3
510
91

21.0
500

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Gradient

4/21/2016
4/27/2016

Initial

90

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture
content.  Moisture Content determined at 60° C for ash.

Final
3.27
2.86
6.42

73.2
52.2
95

Pressure, psi Flow Volume, cc

76.6
51.5
97



Client: AECOM
Project Name: SCS Plant Scherer Ph.2
Project Location: Monroe County, GA
GTX #: 304548
Boring ID: B-104
Sample ID: S-4 (TUBE)
Depth, ft: 6-8 ft

insert picture here
Vertical = 2.5" ht, 1.88" width
Horiz = 2.25" ht, 3" width

insert picture here
Vertical = 2.5" ht, 1.88" width
Horiz = 2.25" ht, 3" width

insert picture here
Vertical = 2.5" ht, 1.88" width
Horiz = 2.25" ht, 3" width

Top Section of Tube

Middle Section of Tube

Bottom Section of Tube

Top of tube Bottom of tube

Top of tube Bottom of tube

Top of tube Bottom of tube
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Client: AECOM
Project Name: SCS Plant Scherer Ph.2
Project Location: Monroe County, GA
GTX #: 304548
Boring ID: B-104
Sample ID: S-6
Depth, ft: 13-15 ft

Notes: Top Section of tube was continuation of picture below.
During cutting, material shifted and left void

Notes: Moist, dark gray sandy silt (ASH)
Sample was intact and tested successfully
No Photo was obtained of this sample.

Top Section of Tube

Middle Section of Tube

Bottom Section of Tube

Bottom Of tube

Page 1 of 1















                                              One-Dimensional Consolidation by ASTM D2435 - Method B

Project: SCS Plant Scherer Ph 2           Location: Monroe County, GA               Project No.: GTX-304548
Boring No.: B-104                         Tested By: jm                             Checked By: mcm
Sample No.: S-10 (TUBE)                   Test Date: 5/2/16                         Depth: 33-35 ft
Test No.: IP-5                            Sample Type: intact                       Elevation: ---

Soil Description: Moist, dark gray sandy silt (ASH)
Remarks: Swell Pressure = 0.0764 tsf. Moisture Content determined at 60° C for ash.

Estimated Specific Gravity: 2.37       Liquid Limit: ---                      Specimen Diameter: 2.50 in
Initial Void Ratio: 1.60               Plastic Limit: ---                     Initial Height: 1.00 in
Final Void Ratio: 1.19                 Plasticity Index: ---                  Final Height: 0.84 in

                                             Before Consolidation                   After Consolidation
                                         Trimmings       Specimen+Ring       Specimen+Ring           Trimmings

Container ID                                   a34                RING                ring                 a35

Wt. Container + Wet Soil, gm                145.35              333.19              320.52              320.52
Wt. Container + Dry Soil, gm                93.230              283.79              283.79              283.79
Wt. Container, gm                           17.040              210.40              210.40              210.40
Wt. Dry Soil, gm                            76.190              73.390              73.390              73.390
Water Content, %                             68.41               67.31               50.05               50.05
Void Ratio                                     ---                1.60                1.19                 ---
Degree of Saturation, %                        ---               99.76              100.00                 ---
Dry Unit Weight, pcf                           ---              56.957              67.725                 ---

Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end
      of the test. Therefore, values may not represent actual values for the specimen.



                                              One-Dimensional Consolidation by ASTM D2435 - Method B

Project: SCS Plant Scherer Ph 2           Location: Monroe County, GA               Project No.: GTX-304548
Boring No.: B-104                         Tested By: jm                             Checked By: mcm
Sample No.: S-10 (TUBE)                   Test Date: 5/2/16                         Depth: 33-35 ft
Test No.: IP-5                            Sample Type: intact                       Elevation: ---

Soil Description: Moist, dark gray sandy silt (ASH)
Remarks: Swell Pressure = 0.0764 tsf. Moisture Content determined at 60° C for ash.

Displacement at End of Increment

          Applied         Final        Void      Strain       Sq.Rt
           Stress  Displacement       Ratio      at End         T90          Cv          Mv           k
              tsf            in                       %         min     ft²/sec       1/tsf      cm/sec

    1      0.0764      0.007836        1.58       0.784       3.048   7.99e-006   1.03e-001   7.79e-007
    2       0.125       0.01238        1.57        1.24      28.350   8.48e-007   9.36e-002   7.55e-008
    3       0.250       0.01787        1.56        1.79       1.143   2.08e-005   4.39e-002   8.69e-007
    4       0.500       0.02384        1.54        2.38       1.128   2.08e-005   2.39e-002   4.74e-007
    5        1.00       0.03090        1.52        3.09       5.803   4.00e-006   1.41e-002   5.37e-008
    6        2.00       0.04450        1.49        4.45       1.211   1.88e-005   1.36e-002   2.43e-007
    7        4.00       0.07614        1.40        7.61       0.582   3.72e-005   1.58e-002   5.60e-007
    8        1.00       0.07413        1.41        7.41       5.887   3.57e-006   6.67e-004   2.26e-009
    9       0.250       0.07150        1.42        7.15      46.421   4.54e-007   3.51e-003   1.52e-009
   10       0.500       0.07352        1.41        7.35       2.972   7.10e-006   8.08e-003   5.46e-008
   11        1.00       0.07360        1.41        7.36      85.732   2.46e-007   1.65e-004   3.86e-011
   12        2.00       0.07496        1.41        7.50      25.051   8.39e-007   1.36e-003   1.09e-009
   13        4.00       0.07907        1.40        7.91      21.776   9.60e-007   2.06e-003   1.88e-009
   14        8.00        0.1223        1.28        12.2       0.924   2.15e-005   1.08e-002   2.21e-007
   15        16.0        0.1736        1.15        17.4       1.333   1.34e-005   6.40e-003   8.14e-008
   16        32.0        0.2282        1.01        22.8       3.412   4.59e-006   3.42e-003   1.49e-008
   17        8.00        0.2259        1.01        22.6      22.901   6.40e-007   9.82e-005   5.98e-011
   18        2.00        0.2212        1.03        22.1      56.963   2.60e-007   7.77e-004   1.92e-010
   19       0.500        0.2166        1.04        21.7      53.896   2.78e-007   3.05e-003   8.07e-010
   20       0.125        0.2115        1.05        21.2       2.545   5.96e-006   1.37e-002   7.75e-008

          Applied         Final        Void      Strain         Log
           Stress  Displacement       Ratio      at End         T50          Cv          Mv           k          Ca
              tsf            in                       %         min     ft²/sec       1/tsf      cm/sec           %

    1      0.0764      0.007836        1.58       0.784       0.498   1.13e-005   1.03e-001   1.11e-006   0.00e+000
    2       0.125       0.01238        1.57        1.24       0.000   0.00e+000   9.36e-002   0.00e+000   0.00e+000
    3       0.250       0.01787        1.56        1.79       0.220   2.52e-005   4.39e-002   1.05e-006   0.00e+000
    4       0.500       0.02384        1.54        2.38       0.175   3.13e-005   2.39e-002   7.11e-007   0.00e+000
    5        1.00       0.03090        1.52        3.09       0.000   0.00e+000   1.41e-002   0.00e+000   0.00e+000
    6        2.00       0.04450        1.49        4.45       0.158   3.34e-005   1.36e-002   4.33e-007   0.00e+000
    7        4.00       0.07614        1.40        7.61       0.000   0.00e+000   1.58e-002   0.00e+000   0.00e+000
    8        1.00       0.07413        1.41        7.41       0.000   0.00e+000   6.67e-004   0.00e+000   0.00e+000
    9       0.250       0.07150        1.42        7.15       0.000   0.00e+000   3.51e-003   0.00e+000   0.00e+000
   10       0.500       0.07352        1.41        7.35       0.000   0.00e+000   8.08e-003   0.00e+000   0.00e+000
   11        1.00       0.07360        1.41        7.36       0.000   0.00e+000   1.65e-004   0.00e+000   0.00e+000
   12        2.00       0.07496        1.41        7.50       0.000   0.00e+000   1.36e-003   0.00e+000   0.00e+000
   13        4.00       0.07907        1.40        7.91       5.058   9.60e-007   2.06e-003   1.88e-009   0.00e+000
   14        8.00        0.1223        1.28        12.2       0.124   3.73e-005   1.08e-002   3.84e-007   0.00e+000
   15        16.0        0.1736        1.15        17.4       0.130   3.19e-005   6.40e-003   1.94e-007   0.00e+000
   16        32.0        0.2282        1.01        22.8       0.000   0.00e+000   3.42e-003   0.00e+000   0.00e+000
   17        8.00        0.2259        1.01        22.6       0.000   0.00e+000   9.82e-005   0.00e+000   0.00e+000
   18        2.00        0.2212        1.03        22.1       0.000   0.00e+000   7.77e-004   0.00e+000   0.00e+000
   19       0.500        0.2166        1.04        21.7       0.000   0.00e+000   3.05e-003   0.00e+000   0.00e+000
   20       0.125        0.2115        1.05        21.2       0.000   0.00e+000   1.37e-002   0.00e+000   0.00e+000

































































Client: AECOM
Project Name: SCS Plant Scherer Ph. 2
Project Location: Monroe Couny, GA
GTX #: 304548
Start Date: Tested By: jcw
End Date: Checked By: mcm
Boring #: B-105
Sample #: T-1 (TUBE)
Depth: 53-54 ft
Visual Description: Moist, red silt with sand

Sample Type: Intact Permeant Fluid: De-aired Distilled water
Orientation: Vertical Cell #: 19/2

Sample Preparation:

Assumed Specific Gravity: 2.60

Height, in
Diameter, in
Area, in2

Volume, in3

Mass, g
Bulk Density, pcf
Moisture Content, %
Dry Density, pcf
Degree of Saturation, %

B COEFFICIENT DETERMINATION

Cell Pressure, psi: 92.02 Increased Cell Pressure, psi: 97.07 Cell Pressure Increment, psi: 5.05
Sample Pressure, psi: 86.98 Corresponding Sample Pressure, psi: 91.46 Sample Pressure Increment, psi: 4.48

B Coefficient: 0.89

FLOW DATA

Trial
Elapsed
Time,

Permeability
K, Temp,

Permeability
K @ 20 oC,

Date # Cell Sample Z1 Z2 Z1-Z2 sec Gradient cm/sec oC Rt cm/sec

4/25 1 92.0 87.0 9.0 8.7 0.3 32 16.0 4.5E-07 20.1 0.998 4.5E-07
4/25 2 92.0 87.0 9.0 8.7 0.3 34 16.0 4.3E-07 20.1 0.998 4.2E-07
4/25 3 92.0 87.0 9.0 8.7 0.3 37 16.0 3.9E-07 20.1 0.998 3.9E-07
4/25 4 92.0 87.0 9.0 8.7 0.3 39 16.0 3.7E-07 20.1 0.998 3.7E-07

4/22/2016
4/27/2016

PERMEABILITY AT 20o C:   4.1 x 10-7  cm/sec   (@ 5 psi effective stress)

Parameter
2.87
2.86
6.42
18.4

Manometer Readings

508

Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter by ASTM D5084

Constant Volume

Initial

17.9
497
105

Extruded from tube, cut, trimmed and placed into permeameter at as-received density and moisture content.
Trimmings moisture content = 49.1%.

Final
2.79
2.86
6.42

105
46.3
72.0
96

Pressure, psi

49.6
70.0
98

*B value did not increase with increase in pressure.
Final degree of saturation >95%.





















Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/20/16
Test Id: 373324

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-106

B-106

B-106

SS- 1

T- 1 (TUBE)

SS- 4

29.5-31 ft

33.5-35.5 ft

37-38.5 ft

Moist, dark grayish brown clay with
sand

Moist, red silty sand

Moist, dark yellowish brown silty sand

34.5

32.8

42.0

Notes: Temperature of Drying : 110º Celsius



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-106
Sample ID: T-1 (TUBE)
Depth : 33.5-35.5 ft

Sample Type: tube
Test Date: 04/25/16
Test Id: 373325

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, red silty sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-106
Sample ID: SS-4
Depth : 37-38.5 ft

Sample Type: bag
Test Date: 04/20/16
Test Id: 373326

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark yellowish brown silty sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-106
Sample ID: T-1 (TUBE)
Depth : 33.5-35.5 ft

Sample Type: tube
Test Date: 04/26/16
Test Id: 373722

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, red silty sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-106
Sample ID: T-1 (TUBE)
Depth : 33.5-35.5 ft

Sample Type: tube
Test Date: 04/26/16
Test Id: 373328

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, red silty sand
Sample Comment: ---

 Laboratory Determination of Density (Unit Weight)
of Soil Specimens by ASTM D7263

 Boring
ID

 Sample
ID

 Depth  Visual Description  Bulk
Density

pcf

Moisture
Content

 %

 Dry
Density

pcf

B-106 T- 1 (TUBE) 33.5-35.5
ft

Moist, red silty sand 112.7 31.62 85.65

* Sample Comments

(1): Method B-Cylinder, Intact

Notes: Moisture Content determined by ASTM D2216.





Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/20/16
Test Id: 373383

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-107

B-107

B-107

B-107

SS- 1

SS- 2A

T- 1 (TUBE)

SS- 4

20.5-21.5 ft

21.5-23.5 ft

25-27 ft

28.5-30 ft

Wet, dark olive gray clay with sand

Moist, brown clay with sand

Moist, yellowish brown sandy clay

Moist, gray clay with sand

66.6

36.7

37.8

20.4

Notes: Temperature of Drying : 110º Celsius



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-107
Sample ID: T-1 (TUBE)
Depth : 25-27 ft

Sample Type: tube
Test Date: 04/20/16
Test Id: 373494

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, yellowish brown sandy clay
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-107
Sample ID: T-1 (TUBE)
Depth : 25-27 ft

Sample Type: tube
Test Date: 04/20/16
Test Id: 373387

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, yellowish brown sandy clay
Sample Comment: ---

 Laboratory Determination of Density (Unit Weight)
of Soil Specimens by ASTM D7263

 Boring
ID

 Sample
ID

 Depth  Visual Description  Bulk
Density

pcf

Moisture
Content

 %

 Dry
Density

pcf

B-107 T- 1 (TUBE) 25-27 ft Moist, yellowish brown sandy clay 112.9 37.81 81.92

* Sample Comments

(1): Method B-Cylinder, Intact

Notes: Moisture Content determined by ASTM D2216.























Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/20/16
Test Id: 373390

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-109

B-109

B-109

SS- 1

SS- 2

SS- 3

31-31.8 ft

37-38.5 ft

40-41.5 ft

Wet, brown clay with sand

Moist, dark olive sandy clay

Moist, dark olive gray clayey sand

90.8

24.6

17.3

Notes: Temperature of Drying : 110º Celsius



















Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/20/16
Test Id: 373395

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-111

B-111

B-111

B-111

B-111

SS- 1

SS- 2A

SS- 3

SS- 6

SS- 9

59-60.5 ft

62-62.5 ft

65-66.5 ft

73-74.5 ft

88-89.4 ft

Moist, olive brown clayey sand

Moist, olive brown clay with sand

Moist, olive brown clayey sand

Moist, dark olive gray clayey sand

Moist, dark olive gray silty sand

25.6

36.4

22.1

13.7

15.9

Notes: Temperature of Drying : 110º Celsius



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-111
Sample ID: SS-1
Depth : 59-60.5 ft

Sample Type: bag
Test Date: 04/26/16
Test Id: 373396

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, olive brown clayey sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-111
Sample ID: SS-3
Depth : 65-66.5 ft

Sample Type: bag
Test Date: 04/20/16
Test Id: 373398

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, olive brown clayey sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-111
Sample ID: SS-6
Depth : 73-74.5 ft

Sample Type: bag
Test Date: 04/20/16
Test Id: 373399

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark olive gray clayey sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-111
Sample ID: SS-2A
Depth : 62-62.5 ft

Sample Type: bag
Test Date: 04/20/16
Test Id: 373397

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, olive brown clay with sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

















Client: AECOM
Project Name: SCS Plant Scherer Ph.2
Project Location: Monroe County, GA
GTX #: 304548
Test Date: 04/25/16
Tested By: jm
Checked By: mcm

ASTM D4221
(Double Hydrometer)

ASTM D422
(Grain Size)

B-112 SS-2 44.5-46 14 40 35

Notes:

100 % = Dispersive Clay
0% = Non-Dispersive Clay

% Dispersion =
% Passing 5 microns in ASTM D 4221 (Double Hydrometer)

% Passing 5 microns in ASTM D 422 (Grain Size)

Dispersive Characteristics of Clay Soil
by Double Hydrometer - ASTM D4221

Moist, brown clay with sand

% Passing 5 Microns

Boring ID Description % DispersionDepth, ft.Sample ID



Client: AECOM
Project Name: SCS Plant Scherer Ph.2
Project Location: Monroe County, GA
GTX #: 304548
Test Date: 04/26/16
Tested By: jm
Checked By: mcm

---
10:24 AM
21.5

Grade oC Grade oC Grade oC

B-112 SS-1B 42.8-44 1 21.5 1 21.5 1 21.7

Notes: Moisture content determined by ASTM D2216 at 110o C
Photo provided was taken after 6 hour reading

1 Hour 6 hours

Moist, dark brown clay with sand

Determining Dispersive Characteristics of Clayey Soils by the
Crumb Test ASTM D6572

2 Minutes

Type of Test:

Curing Time, min:
Natural Moisture Content. %:

Method B - Remolded Crumb Cube
40.7

Initial Water Temperature, oC:
Time Test Started:

Boring
ID

Sample
ID

Depth,
ft

Visual
Description



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/20/16
Test Id: 373419

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-113

B-113

B-113

B-113

B-113

SS- 1

T- 1 (TUBE)

SS- 3

SS- 4

SS- 7

12.5-12.9 ft

15-17 ft

18.5-20 ft

20-21.5 ft

27-28.5 ft

Moist, light olive brown clayey sand

Moist, yellowish brown sandy silt

Moist, yellowish red clay

Moist, dark yellowish brown sandy silt

Moist, olive gray sandy silt

31.5

34.2

43.4

48.1

18.5

Notes: Temperature of Drying : 110º Celsius



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-113
Sample ID: SS-1
Depth : 12.5-12.9 ft

Sample Type: bag
Test Date: 04/26/16
Test Id: 373421

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, light olive brown clayey sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-113
Sample ID: T-1 (TUBE)
Depth : 15-17 ft

Sample Type: tube
Test Date: 04/27/16
Test Id: 373786

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, yellowish brown sandy silt
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-113
Sample ID: SS-4
Depth : 20-21.5 ft

Sample Type: bag
Test Date: 04/20/16
Test Id: 373422

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark yellowish brown sandy silt
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-113
Sample ID: T-1 (TUBE)
Depth : 15-17 ft

Sample Type: tube
Test Date: 04/27/16
Test Id: 373420

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, yellowish brown sandy silt
Sample Comment: ---

 Atterberg Limits - ASTM D4318







Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 04/20/16
Test Id: 373430

Tested By: GA
Checked By: mcm

Moisture Content of Soil and Rock - ASTM D2216

 Boring ID  Sample ID  Depth  Description  Moisture
Content,%

B-114

B-114

B-114

B-114

B-114

B-114

SS- 1A

SS- 1B

SS- 2

SS- 4

T- 1 (TUBE)

SS- 6

28.5-28.9 ft

28.9-30 ft

30-31.5 ft

35-36.5 ft

37-39 ft

47-48.5 ft

Wet, dark grayish brown clayey sand

Moist, brown sandy clay

Moist, dark yellowish brown sandy clay

Moist, reddish yellow clay

Moist, dark yellowish brown silty sand

Moist, grayish brown silty sand

70.2

30.5

24.7

32.4

29.9

18.1

Notes: Temperature of Drying : 110º Celsius



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-114
Sample ID: SS-1A
Depth : 28.5-28.9 ft

Sample Type: bag
Test Date: 04/26/16
Test Id: 373431

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Wet, dark grayish brown clayey sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-114
Sample ID: T-1 (TUBE)
Depth : 37-39 ft

Sample Type: tube
Test Date: 04/21/16
Test Id: 373433

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark yellowish brown silty sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-114
Sample ID: SS-6
Depth : 47-48.5 ft

Sample Type: bag
Test Date: 04/20/16
Test Id: 373434

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, grayish brown silty sand
Sample Comment: ---

Particle Size Analysis - ASTM D422



Client: AECOM
Project: SCS Plant Scherer Ph.2
Location: Monroe County, GA Project No: GTX-304548
Boring ID: B-114
Sample ID: T-1 (TUBE)
Depth : 37-39 ft

Sample Type: tube
Test Date: 04/21/16
Test Id: 373432

Tested By: GA
Checked By: mcm

Test Comment: ---
Visual Description: Moist, dark yellowish brown silty sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

T-1 (TUBE) B-114 37-39 ft 30 n/a n/a n/a n/a Silty sand (SM)

Sample Determined to be non-plastic

17% Retained on #40 Sieve

Dry Strength: NONE

Dilatancy: RAPID

Toughness: n/a

The sample was determined to be Non-Plastic
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Job Plant Scherer – Ash Pond Closure Project No. 60563110 Sheet 1 of 17 
Description Geotechnical Calculations Computed by LL Date 10/30/18 
 Settlement Analysis Checked by VKG Date 11/8/18  
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This calculation package summarizes the settlement analyses of the final cover system subgrade in support of 
the Ash Pond Closure at Georgia Power’s Plant Scherer. Figures, calculations and computer program outputs 
are provided as attachments and are referenced herein.   

I. Objective 
The proposed closure plan of the Plant Scherer ash pond will require reshaping and relocating materials 
to a consolidated footprint. To do this, materials from the closure by removal area will be relocated within 
the consolidated footprint and Sluiced Ash material will be graded to improve drainage and receive a final 
cover system.  

The objective of this analysis is to evaluate the potential for settlement of the proposed final cover system 
in support of the closure plan for the Ash Pond at Georgia Power’s Plant Scherer in Monroe County, 
Georgia. The intent is to evaluate the potential for settlement and verify that positive drainage will likely 
remain after settlement occurs.   

The following sections summarize the methodology, assumptions, and results of the one-dimensional 
settlement analysis. For further detail on the specific calculations performed, refer to the corresponding 
data provided in the attachments. 

II. Site Background 
Plant Scherer is located in Juliette, Georgia which is situated at the northeast edge of Monroe County and 
approximately 30 miles north of Macon and 70 miles south of Atlanta.  Plant Scherer occupies 
approximately 12,000 acres and is situated on the north banks of the 3,600-acre Lake Juliette, a manmade 
lake constructed in conjunction with the plant in the early 1980s.  Plant Scherer is a four-unit, coal-fired 
power generation facility that is one of the nation’s largest power plants, with a capacity of 3,600 
megawatts.  Plant Scherer has been in service since 1982 and is capable of supplying energy to 1.5 million 
homes.   

The existing ash pond at Plant Scherer was commissioned in 1980 and has received and stored wet sluiced 
Sluiced Ash since the plant became commercially operational in 1982. The ash pond has two discharge 
structures; one is a “morning-glory” standpipe that normally passes decanted flows to the recycling pond, 
and a second emergency spillway that also discharges to the recycling pond during elevated (storm 
related) pool levels. In addition to receiving wet sluiced Sluiced Ash, the ash pond also received wastewater 
influent from the Plant. 

The Plant Scherer ash pond was constructed directly over Berry Creek, with the tallest dike section built 
just east of a major branch in the creek. Additional branches or drainage tributaries to Berry Creek have 
developed as a result of site drainage features being modified from the ash pond construction.  

The ash pond includes two embankments functioning as cross-valley dams. These include the ash pond 
dike, situated on the north and east sides of the ash pond and the ash pond south dike, situated on the 
south side of the ash pond and bordering Plant Scherer. The ash pond dike has a maximum height of 
approximately 100 feet and the ash pond south dike has a maximum height of approximately 30 feet. The 
minimum crest elevation of both dikes is El. 504.1 ft, and the upstream slopes are covered with a grout-
filled erosion protection blanket. The crests of both dikes are surfaced with grass and a gravel access drive.  
Downstream slopes are covered with grass, and both upstream and downstream slopes are at a 3H:1V 
(horizontal to vertical) orientation. Both ash pond dikes are regulated by the Georgia Department of Natural 
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Resources Safe Dams Program, and are categorized as “High Hazard Category 1”, and have been 
assigned State ID 102-032-04236 (AECOM, 2016). 

An Initial Written Closure Plan authored by Georgia Power Company dated October 17, 2016 indicates the 
Plant Scherer ash pond will be closed by consolidating the Sluiced Ash within the 553 acre ash pond to a 
smaller footprint in accordance with 257.102(b)(1)(iii).  Based on this document and guidance from GPC, 
AECOM has proceeded with implementing design support for a consolidated closure footprint. The 
proposed closure footprint will consist of two primary regions within the existing ash pond footprint; a 
closure by removal region located in the northern area and the consolidated in-place closure area. The two 
proposed regions will be separated by a new northern embankment berm that will buttress the consolidated 
ash materials within the consolidated closure footprint. 

III. Summary of Subsurface Conditions 
The settlement calculations are based on the results of the historic subsurface explorations performed at 
the facility.  Based on AECOM’s review of the historic subsurface explorations, six stratigraphic materials 
were identified at the site. These include: 

 Embankment fill consisting of compacted onsite fill materials, which are assumed to originate 
from residual soils excavated from in and around the current ash pond.  Fill depths vary based on 
location.  Highest fills are up to 100 ft at the maximum height of the ash pond dike to a nominal 
thickness near the toe of the ash pond dike.  Fill materials generally consist of stiff to very stiff 
elastic silt (MH) with a trace of sand and mica. Some isolated zones of fat clay (CH) and lean clay 
(CL) were identified as well. Both SPT and CPT penetration resistances indicate that the 
embankment fill is relatively uniform across the site, with typical SPT N-values of around 15 blows 
per foot and CPT tip resistances of around 30 tons per square foot.  This is indicative of a well-
compacted material with good compaction control during construction. 

 Sluiced Ash consisting primarily of sluiced ash, with a mixture of fly ash and bottom ash present 
in the uppermost 5 to 10 ft of the pond.    Maximum Sluiced Ash thickness encountered outside 
the ash delta at the bottom of the ash pond was 1.6 feet while the Sluiced Ash was found to be 1 
foot or less in nearly all areas of free water.  Within the ash delta, the Sluiced Ash ranged from 68 
to 83.5 feet thick. Sluiced Ash was not encountered in the ash pond embankment dike borings. 
Based on field and laboratory testing, the Sluiced Ash generally consists of a very loose 
nonplastic silt (ML), with some isolated zones of medium dense material or silty sand (SM). 
SPT values were typically weight-of-hammer or weight-of-rods, and CPT tip resistances were 
on the order of 10 to 20 tsf. Both the CPTs and the SPTs identified a higher-strength crust over 
the top of the Sluiced Ash, extending to approximately 10 feet below grade. The crust likely 
corresponds to desiccated or mechanically-stacked Sluiced Ash, relative to the saturated 
sluiced Sluiced Ash present at depth. 

 Alluvium consisting of residual soils that were eroded and redeposited along historic creek 
channels that originally flowed beneath the current footprint of the ash pond. Where encountered, 
alluvium thicknesses were typically around 5 ft.  Based on field and laboratory testing, the alluvium 
materials are variable in nature but generally consist of very soft to medium stiff lean clay (CL) and 
fat clay (CH) and very loose to medium dense, silty sand (SM) and clayey sand (SC). SPT and 
CPT penetration resistances are highly variable due to the variations in soil type, location, and the 
depositional environment where the soil was formed. 
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 Residuum consisting of residual soils developed by the in-place weathering of the parent 
metamorphic bedrock exhibiting a reddish brown soil with a trace of sand and mica content.  
This material was not encountered in the ash delta borings, where it had likely been eroded away.  
Where encountered, the residuum thickness varied significantly from 18.2 feet to 3 feet. Based on 
field and laboratory testing, the residuum generally consists of sandy medium stiff to very stiff 
elastic silt (MH) with trace mica although in some of the ash pond borings, the residuum 
encountered was sometimes soft to very soft, rather than stiff.  CPT tip resistances were 
typically on the order of 30 to 50 tsf while a zone of approximately 20 tsf material was noted in 
the sounding near the north end of the dike between approximately 55 and 70 feet below grade.   

 Saprolite consisting of very loose to very dense silty sand (SM) with mica or soft to stiff sandy silt 
(ML) with mica although some zones of sandy clay (CL) were also identified.   Saprolite was 
encountered in nearly all the borings/soundings but the depth is difficult to assess accurately due 
to the difficulty in distinguishing between it and the residuum material.  Where encountered and 
classified, the saprolite thickness varied significantly from 27 to 6 feet.   

 Partially Weathered Rock (PWR) consisting of slightly or moderately weathered parent bedrock 
(gneiss). The material is distinguished from saprolite by SPT N-values that are 50 blows per foot 
or higher partially weathered rock was encountered in nearly all the borings/soundings where the 
drilling went reasonably deep.  Many historical penetrations considered encountered PWR as 
refusal though in some areas, auger drilling was successfully able to penetrate the partially 
weathered rock for up to 15.7 feet prior to auger refusal.  Based on field and laboratory testing, the 
partially weathered rock generally classified as very dense silty sand (SM) with mica, feldspar, and 
gravel. SPT N-values were 50 blows per foot or higher, and CPT tip resistances were on the order 
of 200 tsf or higher.  

 Groundwater table was anticipated to be lowered prior to construction. A 15-ft dewatering based 
on the current pool level (i.e. EL. 494.5ft) was assumed before any construction work. However, 
based on the previous engineering experience, groundwater will not dissipate quickly in Ash right 
after dewatering. Therefore, one third of the total dewatering height, i.e. 5ft, was conservatively 
assumed as the initial groundwater table in the current settlement analysis.  

For a description and additional information pertaining to the historic subsurface explorations and the 
laboratory testing performed, refer to Appendix A1 of the Engineering Report.  

IV. Methodology 
The proposed ash fill and capping materials will introduce a surcharge load to the Sluiced Ash and 
underlying alluvial foundation soils following placement. The Sluiced Ash and alluvial soils are anticipated 
to have moderate to high compressibility. Induced post-closure settlement due to placement of ash fill for 
grading and cap construction can alter the as-constructed cap grades.  Settlement calculations were 
conducted to evaluate the degree of differential settlement expected along the surface water drainage 
features designed for final cover.   

Traditional settlement calculations consist of three parts: immediate or elastic compression, primary 
consolidation, and secondary compression.  
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Immediate Settlement 

Immediate (aka elastic) settlement generally takes place as the load is applied or within a time period of 
about 7 days and predominates in cohesionless soils and unsaturated clay. Immediate settlement occurs 
through reduction of void space by expulsion of air.  Immediate settlement usually isn't calculated for fine 
grain materials that have a degree of saturation of approximately 90% or more.   

Foundation materials soil materials at the site are generally close to saturation and for purposes of this 
analysis are assumed to be saturated; therefore, immediate settlement is neglected for this analysis for 
those materials. 

Because stacked Sluiced Ash materials are generally much less than 90% saturated, the majority of 
settlement within the unsaturated Sluiced Ash materials will occur during placement and construction 
during closure and will not affect settlement of the cover system.  However, it may be necessary to add 
small amounts of material in areas with deep fills prior to the installation of the final closure system to 
account for this short-term settlement.   

Although there is not a lot of research associated with settlement of saturated coal combustion residuals, 
it has been shown that settlement of saturated sluiced ash can be accurately modeled with traditional one-
dimension consolidation theory (Reeves and Rowland, 2013).   Settlement potential in saturated ash was 
therefore evaluated assuming consolidation settlement methods.  

Primary Consolidation 

Of the three contributors, primary consolidation accounts for the majority of settlement in most foundation 
situations.  For fine grained soils, primary consolidation involves the expulsion of water from the pore 
spaces resulting in a volume reduction as the soil particles rearrange themselves to form a denser 
configuration.  This process is controlled by the hydraulic conductivity of the material and can therefore 
take a long period of time for fine grained materials.   

During closure, by applying the final cover surcharge load to the surface of the stacked ash, the load is 
initially supported by a combination of the material structure and pore water of the underlying materials, 
and no consolidation or settlement takes place.  In saturated or nearly saturated conditions, the load 
creates excess pore water pressure which dissipates over time as the water is expelled from the material 
matrix resulting in settlement at the surface.  The amount of settlement and the time rate to remove the 
porewater and to decrease the volume of the sluiced ash depends on the stress applied by the surcharge 
load, the permeability of the sluiced ash, and the drainage conditions beneath and near the surcharge load.  
Consolidation settlement is responsible for nearly all the total settlement, and it is the focus of this 
preliminary analysis.  Evaluating this kind of settlement is performed using one-dimensional consolidation 
theory summarized in the next section.  

Secondary Compression 

Secondary compression occurs through volume changes as in primary consolidation except that it occurs 
at a much slower rate and occurs via creep through crushing of inter-granular particles.  This type of 
settlement occurs at a constant effective stress (i.e. once the excess pore water is dispersed).  Secondary 
compression is unlikely to contribute significantly (less than 5%) to the overall total settlement for inorganic 
soils under small surcharges such as a cover system.  Because primary settlement can be estimated only 
within 10 to 20 percent accuracy and because the foundation and engineered components are somewhat 
tolerant of differential settlement, secondary settlement is neglected for this analysis. 
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The following sections summarize the theory considered while performing the settlement analysis:  

 The following equation was used to estimate the primary consolidation settlement of Sluiced Ash 
materials and fine-grained native soils: 
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where,  

si = Computed settlement 
iH = Layer Thickness 

cC = Compression Index 

0e = Initial void ratio  
σ0’ = Effective overburden pressure at center of layer 
σp’ = Effective pre-consolidation pressure 
∆σ’ = Additional stress at center of layer  

 For native granular (sand) materials, Hough’s Method was employed, as shown in the following 
equation. 
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where,  

C’ = Bearing Capacity Index 
H = Layer Thickness 
p0 = Existing Effective Vertical Stress at Center of Layer 
∆p = Distributed Pressure from Load at Center of Layer 

 
The relation between Bearing Capacity Index C’ and Corrected SPT Value (N’)* under Hough’s Method is 
shown in Figure 1.  
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Figure - 1 Hough (1959) Bearing Capacity Index  

Classical 1D (vertical) consolidation theory was used in the computations herein. For a vertically 
consolidating deposit, the proportion of consolidation that has taken place at a specific time after load 
application is given by the following equations:  
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where, 
 
t= time, vT  = time factor, drH =length of drainage path, vc  = coefficient of consolidation 
 
The length of drainage path is taken as the full layer thickness herein.   
 
The time factor is related to the percent of vertical consolidation by:  
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 Uv% is the percent of vertical consolidation at time t 
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Combining (1) and (2), the percent consolidation of a given layer at time t is: 
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V. Material Parameters 
Soil properties for the settlement analyses were based on conservative values for the in-situ materials and 
laboratory and field testing where available.   
Material properties and settlement parameters associated with each of the soil layers are shown below in 
Table 1.   

Table 1.  Material Properties for the Sluiced Ash Pond 

Layer 
Unit 

Weight 
γ(pcf) 

Initial 
Void 
Ratio 

e0 

Pc (psf) 
Recompressi

on Index  
Cr 

Compression 
Index  

Cc 

Coefficient of 
consolidation  

Cv (ft2/day) 

Sluiced Ash Materials 105 0.8 Normally 
Consolidated 0.02 0.2 1.079 

Residuum 114 0.57 7800 0.05 0.25 -- 

Saprolite 105 0.57 7800 0.05 0.25 -- 
 

For purposes of this analysis, the Sluiced Ash material was assumed to be saturated and consolidated 
under its own weight and overburden stress applied by subsequent sluiced ash layers.  It can therefore be 
assumed to be normally consolidated meaning the material has not been compressed to a higher degree 
in the past (the preconsolidation pressure) which would result in a lower settlement evaluation.   

Compressibility parameters for the native alluvial clay and lower clay were established from available 
consolidation test data in these materials, interpreted using the classical Cassagrande construction. 
Coefficient of consolidation, cv, was determined based on the laboratory consolidation testing data.  
Tests performed on undisturbed ash samples indicated an average value for the coefficient of 
consolidation of about 1.079 ft2/day. Other compressibility parameters Cc, Cr and Pc were estimated 
based on the results of laboratory consolidation tests and our engineering judgement.  

For purposes of this analysis, the interface of residuum and saprolite was assumed to be consistent 
throughout the ash pond.  The top of residuum and top of Sluiced Ash were determined by comparing 
historic ground surfaces to the existing grades.  The layers used in the analyses were developed based on 
the borings and CPT’s performed in 2015 and 2016 by SCS and in 2016 by AECOM.  This includes borings 
B-100 through B-113 drilled inside and surrounding the Ash Pond.   

The uppermost materials within the pond consist of coal combustion residuals.  The Sluiced Ash materials 
were underlain by residuum to a depth of 426.6 ft-msl.  Saprolite was present below the residuum and 
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extended to an elevation of 404.9 ft-msl.  Partially weathered rock was encountered below the saprolite 
and the bedrock is considered to have little to no compressibility by inspection.  The initial groundwater 
level was set to 489.5 ft-msl, i.e. 5 ft below current pond level, to account for anticipated construction 
dewatering activities.  Each point analyzed utilized these soil layers up to the current grade.   

VI. Analysis Procedure 
Significant long-term settlement can lead to grade reversals and ponding on the final cover system. 
Since the section grades are relatively flat (i.e. 0.5% for Section D-D’ and Section S3-S3’, and 3.0% for 
Section S2-S2’), an understanding of the magnitude of post-construction differential settlement and 
their effect on post-construction slopes of the ditches is necessary. 

Three separate surface water drainage paths along the cap were analyzed as depicted in Figure 1.  
Settlement analyses were performed at a number of discrete point locations along each section, which 
collectively form a settlement profile of the section.  Section D-D’ runs from the west side to the east side 
of the pond. Twenty-four (24) points S1-1 through S1-24 were analyzed along this section. Cross Section 
S2-S2’ represents sheet flow traveling north toward the proposed berm.  Ten points S2-1 through S2-10 
were analyzed along this section. Section S3-S3’ begins near the initial point of S2-1 and extends from 
west to east of the pond. Seven points S3-1 through S3-7 were analyzed along this section.  

Settlement points along each section were initially chosen at 200 to 300-foot intervals, and additional points 
were added where the elevation of the existing ground changes dramatically, resulting in a large variation 
of future surcharge loads over a shorter distance.  

Surcharge loading from the closure fill and cap system was calculated for each settlement point for 
each section analyzed.  At any settlement point location, if the existing grade is below the top of the 
proposed cover system, ash from outside of the closure cap area will be used as a fill material and applied 
as a surcharge load.  The surcharge was calculated as the difference between the proposed and existing 
grades, multiplied by an assumed unit weight of the closure fill of 105pcf.  Separate calculations were 
performed for settlement that could occur due to changes in effective stress associated with a lowering 
of the phreatic surface in the pond, over the long term after closure.  The settlement analyses for 
phreatic surface lowering were performed assuming the following: 

 The existing pool level (and phreatic surface) in the pond is El. 494.5 ft.   

 Construction of the closure-in-place area will require some construction dewatering, in order to 
provide equipment access and to improve subgrades for filling activities.  It is assumed that the 
phreatic surface will be initially lowered by 15 ft (to El. 479.5 ft) during construction. As the closure 
fill is placed and the separation of the ground surface and the phreatic surface becomes substantial, 
construction dewatering is likely to be reduced and eventually completely stopped.  Since the 
phreatic surface (initially lowered to El. 479.5 ft) could be recharged to some degree in the period 
between the completion of dewatering activities and the completion of cap construction, for 
settlement analysis purposes it is conservatively assumed that the subsurface Sluiced Ash deposits 
will only consolidate to an effective phreatic surface at El. 489.5 ft, as a result of construction 
dewatering.  

 The long term phreatic surface has been estimated using hydrogeologic analyses (see separate 
presentation within this permit submittal).  Contours of this long-term surface are provided in Figure 
A-2 of Attachment A.  The long-term settlement due to the phreatic surface drop was calculated 
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assuming a lowering of the phreatic surface from El. 489.5 (as described above), to the long-term 
lowered surface.  The magnitude of the drop was estimated for each settlement analysis point, 
based on the contours in Figure A-2.   

It is noted that only Long Term Settlement will contribute to permanent slope changes of the cap 
system.  Therefore, it is necessary to calculate and differentiate short-term settlement (settlement that 
occurs as the project is being constructed) and long-term settlement (settlement that occurs after the 
cap is completed).  These components are further defined as follows: 

1. Short-Term Settlement (During Construction): This is the estimated settlement anticipated 
to occur in the ash and residual soils upon completion of grading activities and prior to 
completion of the 2-ft cap system. For analysis purposes, these activities are assumed to 
have a duration of 12 months (1 year), so short-term settlement is movement that occurs 
within this timeframe. Short term settlements will not influence the final slopes of the cap 
system, as it is assumed that fill materials will be placed to make up any of this settlement, 
prior to constructing the cap system.   

Short term settlement was defined as: 

 Consolidation settlement of the Sluiced Ash deposits, which occur within the 12 
month period.  The short-term settlement magnitude for Sluiced Ash was based 
on the classical time rate of settlement analysis, using the coefficient of 
consolidation values from lab testing data.  It was conservatively assumed that no 
settlement of the native soils below the Sluiced Ash deposits would occur in the 
short term.   

2. Long-Term Settlement (Post-Construction): This is the long-term settlement of the cap 
system that occurs after closure construction is complete.  Long-term settlement will 
influence the final slopes of the cap system. Long-Term Settlement includes: 

 Consolidation settlement in the Sluiced Ash deposits which occur after the initial 
12 month period.  

 All the settlement predicted in the native soils below the Sluiced Ash.   

 Settlement that occurs due to the long term drop in the pond’s phreatic surface, as 
defined previously.   

In some locations, the proposed cover system grade is lower than the existing grade – i.e., there will be a 
net unload rather than a surcharge.  In these locations, the ash was assumed to be normally consolidated 
to the existing grade conditions.   The short term settlement for these cases was zero, and for subsequent 
long term settlement calculations, the stress increases contributing to settlement were reduced by the 
amount of the “unload” pressures.    

All settlement calculations were performed using in-house spreadsheets developed by AECOM that 
were programmed to utilize the settlement analysis methodology presented above.   

Finally, the results of the settlement analyses were used to estimate changes in the slopes of the cover 
system, as follows: 

 The point-to-point change in slope of the sectional profile was determined at each settlement point 
as follows: 
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%Change = (∆PC, n+1 - ∆PC, n) / L *100  

where, 

∆PC, n+1 = Long Term Settlement at point n+1 

∆PC, n = Long Term Settlement at point n 

L = Distance between point n and point n+1 

VII. Results of Analysis 
Spreadsheet outputs showing the points analyzed, the differential settlement between points, and post-
closure grades calculated along each ditch profile are provided in Table B-1 through B-3 of Attachment 
B. Example calculations of settlement and time rate of settlement are provided for one settlement point 
(Point S3-4 for Section S3-S3’) in Attachment C.   

Time Rate of Settlement 

Table 2a through 2c below summarizes the anticipated consolidation rate of the Ash and Native Clay 
during construction, in which 2-yr construction period was conservatively assumed. Ash is underlain by 
native clay. Therefore, single drainage condition was assumed to the Sluiced Ash.  
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Table 2a: Time Rate of Consolidation During Construction – Section D-D' 

Settlement Points Station  
(ft) 

Thickness of 
Sluiced Ash 

(ft) 

% Consolidation at 
365 days 

% Consolidation 
at 730 days 

Sluiced Ash (%) Sluiced Ash (%) 
S1-1 3+40 0 -- -- 
S1-2 4+00 0 -- -- 
S1-3 6+00 0 -- -- 
S1-4 8+00 0 -- -- 
S1-5 10+00 0 -- -- 
S1-6 12+00 0 -- -- 
S1-7 13+45 0 -- -- 
S1-8 16+00 0 -- -- 
S1-9 16+60 4.7 100 100 
S1-10 18+00 2.3 100 100 
S1-11 20+00 0 -- -- 
S1-12 22+00 7.3 100 100 
S1-13 24+30 19.5 94 100 
S1-14 26+00 26.6 79 95 
S1-15 28+00 34.6 64 84 
S1-16 30+00 42.6 53 72 
S1-17 32+00 52.6 43 60 
S1-18 33+60 63.8 35 50 
S1-19 35+10 63 36 50 
S1-20 38+00 16.6 98 100 
S1-21 40+00 33.6 66 86 
S1-22 41+10 42 53 73 
S1-23 44+00 19 95 100 
S1-24 45+60 24.9 83 96 
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Table 2b: Time Rate of Consolidation During Construction – Section S2-S2' 

Settlement Points Station  
(ft) 

Thickness of 
Sluiced Ash 

(ft) 

% Consolidation at 
365 days 

% Consolidation 
at 730 days 

Sluiced Ash (%) Sluiced Ash (%) 
S2-1 0+00 16.1 98 100 
S2-2 2+00 9.11 100 100 
S2-3 4+00 9.01 100 100 
S2-4 4+90 13.01 100 100 
S2-5 6+00 0.6 100 100 
S2-6 8+00 0 -- -- 
S2-7 10+00 0 -- -- 
S2-8 11+35 6.42 100 100 
S2-9 12+45 5.87 100 100 
S2-10 13+00 1 100 100 

 

Table 2c: Time Rate of Consolidation During Construction – Section S3-S3' 

Settlement Points Station  
(ft) 

Thickness of 
Sluiced Ash 

(ft) 

% Consolidation at 
365 days 

% Consolidation 
at 730 days 

Sluiced Ash (%) Sluiced Ash (%) 
S3-1 0+00 33.21 66 86 
S3-2 2+00 35.08 63 83 
S3-3 4+00 46.92 48 66 
S3-4 7+00 77 29 41 
S3-5 10+00 76.94 29 41 
S3-6 12+00 64.14 35 49 
S3-7 15+13 59.31 38 53 

 

The percent of consolidation occurring during construction is greatest at Sections S2-S2’, because the 
thickness of the Sluiced Ash deposits is relatively small at these sections.  At Section D-D and S3-S3’, 
where the Sluiced Ash thickness is substantial (ranging from 2.3 to 77 ft), a far greater proportion of 
consolidation is predicted to take place after construction.    

 

Estimated Settlements (Short-Term and Long-Term) 

Total settlement calculation results are provided in Table 3a through 3c below and in Attachment B.  

The columns in the tables portray the following:  

 Column (1) represents the total settlement predicted due to the surcharge load of the closure fill 
and cap.  
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 Column (2) is the total settlement in the Sluiced Ash deposit due to the surcharge load of the closure 
fill and cap. 

 Column (3) is the percent of consolidation in the Sluiced Ash deposit that is expected during the 
assumed 12-month construction period 

 Column (4) is the short term settlement in the Sluiced Ash deposit – i.e., Column (2) multiplied by 
Column (3). 

 Column (5) is the total predicted long term settlement due to the surcharge load of the closure fill 
and cap – i.e., Column (1) – Column (4) 

 Column (6) is the total predicted settlement due to long-term drop in the phreatic surface.   

 Column (7) is the total predicted long term settlement due to both surcharge from the closure fill 
and long-term drop in the phreatic surface – i.e. Column (5) + Column (6). 
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Table 3a.  Results for Settlement for Cross Section D-D’ 

 

  

Settlement 
Points

Station
(ft)

(1) 
Calculated Total 

Settlement
(in)

(2) 
Calculated Ash  

Settlement
(in)

(3)
Percent of 

Consolidation in the 
Sluiced Ash at 1-yr 

period

(4)
Short-Term Settlement 

During Construction 
(within 1 year) 

(in)

(5) = (1) - (4)
Long Term 

Settlement after 1 
year
(in)

(6)
Settlement Due to 

Groundwater Drawdown
(in)

(7) = (5) + (6)
Total Long-Term 

Settlement
(in)

Differential 
Settlement 

(in)
Slope Change 

(%)

Design  Slope 
Grade 

(%)

Post-Construction 
Slope Grade 

(%)
S1-1 3+40 6.8 0.0 100% 0.0 6.8 1.5 8.3 - - - -
S1-2 4+00 7.5 0.0 100% 0.0 7.5 0.8 8.3 0.0 0.00 -0.5 -0.50
S1-3 6+00 5.8 0.0 100% 0.0 5.8 3.1 8.9 0.6 0.03 -0.5 -0.48
S1-4 8+00 1.4 0.0 100% 0.0 1.4 2.4 3.8 -5.1 -0.21 -0.5 -0.71
S1-5 10+00 0.0 0.0 100% 0.0 0.0 2.6 2.6 -1.2 -0.05 -0.5 -0.55
S1-6 12+00 0.0 0.0 100% 0.0 0.0 2.9 2.9 0.3 0.01 -0.5 -0.49
S1-7 13+45 2.1 0.0 100% 0.0 2.1 3.3 5.4 2.5 0.14 -0.5 -0.36
S1-8 16+00 2.0 0.0 100% 0.0 2.0 3.6 5.6 0.2 0.01 -0.5 -0.49
S1-9 16+60 4.0 2.3 100% 2.3 1.7 3.6 5.3 -0.3 -0.04 -0.5 -0.54
S1-10 18+00 3.5 1.7 100% 1.7 1.8 3.8 5.6 0.3 0.02 -0.5 -0.48
S1-11 20+00 1.9 0.0 100% 0.0 1.9 3.8 5.7 0.1 0.00 -0.5 -0.50
S1-12 22+00 4.1 2.7 100% 2.7 1.4 3.9 5.3 -0.4 -0.02 -0.5 -0.52
S1-13 24+30 1.4 0.4 94% 0.4 1.0 4.1 5.1 -0.2 -0.01 -0.5 -0.51
S1-14 26+00 1.3 0.4 79% 0.3 1.0 4.3 5.3 0.2 0.01 0.5 0.51
S1-15 28+00 1.2 0.5 64% 0.3 0.9 4.2 5.1 -0.2 -0.01 0.5 0.49
S1-16 30+00 1.2 0.6 53% 0.3 0.9 4.7 5.6 0.5 0.02 0.5 0.52
S1-17 32+00 1.1 0.6 43% 0.3 0.8 8.2 9.0 3.5 0.14 0.5 0.64
S1-18 33+60 1.0 0.7 35% 0.2 0.8 9.5 10.3 1.2 0.06 0.5 0.56
S1-19 35+10 1.9 0.7 36% 0.3 1.6 9.4 11.0 0.8 0.04 0.5 0.54
S1-20 38+00 1.7 0.5 98% 0.5 1.2 6.0 7.2 -3.8 -0.11 0.5 0.39
S1-21 40+00 1.5 0.7 66% 0.5 1.0 5.7 6.7 -0.5 -0.02 0.5 0.48
S1-22 41+10 1.5 0.9 53% 0.5 1.0 6.1 7.1 0.4 0.03 0.5 0.53
S1-23 44+00 1.9 0.7 95% 0.7 1.2 6.4 7.6 0.5 0.01 0.5 0.51
S1-24 45+60 1.8 0.8 83% 0.7 1.1 7.3 8.4 0.8 0.04 0.5 0.54

Computed Settlement
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Table 3b.  Results for Settlement for Cross Section S2-S2’ 

 

 

Table 3c.  Results for Settlement for Cross Section S3-S3’ 

 

 

Settlement 
Points

Station
(ft)

(1) 
Calculated Total 

Settlement
(in)

(2) 
Calculated Ash  

Settlement
(in)

(3)
Percent of 

Consolidation in 
the Sluiced Ash 
at 1-yr period

(4)
Short-Term 

Settlement During 
Construction (within 

1 year) 
(in)

(5) = (1) - (4)
Long Term 

Settlement after 
1 year

(in)

(6)
Settlement Due to 

Groundwater 
Drawdown

(in)

(7) = (5) + (6)
Total Long-Term 

Settlement
(in)

Differential 
Settlement 

(in)
Slope Change 

(%)

Design  Slope 
Grade 

(%)

Post-
Construction 
Slope Grade 

(%)
S2-1 0+00 16.2 11.2 98% 11.0 5.2 7.6 12.8 - - - -
S2-2 2+00 9.6 5.9 100% 5.9 3.7 7.0 10.7 -2.1 -0.09 3.0 2.91
S2-3 4+00 4.0 2.7 100% 2.7 1.3 7.3 8.6 -2.1 -0.09 3.0 2.91
S2-4 4+90 2.2 1.6 100% 1.6 0.6 8.6 9.2 0.6 0.06 3.0 3.06
S2-5 6+00 13.2 1.8 100% 1.8 11.4 3.7 15.1 5.9 0.45 3.0 3.45
S2-6 8+00 12.1 0.0 100% 0.0 12.1 2.4 14.5 -0.6 -0.02 3.0 2.98
S2-7 10+00 11.3 0.0 100% 0.0 11.3 2.2 13.5 -1.0 -0.04 3.0 2.96
S2-8 11+35 18.3 10.8 100% 10.8 7.5 2.9 10.4 -3.1 -0.19 3.0 2.81
S2-9 12+45 15.2 9.3 100% 9.3 5.9 2.5 8.4 -2.0 -0.15 3.0 2.85
S2-10 13+00 7.8 2.4 100% 2.4 5.4 1.5 6.9 -1.5 -0.23 3.0 2.77

Computed Settlement

Settlement 
Points

Station
(ft)

(1) 
Calculated Total 

Settlement
(in)

(2) 
Calculated Ash  

Settlement
(in)

(3)
Percent of 

Consolidation in 
the Sluiced Ash 
at 1-yr period

(4)
Short-Term 

Settlement During 
Construction (within 

1 year) 
(in)

(5) = (1) - (4)
Long Term 

Settlement after 
1 year

(in)

(6)
Settlement Due to 

Groundwater 
Drawdown

(in)

(7) = (5) + (6)
Total Long-Term 

Settlement
(in)

Differential 
Settlement 

(in)
Slope Change 

(%)

Design  Slope 
Grade 

(%)

Post-Construction 
Slope Grade 

(%)
S3-1 0+00 12.2 10.4 66% 8.1 4.1 9.5 13.6 - - - -
S3-2 2+00 11.4 9.8 63% 6.2 5.2 10.3 15.5 1.9 0.08 0.5 0.58
S3-3 4+00 10.3 9.3 48% 4.5 5.8 13.5 19.3 3.8 0.16 0.5 0.66
S3-4 7+00 10.0 9.7 29% 2.8 7.2 24.8 32.0 12.7 0.35 0.5 0.85
S3-5 10+00 6.6 6.4 29% 1.9 4.7 26.2 30.9 -1.0 -0.03 0.5 0.47
S3-6 12+00 4.9 4.7 35% 1.6 3.3 21.2 24.5 -6.5 -0.27 0.5 0.23
S3-7 15+13 0.7 0.7 38% 0.3 0.4 21.3 21.7 -2.7 -0.07 0.5 0.43

Computed Settlement
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 Section D-D’: The maximum short-term settlement at Section D-D’ upon completion of grading is 
anticipated to be about 2.7 inches (at Sta. 22+00 ft) as indicated in the figure of Attachment B. 
The maximum long-term settlement is about 11 inches at Sta. 35+10 ft), as shown in Attachment 
B.   

 Section S2-S2’: The estimated short-term and long-term settlement magnitudes for the Section S2-
S2 are shown in Attachment B. The maximum short-term settlement is about 11.0 inches (at Sta. 
0+00 ft) due to the 12.7 ft fill surcharge and the maximum long-term settlement is about 15 inches 
(at Sta. 6+00 ft).   

 Section S3-S3’: The maximum short-term settlement at Section S3-S3’ upon completion of grading 
is anticipated to be about 8.1 inches (at Sta. 0+00 ft) due to 6 ft fill surcharge as indicated in the 
figure of Attachment B. The maximum long-term settlement is about 32 inches at Sta. 7+00 ft, as 
shown in Attachment B.   

 

Estimated Change in Slope Grade 

The estimated change in slope along the design sections due to long-term settlement is summarized 
in Tables B-1 through B-3 of Attachment B. A negative change in slope indicates that the settled 
grade will have a shallower slope than the as-deigned slope.  

Table B-1 shows the estimated point-to-point change in slope at Section D-D’.  The data indicates that 
much of the settled ditch will see an increase in slope rather than a decrease.  Loss of slope occurs 
only in a few locations, with maximum slope loss of +0.14% (at Sta. 13+45 ft, east portion of Section 
D-D’ with a design slope of -0.5%) or -0.11% (at Sta. 38+00 ft, west portion of Section D-D’ with a 
design slope of 0.5%).  The post-construction slope of the ditch ranges from -0.36% to -0.71% on the 
design slope of -0.5% side and from 0.39% to 0.64% on the design slope of 0.5% side, indicating that 
no grade reversals are expected and positive drainage will be maintained.  

Results for Section S2-S2’ and S3-S3’ are similar, with maximum slope loss of -0.23% (at Sta. 13+00 
ft of Section S2-S2’) and -0.27% (at Sta. 12+00 ft of Section S3-S3’). The post-construction slope of 
the two sections ranges from 2.77% to 3.45% and from 0.23% to 0.85% for Section S2-S2’ and Section 
S3-S3’, respectively. Again, these results indicate that no grade reversals are expected and positive 
drainage will be maintained. 

 

VIII. Interpretation and recommendations 
The results and conclusions of the settlement analysis are summarized as follows: 

 The maximum negative change in slope (i.e. reduction in slope) is +0.14%, -0.23% and -0.27% for 
Section D-D’, S2-S2’ and S3-S3’, respectively. The majority of the lengths of both ditches are 
actually estimated to see increases in slope, rather than decreases.  The design slopes are about 
0.5% for both Section D-D’ and S3-S3’ and 3.0% for Section S2-S2’. Based on this result, the 
estimated negative change in slope indicated above is not expected to adversely impact the 
performance of the final cover.  

 Given the results of the analysis, a formal preloading program or other settlement mitigation 
technique is not considered to be necessary.  However, it is recommended that settlements be 
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Table B-1 : Short-Term and Long-Term Settlement Results at Section D-D'

Settlement 
Points

Station
(ft)

(1) 
Calculated Total 

Settlement
(in)

(2) 
Calculated Ash  

Settlement
(in)

(3)
Percent of 

Consolidation in the 
Sluiced Ash at 1-yr 

period

(4)
Short-Term Settlement 

During Construction 
(within 1 year) 

(in)

(5) = (1) - (4)
Long Term 

Settlement after 1 
year
(in)

(6)
Settlement Due to 

Groundwater Drawdown
(in)

(7) = (5) + (6)
Total Long-Term 

Settlement
(in)

Differential 
Settlement 

(in) Slope Change (%)

Design  Slope 
Grade 

(%)

Post-Construction 
Slope Grade 

(%)
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Table B-2 : Short-Term and Long-Term Settlement Results at Section S2-S2'

Settlement
Points

Station
(ft)

(1)
Calculated Total

Settlement
(in)

(2)
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Settlement
(in)

(3)
Percent of

Consolidation in the
Sluiced Ash at 1-yr

period

(4)
Short-Term Settlement

During Construction
(within 1 year)

(in)

(5) = (1) - (4)
Long Term

Settlement after 1
year
(in)

(6)
Settlement Due to

Groundwater
Drawdown

(in)

(7) = (5) + (6)
Total Long-Term

Settlement
(in)

Differential
Settlement

(in) Slope Change (%)

Design  Slope
Grade

(%)

Post-Construction
Slope Grade

(%)
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Total Long-Term Settlement (S2-S2')

Se
tt
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Short -Term Settlement (S2-S2')



Table B-3 : Short-Term and Long-Term Settlement Results at Section S3-S3'

Settlement Points
Station

(ft)

(1)
Calculated Total

Settlement
(in)

(2)
Calculated Ash

Settlement
(in)

(3)
Percent of

Consolidation in the
Sluiced Ash at 1-yr

period

(4)
Short-Term Settlement

During Construction
(within 1 year)

(in)

(5) = (1) - (4)
Long Term Settlement

after 1 year
(in)

(6)
Settlement Due to

Groundwater
Drawdown

(in)

(7) = (5) + (6)
Total Long-Term

Settlement
(in)

Differential
Settlement

(in) Slope Change (%)

Design  Slope
Grade

(%)

Post-Construction
Slope Grade

(%)

Computed Settlement
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)

Station (feet)

Total Long-Term Settlement (S3-S3')
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)
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Short -Term Settlement (S3-S3')
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This calculation package summarizes the liquefaction potential analyses of the impounded CCR material and 
the pond’s subgrade in support of the Ash Pond Closure at Georgia Power’s Plant Scherer. Figures, 
calculations and computer program outputs are provided as attachments and are referenced herein.   

 
I. Objective  
 

One of the first analyses that need to be considered for stability is to determine if the site is 
susceptible to liquefaction. Liquefaction is defined as the sudden loss of soil strength due to the 
increase of pore water pressure during dynamic loading. The increased pore water pressure is 
due to volumetric strains caused by cyclic stresses commonly associated with earthquake 
shaking. Liquefaction occurs primarily in clean sands, non-plastic silty sands, non-plastic silt, and 
gravels. It has reportedly also been observed in sensitive clays and non-plastic silts.  

The objective of this analysis is to evaluate the potential for liquefaction within the impounded 
materials and the subgrade below the ash pond in support of the closure plan for the Ash Pond at 
Georgia Power’s Plant Scherer in Monroe County, Georgia. The intent is to evaluate the potential 
for liquefaction and subsequently determine post-liquefaction strengths to utilize in the slope 
stability analysis where liquefaction is likely to occur. 

This analysis is being performed in conjunction with dike slope stability analyses for the ash pond, 
in accordance with the requirements of the Rules and Regulations of the State of Georgia section 
391-3-4-.10(4), which conforms with Section 257.73 of the CCR Rule.  Liquefaction triggering 
analyses of the various soil units comprising and underlying the ash pond closure are required in 
order to establish the shear strength of subsurface materials for use in the post-liquefaction slope 
stability condition.  The basis for selection of these parameters is provided in Appendix A1, and 
the post-liquefaction slope stability analyses are developed and presented in Appendix A4.     

II. Site Background 

Plant Scherer is located in Juliette, Georgia which is situated at the northeast edge of Monroe 
County and approximately 30 miles north of Macon and 70 miles south of Atlanta.  Plant Scherer 
occupies approximately 12,000 acres and is situated on the north banks of the 3,600-acre Lake 
Juliette, a manmade lake constructed in conjunction with the plant in the early 1980s.  Plant 
Scherer is a four-unit, coal-fired power generation facility that is one of the nation’s largest power 
plants, with a capacity of 3,600 megawatts. Plant Scherer has been in service since 1982 and is 
capable of supplying energy to 1.5 million homes.   

The existing ash pond at Plant Scherer was commissioned in 1980 and has received and stored 
wet sluiced CCRs since the plant became commercially operational in 1982. The ash pond has 
two discharge structures; one is a “morning-glory” standpipe that normally passes decanted flows 
to the recycling pond, and a second emergency spillway that also discharges to the recycling 
pond during elevated (storm related) pool levels. In addition to receiving wet sluiced CCRs, the 
ash pond also received wastewater influent from the Plant. 

The Plant Scherer ash pond was constructed directly over Berry Creek, with the tallest dike 
section built just east of a major branch in the creek. Additional branches or drainage tributaries 
to Berry Creek have developed as a result of site drainage features being modified from the ash 
pond construction.  
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The ash pond includes two embankments functioning as cross-valley dams. These include the 
ash pond dike, situated on the north and east sides of the ash pond and the ash pond south dike, 
situated on the south side of the ash pond and bordering Plant Scherer. The ash pond dike has a 
maximum height of approximately 100 feet and the ash pond south dike has a maximum height of 
approximately 30 feet. The minimum crest elevation of both dikes is El. 504.1 ft, and the 
upstream slopes are covered with a grout-filled erosion protection blanket. The crests of both 
dikes are surfaced with grass and a gravel access drive. Downstream slopes are covered with 
grass, and both upstream and downstream slopes are at a 3H:1V (horizontal to vertical) 
orientation. Both ash pond dikes are regulated by the Georgia Department of Natural Resources 
Safe Dams Program, and are categorized as “High Hazard Category 1”, and have been assigned 
State ID 102-032-04236 (AECOM, 2016). 

An Initial Written Closure Plan authored by Georgia Power Company dated October 17, 2016 
indicates the Plant Scherer ash pond will be closed by consolidating the CCR ash within the 553 
acre ash pond to a smaller footprint in accordance with 257.102(b)(1)(iii). Based on this document 
and guidance from GPC, AECOM has proceeded with implementing design support for a 
consolidated closure footprint. The proposed closure footprint will consist of two primary regions 
within the existing ash pond footprint; a closure by removal region located in the northern area 
and the consolidated in-place closure area. The two proposed regions will be separated by a new 
northern embankment berm that will buttress the consolidated ash materials within the 
consolidated closure footprint. 

III. Preliminary Liquefaction Screening 

AECOM performed a preliminary screening procedure to determine if the in-situ soil and CCR 
material characteristics are susceptible to liquefaction. This method is usually recommended to 
determine if a more rigorous and in-depth analysis is necessary. A commonly used screening 
procedure is included in the USEPA document RCRA Subtitle D (258) Seismic Design Guidance 
for Municipal Solid Waste Landfill Facilities among other sources. This method suggests 
performing a more in-depth analysis if the soil material meets three or more of the following five 
criteria each of which are considered in detail below:  

 Geologic Age and Origin. If a soil layer is a fluvial (river), lacustrine (lake), or aeolian (wind) 
deposit of Holocene age, a greater potential for liquefaction exists than residual deposits or 
older deposits. 

 Fines Content and Plasticity. Liquefaction potential in a soil layer increases with decreasing 
fines content and plasticity of the soil. Soils having less than 15% (by weight) finer than 0.005 
mm, a liquid limit less than 35%, and an in-situ water content greater than 0.9 times the liquid 
limit may be susceptible to liquefaction (Seed and Idriss, 1982). 

Seed et al. (1983) stated that based on both laboratory testing and field performance, the 
great majority of cohesive soils will not liquefy during earthquakes. Using these criteria 
originally stated by Seed and Idriss (1982) and subsequently confirmed by Youd and Gilstrap 
(1999) in order for a cohesive soil to liquefy, it must meet all three criteria. If the cohesive soil 
does not meet all three criteria, then it is generally considered not to be susceptible to 
liquefaction (Day, 2002).  
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 Saturation. Although low water content soils have been reported to liquefy, at least 80% to 
85% saturation is generally deemed to be a necessary condition for soil liquefaction. 

 Depth below Ground Surface. Liquefaction is generally not likely to occur more than 50 feet 
below the ground surface due to overburden confinement of the soils.  

 Soil Penetration Resistance. Seed et al. (1985) state that soil layers with a normalized SPT 
blow count less than 22 have been known to liquefy. Marcuson et al. (1990) suggest an SPT 
N-value of less than 30 as the threshold to use for suspecting liquefaction potential.  

Raw SPT N-values (uncorrected) obtained during historic subsurface exploration programs 
were variable. Based on the shallow depth, it is anticipated that the normalized N-values 
would be approximately in the same range.  

The results of the preliminary screening criteria are summarized in Table A4-1 as follows: 

Table A4-1: Preliminary Liquefaction Screening 

(*) - This criterion must be met in order for the material to be liquefiable. 
 

Based on the results of the liquefaction screening analysis, only the CCR materials indicate a 
possibility for liquefaction potential. Therefore, AECOM performed a liquefaction triggering 
analysis for the CCR materials by using SPT and SCPTu data obtained from historic site 
explorations with particular focus on the data collected from the 2016 AECOM subsurface 
exploration.  

IV. Basis and Methodology of Liquefaction Analysis  

The SPT and CPT-based liquefaction triggering analyses were performed using the procedure 
proposed by Idriss and Boulanger (2008, 2014).  The procedure considers a stress-based 
approach to evaluate the potential for liquefaction triggering, and compares calculated 
earthquake-induced cyclic stress ratios (CSRs) with the estimated cyclic resistance ratios (CRRs) 
of the soil to establish the factor of safety against liquefaction triggering. 

 Based on the subsurface exploration and the liquefaction screening describe in the previous 
section, the materials that may have potential for liquefaction include the sluiced fly ash 

Material 
Meets Screening Criteria 

Geologic 
Age & Origin 

Fines Content 
& Plasticity* Saturation Depth below 

Ground Surface 
SPT 

Resistance 

CCR Materials X     

Embankment Materials X X X  X 

Alluvium  X X X  

Residuum X X X X X 

Saprolite X X  X X 
Partially Weathered 

Rock X X X X X 
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deposit within the ash pond.  The liquefaction analyses presented herein focus on this 
material.     

The stacked fly ash fill materials that will be placed in the northern section of the proposed 
cap closure area are considered to be non-liquefiable, as the material will be detwatered, 
compacted into place, and remain unsaturated.  

All liquefaction analyses reference a design earthquake event with 2% probability of 
exceedance in 50 years (recurrence interval of approximately 2500 years).  This event is as 
stipulated by the CCR Rule. The United States Geological Survey (USGS) online Unified 
Hazard Tool was used to determine the design earthquake. The modal earthquake of 
magnitude M 4.9 was used in this analysis.  

The pseudostatic coefficient, kh, was estimated as  0.15g for these analyses based on the 
method described in Appendix A4. 

V. SPT and CPT-Based Liquefaction Potential Evaluations 

Based on the results of the liquefaction screening analysis, only the CCR materials indicate a possibility 
for liquefaction potential. Therefore, AECOM performed a liquefaction triggering analysis for the CCR 
materials by using SPT and SCPTu data obtained from historic site explorations with particular focus on 
the data collected from the 2016 AECOM subsurface exploration.  The SPT-based liquefaction procedure 
followed the revised methodology by Youd et al. (2001) updated by Idriss and Boulanger (2008, 2014).  
The SCPTu-based liquefaction procedure is based on Youd et al. (2001) and Idriss and Boulanger 
(2008).  The procedure considers a stress-based approach to evaluate the potential for liquefaction 
triggering, and compares calculated earthquake-induced cyclic stress ratios (CSR) with the estimated 
cyclic resistance ratios (CRR) of the soil to establish the factor of safety against liquefaction triggering.   
The liquefaction triggering analysis was performed on the following locations: 

 Borings: B-102, B-103, B-104, B-105, B-106, B-107, B-108, B-109, B-110, B-111, B-112, B-113, 
and B-114 

 CPT Soundings: CP-100, CP-102, , CP-109, CP-110, CP-111, CP-112, and CP-113 

For these borings, the automatic hammer efficiency was equal to 87.2%  The borehole diameter was 
considered to be 4 inches, and the rod stickup was considered to be 5 ft. during drilling. The values of the 
soil’s fines content were determined based on the results of the sieve and hydrometer analyses 
performed as part of the laboratory testing program. Spreadsheets developed by AECOM utilizing the 
SPT and CPT-based procedures given in Idriss and Boulanger (2008, 2014) and in conjunction with SPT 
and CPT data from the available borings and CPT soundings (new data obtained during the 2016 
AECOM investigation) were used for the analyses. The spreadsheets were used calculate a Factor of 
Safety against liquefaction, which is defined as the quotient of the soil’s cyclic resistance ratio (CRR) and 
the cyclic stress ratio (CSR) induced by the earthquake: 
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The CSR at any location is defined as follows: 

where:     
 = cyclic shear stress  
 = effective vertical stress

The maximum cyclic shear stress is estimated using the Seed-Idriss Simplified Liquefaction Procedure, 
which incorporates the Peak Horizontal Ground Acceleration coefficient (PGA), total overburden stress 
(σv), and shear stress reduction factor that accounts for dynamic soil response (rd).  The value of CSR is 
customarily adjusted to a reference σ’v = 1 atm for an earthquake with mean moment Magnitude (M) = 
7.5. 

The CRR is the cyclic resistance ratio at which liquefaction occurs during an earthquake. It is obtained 
from case history-based semi-empirical correlations with SPT or CPT values recorded at sites with level 
ground conditions.  Within the Simplified Procedure, the CRR is a function of a soil’s fines content (FC), 
relative density and effective stress, and penetration resistance (SPT or CPT).  The CRR is also 
dependent on the duration of shaking, and is adjusted to the site-specific design earthquake using a 
Magnitude Scaling Factor (MSF).  Other correction factors to adjust for confinement stress (Kσ) and 
sloping ground (Kα) may also be applied. 

A factor of safety is calculated for each interval within the exploration (each depth at which SPT N-value 
or CPT resistance data is available).  The spreadsheet limits liquefaction factors of safety to 2.0, even if 
the computed factor of safety is higher than 2.0.  Adverse results from the screening procedure are 
generally considered to be grounds for more rigorous evaluation to be performed at a later phase of the 
project.   

The liquefaction potential analyses were based on the following assumptions and input parameters: 

 The operating level of the ash pond is El. 494.5. The phreatic surface within the ash delta, as 
revealed by the various borings drilled as part of the 2016 AECOM exploration and 2015 
Southern Company exploration, varied from about El. 498 to about El. 506. The elevation of 
the groundwater used in the analyses was determined based on the water encountered 
during drilling at each boring or CPT sounding.   

 The cyclic resistance ratio (CRR) is a function of the fines content of any given layer.  Where 
available, laboratory grain size data were used directly to establish the fines content input to 
the analysis at a given interval.  Where specific laboratory data were not available, the 
material descriptions and classifications and/or lab data from other intervals within the same 
boring were utilized to select the fines content.   

 The cyclic resistance ratio (CRR) is also a function of the earthquake moment magnitude.  As 
stated above, ground motions from USGS online Unified Hazard Tool were utilized in the 
liquefaction evaluation.  The design earthquake has a magnitude of M 4.9.  This value was 
used in all spreadsheet analyses.   



 Appendix A3     

Job Plant Scherer – Ash Pond Closure Project No. 60563110 Sheet 6 of 7 
Description Geotechnical Calculations  Computed by SAL / ZAA Date 05/03/2016 
 Liquefaction Potential Evaluation Checked by  Date  

 

AppA3 - Liq_Rev1.doc 

VI. Results 

Spreadsheet outputs are provided in Attachment J-1.  The analyses are broadly summarized in Table A4-
2 below.   

Table A4-2: Summary SPT and CPT-Based Liquefaction Potential Evaluation 

Exploration Type Location 

Significant 
Liquefaction 

In Sluiced 
Ash 

Depth of 
Liquefaction 

B-102 Soil Boring Ash Delta Yes 19.25, 29.25 

B-103 Soil Boring Ash Delta No - 

B-104 Soil Boring Ash Delta No - 

B-105 Soil Boring Pond Free Water Yes 1 

B-106 Soil Boring Pond Free Water Yes 0.75 

B-107 Soil Boring Pond Free Water Yes 0.5 

B-108 Soil Boring Pond Free Water No - 

B-109 Soil Boring Pond Free Water Yes 1 

B-110 Soil Boring Pond Free Water No - 

B-111 Soil Boring Pond Free Water No - 

B-112 Soil Boring Pond Free Water Yes 9.75, 14.75 

B-113 Soil Boring Pond Free Water No - 

B-114 Soil Boring Pond Free Water Yes 0.75 

CP-100 CPT Sounding  No  

CP-102 CPT Sounding  No  

CP-109 CPT Sounding Ash Delta Yes  

CP-110 CPT Sounding Ash Delta Yes  

CP-111 CPT Sounding Ash Delta Yes  

CP-112 CPT Sounding Ash Delta Yes  

CP-113 CPT Sounding Ash Delta Yes  

 

VII. Conclusions 

The following conclusions are made from the analyses: 

 Factors of safety against liquefaction in the sluiced ash range between 0.87 and 2.0 among all 
the explorations analyzed (SPT and CPT).  It is concluded that liquefaction of the ash (specifically 
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those zones of the ash that lie below the pond phreatic surface) is likely at these locations given 
the design earthquake.     

Based on the collective results of the SPT and CPT-based triggering analyses, it is concluded that sluiced 
ash materials within the ash pond may experience liquefaction as a result of the design earthquake.  
Liquefaction and accompanying strength loss in these materials is expected to impact the factor of safety 
against dike stability in the post-liquefaction stability condition that is stipulated by the CCR Rule.  As 
such, there is a need to establish the shear strength of the ash deposit in a liquefied state.  
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B-102

General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR

CSR/(MSF*
Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

N/A
2.00
1.65
1.03
1.08
2.00
1.25
1.47
2.00

#VALUE!
#VALUE!
#VALUE!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =

FC =
ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR CSR/(MSF

*Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

N/A
2.00
2.00
1.37
1.45
1.47
1.24
1.67

#VALUE!
#VALUE!
#VALUE!
#VALUE!
#VALUE!
#VALUE!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =

FC =
ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR CSR/(MSF

*Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

N/A
2.00
1.65
1.71
1.88
1.52
1.46
1.50
1.66

#VALUE!
#VALUE!
#VALUE!
#VALUE!
#VALUE!
#VALUE!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =

FC =
ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

Borehole Diameter (in) =
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SPT Information:
ER (%) =

CE =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR CSR/(MSF

*Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

0.87
2.00
2.00
2.00
2.00
2.00
2.00
1.75
1.22
1.60
2.00
1.74
1.53
1.43
1.48

#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =

FC =
ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR CSR/(MSF

*Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

0.87
1.52
1.45
1.65
2.00

#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =

FC =
ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR CSR/(MSF

*Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

0.87
2.00
2.00
2.00
2.00

#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =

FC =
ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR CSR/(MSF

*Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

2.00
2.00
2.00
2.00
1.37
1.41
2.00
2.00
2.00
2.00
2.00

#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =

FC =
ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR CSR/(MSF

*Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

0.79
2.00
2.00
2.00

#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =

FC =
ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR CSR/(MSF

*Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
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2.00
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#DIV/0!
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#DIV/0!
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 =
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(N1)60cs  =

rd =
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C  =
K  =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR

CSR/(MSF*
Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

2.00
2.00
2.00
2.00

#NUM!
2.00

#NUM!
2.00

#NUM!
#DIV/0!
#DIV/0!
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#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =
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ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=





B-112

General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR

CSR/(MSF*
Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

2.00
2.00
2.00
1.21
1.05
1.16
0.87
1.73
2.00
2.00
2.00
2.00
2.00

#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =

FC =
ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR

CSR/(MSF*
Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

1.68
2.00
2.00
2.00
2.00
2.00
2.00

#NUM!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =

FC =
ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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General Information:
PGA (g) = Surcharge Thickness (ft) Thickness (m)  (pcf) 'vc (psf)

Mw = Embankment
GWT (ft) DURING DRILL = CCR fill
GWT (ft) FOR ANALYSIS = (Table 3, Idriss and Boulanger, 2008) Description

 above GWT (pcf) = + Sample Depth
 below GWT (pcf) = (Table 3, Idriss and Boulanger, 2008)

w (pcf) =

Pa (psf) = MSF =

(Table 3)

Test Hole No.
Sample
Depth

(ft)

Sample
Depth, z

(m)

N
(blows/ft)

USCS
Classification

"Unsaturated"
"Saturated"

or "Clay"

FC
(%)

CR N60
vc

(psf)
u

(psf)
'vc

(psf)
'vc

(kPa)
CN (N1)60 (N1)60 (N1)60cs rd CSR

CSR/(MSF*
Ks) C K CRRM=7.5, 'vc=1atm CRR FSliq

u
(psf)
WITH

GWT AT
ANALYSIS

'vc

(psf)
WITH

GWT AT
ANALYSIS

0.82
2.00
2.00
1.96
2.00

#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!

PGA = CSR =
Mw = CRR =

GWT = FSliq =
 =

Pa =

w =
N =

FC =
ER =
CE =
CB =
CR =
CS =

N60 =

vc =
u =

'vc =
CN =

(N1)60 =
(N1)60cs  =

rd =
MSF =

C  =
K  =

Overburden Correction

CS =

Overburden Correction Fines Content Correction Shear Stress Reduction

Borehole Diameter (in) =

Evaluation of Liquefaction Potential Using SPT-Based Procedure (Idriss and Boulanger, 2008)

SPT Information:
ER (%) =

CE =

Rod Length (ft) =
CB =

Define for
Analysis GWT:

= 60

=
= . 1.7

=
= 1.63 + 9.7+ 0.01 15.7+ 0.01
= +

= 1.012 1.126 sin 11.73 + 5.133
= 0.106 + 0.118 sin 11.28 + 5.142

= +
= 0.65

= 6.9 4 0.058 1.8

= 118.9 2.55 0.3
= 1 1.1

. , = 14.1 + 126 23.6 + 25.4 2.8
= . ,
=
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Appendix A4
Plant Scherer – Ash Pond Closure 60563110 1 7
Geotechnical Calculations SAL 09/10/21
Slope Stability Analysis CAD 09/10/21

I. Objective

II. Development of Cross-Sections for Analysis
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Appendix A
Plant Scherer – Ash Pond Closure 60563110 1
Geotechnical Calculations SAL 07/30/18
Design of Proposed North Berm VKG 08/30/18

I. Objective

II. Selection of Design Geometry

III. Development of Cross-Sections for Analysis
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values were consistent with the model data. It was determined that they were in good agreement for
purposes of this analysis. This comparison is included in the calculations in Appendix A.

The remaining model parameters included site geometry and material characteristics. A standard of one
acre with a minimum slope of two percent with a 300 foot slope length was set up for each analysis as a
representative area for the cover system. With the exception of the three different cover systems
modeled, all other inputs into the model were held constant to facilitate a fair comparison. For purposes
of the comparison, each final cover system was input into the model and the amount of contact water
measured after 100 years was compared. The model presents peak daily results and average annual
results over the 100 year simulation period. Input parameters are included in the output files contained
in Appendix B.

b. HELP Model Assumptions
The following assumptions were made in performing the HELP Model Analysis. For reference, the HELP
Model User’s Guide For Version 4.0 can be found online at:

https://www.epa.gov/land-research/hydrologic-evaluation-landfill-performance-help-model. 

 The geosynthetics materials will be constructed with good quality workmanship and in
accordance with the project CQA Plan.

 The initial water contents of all layers were manually set equal to the default HELP specified field
capacity of the material, which represents the water content of the material after a prolonged
period of gravity drainage. However, it should be noted that for the purpose of calculating
hydraulic flow through the landfill system, the HELP Model automatically assumes that all barrier
layers (final cover barrier layer) are saturated.

 The HELP Model was utilized to synthetically generate temperature, precipitation,
evapotranspiration, and solar radiation data based on a location of Juliette, Georgia. The
evaporative zone depth was conservatively reduced from the default value based on the given
cover system.

 The HELP Model results are independent of the landfill area. A one (1) acre area was considered
for the analysis. Therefore, cover system leakage results are presented as cubic feet per acre per
time period (annual or daily). Results were converted to gallons per acre per time period using
the conversion factor listed below:

 7.48  #   

i. USEPA Final CCR Specified Cover System Material Textures
Cover materials for USEPA CCR Cover system used in the HELP Model were modeled as follows:

 The Erosion Layer was modeled as HELP default texture 10 (USCS
Classification SC) with a vertical percolation layer type and a default
permeability of 1.2x10 4 cm/sec.











 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A 
Final Cover Comparison Calculations  

 
 
 
 
 

  



1 2

KMJ 08/28/18

NSG

HELP Model Average Monthly Water Balance & Contact Water Data

Compare climate data and HELP model results. Determine average daily precipitation, stormwater runoff, and leachate generation due
to percolation through the infiltration layer based on HELP model data.

AECOM Georgia Power Company 60478286

Tel. (330) 836-9111

Review climate data for the site and determine total normal precip, monthly extreme values, and 100 yr/24 hr storm based on local
NOAA data.

Fr
eq

ue
nc

y 
(d

ay
s)

Pr
ec

ip
ita

tio
n 

(in
)

Recurrence Interval (yrs)

Av
er

ag
e 

M
on

th
ly

 V
al

ue
s (

in
)



2 2

KMJ 08/28/18

NSG

2 2

KMJ 01/23/18

Tel. (330) 836-9111

AECOM Georgia Power Company

Tel. (330) 836-9111

AECOM Georgia Power Company

Pr
ec

ip
ita

tio
n 

(in
)

Pr
ec

ip
ita

tio
n 

(in
)



Appendix B
HELP Model Results



HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 4.0 BETA (2018)

DEVELOPED BY USEPA NATIONAL RISK MANAGEMENT RESEARCH LABORATORY
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Peak Values Summary

Title:
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Final Water Storage in Landfill Profile at End of Simulation Period

Title:
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Appendix C 
Soil Loss Test Result on  

Representative Sample of Engineered Turf 
 



TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Project: ASTM D 6459
Client: RPH

Test Date:   4/26/2010
Rainfall Rates: 2,4,6 in/hr (target); 20 minutes at each intensity (60 min. total)

Bed Size & Slope: 8-ft wide x 40-ft long; 3H:1V
Sand Ballast Layer, lbs: 1130 (approximately 1/2-inch thick, hand spread) 

2.36 93 13.13 0.00 0.00
4.65 258 97.99 0.00 0.00
6.57 360 292.43 0.41 0.03

Time 
(min) 

Cumm. 
Rainfall (in)

Cumm. 
Runoff (in)

Peak 
Runoff (cfs) CN1 Rational 

"C"2

20 0.79 0.46 0.013 96.2 0.74
40 2.34 1.76 0.026 94.5 0.76
60 4.53 3.56 0.038 91.3 0.78

CJS 5/5/10

0.04%

Note: The testing is based upon accepted industry practice as well as the test method listed.  Test results reported herein do not apply to samples other than 
those tested.  TRI neither accepts responsibility for nor makes claim as to the final use and purpose 

2. The rational "C" coefficient was determined by solving for C in Q = C I A where Q is the peak discharge rate (cfs), I is the peak rainfall intensity (in/hr) 
and A is the drainage area (acre).

1. The effective runoff curve number was determined by solving for S in the equation Q = [(P-0.2S)2/(P+0.8S)] where Q is the depth of runoff (in) and P is 
the rainfall depth (in).  Then, CN = 1000/(S+10). 
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Description Veneer Stability Analysis Computed by SW Date 08/20/2021 

 Linear component interface friction Checked by VKG Date 08/30/2021 

 

 

I. PURPOSE 
The purpose of this memorandum is to present the results of the veneer stability analysis 
performed for the proposed alternative final cover system in support of the Closure Plan 
submittal for the Plant Scherer.  These calculations are being provided pursuant to the US 
Environmental Protection Agency’s (USEPA) Disposal of Coal Combustion Residuals from 
Electric Utilities, Final Rule (CCR Rules), which became effective on April 17, 2015.  The CCR 
Rules state that there should be a stability assessment of excavated sideslopes and that the 
closure must provide for major slope stability to prevent sloughing or movement of the cover 
system during closure and throughout the post-closure care period.  
 
Veneer stability analyses were performed to estimate the required interface friction angle by 
evaluating the shallow translational failure potential and demonstrate the stability of the final 
cover soils over the cap/cover system geosynthetics under static and seismic conditions using 
limit equilibrium forces and a finite slope model.  The following sections summarize the 
methodology, assumptions, and the results of the analyses.  Figures and calculations are 
provided as attachments and are referenced herein.   

II. CONFIGURATION OF THE FINAL COVER SYSTEM  
Veneer stability was evaluated for the specified final cover system.  Assumptions and 
parameters for the stability models were selected for the analyses, including modeling the 
maximum design grades and longest design slopes.  The proposed alternative cover system will 
consist of the following components (from bottom to top): 

 CCR Material (prepared CCR); 

 40-MIL Textured Flexible Membrane (LLDPE); 

 Geocomposite Drainage Media (GDM); 

 18” Protective Cover Layer; and 

 6” Vegetative Growth Layer. 

 

Figure 1 below depicts the details of the alternative final cover system based on the permit-
level submittal design. 
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Figure 1 – Top and Sideslope  

Alternative Final Cover System 

III. SHALLOW TRANSLATIONAL FAILURE ANALYSIS - METHODOLOGY 
Analysis of the sliding potential of relatively thin cover soil layers (veneer) above both 
geosynthetic and natural soil liners (i.e. geomembranes (GM), geosynthetic clay liners (GCL) and 
compacted soil liners) is important.  This is because the underlying barrier materials generally 
represent a low interface shear strength boundary with respect to the soil placed above them 
and the geosynthetics are oriented precisely in the direction of potential sliding. 

The method used in this analysis closely follows the methods outlined by Koerner and Soong 
(Koerner and Soong, 2005) and is performed by use of limit equilibrium procedures to balance 
the driving forces due to gravity pulling on the cover soils and the resistance to sliding due to 
friction between the underlying subsurface and cover material.  Resistance to sliding is also due 
in part to the toe support (passive wedge) located at the base of the sliding mass.  It is assumed 
that the cover soil is of uniform thickness.  This is conceptually illustrated in Figure 2 below. 
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Figure 2 – Conceptual Veneer Stability Analysis Cross Section/Free Body Diagram 

Where, 

WA = Total Weight of the Active Wedge 
WP = Total Weight of the Passive Wedge 
NA = Effective Force Normal to the Failure Plane of the Active Wedge 
NP = Effective Force Normal to the Failure Plane of the Passive Wedge 
γ = Unit Weight of the Cover Soil 
h = Thickness of the Cover Soil  
L = Length of Slope Measured Along the Geomembrane  

 = Soil Slope Angle beneath the Geomembrane 
 = Friction Angle of the Cover Soil 
 = Interface Friction Angle between Cover Soil and Geomembrane 

CA = Adhesive Force between Active Wedge Cover Soil and Geomembrane 
cA = Adhesion between Active Wedge Cover Soil and the Geomembrane 
C = Cohesive Force along the Failure Plane of the Passive Wedge 
c = Cohesion of the Cover Soil 
EA = Interwedge Force Acting on the Active Wedge from the Passive Wedge 
EP = Interwedge Force Acting on the Passive Wedge from the Active Wedge 
FS = Factor of Safety Against Cover Soil Sliding on the Geomembrane 
 

The shallow translational failure analysis is analyzed by fully satisfying the equilibrium of forces 
in the vertical and horizontal directions.  By taking force summation parallel to the slope and 
comparing the resisting force with the driving or mobilizing forces, a global factor of safety (FS) 
results: 

 

As noted in the procedure proposed in the Koerner and Soong paper (2005), the FS for veneer 
stability (as depicted in Figure 2) is determined by solving the following quadratic equation: 

 

Where, 
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a =  

b =  

c =  

When the calculated FS value falls below 1.0, sliding of the cover soil on the geosynthetics is 
anticipated.   

Veneer stability analyses were performed to evaluate the required minimum interface friction 
angle to demonstrate the stability of the proposed alternative final cover system.  Typically 
slope stability analyses require a static factor of safety between 1.4 and 2.0.  Since the 
subsurface conditions and CCR material properties have been robustly characterized for this 
project, the following FS requirement for long-term static conditions and peak strength was 
used for this analysis:  

• Static Conditions (Peak Strength): FS ≥ 1.50 (long-term conditions) 

In addition to long term static conditions, a number of other loading scenarios representing 
various temporary or extreme conditions were also considered.  These included: 

• Significant deformation along the interface has occurred and residual strength 
conditions have been mobilized. 

• A large stormwater event has occurred and the drainage layer is at full capacity 
allowing buildup of seepage forces in the drainage layer. 

• Additional temporary forces act on the slope such as construction equipment or a 
seismic event. 

For short-term or extreme conditions, a lower factor of safety is usually warranted 
commensurate with the consequences of failure and the duration of the temporary condition.  
A lower factor of safety is also warranted where residual strengths could be mobilized in 
service.  Herein, the following factors of safety were established as minimum values for the 
various temporary/extreme conditions considered: 

• Static Conditions (Residual Strength): FS ≥ 1.10 

• Static Conditions (Full Drainage Layer): FS ≥ 1.10 
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• Static Conditions (Equipment Loads): FS ≥ 1.25 

• Seismic Conditions: FS ≥ 1.00 

The stability analysis for construction equipment loading condition only accounts for the weight 
of the vehicle and assumes very small and gradual acceleration and deceleration on the slope 
such that it can be neglected.  It also assumes placement of the material beginning from the toe 
of slope progressing to the top. 

Note that this analysis is not intended to design and size the drainage layer as it relates to the 
seepage analysis.  The stability analysis including seepage forces assumes the infiltration from 
the design storm will be properly conveyed such that the maximum head within the 
geocomposite drainage layer does not exceed the thickness of the drainage layer. 

IV. SELECTION OF PARAMETERS 
For the final cover system, the following assumptions and design parameters were used.  Slope 
lengths and angles used in all analyses correspond to the maximum (i.e. worst case) values. 

a. Slope Geometry 
The majority of the cover will have maximum cross-slopes of 3 % to 5%.  Short areas of steeper 
slopes will be constructed at the perimeter of the closure footprint. The following slope 
conditions were considered in the veneer stability analyses: 

 

These represent the longest and steepest slopes of the cover system shown on the grading 
plans. Since the shallow slopes (3% and 5%) are anticipated to be stable by inspection, specific 
analyses were only performed for the 20% section.  The conclusions/required interface shear 
parameters for the 20% section will be applied to all areas of the cover that has a shallower 
slope. 

b. Layers 

Interfaces within the cover system are anticipated to be as follows (from bottom to top): 

Condition Slope 
(%)

Height of Slope 
(ft)

Slope Length 
(ft)

1 3% 33.6 1120

2 5% 26 533

3 20% 32 160
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c. CCR Material (prepared CCR) to 40-mil textured LLDPE Membrane; 

d. 40-mil textured LLDPE Membrane to Geocomposite Drainage Layer; 

e. Geocomposite Drainage Layer to protective cover layer; 

f. Protective Cover Layer to vegetative cover layer  

g. Critical Interfaces 
The critical interfaces analyzed represent preferential pathways for mass sliding.  Critical 
interfaces in the cover or liner system are typically between adjacent geosynthetic materials or 
between geosynthetic and soil materials.  The geosynthetics are of negligible thickness so the 
depth to the failure surface does not require adjustment for the individual components when 
they are stacked. 

Geosynthetic Research Institute Report #30 (Koerner and Narejo, 2005) tabulates the results of 
a large number of direct shear tests on geosynthetic-to-geosynthetic and geosynthetic-to-soil 
interfaces.  Review of the data presented in this report indicates that for the final cover system, 
the 40-mil LLDPE membrane to geocomposite drainage layer interface is likely to be the 
interface with lowest interface shear strength.  This interface is therefore considered to be 
critical.  GRI Report #30 presents the following interface strength parameters for this interface: 

Table 1:  Estimated Interface Shear Strengths for LLDPE 
Geomembrane to Geocomposite Interface 

Shear Strength Condition Friction 
Angle (deg) 

Adhesion (psf) 

Peak Strength Condition 26 169 

Residual Strength Condition 17 198 

Two types of analyses were performed: 

1. The basic interface strength properties given in Table 1 were input into the veneer 
stability analyses, and corresponding factors of safety for each loading condition 
were calculated.  For these analyses, friction angles from Table 1 were input directly.  
However, the adhesion was conservatively limited to 50 psf in the analyses.    

2. Combinations of friction angle and adhesion that satisfy the minimum FS 
requirements were calculated for each loading condition.  These “strength 
envelopes” were then plotted and the most conservative envelope developed from 
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the various conditions is used to develop material specifications for use in 
construction. 

h. Material Parameters 
The material parameters used in the veneer stability analyses are tabulated in Table 2. 

Table 2:  Material Parameters 
Parameter Value Comments 

Dry Unit Weight of Protective Cover Soil,  100 pcf Assumed (Typical unit weight) 

Dry Unit Weight of Vegetative Cover Soil,  90 pcf Assumed (Typical unit weight) 

Cohesion of Protective Cover Material, c 0 psf Conservatively assumed  

Cohesion of Vegetative Cover Material, c 0 psf Conservatively assumed  

Moisture Content of Protective Cover Soil, wF  26.0 % Assumed (Typical field conditions) 

Moisture Content of Vegetative Cover Soil, wF 24.0% Assumed (Typical field conditions) 

Minimum Friction Angle of Protective Cover Soil,  25.0° Conservatively assumed (Sand-clay soils) 

Minimum Friction Angle of Vegetative Cover Soil,  25.0° Conservatively assumed (Sand-clay soils) 

Specific Gravity of the Protective Cover Soil, Gs 2.72 Conservatively assumed (Sand-clay soils) 

Specific Gravity of the Vegetative Cover Soil, Gs 2.72 Conservatively assumed (Sand-clay soils) 

i. Drainage Conditions 
The geocomposite drainage layer is currently designed to discharge to channels located at 
various sections of the finished grades.  For static slope stability analysis of the steep slope 
considered (20%), it has been assumed that the alternative final cover soil is fully drained given 
the steep inclination of the slope which should promote effective drainage conditions.  
Therefore, a water depth of 0.08 foot was assumed over the geocomposite drainage layer.  For 
seismic (pseudo-static) conditions for all design slope grades, it has been assumed that the 
alternative cover system is fully drained. 

j. Seismic Coefficient 
The seismic analysis evaluates the cover system’s response to the design earthquake, which is 
considered an event with a probability of exceedance of 2 percent in 50 years, and corresponds 



     
Job GPC Plant Scherer Ash Pond Project No. 60563110 Sheet 8 of 11 

Description Veneer Stability Analysis Computed by SW Date 08/20/2021 

 Linear component interface friction Checked by VKG Date 08/30/2021 

 

 

to an event with an approximate 2,500-year (2,475-year) return period.  Utilizing the Koerner 
and Soong method described above, horizontal and vertical forces may be applied to determine 
the impact of such an event; though the vertical seismic coefficient typically has little impact to 
the calculated FS.  Therefore, the seismic loading conditions FS is based on peak strength and 
horizontal peak ground acceleration. 

It was determined that the design horizontal peak ground acceleration for the site was 0.15g.  
This coefficient was applied to veneer stability analyses to determine the FS of the sliding mass 
under seismic loading conditions. 

V. RESULTS OF ANALYSES 
Five conditions were evaluated with regard to the stability of the proposed alternative cover 
system, for both the 20% slope section: 

1. Static conditions of the cover system (no water present within the cover system). 

2. Static conditions with a full geocomposite drainage layer (0.08-ft depth of 
water).   

3. Static conditions with equipment loading on the cover system (CAT D8 Dozer). 

4. Seismic conditions with a horizontal peak ground acceleration of 0.150g 
assuming that the cover system is fully drained (no water is present in the cover 
system). 

5. Static conditions of the cover system utilizing the residual strength parameters 
of the soil (no water present within the cover system) 

The results of the analyses for the first analysis using the basic interface shear strength 
properties given in Table 1 are summarized in Table 3 below. Results of analyses for the second 
analysis in which minimum combinations of friction angle and adhesion are calculated are given 
in Figure 2.  Detailed calculations of the 20% grades are included as Attachment A.   
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Table 3 – Calculated Factors of Safety Using Interface 
Properties From GRI Report #30  

Loading Condition Slope Required 
FS 

Calculated 
Factor of 

Safety 
Static  

(No water on 
Geocomposite) 

20% 1.50 3.57 

Static 
(Water on 

Geocomposite) 
20% 1.10 2.45 

Static 
(Equipment loading) 20% 1.25 3.24 

Pseudo-static 
(Seismic loading) 20% 1.00 1.96 

Static 
(Residual Strength) 20% 1.10 2.66 
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Figure 2.  Minimum Interface Strength Envelope For 20% Slope 

The analyses indicate that using the basic interface shear strength parameters sourced from 
GRI Report #30, factors of safety are well above minimum required values for all loading 
conditions. Minimum peak and residual friction angles are 26.5 and 19.2 degrees for the 20% 
slope.  Pre-construction testing with the actual materials is anticipated to be conducted to 
verify that the materials used exhibit interface properties above the minimum shear strength 
envelopes.   

VI. TESTING REQUIREMENTS 
The minimum interface friction angle calculated can be met with a proper selection of 
geosynthetic components.  However, pre-construction testing will be required to verify that the 
materials used exhibit interface properties above the minimum shear strength parameters 
recommended.   

It is essential that interface strength testing is performed using the site-specific construction 
materials to verify the minimum friction angle requirements (identified in this calculation) are 
met for the typical closure system or alternate closure system components.  Specifically, the 
following interfaces should be tested using ASTM D 5321 or other approved procedures: 

 Prepared subgrade (interim cover or existing/re-worked ash) against geomembrane; 

 Geomembrane against geocomposite; and 

 Geocomposite against the protective cover soil. 

Several products which may be considered as geomembranes or geocomposite drainage layers 
have different texturing on each side.  Care should be taken to ensure that testing is performed 
on interfaces as they will be constructed in the field.  Furthermore, it is critical that construction 
procedures be put in place to ensure the materials are oriented to reflect the alignment under 
test conditions.  Any of these interface combinations may result in the most critical interface 
strength condition and each condition should be properly tested and evaluated. 

The normal loads used during friction testing should be similar to the normal loads that will be 
imposed on the cover system.   

A valid interpretation of interface friction testing results is very important.  One method of 
reviewing interface friction testing results is to superimpose a line on a graph of shear stress at 
failure versus normal load with a slope angle equal to the required interface friction angle and a 
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y-intercept of 0.  The interfaces are expected to be stable for veneer stability for those normal 
loads where the reported interface friction envelope is higher than the superimposed line. 

VII. CONCLUSIONS 
The longest and steepest slopes within the proposed final Closure Plan submittal for the Plant 
Scherer footprint were analyzed for veneer stability to determine the minimum required shear 
strength parameters for the proposed alternative cap system.  It is shown that a lower 
minimum internal friction angle is achievable for slopes proposed at 20% or shallower – i.e., the 
envelope shown in Figure 2.    

The minimum interface shear strength requirements are within a reasonable range for the type 
of materials specified in the design, as indicated by the results given in Table 3.  The actual 
materials used in construction are anticipated to undergo preconstruction interface testing as 
part of the construction project. The results of these tests will verify that the minimum 
interface shear strengths are exhibited by all the applicable cap materials.  It is the 
responsibility of the project’s design and construction certifying engineer to verify that the 
materials meet the minimum requirements specified for interface strength as part of this 
analysis.  This testing and verification are outside the current scope of work. 

For construction materials including the protective cover and final vegetative cover, no test 
results verifying the shear strength characteristics of the materials were available.  It is the 
responsibility of the project’s design and construction certifying engineer to verify that the 
materials meet the minimum requirements assumed herein. This testing and verification are 
outside the current scope of work. 
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ATTACHMENT A 
 Veneer Stability Analysis Calculations 

– 20% Slope 
 



1 11

SW 08/20/18

VKG 08/31/18

Objective:

Method:

Procedure:

Determine:  Static factor of safety for cover system based on gravitational forces only and peak strength.

Assumptions:

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters Source
VC CS
0.5 1.5

90.0 100.0
24.0 26.0

Reference Stress 240.0 pcf
25.0 25.0
0.0 0.0

11.31
32.0

26.0
50.0
1.50

Tel. (330) 836-9111
NA

Figure 1

AECOM Georgia Power Company 60563110

cover
system

Analysis and Design of Veneer Cover
Soils Geosynthetics International,

cover system
cover system

Figure 1



2 11

SW 8/20/18

VKG 8/31/18

Active Wedge Calculations

       37,387 lbs. 36,661 lbs.

7,648 lbs. (9,687) lbs.

Passive Wedge Calculations

1,273 lbs. -   lbs.

430 lbs. 1,357 lbs.

Static Factor of Safety

     1,410  lbs./ft.
FSR = 1.50
FSA = 3.57

Min. Resid. 26.0 deg
Min. Resid. ca 50.0 psf

  458  lbs./ft.

Tel. (330) 836-9111
NA

AECOM Georgia Power Company 60563110

Determine the total weight of the active wedge (WA),the effective force normal to the failure plan of the active wedge (NA), the
adhesive force between the cover soil of the active wedge and the geomembrane (Ca), and the interwedge force acting on the
active wedge from the passive wedge (EA) using the following eqs:

Determine the total weight of the passive wedge (WP),the effective force normal to the failure plan of the passive wedge (NP),
the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge (EP)
using the following eqs:

Determine the calculated Factor of Safety (FSA) using a quadratic equation relationship where the constants are defined as
follows:

Allow Exceeds Req'd - OK

(5,157)  lbs./ft.
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3 11

SW 8/20/18

VKG 8/31/18

Determine:  Static factor of safety for cover system based on peak strength and additional seepage forces.
Procedure:

Assumptions:

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters Source

2.72 2.72

0.08

1.10

AECOM Georgia Power Company 60563110

Tel. (330) 836-9111
NA

Figure 2

cover system

cover system
Figure 1

Figure 2



4 11

SW 8/20/18

VKG 8/31/18

Active Wedge Calculations

31,164 lbs.

0.22 lbs. 831 lbs.

29,728 lbs.

(5,736) lbs.

Passive Wedge Calculations

   1,014 lbs. 1.1 lbs.

1027 lbs.

Static Factor of Safety w/ Seepage Forces

5,993  lbs./ft.
FSR = 1.10

(15,249)  lbs./ft. FSA = 2.45
Min. Peak 26.0 deg

1,326  lbs./ft. Min. Peak ca 50.0 psf

AECOM Georgia Power Company 60563110

Determine the total weight of the active wedge (WA),  resultant of the pore pressures acting on the interwedge surfaces (Uh),
resultant of the pore pressures acting perpendicular to the slope (Un),  the effective force normal to the failure plan of the
active wedge (NA), and the interwedge force acting on the active wedge from the passive wedge (EA) using the following eqs:

Determine the total weight of the passive wedge (WP),  resultant of the vertical pore pressures acting on the passive wedge
(UV), and  the interwedge force acting on the pass wedge from the active wedge (EP) using the following eqs:

Determine the calculated Factor of Safety (FSA) using a quadratic equation relationship where the constants are defined as
follows:

Allow Exceeds Req'd - OK
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5 11

SW 8/20/18

VKG 8/31/18

Determine:  Static factor of safety for cover system based on peak strength and additional equipment loads.
Procedure:

Assumptions:
Figure 3

Equipment Parameters Source

87,733 Typical weight of CAT D8 dozer
10.50
2.80

AECOM Georgia Power Company 60563110

NA

Figure 4 Figure 5

Typical track dimensions of CAT D8 dozer

Tel. (330) 836-9111

cover system

cover system
Figure 1

Figure 3



6 11

SW 8/20/18

VKG 8/31/18

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters Source

1.25

Active Wedge Calculations

lbs. lbs.

7,648 lbs. (15,877) lbs.

Passive Wedge Calculations

lbs. -   lbs.

523 lbs. 1,375 lbs.

AECOM Georgia Power Company 60563110

Determine the total weight of the active wedge (WA),the effective force normal to the failure plan of the active wedge (NA), the
adhesive force between the cover soil of the active wedge and the geomembrane (Ca), and the interwedge force acting on the
active wedge from the passive wedge (EA) using the following eqs:

52,326 51,310

Tel. (330) 836-9111

Determine the total weight of the passive wedge (WP),the effective force normal to the failure plan of the passive wedge (NP),
the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge (EP)
using the following eqs:

1,273

NA
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7 11

SW 8/20/18

VKG 8/31/18

Static Factor of Safety w/ Equipment Load

       1,973  lbs./ft.
FSR = 1.25
FSA = 3.24

Min. Peak 26.0 deg
Min. Peak ca 50.0 psf

586  lbs./ft.

AECOM Georgia Power Company 60563110

Determine the calculated Factor of Safety (FSA) using a quadratic equation relationship where the constants are defined as
follows:

Allow Exceeds Req'd - OK

(6,584)  lbs./ft.
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8 11

SW 8/20/18

VKG 8/31/18

Determine:  Static factor of safety for cover system based on peak strength and additional seismic loads.
Procedure:

Assumptions:

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters Source

Min. req. shear strength parameters

0.150 PGA for 2% Exceedance in 50 Years

1.00 Min. req. FS for seismic conditions

AECOM Georgia Power Company 60563110

Tel. (330) 836-9111
NA

Figure 6

cover
system

cover system
Figure 1

Figure
6



9 11

SW 8/20/18

VKG 8/31/18

Active Wedge Calculations

lbs. lbs.

7,648 lbs. lbs.

Passive Wedge Calculations

lbs. -   lbs.

453 lbs. 1,361 lbs.

Seismic Factor of Safety

      12,845  lbs./ft.
FSR = 1.00
FSA = 1.96

Min. Peak 26.0 deg
Min. Peak ca 50.0 psf

2289  lbs./ft.

AECOM Georgia Power Company 60563110

Tel. (330) 836-9111

1,273

Determine the calculated Factor of Safety (FSA) using a quadratic equation relationship where the constants are defined as
follows:

Allow Exceeds Req'd - OK

(26,299)  lbs./ft.

NA

Determine the total weight of the active wedge (WA),the effective force normal to the failure plan of the active wedge (NA), the
adhesive force between the cover soil of the active wedge and the geomembrane (Ca), and the interwedge force acting on the
active wedge from the passive wedge (EA) using the following eqs:

37,387 36,661

38,580

Determine the total weight of the passive wedge (WP),the effective force normal to the failure plan of the passive wedge (NP),
the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge (EP)
using the following eqs:
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10 11

SW 8/20/18

VKG 8/31/18

Determine:  Static factor of safety for liner system based on residual strength.
Procedure:

Assumptions:

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters Source

Reference Stress 240.0 psf

17.0

50.0
1.10 Min. req. FS

Active Wedge Calculations

37,387 lbs. 36,661 lbs.

7,648 lbs. (9,810) lbs.

Figure 7

Residual strength parameters for membrane
to geocomposite from GRI database

Determine the total weight of the active wedge (WA),the effective force normal to the failure plan of the active wedge (NA), the
adhesive force between the cover soil of the active wedge and the geomembrane (Ca), and the interwedge force acting on the
active wedge from the passive wedge (EA) using the following eqs:

AECOM Georgia Power Company 60563110

Tel. (330) 836-9111
NA

cover
system

cover system
Figure 7
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SW 8/20/18

VKG 8/31/18

Passive Wedge Calculations

1,273 lbs. - lbs.

601 lbs. 1,390 lbs.

Static Factor of Safety for Residual Strength

     1,410  lbs./ft.

FSR = 1.10
FSA = 2.66

Min. Resid. 17.0 deg
Min. Resid. ca 50.0 psf

  338  lbs./ft.

Allow Exceeds Resid. - OK

(3,874)  lbs./ft.

Determine the total weight of the passive wedge (WP),the effective force normal to the failure plan of the passive wedge (NP),
the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge (EP)
using the following eqs:

Determine the calculated Factor of Safety (FSA) using a quadratic equation relationship where the constants are defined as
follows:
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AECOM Georgia Power Company 60563110
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Description Final Cover System Computed by APM Date 10/29/18 
 Geocomposite Design Checked by SCW Date 08/30/21 

 

I. PURPOSE 

The purpose of this analysis is to calculate the required transmissivity of the proposed alternative final 
cover system geocomposite.  The following sections summarize the methodology, assumptions, and 
results of the alternative final cover system geocomposite design for the proposed Plant Scherer Ash 
Pond closure system located at Georgia Power’s Plant Scherer. For further detail on the specific 
calculations performed, refer to the corresponding input/output data provided in the attachments. 

II. METHODOLOGY 
Slope geometry and cover system materials were established from the proposed permit design drawings 
and are summarized below.  

The cap system will be installed at the final surface of the crest and sideslopes overlying the waste 
material. The proposed maximum sideslope angle for the proposed cap system is 5 Horizontal to 1 
Vertical (5H:1V). However, for the proposed cap system’s Geocomposite design, the governing condition 
on the site is a 10H:1V letdown slope that is approximately 250 feet long, with a storm water channel 
along the perimeter of the closure area. Water collected in the Geocomposite will be drained into the 
stormwater channels. 

Layers and layer thicknesses for the alternative final cover system cap are anticipated as follows: 

Table 1.  Layer Summary for the Alternative Final Cover System 
THICKNESS LAYER 
Final Cover 

6 in Vegetative Cover Soil 
18 in Protective Cover Soil 
n/a Geocomposite Drainage Layer 
n/a Textured Geomembrane 

n/a – thickness of layer is small (negligible) 

The geocomposite must be designed to transmit the expected flow of water into the geocomposite 
through the overlying cover soil.  It is assumed that the maximum flow into the geocomposite will occur 
when the overlying soil is saturated. The cover soil was modeled with a conservative long-term 
permeability (kc) of 5x10-5 cm/sec. The following equation can be used to model the relationship 
between the average head level in the geocomposite (havg), the slope length (L) and angle (β), the 
permeability of the cover soil (kc) and the required permeability of the geocomposite (kd).: 
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The minimum required transmissivity (Tdesign) of the geocomposite drainage layer is determined by 
limiting the average head (havg) on the drainage layer to the thickness of the drainage layer (td).  For the 
purpose of calculations, a geocomposite thickness of 0.64 cm (0.3 in or 300 mils) was utilized. Limiting 
the average head to the approximate thickness of the drainage layer ensures drainage occurs within the 
drainage layer. 

The minimum required transmissivity (Tdesign) of the geocomposite is calculated using the following 
equation (from “Designing with GRI Standard GC8,” Narejo and Richardson, 2003): 

 

Where, 

td = Thickness of the Drainage Layer 
 

A factor of safety is then applied to Tdesign to obtain the allowable transmissivity (Tallow) (from “Designing 
with GRI Standard GC8,” Narejo and Richardson, 2003), as shown in the equation below: 
 

 

Reduction factors are then applied to the allowable transmissivity (Tallow), which represents long-term in-
situ conditions. The decrease in flow capacity from the minimum required transmissivity (Tspec) to the 
long-term in-situ conditions is described by reduction factors (RF) as given in “GSI White Paper #4: 
Reduction Factors Used in Geosynthetic Design” (Koerner and Koerner, 2005). The equation below was 
used to determine Tspec: 

 

Substituting equation (3) and solving for Tspec: 
 

 
 
Typical values for reduction factors for landfill covers from Koerner and Koerner (2005) and Narejo and 
Richardson (2003) are included in Attachment A.  Values chosen for reduction factors were taken from 
the range of values presented and are summarized below: 
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Table 2.  Reduction Factor Summary 
REDUCTION FACTOR VALUE COMMENTS 

Intrusion, RFIN 1.0 Boundary conditions during laboratory testing will 
account for intrusion; 1.0 recommended by Narejo 
(2004) – included in Attachment A 

Creep, RFCR 1.1 Low loading conditions from Koerner (2005) 
Chemical Clogging, RFCC 1.2 Potential for some precipitate from onsite cover soil 

(clay from weathered limestone) 
Biological Clogging, RFBC 2.3 Middle of range from Narejo (2004) 
Drainage Factor of Safety, FS 2 Conventionally between 2 and 3 from Narejo (2004) 

 

III. RESULTS OF ANALYSIS 
As discussed in Section II, the geocomposite drainage layer must be selected with adequate 
transmissivity to limit the depth of flow to the thickness of the geocomposite. Conservative assumptions 
regarding factors of safety, reduction factors, and the assumed saturated hydraulic conductivity of the 
overlying soils are considered when calculating the specified minimum transmissivity of the alternative 
final cover system geocomposite. 

The design drainage length is approximately 250 feet (length of longest slope) before daylighting into 
the perimeter channel. The minimum transmissivity required to maintain drainage inside the 
geocomposite on the 10H:1V slopes is 2.31 x 10-3 m2/sec. This is the minimum required value for 
testing and manufacturer’s specifications, (Tspec).  Refer to Attachment B for supporting calculations. 

IV. REFERENCES 
 
Narejo, D. and Richardson, G. (2003), “Designing with GRI Standard GC8.” GFR, vol. 21, no. 6, pp. 20–23. 
 
Koerner, R. M. and Koerner, G. R. (2005), “GSI White Paper #4 Reduction Factors (RFs) Used in 
Geosynthetic Design.” Geosynthetic Institute. 
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Georgia Power Plant Scherer - Ash Pond Closure AECOM

Symbol Values Units

11.31 degrees 20.0 %

L 4,877 cm 160 feet

kd 1.60E+00 cm/sec

td 0.76 cm 0.25 inches

kc 5.00E-05 cm/sec

tc 60.96 cm 2 feet

RFIN 1.00

RFCR 1.10

RFCC 1.20

RFBC 2.30

FS 2.00

Tdesign 1.22E-04 m2/sec

Tspec 7.40E-04 m2/sec

Middle of range from Narejo (2004)

Precipitate not anticipated

Reduction Factor for biological clogging

Spec./Lab Transmissivity =ΣRF*Tdesign*FS

Conservative long term cover permeability

Design/Minimum Transmissivity =kd*Td

minimum 250 mil geocomposite or as required

Factor of Safety

thickness of protective material

Reduction Factor for intrusion

FINAL COVER SYSTEM
GEOCOMPOSITE DESIGN CALCULATIONS

US units

longest length between drainage outlets to be conservative 

Description

input percent slope in US units cell

slope length

angle of slope

Comments

permeability of drainage layer

Reduction Factor for chemical clogging

Conservative, 2 is standard

Narejo (2004)

Low loading conditions

Value required to make h avg = t d 

Reduction Factor for creep

permeability of protective material

thickness of drainage layer

Updated 9/2/2021 at 5:05 PML:\DCS\Projects\L-URS\Jobs4\_Projects\SCS CCP\Scherer GA_EPD_CCR Permitting (60563110)\9.0 Calculations\Geocomposite Analysis\Final Cover Geocomposite Design_Scherer_Calcs - REV 082721.xls



Second Edition

250 mil Double-sided Composite with 6 or 8 oz. Geotextile
Boundary Conditions = Geomembrane/Geocomposite/Geomembrane

250 mil Double-sided Composite with 6 or 8 oz. Geotextile
Boundary Conditions = Soil/Geocomposite/Geomembrane
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Attachment B   
HydroCAD Model Output 
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Attachment C   
Hydraulic Calculations 



Channel
Min. Channel
Depth (ft)

Channel
Bottom
Width (ft)

Channel Side
Slopes

Channel
Slope (ft/ft)

Approx.
Length (ft)

Min. Turn Radius
into Downstream

Channel (ft) Armoring

Armoring
Thickness

(in)
Armoring
Depth (ft) Bedding

HydroCAD
Model Design Storm

Peak Inflow
(ft3/s) Manning's n

Max
Velocity
(ft/s)

Max Shear
(lb/ft2)

Allowable Shear
(lb/ft2)

Froude
Number

Peak Flow
Depth
(ft)

Turn Radius
Bend Run up

(ft)
Freeboard

(ft) Notes



Notes:
 1. All values calculated using Hydraulic Toolbox which u lized the methodology and equa ons found in HEC-15.

2. Riprap proposed for channels with a minimum turn radius to extend all the way through the proposed turn.



Channel

Min.
Channel
Depth (ft)

Channel
Bottom
Width (ft)

Channel
Side Slopes

Channel
Slope (ft/ft)

Approx.
Length (ft)

Min. Turn Radius
into

Downstream Armoring

Armoring
Thickness

(in)
Armoring
Depth (ft) Bedding

HydroCAD
Model Design Storm

Peak Inflow
(ft3/s) Manning's n

Max
Velocity
(ft/s)

Max Shear
(lb/ft2)

Allowable Shear
(lb/ft2)

Froude
Number

Peak Flow
Depth
(ft)

Turn Radius
Bend Run up

(ft)
Freeboard

(ft) Notes

Notes:
 1. All values calculated using Hydraulic Toolbox which u lized the methodology and equa ons found in HEC-15.

2. Riprap proposed for channels with a minimum turn radius to extend all the way through the proposed turn.



Closure Culvert Summary Table
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Attachment D   
Berry Creek HEC-RAS Analysis 
 





























Step Description Elevation
[ft]

Note









100-year WSE
100-year Velocity 
(channel)

100-year Velocity 
(left bank)

100-year Velocity 
(right bank) 100-year WSE

100-year Velocity 
(channel)

100-year Velocity 
(left bank)

100-year Velocity 
(right bank) 100-year WSE

100-year Velocity 
(channel)

100-year Velocity 
(left bank)

100-year Velocity 
(right bank) 100-year WSE

100-year Velocity 
(channel)

100-year Velocity 
(left bank)

100-year Velocity 
(right bank)

16826
16420

16116.23
15911.28

15500
14972.92
14635.58
14500.01
14123.17

14002.89 (IS)
13901.95
13556.14

13000
12500
12000

11575.16
11425.73

11355.86 (IS)
11268.37
11042.48

10500
10000

9993.515
9500
9000
8500
8027

7572.894
7500
7000
6589
5837

5764.549
5500
5047

4926.686
4926 (IS)
4801.57

4500
3920
3500
3000
2500

2261.414
2260 (BR)

2000
1500
1000
500

Cross Section Notes

Schnabel Model (pre-closure) AECOM Model (pre-closure, regression equations) AECOM Model (pre-closure, HydroCAD inflows) AECOM Model (post-closure, HydroCAD inflows)
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HEC-RAS  Plan: Close   River: Berry Creek   Reach: Reach-1
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Flow Area Top Width Froude # Chl Vel Chnl Vel Left Vel Right Shear Chan Shear LOB Shear ROB

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft/s) (ft/s) (ft/s) (lb/sq ft) (lb/sq ft) (lb/sq ft)
Reach-1 16826   2 year 194.00 403.75 407.34 406.73 407.81 0.010283 43.80 39.58 0.64 5.53 0.53 0.42 1.36 0.25 0.17
Reach-1 16826   5 year 287.00 403.75 407.86 407.42 408.44 0.010511 67.14 53.55 0.66 6.38 0.87 0.59 1.70 0.44 0.29
Reach-1 16826   10 year 377.00 403.75 408.26 407.85 408.95 0.010898 93.74 80.29 0.69 7.08 0.91 0.67 2.00 0.50 0.32
Reach-1 16826   25 year 516.00 403.75 408.74 408.57 409.53 0.011066 139.76 107.47 0.71 7.83 1.09 0.79 2.34 0.67 0.46
Reach-1 16826   50 year 637.00 403.75 409.09 409.03 409.95 0.011203 180.49 120.53 0.73 8.36 1.18 0.98 2.59 0.84 0.62
Reach-1 16826   100 year 767.00 403.75 409.42 409.26 410.33 0.011419 221.52 137.43 0.74 8.87 1.30 1.05 2.84 0.97 0.70
Reach-1 16826   200 year 976.00 403.75 409.85 409.71 410.81 0.011422 282.85 146.78 0.76 9.45 1.52 1.21 3.12 1.22 0.87
Reach-1 16826   500 year 1331.00 403.75 410.44 410.34 411.51 0.012063 375.88 169.18 0.79 10.47 1.78 1.39 3.70 1.57 1.08

Reach-1 16420   2 year 194.00 399.70 403.92 404.10 0.003498 78.31 79.45 0.37 3.43 0.34 0.24 0.51 0.09 0.06
Reach-1 16420   5 year 287.00 399.70 404.47 404.68 0.003474 136.25 130.33 0.39 3.87 0.47 0.30 0.61 0.15 0.06
Reach-1 16420   10 year 377.00 399.70 404.86 405.08 0.003478 201.02 201.84 0.39 4.18 0.56 0.34 0.68 0.17 0.08
Reach-1 16420   25 year 516.00 399.70 405.29 405.55 0.003715 302.16 272.58 0.41 4.67 0.62 0.42 0.82 0.24 0.11
Reach-1 16420   50 year 637.00 399.70 405.58 405.84 0.003770 384.51 310.12 0.42 4.93 0.73 0.48 0.89 0.30 0.14
Reach-1 16420   100 year 767.00 399.70 405.86 406.12 0.003724 479.23 367.86 0.42 5.11 0.80 0.55 0.94 0.35 0.15
Reach-1 16420   200 year 976.00 399.70 406.23 406.49 0.003796 625.43 426.15 0.43 5.44 0.90 0.59 1.04 0.43 0.19
Reach-1 16420   500 year 1331.00 399.70 406.66 406.95 0.004147 820.25 470.71 0.46 6.01 1.08 0.69 1.23 0.57 0.28

Reach-1 16116.23 2 year 194.00 399.00 402.08 401.96 402.31 0.006666 152.19 278.22 0.52 4.64 0.53 0.48 0.94 0.22 0.19
Reach-1 16116.23 5 year 287.00 399.00 402.39 402.22 402.59 0.005897 241.36 286.54 0.50 4.73 0.58 0.63 0.94 0.24 0.28
Reach-1 16116.23 10 year 377.00 399.00 402.61 402.36 402.80 0.005939 303.75 289.21 0.51 4.99 0.64 0.75 1.02 0.28 0.36
Reach-1 16116.23 25 year 516.00 399.00 402.91 402.55 403.09 0.005923 389.78 294.49 0.52 5.31 0.69 0.89 1.12 0.32 0.46
Reach-1 16116.23 50 year 637.00 399.00 403.13 402.68 403.32 0.005995 457.42 310.36 0.53 5.59 0.74 0.98 1.21 0.35 0.53
Reach-1 16116.23 100 year 767.00 399.00 403.35 402.79 403.54 0.006129 526.95 319.28 0.54 5.88 0.79 1.06 1.31 0.39 0.61
Reach-1 16116.23 200 year 976.00 399.00 403.68 403.87 0.005977 631.68 324.13 0.54 6.15 0.85 1.18 1.39 0.44 0.71
Reach-1 16116.23 500 year 1331.00 399.00 404.14 404.35 0.005998 788.05 345.54 0.55 6.63 0.70 1.35 1.56 0.33 0.88

Reach-1 15911.28 2 year 194.00 396.90 400.49 399.57 400.71 0.005572 76.54 168.21 0.47 3.81 0.24 0.26 0.67 0.07 0.07
Reach-1 15911.28 5 year 287.00 396.90 400.97 401.16 0.004219 197.86 315.71 0.43 3.83 0.35 0.41 0.63 0.10 0.13
Reach-1 15911.28 10 year 377.00 396.90 401.29 401.45 0.003635 303.81 351.20 0.40 3.85 0.43 0.50 0.61 0.14 0.17
Reach-1 15911.28 25 year 516.00 396.90 401.65 401.80 0.003281 436.54 377.44 0.39 3.96 0.52 0.61 0.62 0.18 0.22
Reach-1 15911.28 50 year 637.00 396.90 401.92 402.07 0.003172 540.42 397.16 0.39 4.11 0.60 0.66 0.65 0.22 0.25
Reach-1 15911.28 100 year 767.00 396.90 402.17 402.32 0.003099 642.35 415.33 0.39 4.26 0.67 0.70 0.68 0.26 0.28
Reach-1 15911.28 200 year 976.00 396.90 402.54 402.68 0.002921 795.28 423.17 0.39 4.40 0.75 0.79 0.71 0.30 0.32
Reach-1 15911.28 500 year 1331.00 396.90 403.09 403.23 0.002696 1034.46 434.85 0.38 4.61 0.86 0.89 0.74 0.37 0.38

Reach-1 15500   2 year 194.00 394.43 398.38 398.53 0.002877 129.08 219.92 0.36 3.36 0.31 0.24 0.47 0.07 0.05
Reach-1 15500   5 year 287.00 394.43 398.84 398.98 0.002575 250.98 284.23 0.35 3.52 0.42 0.34 0.49 0.12 0.09
Reach-1 15500   10 year 377.00 394.43 399.15 399.28 0.002492 338.80 286.55 0.35 3.68 0.52 0.44 0.52 0.17 0.13
Reach-1 15500   25 year 516.00 394.43 399.54 399.67 0.002453 451.54 289.50 0.35 3.92 0.63 0.56 0.57 0.22 0.19
Reach-1 15500   50 year 637.00 394.43 399.84 399.97 0.002442 537.31 291.45 0.35 4.10 0.71 0.64 0.61 0.27 0.23
Reach-1 15500   100 year 767.00 394.43 400.12 400.26 0.002435 621.42 293.23 0.36 4.28 0.78 0.71 0.65 0.31 0.26
Reach-1 15500   200 year 976.00 394.43 400.54 400.68 0.002428 744.58 295.83 0.36 4.54 0.88 0.80 0.71 0.37 0.32
Reach-1 15500   500 year 1331.00 394.43 401.18 401.33 0.002393 934.83 299.31 0.37 4.89 1.02 0.93 0.79 0.46 0.40

Reach-1 14972.92 2 year 194.00 392.80 395.93 395.10 396.31 0.007998 40.27 23.27 0.56 4.90 0.37 1.07 0.05
Reach-1 14972.92 5 year 287.00 392.80 396.52 395.65 396.98 0.007677 81.30 122.90 0.57 5.56 0.41 0.37 1.28 0.15 0.14
Reach-1 14972.92 10 year 377.00 392.80 396.98 396.44 397.41 0.006517 166.73 253.26 0.54 5.65 0.42 0.59 1.26 0.16 0.26
Reach-1 14972.92 25 year 516.00 392.80 397.56 397.19 397.85 0.004525 314.36 260.04 0.46 5.22 0.64 0.74 1.02 0.27 0.33
Reach-1 14972.92 50 year 637.00 392.80 397.94 397.40 398.18 0.003899 413.03 262.79 0.43 5.15 0.74 0.82 0.96 0.32 0.37
Reach-1 14972.92 100 year 767.00 392.80 398.28 397.59 398.51 0.003554 504.34 265.06 0.42 5.17 0.82 0.89 0.94 0.37 0.41
Reach-1 14972.92 200 year 976.00 392.80 398.76 397.81 398.98 0.003253 632.96 267.43 0.41 5.28 0.93 0.98 0.95 0.43 0.46
Reach-1 14972.92 500 year 1331.00 392.80 399.47 398.18 399.68 0.002983 823.95 270.58 0.40 5.51 1.08 1.11 0.99 0.52 0.54

Reach-1 14635.58 2 year 194.00 389.59 393.87 393.94 0.001194 91.30 34.28 0.23 2.12 0.19
Reach-1 14635.58 5 year 287.00 389.59 394.56 394.65 0.001349 116.44 38.20 0.25 2.46 0.24
Reach-1 14635.58 10 year 377.00 389.59 395.08 395.20 0.001450 151.62 127.12 0.26 2.74 0.07 0.12 0.29 0.01 0.02
Reach-1 14635.58 25 year 516.00 389.59 395.73 395.86 0.001383 258.60 180.33 0.26 2.99 0.20 0.29 0.33 0.03 0.06
Reach-1 14635.58 50 year 637.00 389.59 396.18 396.32 0.001348 342.92 194.58 0.26 3.17 0.26 0.39 0.36 0.05 0.09
Reach-1 14635.58 100 year 767.00 389.59 396.58 396.73 0.001346 423.82 205.97 0.27 3.36 0.32 0.47 0.39 0.07 0.12
Reach-1 14635.58 200 year 976.00 389.59 397.13 397.30 0.001358 541.29 217.53 0.27 3.62 0.39 0.57 0.44 0.09 0.17
Reach-1 14635.58 500 year 1331.00 389.59 398.04 398.22 0.001282 744.63 231.89 0.27 3.90 0.51 0.70 0.48 0.14 0.22

Reach-1 14500.01 2 year 194.00 389.41 393.33 393.56 0.004694 50.94 23.47 0.44 3.85 0.15 0.29 0.65 0.03 0.08
Reach-1 14500.01 5 year 287.00 389.41 393.94 394.26 0.004744 66.45 27.38 0.46 4.51 0.36 0.46 0.83 0.11 0.16
Reach-1 14500.01 10 year 377.00 389.41 394.37 394.77 0.005208 79.33 42.59 0.49 5.16 0.50 0.50 1.04 0.19 0.08
Reach-1 14500.01 25 year 516.00 389.41 394.89 393.61 395.42 0.005709 122.19 100.62 0.53 5.95 0.57 0.46 1.31 0.24 0.16
Reach-1 14500.01 50 year 637.00 389.41 395.30 394.01 395.88 0.005731 170.78 125.82 0.54 6.36 0.50 0.66 1.45 0.19 0.29
Reach-1 14500.01 100 year 767.00 389.41 395.68 394.61 396.29 0.005707 220.57 138.57 0.55 6.71 0.60 0.83 1.57 0.26 0.42
Reach-1 14500.01 200 year 976.00 389.41 396.21 396.86 0.005563 298.31 149.60 0.55 7.12 0.77 1.04 1.71 0.37 0.58
Reach-1 14500.01 500 year 1331.00 389.41 397.26 397.83 0.004310 460.14 157.34 0.50 7.08 1.03 1.24 1.59 0.53 0.71

Reach-1 14123.17 2 year 194.00 389.01 392.58 390.14 392.63 0.000700 107.68 34.67 0.17 1.80 0.02 0.13 0.00
Reach-1 14123.17 5 year 287.00 389.01 393.21 390.48 393.28 0.001330 138.46 78.00 0.24 2.22 0.17 0.21 0.03
Reach-1 14123.17 10 year 377.00 389.01 393.67 390.76 393.75 0.001748 183.86 113.24 0.27 2.36 0.11 0.31 0.24 0.01 0.07
Reach-1 14123.17 25 year 516.00 389.01 394.30 391.16 394.40 0.001417 260.63 126.08 0.25 2.49 0.25 0.43 0.25 0.05 0.11
Reach-1 14123.17 50 year 637.00 389.01 394.77 391.48 394.87 0.001289 320.73 131.17 0.25 2.61 0.33 0.49 0.26 0.07 0.13
Reach-1 14123.17 100 year 767.00 389.01 395.16 391.80 395.27 0.001279 372.52 136.11 0.25 2.79 0.38 0.56 0.29 0.09 0.16
Reach-1 14123.17 200 year 976.00 389.01 395.69 392.27 395.83 0.001309 449.76 155.28 0.26 3.07 0.37 0.64 0.34 0.09 0.20
Reach-1 14123.17 500 year 1331.00 389.01 396.86 393.66 396.99 0.001033 640.34 174.56 0.24 3.19 0.46 0.71 0.34 0.11 0.22

Reach-1 14002.89 Inl Struct

Reach-1 13901.95 2 year 257.00 387.89 392.06 391.35 392.45 0.009882 56.91 68.71 0.62 5.00 0.16 0.32 1.16 0.04 0.12
Reach-1 13901.95 5 year 375.00 387.89 392.63 391.95 393.02 0.007765 122.74 136.92 0.58 5.22 0.51 0.59 1.17 0.22 0.27
Reach-1 13901.95 10 year 488.00 387.89 393.02 393.41 0.006961 177.53 143.73 0.56 5.43 0.70 0.78 1.20 0.34 0.40
Reach-1 13901.95 25 year 662.00 387.89 393.51 393.92 0.006405 250.19 152.73 0.55 5.78 0.87 0.98 1.29 0.46 0.55
Reach-1 13901.95 50 year 811.00 387.89 393.86 394.29 0.006232 305.19 160.04 0.55 6.08 0.97 1.11 1.39 0.54 0.66
Reach-1 13901.95 100 year 972.00 387.89 394.21 394.65 0.006067 361.34 165.23 0.55 6.36 1.07 1.23 1.47 0.62 0.76
Reach-1 13901.95 200 year 1213.00 387.89 394.65 395.13 0.006039 435.62 171.48 0.56 6.79 1.20 1.39 1.62 0.73 0.91
Reach-1 13901.95 500 year 1612.00 387.89 395.27 395.82 0.006177 544.81 182.35 0.58 7.48 1.36 1.61 1.89 0.89 1.14

Reach-1 13556.14 2 year 257.00 384.31 389.22 389.62 0.005552 53.20 21.26 0.48 5.08 0.55 0.39 1.03 0.14 0.14
Reach-1 13556.14 5 year 375.00 384.31 389.99 388.50 390.50 0.005608 98.77 129.20 0.50 5.84 0.42 0.54 1.27 0.11 0.22
Reach-1 13556.14 10 year 488.00 384.31 390.57 389.04 391.01 0.004747 248.22 359.67 0.47 5.85 0.45 0.40 1.22 0.16 0.12
Reach-1 13556.14 25 year 662.00 384.31 391.14 391.44 0.003553 470.33 398.41 0.41 5.46 0.61 0.53 1.03 0.23 0.19
Reach-1 13556.14 50 year 811.00 384.31 391.47 391.02 391.73 0.003319 599.66 404.25 0.40 5.49 0.70 0.60 1.02 0.28 0.22
Reach-1 13556.14 100 year 972.00 384.31 391.72 391.16 391.98 0.003352 704.67 406.85 0.41 5.68 0.79 0.69 1.07 0.34 0.27
Reach-1 13556.14 200 year 1213.00 384.31 392.16 391.42 392.39 0.003054 882.56 410.31 0.40 5.68 0.88 0.78 1.05 0.39 0.32
Reach-1 13556.14 500 year 1612.00 384.31 393.43 393.54 0.001551 1410.31 418.22 0.29 4.57 0.86 0.77 0.64 0.32 0.27

Reach-1 13000   2 year 257.00 381.16 386.56 386.80 0.003937 75.68 46.10 0.40 3.95 0.37 0.65 0.11



HEC-RAS  Plan: Close   River: Berry Creek   Reach: Reach-1 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Flow Area Top Width Froude # Chl Vel Chnl Vel Left Vel Right Shear Chan Shear LOB Shear ROB

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft/s) (ft/s) (ft/s) (lb/sq ft) (lb/sq ft) (lb/sq ft)
Reach-1 13000   5 year 375.00 381.16 387.30 387.57 0.003855 139.76 141.98 0.41 4.32 0.47 0.04 0.74 0.12
Reach-1 13000   10 year 488.00 381.16 387.73 388.03 0.003929 224.40 237.18 0.42 4.71 0.47 0.21 0.84 0.15 0.05
Reach-1 13000   25 year 662.00 381.16 388.21 388.52 0.003916 361.48 317.01 0.42 5.07 0.57 0.33 0.94 0.22 0.09
Reach-1 13000   50 year 811.00 381.16 388.73 388.96 0.002955 526.33 322.87 0.38 4.74 0.67 0.38 0.79 0.25 0.11
Reach-1 13000   100 year 972.00 381.16 389.52 389.66 0.001739 787.07 333.77 0.30 4.02 0.68 0.39 0.54 0.23 0.10
Reach-1 13000   200 year 1213.00 381.16 390.91 390.98 0.000808 1262.72 348.50 0.21 3.16 0.64 0.34 0.31 0.17 0.07
Reach-1 13000   500 year 1612.00 381.16 392.90 392.94 0.000414 1972.86 367.94 0.16 2.67 0.60 0.34 0.20 0.13 0.06

Reach-1 12500   2 year 257.00 379.37 384.58 384.90 0.003657 72.38 66.30 0.40 4.61 0.30 0.50 0.80 0.06 0.17
Reach-1 12500   5 year 375.00 379.37 385.29 383.44 385.67 0.003768 169.27 218.02 0.42 5.22 0.39 0.43 0.97 0.12 0.14
Reach-1 12500   10 year 488.00 379.37 385.98 386.23 0.002593 348.10 278.78 0.36 4.73 0.52 0.49 0.76 0.17 0.16
Reach-1 12500   25 year 662.00 379.37 387.06 387.18 0.001331 660.08 304.54 0.26 3.82 0.59 0.47 0.47 0.17 0.12
Reach-1 12500   50 year 811.00 379.37 388.01 388.08 0.000815 955.98 321.68 0.21 3.28 0.59 0.46 0.33 0.15 0.10
Reach-1 12500   100 year 972.00 379.37 389.10 389.15 0.000501 1317.97 334.70 0.17 2.81 0.56 0.45 0.23 0.13 0.09
Reach-1 12500   200 year 1213.00 379.37 390.69 390.72 0.000296 1856.01 343.94 0.13 2.42 0.53 0.44 0.16 0.10 0.08
Reach-1 12500   500 year 1612.00 379.37 392.77 392.79 0.000201 2594.06 363.79 0.11 2.26 0.53 0.46 0.13 0.09 0.07

Reach-1 12000   2 year 257.00 378.03 384.17 384.19 0.000326 366.10 233.74 0.13 1.42 0.19 0.19 0.07 0.02 0.02
Reach-1 12000   5 year 375.00 378.03 384.96 384.99 0.000299 569.33 286.81 0.13 1.54 0.25 0.23 0.08 0.03 0.03
Reach-1 12000   10 year 488.00 378.03 385.71 385.74 0.000254 796.54 315.45 0.12 1.57 0.26 0.26 0.08 0.03 0.03
Reach-1 12000   25 year 662.00 378.03 386.87 386.89 0.000187 1184.63 346.89 0.11 1.54 0.29 0.28 0.07 0.04 0.03
Reach-1 12000   50 year 811.00 378.03 387.86 387.88 0.000145 1534.35 356.79 0.10 1.49 0.30 0.29 0.07 0.04 0.03
Reach-1 12000   100 year 972.00 378.03 389.00 389.02 0.000110 1945.47 367.28 0.09 1.43 0.30 0.29 0.06 0.03 0.03
Reach-1 12000   200 year 1213.00 378.03 390.62 390.63 0.000082 2550.65 382.19 0.08 1.37 0.31 0.30 0.05 0.03 0.03
Reach-1 12000   500 year 1612.00 378.03 392.71 392.72 0.000066 3376.54 405.44 0.07 1.40 0.33 0.31 0.05 0.03 0.03

Reach-1 11575.16 2 year 1039.00 376.02 383.07 381.73 383.43 0.003526 507.10 231.54 0.43 5.82 0.80 0.91 1.13 0.35 0.42
Reach-1 11575.16 5 year 1374.00 376.02 384.11 382.57 384.39 0.002588 758.19 263.68 0.38 5.58 0.79 1.01 0.98 0.32 0.46
Reach-1 11575.16 10 year 1678.00 376.02 385.04 382.91 385.27 0.001974 1017.67 291.90 0.34 5.31 0.80 1.03 0.85 0.30 0.44
Reach-1 11575.16 25 year 2128.00 376.02 386.37 383.35 386.56 0.001458 1424.42 333.71 0.30 5.08 0.87 0.98 0.74 0.32 0.38
Reach-1 11575.16 50 year 2502.00 376.02 387.47 383.64 387.62 0.001134 1809.42 366.23 0.27 4.83 0.88 0.95 0.64 0.30 0.34
Reach-1 11575.16 100 year 2900.00 376.02 388.70 383.96 388.83 0.000833 2273.74 384.13 0.23 4.47 0.84 0.93 0.53 0.26 0.31
Reach-1 11575.16 200 year 3393.00 376.02 390.41 384.32 390.50 0.000557 2948.40 402.24 0.20 4.02 0.79 0.89 0.41 0.22 0.26
Reach-1 11575.16 500 year 4128.00 376.02 392.56 384.84 392.63 0.000397 3839.36 429.04 0.17 3.76 0.75 0.88 0.34 0.18 0.23

Reach-1 11425.73 2 year 1039.00 375.43 382.99 378.53 383.13 0.000783 490.22 180.48 0.21 3.13 0.46 0.25 0.30 0.10 0.04
Reach-1 11425.73 5 year 1374.00 375.43 383.98 379.14 384.14 0.000786 720.77 270.12 0.22 3.43 0.53 0.32 0.35 0.13 0.06
Reach-1 11425.73 10 year 1678.00 375.43 384.90 379.68 385.06 0.000703 977.42 290.03 0.21 3.50 0.59 0.42 0.35 0.15 0.09
Reach-1 11425.73 25 year 2128.00 375.43 386.25 380.38 386.39 0.000586 1381.10 311.23 0.20 3.52 0.61 0.52 0.34 0.15 0.12
Reach-1 11425.73 50 year 2502.00 375.43 387.36 380.88 387.49 0.000498 1736.35 326.64 0.18 3.48 0.61 0.58 0.32 0.14 0.13
Reach-1 11425.73 100 year 2900.00 375.43 388.61 381.36 388.73 0.000409 2151.45 338.56 0.17 3.39 0.62 0.61 0.29 0.14 0.14
Reach-1 11425.73 200 year 3393.00 375.43 390.33 381.94 390.43 0.000310 2747.95 354.81 0.15 3.21 0.61 0.63 0.25 0.13 0.13
Reach-1 11425.73 500 year 4128.00 375.43 392.48 382.93 392.57 0.000245 3535.30 377.57 0.14 3.14 0.61 0.65 0.23 0.12 0.13

Reach-1 11355.86 Inl Struct

Reach-1 11268.37 2 year 1320.00 373.58 382.38 382.58 0.001720 905.22 366.26 0.31 4.57 0.72 0.59 0.65 0.25 0.18
Reach-1 11268.37 5 year 1813.00 373.58 383.16 383.38 0.001733 1201.47 387.41 0.32 4.94 0.85 0.72 0.74 0.32 0.25
Reach-1 11268.37 10 year 2267.00 373.58 383.81 384.02 0.001705 1452.86 395.22 0.32 5.18 0.95 0.83 0.79 0.38 0.31
Reach-1 11268.37 25 year 2950.00 373.58 384.70 384.91 0.001643 1809.88 405.41 0.32 5.46 1.07 0.95 0.84 0.45 0.37
Reach-1 11268.37 50 year 3523.00 373.58 385.39 385.61 0.001596 2091.87 413.07 0.32 5.65 1.15 1.03 0.88 0.50 0.42
Reach-1 11268.37 100 year 4138.00 373.58 386.08 386.31 0.001548 2382.63 420.63 0.32 5.83 1.22 1.11 0.92 0.54 0.46
Reach-1 11268.37 200 year 4867.00 373.58 386.84 387.07 0.001510 2705.89 429.02 0.32 6.04 1.30 1.19 0.96 0.59 0.51
Reach-1 11268.37 500 year 5923.00 373.58 387.88 388.11 0.001460 3153.50 439.63 0.32 6.30 1.40 1.28 1.02 0.65 0.57

Reach-1 11042.48 2 year 1320.00 373.02 382.10 382.23 0.001326 1200.87 454.74 0.28 4.19 0.75 0.58 0.54 0.25 0.17
Reach-1 11042.48 5 year 1813.00 373.02 382.89 383.02 0.001298 1571.10 475.39 0.28 4.44 0.86 0.68 0.58 0.30 0.21
Reach-1 11042.48 10 year 2267.00 373.02 383.54 383.67 0.001265 1883.32 486.02 0.28 4.62 0.94 0.77 0.62 0.34 0.25
Reach-1 11042.48 25 year 2950.00 373.02 384.44 384.57 0.001204 2330.61 499.80 0.28 4.82 1.03 0.86 0.65 0.39 0.30
Reach-1 11042.48 50 year 3523.00 373.02 385.14 385.27 0.001162 2683.95 509.86 0.27 4.96 1.09 0.93 0.67 0.42 0.33
Reach-1 11042.48 100 year 4138.00 373.02 385.85 385.98 0.001128 3050.08 524.56 0.27 5.11 1.16 0.98 0.70 0.46 0.35
Reach-1 11042.48 200 year 4867.00 373.02 386.62 386.75 0.001095 3458.70 536.39 0.27 5.27 1.22 1.04 0.72 0.49 0.39
Reach-1 11042.48 500 year 5923.00 373.02 387.66 387.79 0.001052 4025.40 549.81 0.27 5.47 1.29 1.12 0.76 0.53 0.43

Reach-1 10500   2 year 1320.00 370.55 379.58 379.97 0.004064 583.21 250.19 0.42 6.11 0.86 1.00 1.25 0.40 0.50
Reach-1 10500   5 year 1813.00 370.55 380.63 380.97 0.003310 860.78 272.24 0.39 6.10 1.01 1.15 1.19 0.49 0.59
Reach-1 10500   10 year 2267.00 370.55 381.43 381.74 0.002971 1079.32 278.16 0.38 6.18 1.13 1.26 1.18 0.56 0.66
Reach-1 10500   25 year 2950.00 370.55 382.47 382.77 0.002724 1376.74 293.23 0.37 6.40 1.28 1.39 1.22 0.66 0.75
Reach-1 10500   50 year 3523.00 370.55 383.24 383.55 0.002594 1605.76 299.53 0.37 6.58 1.38 1.48 1.25 0.73 0.82
Reach-1 10500   100 year 4138.00 370.55 384.00 384.31 0.002506 1835.99 307.82 0.36 6.79 1.48 1.57 1.30 0.80 0.88
Reach-1 10500   200 year 4867.00 370.55 384.81 385.13 0.002422 2090.74 313.64 0.36 7.01 1.57 1.67 1.35 0.88 0.96
Reach-1 10500   500 year 5923.00 370.55 385.90 386.24 0.002357 2439.66 325.62 0.36 7.34 1.64 1.80 1.44 0.93 1.07

Reach-1 9993.515 2 year 1320.00 366.38 376.51 376.90 0.002415 293.31 103.04 0.34 4.98 0.31 0.28 0.81 0.08 0.07
Reach-1 9993.515 5 year 1813.00 366.38 377.50 378.00 0.002683 422.42 152.08 0.37 5.76 0.59 0.49 1.04 0.20 0.16
Reach-1 9993.515 10 year 2267.00 366.38 378.23 378.81 0.002866 536.72 159.32 0.39 6.34 0.81 0.71 1.22 0.34 0.28
Reach-1 9993.515 25 year 2950.00 366.38 379.14 379.84 0.003129 684.56 166.25 0.42 7.10 1.08 0.97 1.47 0.53 0.45
Reach-1 9993.515 50 year 3523.00 366.38 379.80 380.59 0.003319 796.42 171.32 0.43 7.67 1.26 1.15 1.68 0.68 0.59
Reach-1 9993.515 100 year 4138.00 366.38 380.44 381.33 0.003500 907.96 176.22 0.45 8.22 1.44 1.31 1.88 0.84 0.73
Reach-1 9993.515 200 year 4867.00 366.38 381.15 382.13 0.003670 1034.33 181.61 0.46 8.79 1.62 1.48 2.11 1.02 0.88
Reach-1 9993.515 500 year 5923.00 366.38 382.08 383.20 0.003867 1207.65 188.76 0.48 9.52 1.85 1.68 2.41 1.25 1.09

Reach-1 9500    2 year 1320.00 365.56 374.79 375.40 0.003793 330.47 170.46 0.44 6.47 0.60 0.60 1.34 0.23 0.23
Reach-1 9500    5 year 1813.00 365.56 375.59 376.33 0.004269 474.71 195.07 0.48 7.40 0.92 0.65 1.69 0.45 0.25
Reach-1 9500    10 year 2267.00 365.56 376.21 377.04 0.004541 602.46 212.02 0.50 8.04 1.16 0.75 1.95 0.65 0.34
Reach-1 9500    25 year 2950.00 365.56 376.98 377.92 0.004902 766.87 216.54 0.52 8.88 1.44 1.05 2.30 0.92 0.57
Reach-1 9500    50 year 3523.00 365.56 377.58 378.58 0.005055 898.43 220.84 0.54 9.41 1.64 1.25 2.53 1.12 0.75
Reach-1 9500    100 year 4138.00 365.56 378.20 379.25 0.005117 1036.30 225.62 0.55 9.88 1.82 1.41 2.73 1.32 0.90
Reach-1 9500    200 year 4867.00 365.56 378.98 380.05 0.004933 1217.11 233.95 0.54 10.19 1.99 1.53 2.84 1.49 1.01
Reach-1 9500    500 year 5923.00 365.56 380.02 381.10 0.004729 1461.71 240.35 0.54 10.60 2.18 1.74 2.98 1.69 1.20

Reach-1 9000    2 year 1320.00 364.28 373.61 373.91 0.002216 606.17 314.65 0.33 4.78 0.50 0.58 0.75 0.15 0.19
Reach-1 9000    5 year 1813.00 364.28 374.36 374.69 0.002337 853.76 335.43 0.35 5.28 0.62 0.76 0.88 0.21 0.29
Reach-1 9000    10 year 2267.00 364.28 374.97 375.32 0.002406 1067.08 362.58 0.36 5.66 0.71 0.87 0.98 0.26 0.36
Reach-1 9000    25 year 2950.00 364.28 375.77 376.13 0.002409 1357.86 371.87 0.36 6.04 0.80 1.04 1.08 0.32 0.47
Reach-1 9000    50 year 3523.00 364.28 376.41 376.78 0.002362 1605.02 385.43 0.36 6.27 0.87 1.14 1.14 0.36 0.54
Reach-1 9000    100 year 4138.00 364.28 377.16 377.51 0.002169 1894.46 394.23 0.35 6.33 0.90 1.22 1.13 0.37 0.58
Reach-1 9000    200 year 4867.00 364.28 378.11 378.44 0.001914 2277.08 409.28 0.34 6.32 0.92 1.28 1.09 0.37 0.60
Reach-1 9000    500 year 5923.00 364.28 379.28 379.60 0.001714 2767.23 423.89 0.32 6.40 0.96 1.36 1.08 0.38 0.64

Reach-1 8500    2 year 1320.00 362.64 371.25 370.62 372.01 0.007123 377.71 227.62 0.57 7.67 0.91 0.97 2.03 0.51 0.53
Reach-1 8500    5 year 1813.00 362.64 372.03 372.78 0.006665 560.77 237.65 0.56 8.09 1.23 1.18 2.16 0.78 0.73



HEC-RAS  Plan: Close   River: Berry Creek   Reach: Reach-1 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Flow Area Top Width Froude # Chl Vel Chnl Vel Left Vel Right Shear Chan Shear LOB Shear ROB

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft/s) (ft/s) (ft/s) (lb/sq ft) (lb/sq ft) (lb/sq ft)
Reach-1 8500    10 year 2267.00 362.64 372.69 373.42 0.006201 723.68 250.90 0.55 8.34 1.40 1.36 2.22 0.93 0.89
Reach-1 8500    25 year 2950.00 362.64 373.65 374.32 0.005426 971.58 265.52 0.53 8.49 1.58 1.55 2.21 1.08 1.05
Reach-1 8500    50 year 3523.00 362.64 374.53 375.13 0.004531 1209.31 274.08 0.49 8.31 1.67 1.59 2.05 1.12 1.04
Reach-1 8500    100 year 4138.00 362.64 375.57 376.08 0.003597 1501.73 284.15 0.45 7.98 1.71 1.60 1.82 1.10 0.99
Reach-1 8500    200 year 4867.00 362.64 376.80 377.24 0.002838 1855.76 293.86 0.40 7.66 1.73 1.60 1.61 1.05 0.94
Reach-1 8500    500 year 5923.00 362.64 378.09 378.51 0.002553 2245.61 310.56 0.39 7.81 1.81 1.66 1.61 1.10 0.96

Reach-1 8027    2 year 1320.00 360.80 370.12 370.33 0.001800 779.08 366.55 0.30 4.25 0.58 0.63 0.59 0.18 0.21
Reach-1 8027    5 year 1813.00 360.80 371.05 371.25 0.001594 1124.31 377.90 0.29 4.40 0.72 0.76 0.61 0.25 0.27
Reach-1 8027    10 year 2267.00 360.80 371.81 372.00 0.001466 1414.35 387.10 0.28 4.51 0.82 0.84 0.62 0.29 0.30
Reach-1 8027    25 year 2950.00 360.80 372.88 373.07 0.001291 1834.34 394.49 0.27 4.62 0.92 0.92 0.62 0.34 0.33
Reach-1 8027    50 year 3523.00 360.80 373.90 374.06 0.001093 2239.87 405.18 0.26 4.56 0.97 0.95 0.58 0.35 0.34
Reach-1 8027    100 year 4138.00 360.80 375.07 375.22 0.000894 2723.80 419.33 0.24 4.45 0.99 0.92 0.53 0.34 0.30
Reach-1 8027    200 year 4867.00 360.80 376.40 376.53 0.000736 3286.49 430.41 0.22 4.35 1.02 0.91 0.49 0.34 0.29
Reach-1 8027    500 year 5923.00 360.80 377.72 377.85 0.000695 3864.31 444.56 0.22 4.52 1.09 0.95 0.51 0.37 0.30

Reach-1 7572.894 2 year 1320.00 358.74 369.44 369.62 0.001028 875.69 329.63 0.23 3.84 0.50 0.53 0.44 0.13 0.14
Reach-1 7572.894 5 year 1813.00 358.74 370.37 370.56 0.001086 1193.79 355.53 0.24 4.23 0.64 0.66 0.52 0.18 0.19
Reach-1 7572.894 10 year 2267.00 358.74 371.14 371.34 0.001100 1473.88 375.88 0.25 4.49 0.73 0.74 0.57 0.23 0.23
Reach-1 7572.894 25 year 2950.00 358.74 372.25 372.45 0.001058 1909.49 405.51 0.25 4.72 0.83 0.84 0.61 0.27 0.28
Reach-1 7572.894 50 year 3523.00 358.74 373.35 373.53 0.000917 2373.05 434.83 0.24 4.68 0.87 0.87 0.58 0.28 0.28
Reach-1 7572.894 100 year 4138.00 358.74 374.63 374.78 0.000757 2948.48 467.96 0.22 4.54 0.88 0.87 0.53 0.28 0.27
Reach-1 7572.894 200 year 4867.00 358.74 376.03 376.17 0.000630 3629.77 501.22 0.20 4.42 0.90 0.87 0.48 0.27 0.26
Reach-1 7572.894 500 year 5923.00 358.74 377.37 377.51 0.000609 4323.54 539.74 0.20 4.61 0.98 0.90 0.51 0.30 0.27

Reach-1 7500    2 year 1320.00 358.50 369.25 369.51 0.001706 717.02 318.34 0.30 4.68 0.62 0.55 0.68 0.20 0.16
Reach-1 7500    5 year 1813.00 358.50 370.18 370.45 0.001681 1032.41 351.79 0.30 5.03 0.74 0.72 0.75 0.26 0.25
Reach-1 7500    10 year 2267.00 358.50 370.97 371.23 0.001588 1315.88 368.40 0.30 5.18 0.85 0.81 0.77 0.31 0.29
Reach-1 7500    25 year 2950.00 358.50 372.11 372.35 0.001428 1750.14 395.35 0.29 5.31 0.95 0.91 0.78 0.36 0.34
Reach-1 7500    50 year 3523.00 358.50 373.25 373.45 0.001149 2209.10 409.09 0.26 5.10 0.99 0.95 0.70 0.36 0.34
Reach-1 7500    100 year 4138.00 358.50 374.55 374.72 0.000900 2754.95 424.04 0.24 4.85 1.01 0.95 0.61 0.35 0.32
Reach-1 7500    200 year 4867.00 358.50 375.97 376.12 0.000734 3372.09 443.93 0.22 4.69 1.03 0.94 0.55 0.34 0.30
Reach-1 7500    500 year 5923.00 358.50 377.31 377.46 0.000705 3983.03 467.24 0.22 4.88 1.09 1.01 0.58 0.37 0.33

Reach-1 7000    2 year 1320.00 358.02 368.49 368.64 0.001589 991.54 340.00 0.27 4.20 0.75 0.72 0.56 0.26 0.25
Reach-1 7000    5 year 1813.00 358.02 369.48 369.62 0.001446 1334.92 352.03 0.26 4.34 0.87 0.84 0.58 0.32 0.30
Reach-1 7000    10 year 2267.00 358.02 370.32 370.45 0.001336 1632.54 360.32 0.25 4.44 0.95 0.92 0.59 0.36 0.34
Reach-1 7000    25 year 2950.00 358.02 371.53 371.65 0.001188 2077.78 376.28 0.24 4.53 1.04 0.99 0.59 0.39 0.37
Reach-1 7000    50 year 3523.00 358.02 372.78 372.89 0.000952 2561.76 390.54 0.22 4.37 1.05 1.00 0.53 0.38 0.35
Reach-1 7000    100 year 4138.00 358.02 374.18 374.28 0.000757 3120.15 406.34 0.20 4.20 1.05 0.98 0.47 0.36 0.32
Reach-1 7000    200 year 4867.00 358.02 375.67 375.75 0.000626 3733.44 418.34 0.19 4.10 1.06 0.99 0.43 0.35 0.31
Reach-1 7000    500 year 5923.00 358.02 377.02 377.11 0.000616 4305.35 430.52 0.19 4.31 1.14 1.06 0.46 0.39 0.35

Reach-1 6589    2 year 1320.00 357.62 368.02 368.12 0.001089 1116.74 301.26 0.23 3.63 0.82 0.59 0.41 0.27 0.16
Reach-1 6589    5 year 1813.00 357.62 369.02 369.13 0.001098 1423.86 314.81 0.23 3.94 0.95 0.70 0.47 0.34 0.21
Reach-1 6589    10 year 2267.00 357.62 369.88 369.99 0.001072 1695.66 321.61 0.23 4.14 1.03 0.80 0.50 0.38 0.26
Reach-1 6589    25 year 2950.00 357.62 371.12 371.23 0.001007 2103.23 334.34 0.23 4.34 1.12 0.89 0.53 0.42 0.30
Reach-1 6589    50 year 3523.00 357.62 372.45 372.55 0.000828 2553.83 342.71 0.21 4.24 1.13 0.93 0.49 0.41 0.31
Reach-1 6589    100 year 4138.00 357.62 373.91 374.00 0.000689 3069.80 362.68 0.20 4.17 1.14 0.92 0.45 0.39 0.29
Reach-1 6589    200 year 4867.00 357.62 375.44 375.52 0.000592 3635.23 377.33 0.19 4.14 1.15 0.94 0.43 0.39 0.29
Reach-1 6589    500 year 5923.00 357.62 376.78 376.87 0.000605 4148.98 390.49 0.19 4.43 1.24 1.02 0.48 0.43 0.32

Reach-1 5837    2 year 1320.00 357.14 366.99 367.22 0.001231 572.61 143.76 0.27 4.20 0.74 0.55 0.53 0.22 0.15
Reach-1 5837    5 year 1813.00 357.14 367.77 368.10 0.001581 693.62 159.66 0.31 5.08 0.87 0.69 0.75 0.32 0.23
Reach-1 5837    10 year 2267.00 357.14 368.52 368.91 0.001751 819.58 174.97 0.33 5.67 0.98 0.75 0.91 0.40 0.27
Reach-1 5837    25 year 2950.00 357.14 369.77 370.20 0.001708 1045.26 185.90 0.34 6.10 1.14 0.80 1.01 0.50 0.29
Reach-1 5837    50 year 3523.00 357.14 371.32 371.71 0.001358 1348.32 203.82 0.31 5.98 1.16 0.83 0.92 0.48 0.29
Reach-1 5837    100 year 4138.00 357.14 372.95 373.31 0.001101 1695.05 223.78 0.28 5.86 1.16 0.85 0.85 0.46 0.29
Reach-1 5837    200 year 4867.00 357.14 374.58 374.92 0.000945 2077.04 243.23 0.27 5.86 1.18 0.88 0.82 0.45 0.29
Reach-1 5837    500 year 5923.00 357.14 375.86 376.25 0.000990 2398.14 257.92 0.28 6.34 1.31 0.90 0.93 0.53 0.31

Reach-1 5764.549 2 year 1320.00 357.06 367.05 367.12 0.000397 599.53 94.09 0.15 2.20 0.15
Reach-1 5764.549 5 year 1813.00 357.06 367.86 367.97 0.000532 677.91 98.90 0.18 2.67 0.22
Reach-1 5764.549 10 year 2267.00 357.06 368.63 368.77 0.000601 756.34 105.95 0.19 3.00 0.10 0.27 0.01
Reach-1 5764.549 25 year 2950.00 357.06 369.88 370.05 0.000621 897.53 119.50 0.20 3.34 0.23 0.32 0.03
Reach-1 5764.549 50 year 3523.00 357.06 371.42 371.59 0.000512 1094.78 138.62 0.19 3.36 0.31 0.14 0.30 0.05 0.02
Reach-1 5764.549 100 year 4138.00 357.06 373.03 373.21 0.000423 1336.47 160.96 0.17 3.38 0.36 0.24 0.29 0.06 0.03
Reach-1 5764.549 200 year 4867.00 357.06 374.65 374.83 0.000373 1617.33 188.74 0.17 3.46 0.39 0.31 0.29 0.07 0.05
Reach-1 5764.549 500 year 5923.00 357.06 375.94 376.16 0.000398 1879.05 217.62 0.18 3.80 0.44 0.38 0.34 0.08 0.07

Reach-1 5500    2 year 1320.00 356.20 366.76 366.95 0.001189 808.50 251.13 0.25 4.11 0.72 0.51 0.51 0.23 0.14
Reach-1 5500    5 year 1813.00 356.20 367.50 367.75 0.001462 1004.45 273.13 0.28 4.81 0.91 0.64 0.68 0.34 0.20
Reach-1 5500    10 year 2267.00 356.20 368.27 368.52 0.001508 1216.61 282.53 0.28 5.15 1.03 0.77 0.76 0.41 0.27
Reach-1 5500    25 year 2950.00 356.20 369.57 369.82 0.001376 1598.78 311.49 0.28 5.32 1.12 0.90 0.78 0.46 0.31
Reach-1 5500    50 year 3523.00 356.20 371.21 371.41 0.001007 2132.17 337.93 0.24 4.98 1.09 0.90 0.65 0.41 0.31
Reach-1 5500    100 year 4138.00 356.20 372.89 373.06 0.000777 2729.71 375.02 0.22 4.74 1.04 0.91 0.57 0.35 0.29
Reach-1 5500    200 year 4867.00 356.20 374.56 374.70 0.000634 3375.92 401.70 0.20 4.59 1.01 0.94 0.51 0.32 0.29
Reach-1 5500    500 year 5923.00 356.20 375.86 376.01 0.000636 3908.17 414.05 0.20 4.84 1.10 1.03 0.56 0.37 0.33

Reach-1 5047    2 year 1320.00 355.65 366.45 366.55 0.000613 1019.69 182.08 0.18 3.23 0.61 0.73 0.30 0.15 0.20
Reach-1 5047    5 year 1813.00 355.65 367.07 367.21 0.000880 1133.68 186.08 0.22 4.03 0.77 0.94 0.46 0.24 0.31
Reach-1 5047    10 year 2267.00 355.65 367.76 367.94 0.001040 1264.86 192.45 0.24 4.57 0.88 1.08 0.58 0.30 0.41
Reach-1 5047    25 year 2950.00 355.65 369.05 369.26 0.001092 1517.74 201.39 0.25 5.04 0.99 1.23 0.68 0.36 0.50
Reach-1 5047    50 year 3523.00 355.65 370.79 370.99 0.000886 1880.62 215.08 0.23 4.96 0.97 1.25 0.63 0.33 0.48
Reach-1 5047    100 year 4138.00 355.65 372.53 372.71 0.000750 2267.25 231.78 0.22 4.93 0.93 1.27 0.60 0.30 0.47
Reach-1 5047    200 year 4867.00 355.65 374.22 374.40 0.000673 2669.89 243.19 0.21 5.00 0.97 1.30 0.59 0.31 0.48
Reach-1 5047    500 year 5923.00 355.65 375.48 375.69 0.000746 2981.95 253.96 0.22 5.51 1.06 1.45 0.70 0.36 0.58

Reach-1 4926.686 2 year 1320.00 355.20 366.38 358.79 366.49 0.000338 605.41 82.47 0.15 2.80 0.35 0.46 0.21 0.06 0.09
Reach-1 4926.686 5 year 1813.00 355.20 366.94 359.60 367.13 0.000532 652.50 85.34 0.19 3.63 0.45 0.61 0.35 0.09 0.15
Reach-1 4926.686 10 year 2267.00 355.20 367.57 360.22 367.84 0.000683 707.74 88.59 0.22 4.27 0.54 0.73 0.47 0.13 0.20
Reach-1 4926.686 25 year 2950.00 355.20 368.77 361.15 369.13 0.000818 818.01 94.75 0.24 4.98 0.65 0.88 0.62 0.18 0.28
Reach-1 4926.686 50 year 3523.00 355.20 370.49 361.87 370.87 0.000749 989.02 106.21 0.24 5.18 0.68 0.92 0.64 0.18 0.29
Reach-1 4926.686 100 year 4138.00 355.20 372.20 362.55 372.60 0.000695 1184.28 122.53 0.23 5.37 0.68 0.96 0.66 0.18 0.30
Reach-1 4926.686 200 year 4867.00 355.20 373.85 363.31 374.30 0.000680 1404.26 144.94 0.23 5.65 0.70 0.97 0.71 0.19 0.31
Reach-1 4926.686 500 year 5923.00 355.20 375.01 364.33 375.57 0.000807 1583.33 167.55 0.26 6.42 0.78 1.04 0.90 0.23 0.36

Reach-1 4926    Inl Struct

Reach-1 4801.57 2 year 1320.00 354.80 365.94 366.05 0.000465 529.53 90.58 0.16 2.75 0.27 0.22 0.04
Reach-1 4801.57 5 year 1813.00 354.80 366.07 366.28 0.000840 541.79 92.64 0.22 3.71 0.37 0.40 0.08
Reach-1 4801.57 10 year 2267.00 354.80 366.23 366.55 0.001245 557.13 95.16 0.27 4.55 0.47 0.60 0.12



HEC-RAS  Plan: Close   River: Berry Creek   Reach: Reach-1 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Flow Area Top Width Froude # Chl Vel Chnl Vel Left Vel Right Shear Chan Shear LOB Shear ROB

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft/s) (ft/s) (ft/s) (lb/sq ft) (lb/sq ft) (lb/sq ft)
Reach-1 4801.57 25 year 2950.00 354.80 366.55 367.04 0.001906 587.79 100.00 0.33 5.71 0.62 0.94 0.20
Reach-1 4801.57 50 year 3523.00 354.80 366.87 367.52 0.002455 620.55 106.37 0.37 6.57 0.73 1.23 0.28
Reach-1 4801.57 100 year 4138.00 354.80 367.25 368.08 0.002981 662.70 114.00 0.41 7.39 0.85 1.54 0.36
Reach-1 4801.57 200 year 4867.00 354.80 367.72 368.74 0.003504 718.31 122.71 0.45 8.25 0.15 0.98 1.90 0.03 0.47
Reach-1 4801.57 500 year 5923.00 354.80 368.43 369.72 0.004074 809.90 134.10 0.49 9.30 0.34 1.17 2.36 0.10 0.64

Reach-1 4500    2 year 1320.00 352.82 365.92 365.95 0.000158 2071.43 336.01 0.10 2.03 0.31 0.43 0.11 0.04 0.06
Reach-1 4500    5 year 1813.00 352.82 366.04 366.10 0.000283 2113.10 339.52 0.14 2.74 0.41 0.58 0.19 0.06 0.12
Reach-1 4500    10 year 2267.00 352.82 366.20 366.28 0.000420 2165.27 342.09 0.17 3.37 0.49 0.72 0.29 0.10 0.17
Reach-1 4500    25 year 2950.00 352.82 366.51 366.63 0.000628 2271.27 344.49 0.21 4.19 0.62 0.90 0.45 0.16 0.27
Reach-1 4500    50 year 3523.00 352.82 366.83 366.99 0.000789 2383.65 346.93 0.23 4.77 0.73 1.04 0.58 0.21 0.36
Reach-1 4500    100 year 4138.00 352.82 367.23 367.43 0.000935 2524.21 350.04 0.26 5.31 0.83 1.17 0.70 0.27 0.44
Reach-1 4500    200 year 4867.00 352.82 367.74 367.97 0.001076 2704.20 354.47 0.28 5.84 0.94 1.30 0.84 0.33 0.54
Reach-1 4500    500 year 5923.00 352.82 368.54 368.81 0.001222 2987.45 361.99 0.30 6.46 1.08 1.46 1.01 0.42 0.66

Reach-1 3920    2 year 1320.00 349.91 365.88 365.89 0.000066 2808.04 377.46 0.07 1.43 0.29 0.29 0.05 0.03 0.03
Reach-1 3920    5 year 1813.00 349.91 365.97 366.00 0.000121 2841.88 377.94 0.09 1.94 0.39 0.39 0.09 0.05 0.05
Reach-1 3920    10 year 2267.00 349.91 366.08 366.13 0.000181 2885.78 378.55 0.11 2.39 0.49 0.48 0.14 0.08 0.08
Reach-1 3920    25 year 2950.00 349.91 366.33 366.40 0.000281 2979.77 380.18 0.14 3.02 0.62 0.61 0.22 0.13 0.12
Reach-1 3920    50 year 3523.00 349.91 366.61 366.70 0.000365 3084.39 381.79 0.16 3.48 0.72 0.70 0.30 0.17 0.16
Reach-1 3920    100 year 4138.00 349.91 366.96 367.08 0.000449 3220.08 383.74 0.18 3.92 0.82 0.79 0.37 0.22 0.21
Reach-1 3920    200 year 4867.00 349.91 367.42 367.56 0.000537 3397.55 387.24 0.20 4.38 0.93 0.88 0.46 0.28 0.25
Reach-1 3920    500 year 5923.00 349.91 368.16 368.33 0.000636 3684.29 391.44 0.22 4.93 1.07 0.99 0.57 0.35 0.32

Reach-1 3500    2 year 1805.00 347.41 365.85 365.87 0.000048 3996.18 519.79 0.06 1.36 0.24 0.27 0.04 0.02 0.02
Reach-1 3500    5 year 2618.00 347.41 365.92 365.95 0.000098 4028.33 522.03 0.09 1.96 0.34 0.39 0.09 0.04 0.05
Reach-1 3500    10 year 3396.00 347.41 366.00 366.05 0.000161 4070.48 523.93 0.11 2.52 0.44 0.50 0.15 0.07 0.08
Reach-1 3500    25 year 4666.00 347.41 366.17 366.27 0.000289 4162.14 527.17 0.15 3.39 0.60 0.68 0.27 0.12 0.15
Reach-1 3500    50 year 5791.00 347.41 366.37 366.51 0.000421 4266.44 533.59 0.18 4.12 0.74 0.81 0.39 0.18 0.21
Reach-1 3500    100 year 7030.00 347.41 366.63 366.83 0.000578 4405.60 537.71 0.21 4.89 0.87 0.97 0.55 0.25 0.30
Reach-1 3500    200 year 8463.00 347.41 366.98 367.25 0.000755 4597.01 541.89 0.24 5.66 1.02 1.13 0.73 0.34 0.40
Reach-1 3500    500 year 10509.00 347.41 367.58 367.94 0.000983 4923.60 549.86 0.27 6.60 1.22 1.34 0.99 0.48 0.55

Reach-1 3000    2 year 1915.00 346.00 365.85 365.85 0.000021 7227.97 786.92 0.04 0.96 0.16 0.20 0.02 0.01 0.01
Reach-1 3000    5 year 2805.00 346.00 365.90 365.91 0.000044 7270.11 787.61 0.06 1.39 0.23 0.30 0.04 0.02 0.03
Reach-1 3000    10 year 3660.00 346.00 365.97 365.99 0.000073 7325.45 788.53 0.07 1.80 0.29 0.39 0.07 0.03 0.04
Reach-1 3000    25 year 5051.00 346.00 366.12 366.16 0.000134 7446.31 790.51 0.10 2.45 0.40 0.53 0.14 0.05 0.08
Reach-1 3000    50 year 6281.00 346.00 366.30 366.35 0.000197 7584.83 792.78 0.12 2.99 0.49 0.64 0.20 0.08 0.12
Reach-1 3000    100 year 7635.00 346.00 366.53 366.60 0.000272 7771.17 795.82 0.14 3.54 0.59 0.77 0.28 0.12 0.17
Reach-1 3000    200 year 9196.00 346.00 366.86 366.95 0.000360 8029.96 800.02 0.17 4.12 0.69 0.90 0.38 0.16 0.24
Reach-1 3000    500 year 11417.00 346.00 367.42 367.54 0.000477 8479.34 807.27 0.19 4.84 0.83 1.07 0.52 0.22 0.33

Reach-1 2500    2 year 1915.00 345.00 365.83 365.84 0.000027 3912.27 385.32 0.05 1.06 0.17 0.23 0.03 0.01 0.02
Reach-1 2500    5 year 2805.00 345.00 365.86 365.88 0.000057 3924.32 385.78 0.07 1.54 0.24 0.34 0.05 0.02 0.03
Reach-1 2500    10 year 3660.00 345.00 365.90 365.94 0.000096 3940.30 386.39 0.09 2.01 0.32 0.44 0.09 0.04 0.06
Reach-1 2500    25 year 5051.00 345.00 365.99 366.07 0.000178 3975.80 387.74 0.12 2.75 0.44 0.60 0.17 0.07 0.11
Reach-1 2500    50 year 6281.00 345.00 366.10 366.23 0.000269 4017.54 389.33 0.15 3.39 0.54 0.75 0.26 0.10 0.16
Reach-1 2500    100 year 7635.00 345.00 366.25 366.43 0.000384 4075.46 391.52 0.18 4.07 0.65 0.90 0.38 0.15 0.24
Reach-1 2500    200 year 9196.00 345.00 366.46 366.72 0.000529 4159.43 394.62 0.21 4.83 0.77 1.06 0.53 0.20 0.33
Reach-1 2500    500 year 11417.00 345.00 366.85 367.22 0.000745 4314.98 400.47 0.25 5.82 0.93 1.28 0.76 0.30 0.48

Reach-1 2261.414 2 year 1915.00 344.17 365.78 349.82 365.83 0.000061 1484.86 121.05 0.07 1.72 0.27 0.26 0.07 0.02 0.02
Reach-1 2261.414 5 year 2805.00 344.17 365.77 351.02 365.86 0.000131 1482.61 120.97 0.10 2.53 0.40 0.38 0.14 0.05 0.05
Reach-1 2261.414 10 year 3660.00 344.17 365.74 352.04 365.90 0.000224 1479.62 120.86 0.13 3.30 0.52 0.49 0.24 0.09 0.08
Reach-1 2261.414 25 year 5051.00 344.17 365.68 353.44 365.99 0.000432 1472.90 120.62 0.19 4.57 0.72 0.68 0.46 0.18 0.16
Reach-1 2261.414 50 year 6281.00 344.17 365.62 354.48 366.10 0.000676 1464.94 120.34 0.23 5.71 0.90 0.85 0.72 0.27 0.25
Reach-1 2261.414 100 year 7635.00 344.17 365.53 355.54 366.24 0.001017 1453.71 119.94 0.29 6.98 1.09 1.03 1.08 0.41 0.37
Reach-1 2261.414 200 year 9196.00 344.17 365.39 356.69 366.44 0.001516 1437.14 119.35 0.35 8.48 1.32 1.25 1.60 0.60 0.55
Reach-1 2261.414 500 year 11417.00 344.17 365.12 358.20 366.80 0.002465 1405.02 118.19 0.45 10.71 1.66 1.57 2.57 0.96 0.88

Reach-1 2260    Bridge

Reach-1 2000    2 year 1915.00 343.50 365.81 365.81 0.000011 6201.55 513.51 0.03 0.73 0.15 0.17 0.01 0.01 0.01
Reach-1 2000    5 year 2805.00 343.50 365.82 365.83 0.000023 6205.92 513.56 0.04 1.07 0.22 0.24 0.03 0.01 0.02
Reach-1 2000    10 year 3660.00 343.50 365.83 365.85 0.000038 6211.65 513.63 0.06 1.40 0.29 0.32 0.04 0.02 0.03
Reach-1 2000    25 year 5051.00 343.50 365.85 365.89 0.000072 6224.14 513.79 0.08 1.93 0.40 0.44 0.08 0.05 0.05
Reach-1 2000    50 year 6281.00 343.50 365.88 365.94 0.000111 6238.49 513.97 0.10 2.39 0.49 0.54 0.12 0.07 0.08
Reach-1 2000    100 year 7635.00 343.50 365.92 366.00 0.000163 6257.79 514.22 0.12 2.90 0.60 0.66 0.18 0.10 0.12
Reach-1 2000    200 year 9196.00 343.50 365.97 366.09 0.000234 6284.57 514.55 0.14 3.48 0.72 0.79 0.26 0.15 0.17
Reach-1 2000    500 year 11417.00 343.50 366.06 366.24 0.000354 6330.73 515.13 0.17 4.29 0.89 0.97 0.40 0.23 0.26

Reach-1 1500    2 year 1915.00 343.10 365.80 365.81 0.000010 7771.67 587.07 0.03 0.68 0.16 0.17 0.01 0.01 0.01
Reach-1 1500    5 year 2805.00 343.10 365.81 365.82 0.000021 7774.97 587.09 0.04 0.99 0.24 0.25 0.02 0.02 0.02
Reach-1 1500    10 year 3660.00 343.10 365.82 365.83 0.000036 7779.30 587.12 0.05 1.29 0.31 0.33 0.04 0.03 0.03
Reach-1 1500    25 year 5051.00 343.10 365.83 365.86 0.000068 7788.76 587.18 0.07 1.78 0.43 0.45 0.07 0.05 0.05
Reach-1 1500    50 year 6281.00 343.10 365.85 365.89 0.000105 7799.64 587.26 0.09 2.21 0.53 0.56 0.11 0.08 0.08
Reach-1 1500    100 year 7635.00 343.10 365.88 365.93 0.000154 7814.30 587.36 0.11 2.68 0.64 0.68 0.16 0.11 0.12
Reach-1 1500    200 year 9196.00 343.10 365.91 365.99 0.000222 7834.70 587.50 0.13 3.22 0.77 0.81 0.23 0.17 0.18
Reach-1 1500    500 year 11417.00 343.10 365.97 366.09 0.000337 7870.05 587.74 0.17 3.98 0.95 1.01 0.35 0.25 0.27

Reach-1 1000    2 year 1915.00 342.80 365.80 365.80 0.000007 9530.96 908.70 0.02 0.55 0.13 0.11 0.01 0.00 0.00
Reach-1 1000    5 year 2805.00 342.80 365.80 365.81 0.000015 9532.65 908.72 0.03 0.80 0.19 0.16 0.01 0.01 0.01
Reach-1 1000    10 year 3660.00 342.80 365.81 365.82 0.000025 9534.81 908.74 0.05 1.05 0.25 0.21 0.03 0.02 0.01
Reach-1 1000    25 year 5051.00 342.80 365.81 365.83 0.000048 9539.61 908.78 0.06 1.45 0.35 0.30 0.05 0.03 0.03
Reach-1 1000    50 year 6281.00 342.80 365.82 365.84 0.000074 9545.13 908.83 0.08 1.80 0.43 0.37 0.07 0.05 0.04
Reach-1 1000    100 year 7635.00 342.80 365.83 365.87 0.000109 9552.59 908.89 0.09 2.19 0.52 0.45 0.11 0.08 0.06
Reach-1 1000    200 year 9196.00 342.80 365.84 365.90 0.000157 9563.02 908.98 0.11 2.63 0.63 0.54 0.16 0.11 0.09
Reach-1 1000    500 year 11417.00 342.80 365.86 365.95 0.000241 9581.25 909.14 0.14 3.26 0.78 0.67 0.24 0.17 0.14

Reach-1 500     2 year 1915.00 342.40 365.80 348.25 365.80 0.000004 16584.91 2312.82 0.02 0.46 0.07 0.07 0.00 0.00 0.00
Reach-1 500     5 year 2805.00 342.40 365.80 349.30 365.80 0.000009 16584.91 2312.82 0.03 0.67 0.11 0.11 0.01 0.00 0.00
Reach-1 500     10 year 3660.00 342.40 365.80 350.16 365.81 0.000016 16584.91 2312.82 0.04 0.88 0.14 0.14 0.02 0.01 0.01
Reach-1 500     25 year 5051.00 342.40 365.80 351.39 365.81 0.000030 16584.91 2312.82 0.05 1.21 0.19 0.19 0.03 0.01 0.01
Reach-1 500     50 year 6281.00 342.40 365.80 352.35 365.82 0.000046 16584.91 2312.82 0.06 1.51 0.24 0.24 0.05 0.02 0.02
Reach-1 500     100 year 7635.00 342.40 365.80 353.09 365.82 0.000068 16584.91 2312.82 0.08 1.83 0.29 0.29 0.07 0.03 0.03
Reach-1 500     200 year 9196.00 342.40 365.80 353.83 365.83 0.000098 16584.91 2312.82 0.09 2.21 0.35 0.35 0.11 0.04 0.04
Reach-1 500     500 year 11417.00 342.40 365.80 354.70 365.85 0.000151 16584.91 2312.82 0.11 2.74 0.43 0.43 0.17 0.06 0.06
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  SR 87 and the associated box culverts
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  XS downstream of SR 87
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  Berry Creek 8.0
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Appendix C1
Job Project No. 15 of 14

Description Computed 
by
Checked by

Attachment E   
PMP Routing 



Scherer PMP HEC HMS Output









0.000691404
0.001382807
0.002074211
0.002765614
0.003457018
0.004148421
0.004839825
0.005531228
0.006222632
0.006914035
0.007605439
0.008296843
0.008988246



0.00967965
0.010371053
0.011062457
0.01175386
0.012445264
0.013136667
0.013828071
0.014519475
0.015210878
0.015902282
0.016593685
0.017285089
0.017976492
0.018667896
0.019359299
0.020050703
0.020742106
0.02143351
0.022124914
0.022816317
0.023507721
0.024199124
0.024890528
0.025581931
0.026273335
0.026964738
0.027656142
0.028347546
0.029038949
0.029730353
0.030421756
0.03111316
0.031804563
0.032495967
0.03318737
0.033878774
0.034570177
0.035261581
0.035952985
0.036644388
0.037335792
0.038027195
0.038949067
0.039870938
0.040792809
0.041714681
0.042636552
0.043558424
0.044480295
0.045402166
0.046324038
0.047245909
0.048167781
0.049089652
0.050011523
0.050933395
0.051855266
0.052777138
0.053699009
0.055081816
0.056464623



0.05784743
0.059460705
0.06107398
0.062687255
0.06430053
0.065913805
0.06752708
0.069140355
0.07075363
0.072366905
0.07398018
0.075593455
0.07720673
0.079050472
0.080894215
0.082737958
0.084581701
0.086425444
0.088269186
0.090112929
0.091956672
0.093800415
0.095644158

0.0974879
0.099331643
0.101175386
0.103249597
0.105323807
0.107398018
0.109472229
0.111546439
0.11362065
0.115694861
0.117769071
0.119843282
0.121917493
0.123991703
0.126065914
0.128370592
0.130675271
0.132979949
0.135284628
0.137589306
0.139893985
0.142198663
0.144503342
0.14680802
0.149112699
0.151417377
0.153722056
0.156257202
0.158792348
0.161327495
0.163862641
0.166397788
0.168932934
0.17146808
0.174003227
0.176538373
0.179073519
0.181608666



0.18437428
0.187139894
0.189905508
0.192671122
0.195436737
0.198202351
0.200967965
0.203733579
0.206499193
0.209495275
0.212491357
0.215717907
0.219174925
0.222862411
0.226780364
0.230698318
0.234846739
0.239225628
0.243604517
0.248213874
0.252823231
0.257663056
0.262502881
0.267342706
0.272412998
0.277483291
0.282553584
0.287854344
0.293846508
0.300530076
0.307444112
0.314819083
0.322194054
0.329569025
0.336713528

0.3440885
0.352154874
0.361373588
0.372205577
0.387416455
0.411154644
0.439502189
0.473150496
0.513482369
0.554505646
0.595528924
0.636091265
0.675731735
0.704770684
0.731274487
0.751094722
0.76307905
0.772989168
0.781516478
0.789121917
0.796266421
0.803410924
0.811016363
0.818391334
0.825535838
0.832219405



0.838442037
0.844203734
0.849504494
0.854574787
0.85964508
0.864715372
0.869555197
0.874395022
0.879004379
0.883613736
0.887992625
0.892371514
0.896519935
0.900668357
0.90458631
0.908273796
0.911730814
0.915187831
0.918414381
0.921410463
0.92279327
0.924176077
0.925558885
0.926941692
0.928324499
0.929707306
0.931090113
0.93247292
0.933855727
0.935238534
0.936621341
0.938004148
0.939386956
0.940769763
0.941922102
0.943074441
0.94422678
0.94537912
0.946531459
0.947683798
0.948836137
0.949988477
0.951140816
0.952293155
0.953445494
0.954597834
0.955750173
0.956902512
0.958054851
0.959207191
0.96035953
0.961511869
0.962664208
0.963816548
0.964968887
0.966121226
0.967273565
0.968425905
0.969578244
0.970500115
0.971421987



0.972343858
0.973265729
0.974187601
0.975109472
0.976031344
0.976953215
0.977875086
0.978796958
0.979718829
0.980640701
0.981562572
0.982484443
0.983406315
0.984328186
0.985250058
0.986171929

0.9870938
0.988015672
0.988937543
0.989859415
0.990781286
0.991703157
0.992625029

0.9935469
0.994468772
0.995390643
0.996312514
0.997234386
0.998156257
0.999078129

1














