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1 PURPOSE 
Pursuant to 40 CFR 257.73(c)(1), this document provides a history of construction of the coal combustion 
residual (CCR) surface impoundments at Indianapolis Power & Light Company’s (IPL) Harding Street 
Generating Station.  Based on the applicability criteria presented in 40 CFR 257.73(b), the following 
existing CCR surface impoundments are addressed herein: 

 Pond 1, 

 Pond 2A/2B, and 

 Pond 3. 

2 HISTORY OF CONSTRUCTION REQUIREMENTS PER 40 CFR 257 
This document provides, to the extent feasible, the information to be included in a history of construction 
pursuant to 40 CFR 257.73(c)(1).  Per 40 CFR 257.73(c)(1), “…the owner or operator of the CCR unit 
must compile a history of construction, which shall contain, to the extent feasible, the information 
specified in paragraphs (c)(1)(i) through (xi) of [40 CFR 257.73].”  The preamble to 40 CFR 257 clarifies 
the Environmental Protection Agency’s (EPA) intent for including the clause “to the extent feasible.”  
The preamble states, “EPA acknowledges that much of the construction history of the surface 
impoundment maybe [sic] unknown or lost.”  Elsewhere, the preamble continues: 
 

EPA is using the phrase “to the extent available” and clarifying that the term requires the owner 
or operator to provide information on the history of construction only to the extent that such 
information is reasonably and readily available.  EPA intends facilities to provide relevant design 
and construction information only if factual documentation exists.  EPA does not expect owners 
or operators to generate new information or provide anecdotal or speculative information 
regarding the CCR surface impoundment’s design and construction history. 

 
Table 1 lists the information requested by 40 CFR 257.73(c)(1)(i) through (xi). 
 
Readily available and applicable historical information (e.g., drawings, reports, historical aerial 
photographs, etc.) relevant to the existing CCR surface impoundments at Harding Street Generating 
Station have been reviewed.  This document compiles this information into a single history of 
construction document for Ponds 1, 2A/2B, and 3.  Several of the historical documents that were 
reviewed report elevations with respect to either the Station’s datum or the National Geodetic Vertical 
Datum of 1929 (“NGVD29”).  At this location, the latter datum is approximately 0.45 feet higher than the 
present-day standard, the North American Vertical Datum of 1988 (“NAVD88”).  The Station’s datum is 
approximately 1.67 feet lower than NAVD88.  All elevations referenced in this history of construction are 
with respect to NAVD88.  



Harding Street Generating Station  Rev. 0 
S&L Project No. 10572-085  October 14, 2016 
History of Construction of  Page No. 2 of 7  
CCR Surface Impoundments  

Sargent & Lundy LLC 
 
 

Table 1: Requested Information for History of Construction 

40 CFR 
Reference 

Requested Information 
Location in 
History of 

Construction 
257.73(c)(1)(i) The name and address of the person(s) owning or operating the CCR unit. Section 3 
257.73(c)(1)(i) The name associated with the CCR unit. Section 3 

257.73(c)(1)(i) 
The identification number of the CCR unit if one has been assigned by the 
state. 

N/A 

257.73(c)(1)(ii) 
The location of the CCR unit identified on the most recent U.S. Geological 
Survey (USGS) 7½ minute or 15 minute topographic quadrangle map, or a 
topographic map of equivalent scale if a USGS map is not available. 

Section 3 
Exhibit 1 

257.73(c)(1)(iii) A statement of the purpose for which the CCR unit is used. Section 5 

257.73(c)(1)(iv) 
The name and size in acres of the watershed within which the CCR unit is 
located. 

Section 3 

257.73(c)(1)(v) 
A description of the physical and engineering properties of the foundation 
and abutment materials on which the CCR unit is constructed. 

Section 4 

257.73(c)(1)(vi) 
A statement of the type, size, range, and physical and engineering 
properties of the materials used in constructing each zone or stage of the 
CCR unit. 

Section 4 

257.73(c)(1)(vi) 
The method of site preparation and construction of each zone of the CCR 
unit. 

Section 4 

257.73(c)(1)(vi) 
The approximate dates of construction of each successive stage of 
construction of the CCR unit. 

Section 4 

257.73(c)(1)(vii) 

At a scale that details engineering structures and appurtenances relevant to 
the design, construction, operation, and maintenance of the CCR unit, 
detailed dimensional drawings of the CCR unit, including a plan view and 
cross sections of the length and width of the CCR unit, showing all zones, 
foundation improvements, drainage provisions, spillways, diversion 
ditches, outlets, instrument locations, and slope protection, in addition to 
the normal operating pool surface elevation and the maximum pool surface 
elevation following peak discharge from the inflow design flood, the 
expected maximum depth of CCR within the CCR surface impoundment, 
and any identifiable natural or manmade features that could adversely 
affect operation of the CCR unit due to malfunction or mis-operation. 

Section 4 
Section 5 

Attachment A 
Attachment D 

257.73(c)(1)(viii) A description of the type, purpose, and location of existing instrumentation. 
Section 6 

Attachment E 

257.73(c)(1)(ix) Area-capacity curves for the CCR unit. 
Section 5 
Exhibit 3 

257.73(c)(1)(x) 
A description of each spillway and diversion design features and capacities 
and calculations used in their determination. 

N/A 

257.73(c)(1)(xi) 
The construction specifications and provisions for surveillance, 
maintenance, and repair of the CCR unit. 

Section 6 
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3 SITE DESCRIPTION & LOCATION 
IPL owns and operates Harding Street Generating Station, which is located within the southwestern 
portion of Indianapolis, Indiana, in Marion County.  The Station’s address is 3700 South Harding Street, 
Indianapolis, IN 46217 (Latitude: 39.709°N, Longitude: 86.197°W).  The Station’s property is contained 
within Sections 27, 28, 33, and 34 of Township 15N, Range 3E of the Second Principal Meridian.  
Exhibit 1 shows the approximate location of the Station’s Ash Pond System on a reproduction of the 
USGS 7.5-minute topographic map of the Maywood, Indiana, Quadrangle. 
 
The Station’s Ash Pond System, which is shown in Exhibit 2, includes the following existing CCR 
surface impoundments as defined by 40 CFR 257.53: 

 Pond 1, 

 Pond 2A/2B, and 

 Pond 3. 
 
These existing CCR surface impoundments are contained within the Upper White River watershed 
(Hydrologic Unit Code 05120201), which extends over approximately 1,453,440 acres of central Indiana.  
Ponds 1, 2A/2B, and 3 have not been assigned identification numbers by the State of Indiana. 

4 HISTORICAL INFORMATION & STAGES OF CONSTRUCTION 
The following construction histories were developed for Ponds 1, 2A/2B, and 3 through the review of 
historical design drawings, which are included herein as Attachment A, and reports.  Boring logs prepared 
by SCS BT Squared (“SCS”) and boring logs and cone penetrometer test (CPT) data prepared by 
Terracon Consultants, Inc. (“Terracon”) were also reviewed and are included herein as Attachments B 
and C, respectively.  In accordance with 40 CFR 257.73(c)(1), this construction history only includes 
information that was readily available at the time this document was written. 
 
Although former Ponds 2, 4, 4A, and 4B are depicted in several of this document’s attachments, they are 
not discussed herein.  Prior to October 2015, CCR was also treated in these former CCR surface 
impoundments.  By October 16, 2015, IPL had implemented operational changes to prevent future 
deposits of CCR into former Ponds 2, 4, 4A, and 4B and had completed construction tasks to prevent 
liquid impoundment in these former CCR surface impoundments.  Going forward, IPL will not place 
CCR into these former CCR surface impoundments and will prevent the future impoundment of liquids.  
Therefore, former Ponds 2, 4, 4A, and 4B do not satisfy either of the definitions for existing CCR surface 
impoundments or inactive CCR surface impoundments given in 40 CFR 257.53.  Consequently, former 
Ponds 2, 4, 4A, and 4B are exempt from the requirements stipulated in 40 CFR 257.73(c)(1). 
 
Based on the available boring and CPT logs, the Harding Street Generating Station ash ponds are, in 
general, founded at an approximate elevation of 667 feet, where a natural lean clay is often encountered.  
When present, the thickness of this clay layer varies between 4  to 15 feet under the ash ponds.  In 
general, this layer is comprised of clays that have consistencies varying between medium stiff to stiff.  
The secondary foundation layer underlying the clay layer is typically comprised of a well-graded, 
medium dense to dense granular material (i.e., gravel or sand), which is sometimes interbedded with silt. 
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In 1958, the Harding Street Generating Station commissioned a CCR surface impoundment south of Lick 
Creek.  This initial ash pond’s footprint encompassed the area currently occupied by Ponds 1, 2A/2B, and 
3.  Borings drilled through the materials of the 1958 ash pond’s dikes show that they were built using 
primarily ash fill.  The ash in these dikes was found to be stratified into two layers: an upper, medium 
dense to loose moist ash layer and a lower, very loose wet ash layer.  In general, the latter extended from 
the native foundation soils up to an approximate elevation of 679 feet.  The denser ash layer typically 
extended from the looser ash layer up to an approximate elevation of 684 feet.  The 1958 dikes were, in 
general, constructed to an approximate minimum crest elevation of 684 feet, which is in agreement with 
the top-of-ash elevation shown in the SCS borings.  The northern and western dikes were, however, built 
several feet higher – approximate elevations of 687 feet and 691 feet, respectively – within the pool areas 
of present-day Ponds 1 and 3.  These crests were typically 15-feet wide to allow for access roads to be 
constructed along the ash pond’s perimeter.  The exterior and interior faces of the ash fill were graded to 
approximately 3-Horizontal:1-Vertical (“3H:1V”) side slopes from grade to their specified crest 
elevations. 
 
In 1969, the City of Indianapolis installed an 84-inch-diameter interceptor sewer approximately parallel to 
and approximately 30 feet southeast of the 1958 ash pond’s eastern dike, as shown on the drawings 
provided in Attachment F herein.  Per these drawings, the invert elevation of this pipe, which is currently 
owned by Citizens Energy Group, is approximately 654 feet. 
 
Prior to the mid-1970s, ash material was excavated along the 1958 ash pond’s northern and western dikes, 
and the corresponding crests and abutting access roads were reconfigured into shapes similar to their 
present-day routes.  The widths of these dikes’ crests were maintained at approximately 15 feet.  The 
exterior faces of the pond’s dikes were unaffected by this work.  As such, the typical crest elevation 
across the pond’s perimeter became approximately 685 feet.  In addition, the reconfigured dikes’ interior 
faces were, in general, graded to the same slopes as their exterior counterparts (i.e., 3H:1V). 
 
In the mid-1970s, subsequent to the work discussed in the preceding paragraph, a partition dike was 
constructed within the limits of the 1958 ash pond, effectively bisecting it into a “middle ash pond” and 
an “east ash pond.”  The northern branch of this dike was built within the footprint of the present-day 
partition dike between Ponds 1 and 3, and it was built to an approximate crest elevation of 685 feet. 
 
Between 1982 and 1985, a dike was constructed within the footprint of the present-day partition dike 
between Ponds 1 and 2A.  The dike was constructed to an approximately 15-foot-wide crest with an 
approximate minimum crest elevation of 689 feet, which is the present-day minimum crest elevation for 
this dike.  Based on a boring that was drilled through this dike, this dike was constructed using primarily 
ash fill.  Similar to the dikes of the 1958 ash pond, the ash within this partition dike was stratified into a 
medium dense to loose, moist ash layer and a very loose, wet ash layer.  The aforementioned boring 
showed the partition dike’s surficial soil is comprised of a silt material interbedded with sand and gravel.  
Similar to the perimeter dikes of the middle and east ash ponds, this dike’s side slopes were graded to 
approximately 3H:1V. 
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Around the time that the partition dike south of the middle ash pond was constructed, this ash pond’s 
western-most dike was removed, thereby merging it with an ash pond immediately west of it.  By 1996, 
however, this dike was re-built in its original location.  The dike was constructed to an approximate 
minimum crest elevation of 685 feet, which matched the elevation of the original dike.  The 
reconstruction of this dike effectively created the present-day footprint of Pond 1. 
 
The present-day footprints of Ponds 2A/2B and 3 were established by the early 1990s following the 
construction of a dike within the area presently occupied by Pond 2A/2B’s eastern-most boundary.  A 
boring drilled through this partition dike suggests that it was constructed using primarily ash fill.  Similar 
to the perimeter and partition dikes comprising the Station’s Ash Pond System, the boring log showed ash 
extending from the native soil underlying the dike up to approximately 684 feet.  Ash closer to this top-
of-ash elevation was denser than the ash found near the dike’s foundation.  This dike was built up to its 
present-day minimum crest elevation – approximately 689 feet – with approximately 3H:1V side slopes. 
 
Modifications to the area presently occupied by Pond 2A/2B began in the early 1990s when the southern 
segment of the dike that bisected the 1958 ash pond was partially removed; only the portion supporting 
three electrical transmission poles was kept intact.  Thus, the area functioned as a single ash pond until the 
mid-1990s when it was divided into three separate ash ponds.  This was accomplished through the 
construction of two partition dikes, one of which was built in the vicinity of the partial partition dike 
presently residing within Pond 2A/2B.  These dikes were constructed to an approximate minimum crest 
elevation of 683 feet, although they were several feet taller at the interface points with Ponds 1 and 3.  
The new partition dikes were built up from the existing ash elevation using approximately 3H:1V side 
slopes to 15-foot-wide crests.  The access roads atop these dikes occupied the middle 10 feet of their 
crests, and they were comprised of 6-inch-thick layers of #53 crushed stone, as specified by the Indiana 
Department of Transportation (INDOT). 
 
By 1996, the perimeter dikes for Ponds 1 and 3 were raised to their present-day crest elevations, which 
feature approximate minimum crest elevations of 688 feet and 685 feet, respectively.  SCS borings drilled 
through these dikes show that a dense, silty fill interbedded with sand and/or gravel was used to raise the 
dikes. 
 
The present-day layout of the dikes for the Station’s Ash Pond System was established between 1997 and 
1998.  At this time, the access roads circumnavigating the Ash Pond System were widened to provide 
adequate space for trucks to traverse the area.  This was typically accomplished by widening some of the 
dikes’ crests from 15 feet to approximately 40-foot widths.  The fill material used to widen the dikes was 
placed from the existing ash surface up to the existing crest elevation and was graded to approximately 
3H:1V side slopes.  During this expansion, the road atop Pond 3’s southeastern dike was widened over 
the easement for the aforementioned 84-inch-diameter interceptor sewer. 
 
An interior dike separating the west area of present-day Pond 2A/2B into two ponds was removed 
between July 2007 and June 2008.  Between October 2013 and September 2014, a portion of the partition 
dike southwest of the electrical transmission poles was removed, effectively creating the present-day 
Pond 2A/2B. 
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5 CURRENT CCR SURFACE IMPOUNDMENT CONFIGURATIONS 
As previously mentioned, Exhibit 2 provides an aerial view of the current configuration of the Station’s 
Ash Pond System.  The Station ceased producing CCR when its fuel source was converted to natural gas 
in early 2016.  Since then, the Station only conveys non-CCR, low volume wastewater from cooling 
tower blowdown, Unit 7’s waste sump, and various other sumps to the Ash Pond System for 
sedimentation.  Sedimentation of the constituents therein subsequently occurs within Ponds 1, 2A/2B, and 
3, which are interconnected with a network of discharge pipes.  Pond 1 serves as the Station’s initial 
settling pond and directs residual wastewater to Pond 2A/2B through a 30-inch-diameter corrugated metal 
pipe, which has an invert elevation of approximately 681.5 feet.  After undergoing secondary 
sedimentation in Pond 2A/2B, the wastewater subsequently flows through a 24-inch-diameter culvert into 
Pond 3.  Following the final sedimentation of the finer waste constituents, the treated water discharges 
through three 12-inch-diameter welded steel pipes, which have invert levels at an approximate elevation 
of 678.5 feet, to a drop outlet structure (National Pollutant Discharge Elimination System-permitted 
Outfall 006).  An 18-inch-diameter reinforced concrete pipe then conveys the treated wastewater into 
Lick Creek. 
 
These perched ash ponds do not have any spillways. 
 
Table 2 provides a list of key features for each existing CCR surface impoundment at Harding Street 
Generating Station.  Existing minimum crest elevations, storage areas, and storage capacities were 
obtained from site-specific topographic and bathymetric surveys conducted in 2015.  These surveys are 
included herein as Attachment D.  Corresponding area-capacity curves for Ponds 1, 2A/2B, and 3, which 
were developed from these surveys, are provided in Exhibit 3. 
 

Table 2: Attributes of Existing CCR Surface Impoundments 

Pond Designation Purpose 
Existing Minimum 

Crest Elevation1 
(ft) 

Estimated Existing 
Storage Area 

(acres) 

Estimated Existing 
Storage Capacity 

(acre-ft) 

Pond 1 
Initial  

Settling 
688 7.0 101.8 

Pond 2A/2B 
Secondary 

Settling 
686 3.8 39.5 

Pond 3 
Final  

Settling 
685 9.3 120.0 

1 Elevations are with respect to NAVD88. 

6 ACTIVE MAINTENANCE & SURVEILLANCE PROGRAMS 
Specifications and provisions for surveillance, maintenance, and repair of the Station’s existing CCR 
surface impoundments are contained within the Station’s active Ash Pond Operations and Maintenance 
Plan (“O&M Plan”).  The O&M Plan is included herein as Attachment E.  This document: 

 Discusses the existing instrumentation installed to monitor the water level in each CCR surface 
impoundment, 
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 Describes the active inspection program, 

 Provides provisions for maintaining the vegetation, riprap, and access roads along the CCR 
surface impoundments’ dikes, 

 Discusses remedial actions for damages caused by erosion and seepage, 

 Provides provisions for maintaining the outlets within the Ash Pond System, and 

 Provides example forms used to document each repair/maintenance activity. 
 
IPL performs routine inspections of the Ash Pond System and employs a separate entity to perform 
annual independent maintenance inspections. 
 
As shown on Figure 2 of Attachment E, several piezometers and staff gauges are distributed around and 
within the Station’s Ash Pond System.  The 14 piezometers installed around the ash ponds’ perimeters are 
used to monitor the groundwater levels within the dikes and foundation materials.  The eight staff gauges, 
which are installed within the ash ponds, monitor the elevation of the impounded water in each ash pond.  
Readings from these piezometers and staff gauges are recorded, at a minimum, on a monthly basis and a 
weekly basis, respectively. 

7 CONCLUSION 
In compliance with 40 CFR 257.73(c)(1), this history of construction has compiled, to the extent feasible, 
the relevant historical and current information regarding the existing CCR surface impoundments  
(i.e., Ponds 1, 2A/2B, and 3) at Harding Street Generating Station. 
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ATTACHMENT A 
 

HISTORICAL DESIGN DRAWINGS 
 

Item Drawing Number Title 

1 006-00-6-Y-D-42A Fly Ash Ponds, Sheet #1 

2 006-00-6-Y-D-42M Ash Disposal System, Site Plan 

3 006-00-6-Y-D-42N Ash Disposal System, Area Plan and Retaining Wall Detail 

4 006-00-6-Y-D-42P Ash Pond System, Site Plan 

5 006-00-6-Y-D-42Q Ash Pond System, Elevations and Details 

6 006-00-6-Y-D-42T Ash Pond Access Road Improvements 

7 006-00-6-Y-M-40A Stout Plant Property, Sheet #1 

8 006-00-6-Y-M-40B Stout Plant Property, Sheet #2 

9 6-1-1-4-1 Aerial Survey, Topographic Map 
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S&L Project No. 10572-085  October 14, 2016 
History of Construction of    
CCR Surface Impoundments  

Sargent & Lundy LLC 
1 Boring logs for existing CCR surface impoundments were extracted from Hydraulic and Stability Analysis Report: Indianapolis 

Power & Light Company, Harding Street Generating Station, Indianapolis, Indiana, by SCS BT Squared, dated April 9, 2012. 

ATTACHMENT B 
 

SOIL BORING LOGS1









































Harding Street Generating Station  Rev. 0 
S&L Project No. 10572-085  October 14, 2016 
History of Construction of    
CCR Surface Impoundments  

Sargent & Lundy LLC 
2 CPT data for existing CCR surface impoundments were extracted from Geotechnical Data Report, Harding Street Generating 

Station, Indianapolis, Indiana, by Terracon Consultants, Inc., dated October 20, 2015. 
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GEOTECHNICAL DATA REPORT2
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Exhibit A-3 

Field Exploration Description 

Locations for the two (2) SPT soil borings (HS-B-30 and HS-B-31) and fifteen (15) CPT soundings 

(HS-C-1 to HS-C-15) were laid out on the site by Terracon personnel based on the exploration 

program provided by S&L and in consultation with on-site S&L personnel.  Ground surface 

elevations and coordinates  of  the  as-drilled  boring/sounding  locations  were  determined  

using  a  Leica  Viva NetRover survey grade GPS with the following references:  WGS84 

latitude and longitude with WGS84 ellipsoid height.  Based on satellite availability and data 

collection interval, the horizontal survey data accuracy was reported as ±0.1 foot.   The 

horizontal and vertical references are NAD83 and NAVD88, respectively. 

 

SPT Field Exploration  

The SPT borings were drilled with a track rotary drill rig using continuous flight hollow-stem augers 

to advance the boreholes.  Samples of the soil encountered in the borings were obtained using an 

unlined split-barrel sampler and thin-walled tubes in accordance with ASTM D1586 and D1587.  

Bedrock was not encountered within the exploration depth at the SPT soil borings.  

 

In the split barrel sampling procedure, the number of blows required to advance a standard 2-inch 

O.D. split barrel sampler the last 12 inches of the typical total 18-inch penetration by means of a 

rope and cathead manual 140-lb safety hammer with a free fall of 30 inches, is the standard 

penetration resistance value (SPT-N).  This value is used to estimate the in-situ relative density of 

cohesionless soils and consistency of cohesive soils. 

 

At SPT borings, an automatic 140-lb SPT hammer was used to advance the split-barrel sampler in 

the borings performed on this site.  A greater efficiency is typically achieved with the automatic 

hammer compared to the conventional safety hammer operated with a cathead and rope. 

Published correlations between the SPT values and soil properties are based on the lower 

efficiency cathead and rope method.  This higher efficiency affects the standard penetration 

resistance blow count (N) value by increasing the penetration per hammer blow over what would 

be obtained using the cathead and rope method.  The efficiency ratio of the automatic hammer 

system used for this project was 87.2 percent and was last calibrated on September 14, 2014.  

SPT N-values reported on the boring logs are field values. 

 

The samples were tagged for identification, sealed to reduce moisture loss, and taken to our 

laboratory for further examination, testing, and classification.  Information provided on the boring 

logs attached to this report includes soil descriptions, consistency evaluations, boring depths, 

sampling intervals, and groundwater conditions.  Before leaving the site, the drill crew backfilled 

each of the borings with a cement/bentonite grout mixture. 

 

A field log of each boring was prepared by the drill crew.  These logs included visual classifications 

of the materials encountered during drilling as well as the driller’s interpretation of the subsurface 

conditions between samples.  Final boring logs included with this report represent the engineer's 
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Exhibit A-3 

review of obtained soil samples, driller’s field logs and include modifications based on laboratory 

tests of the samples. 

 

CPT Field Exploration  

Cone Penetration Test (CPT) soundings were performed in general accordance with industry-

standard procedures (ASTM Method D5778) with continuous data collection.  CPT soundings 

were performed with a Geotech AB Nova cone penetrometer consisting of a cone-shaped 

sounding tip attached to 1.25-inch-diameter steel rods with flush-joint couplings.  The cone tip 

contains load cells to measure cone tip penetration resistance, sleeve friction resistance and 

pore-pressure transducers to measure pore water pressure.  The tilt angle of the penetrometer 

is also measured by an inclinometer located within the sounding tip.  The CPT soundings were 

logged electronically in the field.  Requested information on the cone is shown in the following 

table and on the attached calibration sheet. 

 

Cone Parameter Specifications 

Serial No. 4342 and 4399 

Tip Area 10-cm
2
 

Cone Diameter 35.6 mm 

Sleeve Area 150-cm
2
 

Sleeve Diameter 35.9 mm 

 

The data collected from the CPT was processed and is presented graphically in the attached 

logs, including the tip resistance, sleeve resistance, a ratio of sleeve to tip resistance, pore 

pressure and interpreted material descriptions (based upon published correlations) with depth.   

Material descriptions (Soil Behavior Types) provided on the boring logs are not necessarily 

consistent with soil classifications and descriptions determined in accordance with ASTM 

Methods D2487 and D2488 since the CPT description is based on correlations.  The Excel files 

of the CPT data have been transmitted with this report to the client. 

 

When feasible, layers of dense gravel, dense rubble, and cemented fly ash were removed when 

encountered to allow CPT soundings to advance.  The CPT cone was extracted and the 

remaining open hole was backfilled with cement bentonite grout, including the road base 

material (where applicable).  The results of our field program and the final CPT sounding logs 

included with this report were evaluated by a professional geotechnical engineer licensed in the 

State of Indiana.  



CPT Started: 8/27/2015

Rig: Geoprobe

Probe no. 4399 with net area ratio of 0.82
U2 pore pressure transducer location
Manufactured by Geotech A.B.; calibrated 10/21/2014
Tip and sleeve areas of 10 cm2 and 150 cm2

Ring friction reducer with O.D. of 1.875 in

30 ft estimated water depth
(used in normalizations and correlations;

see Appendix C)

WATER LEVEL OBSERVATION

Hole caved, grout to 15 ft

See Exhibit A-3 for description of field procedures.

See Appendix C for explanation of symbols and abbreviations.

Elevation Reference: NAVD88

SITE: 3700 South Harding Street
Indianapolis, Indiana

4  Silt mixtures - clayey silt to silty clay
5  Sand mixtures - silty sand to sandy silt
6  Sands - clean sand to silty sand

1  Sensitive, fine grained
2  Organic soils - clay
3  Clay - silty clay to clay

CPT LOG NO.  HS-C-6
CLIENT: Sargent & Lundy

Chicago, IL

Project No.:  N1155176
611 Lunken Park Drive

Cincinnati, Ohio

PROJECT: See Exhibit A-2
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Harding Street Generating Station

7  Gravelly sand to dense sand
8  Very stiff sand to clayey sand
9  Very stiff fine grained

Latitude:
Longitude:

39.70656°
86.19831°

CPT Completed: 8/27/2015

Operator: Buchanan/Pattison

CPT sensor calibration reports available upon request.

Surface Elev.: 687.0 ft

TEST LOCATION:
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 Unacceptable Tilt at 27.2 Feet
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CPT Started: 8/27/2015

Rig: Geoprobe

Probe no. 4399 with net area ratio of 0.82
U2 pore pressure transducer location
Manufactured by Geotech A.B.; calibrated 10/21/2014
Tip and sleeve areas of 10 cm2 and 150 cm2

Ring friction reducer with O.D. of 1.875 in

30 ft estimated water depth
(used in normalizations and correlations;

see Appendix C)

WATER LEVEL OBSERVATION

Hole caved, grout to 10 ft

See Exhibit A-3 for description of field procedures.

See Appendix C for explanation of symbols and abbreviations.

Elevation Reference: NAVD88

SITE: 3700 South Harding Street
Indianapolis, Indiana

4  Silt mixtures - clayey silt to silty clay
5  Sand mixtures - silty sand to sandy silt
6  Sands - clean sand to silty sand

1  Sensitive, fine grained
2  Organic soils - clay
3  Clay - silty clay to clay

CPT LOG NO.  HS-C-7
CLIENT: Sargent & Lundy

Chicago, IL

Project No.:  N1155176
611 Lunken Park Drive

Cincinnati, Ohio

PROJECT: See Exhibit A-2
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Harding Street Generating Station

7  Gravelly sand to dense sand
8  Very stiff sand to clayey sand
9  Very stiff fine grained

Latitude:
Longitude:

39.70624°
86.19677°

CPT Completed: 8/27/2015

Operator: Buchanan/Pattison

CPT sensor calibration reports available upon request.

Surface Elev.: 686.8 ft

TEST LOCATION:

Page 1 of 1
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 Unacceptable Tilt at 20.8 Feet
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CPT Started: 8/24/2015

Rig: Geoprobe

Probe no. 4399 with net area ratio of 0.82
U2 pore pressure transducer location
Manufactured by Geotech A.B.; calibrated 10/21/2014
Tip and sleeve areas of 10 cm2 and 150 cm2

Ring friction reducer with O.D. of 1.875 in

20 ft estimated water depth
(used in normalizations and correlations;

see Appendix C)

WATER LEVEL OBSERVATION

Hole caved, grout to 8 ft

See Exhibit A-3 for description of field procedures.

See Appendix C for explanation of symbols and abbreviations.

Elevation Reference: NAVD88

SITE: 3700 South Harding Street
Indianapolis, Indiana

4  Silt mixtures - clayey silt to silty clay
5  Sand mixtures - silty sand to sandy silt
6  Sands - clean sand to silty sand

1  Sensitive, fine grained
2  Organic soils - clay
3  Clay - silty clay to clay

CPT LOG NO.  HS-C-12
CLIENT: Sargent & Lundy

Chicago, IL

Project No.:  N1155176
611 Lunken Park Drive

Cincinnati, Ohio

PROJECT: See Exhibit A-2
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Harding Street Generating Station

7  Gravelly sand to dense sand
8  Very stiff sand to clayey sand
9  Very stiff fine grained

Latitude:
Longitude:

39.7078°
86.19528°

CPT Completed: 8/24/2015

Operator: Buchanan/Pattison

CPT sensor calibration reports available upon request.

Surface Elev.: 686.3 ft

TEST LOCATION:
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 Unacceptable Tilt at 29.4 Feet
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CPT Started: 8/24/2015

Rig: Geoprobe

Probe no. 4399 with net area ratio of 0.82
U2 pore pressure transducer location
Manufactured by Geotech A.B.; calibrated 10/21/2014
Tip and sleeve areas of 10 cm2 and 150 cm2

Ring friction reducer with O.D. of 1.875 in

20 ft estimated water depth
(used in normalizations and correlations;

see Appendix C)

WATER LEVEL OBSERVATION

Hole caved, grout to 15 ft

See Exhibit A-3 for description of field procedures.

See Appendix C for explanation of symbols and abbreviations.

Elevation Reference: NAVD88

SITE: 3700 South Harding Street
Indianapolis, Indiana

4  Silt mixtures - clayey silt to silty clay
5  Sand mixtures - silty sand to sandy silt
6  Sands - clean sand to silty sand

1  Sensitive, fine grained
2  Organic soils - clay
3  Clay - silty clay to clay

CPT LOG NO.  HS-C-13
CLIENT: Sargent & Lundy

Chicago, IL

Project No.:  N1155176
611 Lunken Park Drive

Cincinnati, Ohio

PROJECT: See Exhibit A-2
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Harding Street Generating Station

7  Gravelly sand to dense sand
8  Very stiff sand to clayey sand
9  Very stiff fine grained

Latitude:
Longitude:

39.70846°
86.19598°

CPT Completed: 8/24/2015

Operator: Buchanan/Pattison

CPT sensor calibration reports available upon request.

Surface Elev.: 686.7 ft

TEST LOCATION:
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 Unacceptable Tilt at 26.8 Feet
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CPT Started: 8/28/2015

Rig: Geoprobe

Probe no. 4342

30 ft estimated water depth
(used in normalizations and correlations;

see Appendix C)

WATER LEVEL OBSERVATION

Hole caved, grout to 8 ft

See Exhibit A-3 for description of field procedures.

See Appendix C for explanation of symbols and abbreviations.

Elevation Reference: NAVD88

SITE: 3700 South Harding Street
Indianapolis, Indiana

4  Silt mixtures - clayey silt to silty clay
5  Sand mixtures - silty sand to sandy silt
6  Sands - clean sand to silty sand

1  Sensitive, fine grained
2  Organic soils - clay
3  Clay - silty clay to clay

CPT LOG NO.  HS-C-14
CLIENT: Sargent & Lundy

Chicago, IL

Project No.:  N1155176
611 Lunken Park Drive

Cincinnati, Ohio

PROJECT: See Exhibit A-2
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Harding Street Generating Station

7  Gravelly sand to dense sand
8  Very stiff sand to clayey sand
9  Very stiff fine grained

Latitude:
Longitude:

39.70859°
86.19837°

CPT Completed: 8/28/2015

Operator: Buchanan/Pattison

CPT sensor calibration reports available upon request.

Surface Elev.: 690.0 ft

TEST LOCATION:
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CPT Started: 8/24/2015

Rig: Geoprobe

Probe no. 4399 with net area ratio of 0.82
U2 pore pressure transducer location
Manufactured by Geotech A.B.; calibrated 10/21/2014
Tip and sleeve areas of 10 cm2 and 150 cm2

Ring friction reducer with O.D. of 1.875 in

30 ft estimated water depth
(used in normalizations and correlations;

see Appendix C)

WATER LEVEL OBSERVATION

Hole caved, grout to 13 ft

See Exhibit A-3 for description of field procedures.

See Appendix C for explanation of symbols and abbreviations.

Elevation Reference: NAVD88

SITE: 3700 South Harding Street
Indianapolis, Indiana

4  Silt mixtures - clayey silt to silty clay
5  Sand mixtures - silty sand to sandy silt
6  Sands - clean sand to silty sand

1  Sensitive, fine grained
2  Organic soils - clay
3  Clay - silty clay to clay

CPT LOG NO.  HS-C-15
CLIENT: Sargent & Lundy

Chicago, IL

Project No.:  N1155176
611 Lunken Park Drive

Cincinnati, Ohio

PROJECT: See Exhibit A-2
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Harding Street Generating Station

7  Gravelly sand to dense sand
8  Very stiff sand to clayey sand
9  Very stiff fine grained

Latitude:
Longitude:

39.70891°
86.20019°

CPT Completed: 8/24/2015

Operator: Buchanan/Pattison

CPT sensor calibration reports available upon request.

Surface Elev.: 688.8 ft

TEST LOCATION:
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Exhibit:  C-1

Unconfined Compressive Strength
Qu, (tsf)

0.25 to 0.50

1.00 to 2.00

2.00 to 4.00

0.50 to 1.00

less than 0.25

> 4.00

Non-plastic
Low
Medium
High

DESCRIPTION OF SYMBOLS AND ABBREVIATIONS
S
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GENERAL NOTES

Over 12 in. (300 mm)
12 in. to 3 in. (300mm to 75mm)
3 in. to #4 sieve (75mm to 4.75 mm)
#4 to #200 sieve (4.75mm to 0.075mm
Passing #200 sieve (0.075mm)

Particle Size

0
1 - 10
11 - 30

> 30

Plasticity Index

Soil classification is based on the Unified Soil Classification System. Coarse Grained Soils have more than 50% of their dry
weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand. Fine Grained Soils have
less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are plastic, and
silts if they are slightly plastic or non-plastic. Major constituents may be added as modifiers and minor constituents may be
added according to the relative proportions based on grain size. In addition to gradation, coarse-grained soils are defined
on the basis of their in-place relative density and fine-grained soils on the basis of their consistency.

LOCATION AND ELEVATION NOTES

Percent of
Dry Weight

Major Component
of Sample

DESCRIPTIVE SOIL CLASSIFICATION

Boulders
Cobbles
Gravel
Sand
Silt or Clay

Descriptive Term(s)
of other constituents

N

(HP)

(T)

(DCP)

(PID)

(OVA)

Term

PLASTICITY DESCRIPTION

Water levels indicated on the soil boring
logs are the levels measured in the
borehole at the times indicated.
Groundwater level variations will occur
over time. In low permeability soils,
accurate determination of groundwater
levels is not possible with short term
water level observations.

Water Level After
a Specified Period of Time

Water Level After a
Specified Period of Time

Water Initially
Encountered

Grab
Sample

Shelby
Tube

Standard
Penetration
Test

Standard Penetration Test
Resistance (Blows/Ft.)

Hand Penetrometer

Torvane

Dynamic Cone Penetrometer

Photo-Ionization Detector

Organic Vapor Analyzer

S
T

R
E

N
G

T
H

 T
E

R
M

S Standard Penetration or
N-Value

Blows/Ft.

Descriptive Term
(Consistency)

Descriptive Term
(Density)

CONSISTENCY OF FINE-GRAINED SOILS

(50% or more passing the No. 200 sieve.)
Consistency determined by laboratory shear strength testing, field

visual-manual procedures or standard penetration resistance

Standard Penetration or
N-Value

Blows/Ft.

(More than 50% retained on No. 200 sieve.)
Density determined by Standard Penetration Resistance

RELATIVE DENSITY OF COARSE-GRAINED SOILS

Hard > 30

> 50 15 - 30Very Stiff

Stiff

Medium Stiff

Very Soft 0 - 1

Medium Dense

SoftLoose

Very Dense

8 - 1530 - 50Dense

4 - 810 - 29

2 - 44 - 9

Very Loose 0 - 3

Trace
Few
Little
Some
Mostly

  < 5
 5 - 10
15 - 25
30 - 45
50 - 100

 RELATIVE PROPORTIONS (ASTM D2488)                                                                             GRAIN SIZE TERMINOLOGY

Ground surface elevations and coordinates  of  the  as-drilled  boring/sounding  locations  were  determined  using  a  Leica  Viva NetRover
survey grade GPS with the following references:  WGS84 latitude and longitude with WGS84 ellipsoid height.  Based on satellite availability
and data collection interval, the horizontal survey data accuracy was reported as ±01 foot.   The horizontal and vertical references are
NAD83 and NAVD88, respectively.
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Exhibit C-2 

UNIFIED SOIL CLASSIFICATION SYSTEM 

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests A 
Soil Classification 

Group 
Symbol 

Group Name B 

Coarse Grained Soils: 
More than 50% retained 
on No. 200 sieve 

Gravels: 
More than 50% of 
coarse fraction retained 
on No. 4 sieve 

Clean Gravels: 
Less than 5% fines C 

Cu  4 and 1  Cc  3 E GW Well-graded gravel F 

Cu  4 and/or 1  Cc  3 E GP Poorly graded gravel F 

Gravels with Fines: 
More than 12% fines C 

Fines classify as ML or MH GM Silty gravel F,G,H 

Fines classify as CL or CH GC Clayey gravel F,G,H 

Sands: 
50% or more of coarse 
fraction passes No. 4 
sieve 

Clean Sands: 
Less than 5% fines D 

Cu  6 and 1  Cc  3 E SW Well-graded sand I 

Cu  6 and/or 1  Cc  3 E SP Poorly graded sand I 

Sands with Fines: 
More than 12% fines D 

Fines classify as ML or MH SM Silty sand G,H,I 

Fines classify as CL or CH SC Clayey sand G,H,I 

Fine-Grained Soils: 
50% or more passes the 
No. 200 sieve 

Silts and Clays: 
Liquid limit less than 50 

Inorganic: 
PI  7 and plots on or above “A” line J CL Lean clay K,L,M 

PI  4 or plots below “A” line J ML Silt K,L,M 

Organic: 
Liquid limit - oven dried 

 0.75 OL 
Organic clay K,L,M,N 

Liquid limit - not dried Organic silt K,L,M,O 

Silts and Clays: 
Liquid limit 50 or more 

Inorganic: 
PI plots on or above “A” line CH Fat clay K,L,M 

PI plots below “A” line MH Elastic Silt K,L,M 

Organic: 
Liquid limit - oven dried 

 0.75 OH 
Organic clay K,L,M,P 

Liquid limit - not dried Organic silt K,L,M,Q 

Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat 
 

A Based on the material passing the 3-inch (75-mm) sieve 
B If field sample contained cobbles or boulders, or both, add “with cobbles 

or boulders, or both” to group name. 
C Gravels with 5 to 12% fines require dual symbols:  GW-GM well-graded 

gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly 
graded gravel with silt, GP-GC poorly graded gravel with clay. 

D Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded 
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded 
sand with silt, SP-SC poorly graded sand with clay 

E Cu = D60/D10     Cc = 

6010

2

30

DxD

)(D
 

F If soil contains  15% sand, add “with sand” to group name. 
G If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM. 

H If fines are organic, add “with organic fines” to group name. 
I If soil contains  15% gravel, add “with gravel” to group name. 
J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay. 
K If soil contains 15 to 29% plus No. 200, add “with sand” or “with gravel,” 

whichever is predominant. 
L If soil contains  30% plus No. 200 predominantly sand, add “sandy” to 

group name. 
M If soil contains  30% plus No. 200, predominantly gravel, add 

“gravelly” to group name. 
N PI  4 and plots on or above “A” line. 
O PI  4 or plots below “A” line. 
P PI plots on or above “A” line. 
Q PI plots below “A” line. 
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CPT GENERAL NOTES

CONE PENETRATION SOIL BEHAVIOR TYPE

REFERENCES

atm = atmospheric pressure = 101 kPa = 1.05  tsf

10

100

NORMALIZED FRICTION RATIO, Fr

Relative Density, Dr

1
100.1 1

1000
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4  Silt mixtures - clayey silt to silty clay

5  Sand mixtures - silty sand to sandy silt

6  Sands - clean sand to silty sand

1  Sensitive, fine grained

2  Organic soils - clay

3  Clay - silty clay to clay

7  Gravelly sand to dense sand

8  Very stiff sand to clayey sand

9  Very stiff fine grained

Kulhawy, F.H., Mayne, P.W., (1997). "Manual on Estimating Soil Properties for Foundation Design," Electric Power Research Institute, Palo Alto, CA.
Mayne, P.W., (2013). "Geotechnical Site Exploration in the Year 2013," Georgia Institue of Technology, Atlanta, GA.
Robertson, P.K., Cabal, K.L. (2012). "Guide to Cone Penetration Testing for Geotechnical Engineering," Signal Hill, CA.
Schmertmann, J.H., (1970). "Static Cone to Compute Static Settlement over Sand," Journal of the Soil Mechanics and Foundations Division, 96(SM3), 1011-1043.

High ReliabilityLow Reliability

Effective Friction Angle,    '

Permeability, k

Constrained Modulus, M

Over Consolidation Ratio, OCR

DESCRIPTION OF GEOTECHNICAL CORRELATIONSDESCRIPTION OF MEASUREMENTS
AND CALIBRATIONS

* improves with seismic Vs measurements

Reliability of CPT-predicted N60 values as
commonly measured by the Standard
Penetration Test (SPT) is not provided due to
the inherent inaccuracy associated with the
SPT test procedure.

Undrained Shear Strength, Su

Sensitivity, St

Small Strain Modulus, G0* and
Elastic Modulus, Es*

REPORTED PARAMETERS

WATER LEVEL

RELATIVE RELIABILITY OF CPT CORRELATIONS

Unit Weight,    

The groundwater level at the CPT location is used to normalize the measurements for vertical overburden pressures and as a result influences the
normalized soil behavior type classification and correlated soil parameters.  The water level may either be "measured" or "estimated:"
   Measured - Depth to water directly measured in the field
   Estimated - Depth to water interpolated by the practitioner using pore pressure measurements in coarse grained soils and known site conditions
While groundwater levels displayed as "measured" more accurately represent site conditions at the time of testing than those "estimated," in either case
the groundwater should be further defined prior to construction as groundwater level variations will occur over time.

5

Sand

4

87
9

6

3

Clay and Silt
Sand

Sleeve Friction, fs
     Frictional force acting on the sleeve
     divided by its surface area

1 2

Sand

Clay and Silt

Sand

Clay and Silt

Clay and Silt

Clay and Silt
Sand

Sand

Clay and Silt
Sand

Clay and Silt

Clay and Silt

To be reported per ASTM D5778:

     Where a is the net area ratio,
     a lab calibration of the cone typically
     between 0.70 and 0.85

Uncorrected Tip Resistance, qc
     Measured force acting on the cone
     divided by the cone's projected area

Normalized Friction Ratio, Fr
     The ratio as a percentage of fs to qt,
     accounting for overburden pressure

Shear Wave Velocity, Vs
     Measured in a Seismic CPT and provides
     direct measure of soil stiffness

Undrained Shear Strength, Su
     Su = Qt x    'V0/Nkt
     Nkt is a soil-specific factor (shown on Su plot)

Soil Behavior Type Index, Ic
     Ic = [(3.47 - log(Qt)

2 + (log(Fr) + 1.22)2]0.5

To be reported per ASTM D7400, if collected:

Hydraulic Conductivity, k
     For 1.0 < Ic < 3.27  k = 10(0.952 - 3.04Ic)

     For 3.27 < Ic < 4.0  k = 10(-4.52 - 1.37Ic)

The estimated stratigraphic profiles included in the
CPT logs are based on relationships between
corrected tip resistance (qt), friction resistance (fs),
and porewater pressure (u2).  The normalized friction
ratio (Fr) is used to classify the soil behavior type.

Typically, silts and clays have high Fr values and
generate large excess penetration porewater
pressures; sands have lower Fr's and do not generate
excess penetration porewater pressures.  The
adjacent graph (Robertson et al.) presents the soil
behavior type correlation used for the logs. This
normalized SBT chart, generally considered the most
reliable, does not use pore pressure to determine SBT
due to its lack of repeatability in onshore CPTs.

Constrained Modulus, M
     M =    M(qt -    V0)
     For Ic > 2.2 (fine-grained soils)
           M = Qt with maximum of 14
     For Ic < 2.2 (coarse-grained soils)
           M = 0.0188 x 10(0.55Ic + 1.68)

Pore Pressure, u
     Pore pressure measured during penetration
     u1 - sensor on the face of the cone
     u2 - sensor on the shoulder (more common)

SPT N60
     N60 = (qt/atm) / 10(1.1268 - 0.2817Ic)

Normalized Tip Resistance, Qt
     Qt = (qt -    V0)/   'V0

Over Consolidation Ratio, OCR
     OCR (1) = 0.25(Qt)

1.25

     OCR (2) = 0.33(Qt)

Effective Friction Angle,    '
        ' (1) = tan-1(0.373[log(qt/   'V0) + 0.29])
        ' (2) = 17.6 + 11[log(Qt)]

Corrected Tip Resistance, qt
     Cone resistance corrected for porewater
     and net area ratio effects
     qt = qc + u2(1 - a)

Small Strain Shear Modulus, G0
     G0 (1) =    Vs

2

     G0 (2) = 0.015 x 10(0.55Ic + 1.68)(qt -    V0)

Elastic Modulus, Es (assumes q/qultimate ~ 0.3, i.e. FS = 3)
     Es (1) = 2.6   G0 where     = 0.56 - 0.33logQt,clean sand

     Es (2) = G0

     Es (3) = 0.015 x 10(0.55Ic + 1.68)(qt -    V0)
     Es (4) = 2.5qt

Relative Density, Dr
     Dr = (Qt / 350)0.5 x 100

Unit Weight,    
         = (0.27[log(Fr)]+0.36[log(qt/atm)]+1.236) x    water
        V0 is taken as the incremental sum of the unit weights

Sensitivity, St
     St = (qt -    V0/Nkt) x (1/fs)

CPT logs as provided, at a minimum, report the data as required by ASTM D5778 and ASTM D7400 (if applicable).
This minimum data include qt, fs, and u. Other correlated parameters may also be provided. These other correlated
parameters are interpretations of the measured data based upon published and reliable references, but they do not
necessarily represent the actual values that would be derived from direct testing to determine the various parameters.
To this end, more than one correlation to a given parameter may be provided. The following chart illustrates estimates
of reliability associated with correlated parameters based upon the literature referenced below.
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Harding Street Generating Station  Rev. 0 
S&L Project No. 10572-085  October 14, 2016 
History of Construction of    
CCR Surface Impoundments  

Sargent & Lundy LLC 
 
 

ATTACHMENT D 
 

TOPOGRAPHIC & BATHYMETRIC SURVEYS OF ASH POND SYSTEM 
 

Item Drawing Number Title 

1 8113HARD SHT 1 Harding Street Generating Station, Overall Ash Pond Survey 

2 8113HARD SHT 3 Harding Street Generating Station, Survey of Ash Pond No. 1, 2A, 2B & 3 
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Harding Street Generating Station  Rev. 0 
S&L Project No. 10572-085  October 14, 2016 
History of Construction of    
CCR Surface Impoundments  

Sargent & Lundy LLC 
 
 

ATTACHMENT E 
 

OPERATIONS & MAINTENANCE PLAN  

































































Harding Street Generating Station  Rev. 0 
S&L Project No. 10572-085  October 14, 2016 
History of Construction of    
CCR Surface Impoundments  

Sargent & Lundy LLC 
 
 

ATTACHMENT F 
 

INTERCEPTOR SEWER DETAILS 
 

Item Title 

1 Details of Southwest Interceptor Sewer in Vicinity of Harding Street Ash Ponds 

2 
Details of Southwest Interceptor Sewer in Vicinity of Harding Street Ash Ponds, Section B-B 
Looking Northeast 
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1969 Surface

1982 Surface

2011 Surface

Closure Plan B

84" Sewer

14" Sludge Line

Section B-B  Looking Northeast
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Closure Plan Bsure Plauure Pl

This surface has since
been revised. As such, it
is no longer valid as
shown.




