
 

 
 
 
 
 
May 29, 2009 
 
 
North Carolina Department of Environment and Natural Resources 
Asheville Regional Office – Division of Waste Management 
Swannanoa, North Carolina 28778 
 
 
Attention: Mr. Larry Frost, Regional Engineer 
 
 
Reference: Structural Fill Facility Notification – Phase I Construction 
  Marshall Steam Station Industrial Landfill #1   

Duke Energy Carolinas – Marshall Steam Station 
Terrell, Catawba County, North Carolina 

  S&ME Project No. 1356-08-122 
  S&ME Engineering License No. F-0176  
 
Dear Mr. Frost:  
 
On behalf of Duke Energy Carolinas, S&ME, Inc. (S&ME) is pleased to submit this letter 
providing structural fill notification for the construction of the subgrade of the Phase 1 
portion of the proposed Industrial Landfill #1 at Duke Energy’s Marshall Steam Station.  
The design of the proposed Industrial Landfill #1 is currently in progress and will be 
submitted for review to the North Carolina Department of Environment and Natural 
Resources (NCDENR) Division of Waste Management, Solid Waste Section as a Permit 
to Construct Application.  This letter is submitted in general accordance with the 
structural fill notification requirements as outlined in 15A NCAC 13B .1703.   

BACKGROUND  
Duke Energy is preparing to construct an industrial landfill at the Marshall Steam Station, 
located to the west of Lake Norman in Terrell, Catawba County, North Carolina.  The 
proposed landfill will be called the Marshall Steam Station Industrial Landfill #1 
(MSSILF#1) and will be located north of the power generating units and south of Island 
Point Road. 
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The landfill will be constructed in a series of 5-year-capacity phases.  For permitting, design, 
and reference purposes, Phase 1 of the landfill development consists of the following six 
stages: 
 

Stage 1:   Cell 1 and 2 subgrade preparation (clearing and grubbing); 
 
Stage 2:   Structural Fill to Cell 1 and 2 subgrade (compliant with .1700 rule 

regulations); 
 
Stage 3:   Cell 1 and 2 construction and operation; 
 
Stage 4:   Cell 3 and 4 subgrade preparation (clearing and grubbing); 
 
Stage 5:   Structural Fill to Cell 3 and 4 subgrade (compliant with .1700 rule 

regulations); and, 
 
Stage 6:   Cell 3 and 4 construction and operation. 

 
The stages of construction are expected to be performed such that the landfill will be in 
continuous operation. 
 
This Structural Fill Facility Notification is for Stages 2 and 5 of Phase 1 construction. 
Stage 2 will contain approximately 385,000 cubic yards of .1700 Rules structural fill 
which will be placed upon approximately 13 acres of prepared subgrade.  Stage 5 will 
contain approximately 320,000 cubic yards of .1700 Rules structural fill which will be 
placed upon approximately 8 acres of prepared subgrade.   

.1703 – NOTIFICATION 
The following information summarizes the 15A NCAC 13B .1703 requirements for 
structural fill notification and provides a corresponding response.  The regulatory 
requirements are cited and italicized with the responses following. 
 
15A NCAC 13B .1703(a)(1): A description of the nature, purpose and location of the 
project, including the name of the United States Geological Survey seven and one-half 
minute map on which the project is located and a Department of Transportation map or 
an eight and one-half by 11 inch topographic map showing the project. 
 
The structural fill will be placed as a portion of the subgrade for an overlying industrial 
landfill at Duke Energy’s Marshall Steam Station located in Terrell, Catawba County, 
North Carolina.  Marshall Steam Station facility is located along NC Highway 150 
between Sherills Ford Road on the west and Lake Norman on the east.  The landfill 
facility will be located partially over an existing inactive ash basin north of the 
powerhouse area and south of Island Point Road.  The site appears on the Lake Norman 
North, North Carolina 7.5 minute USGS quadrangle map (see Figure 1). 
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15A NCAC 13B .1703(a)(2): The estimated start and completion dates for the project. 
 
Table 1 presents the relevant structural fill start and completion dates.  Please refer to the 
Drawings in Attachment I for illustration of Cells 1 and 2 (Stage 2) and Phase 1 (Stage 5) 
final structural fill grades. 

 
Table 1. Proposed Structural Fill Project Start and Completion Dates 

 
Landfill Development Stage Estimated Start Date Estimated Completion Date 

Stage 2 of Phase 1 Jul-09 Mar-10 
Stage 5 of Phase 1 Apr-13 Oct-13 

 
Between Stages 2 and 5 filling, Cells 1 and 2 of Phase 1 will be constructed and then 
filled (Stage 3).  Following Stage 5, Cells 3 and 4 of Phase 1 will be constructed and 
filled (Stage 6).   
 
15A NCAC 13B .1703(a)(3): An estimate of the volume of coal combustion by-products to 
be used for the project. 
 
The estimated total volume of Coal Combustion Products (CCPs) used in the construction 
of Phase 1 subgrade is approximately 705,000 cubic yards (Stage 2: 385,000 cubic yards 
and Stage 5: 320,000 cubic yards). 
 
15A NCAC 13B .1703(a)(4): A Toxicity Characteristic Leaching Procedure (TCLP) 
analysis from a representative sample of each different coal combustion by-product 
source to be used in the project.  The TCLP analysis shall be conducted and certified by 
the generator to be representative of each coal combustion by-product source used in the 
project.  A TCLP analysis shall be conducted at least annually.  A minimum analysis 
shall include: arsenic, barium, cadmium, lead, chromium, mercury, selenium and silver. 
 
The proposed structural fill will be constructed with CCPs.  It is anticipated that the 
structural fill will be constructed with fly ash obtained from the dry ash handling system 
at Marshall Steam Station. TCLP analysis of dry ash is included in Attachment II. 
 
15A NCAC 13B .1703(a)(5): A signed and dated statement by the owner(s) of the land on 
which the structural fill is to be placed, acknowledging and consenting to the use of coal 
combustion by-products as structural fill and agreeing to record the fill in accordance 
with Rule .1707 of this Section. 
 
A signed and dated statement by Duke Energy is included in Attachment III. 
 
15A NCAC 13B .1703(a)(6): The notification shall include: 
 

(A) Name of coal combustion by-products generator; 
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Duke Energy Carolinas – Marshall Steam Station 
 
(B) Physical location of the generating facility; 
 
Marshall Steam Station is located along NC Highway 150 between Sherills Ford 
Road on the west and Lake Norman on the east (see Figure 1).   
 
(C) Address of generator; 
 
Marshall Steam Station 
8320 East NC Hwy 150 
Terrell, NC  28682 
 
(D) Name of contact for generator; 
 
Donna Burrell 
 
(E) Telephone number of generator; and 
 
(828) 478-7820 
 
(F) Changes that occur will require subsequent notification of the Division of 

Solid Waste Management. 
 
Duke Energy will notify the Division of Solid Waste Management of any changes 
that may occur. 
 

15A NCAC 13B .1703(b): In addition to the notification requirements under Paragraph 
(a) of this Rule, at least 30 days before using coal combustion by-products as a structural 
fill in projects with a volume of more than 10,000 cubic yards, the person proposing the 
use shall submit a written notice to the Division containing construction plans for the 
structural fill facility, including a stability analysis when necessary, which shall be 
prepared, signed and sealed by a registered professional engineer in accordance with 
sound engineering practices.  The Department of Transportation is not required to 
submit construction plans with the written notice.  The Department of Transportation 
shall maintain a complete set of construction plans and shall notify the Division where 
the construction plans are located. 
 
S&ME is preparing a detailed engineering design for the overall landfill project to be 
submitted in a subsequent document as a Permit to Construct Application.  Drawings 
illustrating the proposed structural fill plan are included in Attachment I, and as part of 
the Erosion and Sediment Control Plan in Attachment IV.  Technical specifications for 
structural fill placement (Specification Section 02320 – Backfill - Structural) are 
provided in Attachment V. 
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Slope stability analyses representing construction conditions during Cells 1 and 2 and 
Phase 1 structural fill construction (Stages 2 and 5 of Phase 1, respectively)  are included 
in Attachment VI.  Results indicate a factor of safety of 1.3 or greater for the short-term 
(construction) condition.  Further stability analyses will be included in the subsequent 
Permit to Construct Application. 

.1704 – SITING 
Rule .1704 defines several lateral and vertical setback distances between subject features 
and the structural fill.  Many of these siting restrictions were identified and have been 
addressed through the industrial landfill permitting process. 
 
15A NCAC 13B.1704(a):  Coal combustion by-products used as a structural fill shall not 
be placed: 
 
(1): Within 50 horizontal feet of a jurisdictional wetland unless after consideration of the 
chemical and physical impact on the wetland, the U.S. Corps of Engineers issues a 
permit or waiver for the fill. 
 
Wetlands were delineated within the proposed landfill footprint.  Duke Energy permitted 
wetlands impacts with the North Carolina Division of Water Quality, (DWQ# 08-1709),  
the U.S. Corps of Engineers (Action ID# SAW-2008-03102) and made full payment to 
North Carolina Ecosystem Enhancement Program (EEP# ILF-2008-6321).  This 
information is provided in Attachment VII.  Detailed wetland information is contained in 
the “Revised Site Suitability Study, Industrial Landfill #1”(S&ME, May 8, 2009).  The 
boundaries for the proposed structural fill are not within 50 horizontal feet of a 
jurisdictional wetland. 
 
(2): Within 50 horizontal feet of the top of the bank of a perennial stream or other surface 
water body. 
 
The proposed fill activities will not be located within 50 horizontal feet of the top of bank 
of a perennial stream or other surface water body (see Figure 1). 
 
 
(3): Within two feet of the seasonal high ground-water table. 
 
The long term seasonal high groundwater table was characterized in the “Revised 
Hydrogeologic Study, Industrial Landfill #1”(S&ME, May 8, 2009).  Results of the 
characterization indicate that long term seasonal high groundwater is as little as 1 foot 
beneath the existing inactive ash basin surface.  At least two feet of soil structural fill was 
placed in areas where the groundwater table is less than two feet beneath existing grade 
as part of Stage 1 of Phase 1 construction.  The soil structural fill consists of on-site soils 
obtained from areas outside of the .1700 structural fill footprint.  Placement of this soil 
will place the lower elevation of the proposed structural fill at least 2 feet above the long 
term seasonal high groundwater table. 
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(4): Within 100 horizontal feet of any source of drinking water, such as a well, spring or 
other groundwater source of drinking water. 
 
The proposed fill activities will not be located within 100 horizontal feet of any existing 
source of drinking water, such as a well, spring or other groundwater source of drinking 
water. 
 
(5): Within an area subject to a one-hundred year flood, unless it can be demonstrated to 
the Division that the facility will be protected from inundation, and washout, and the flow 
of water is not restricted and the storage volume of the flood plain will not be 
significantly reduced. 
 
The proposed fill activities will not be located within the 100-year flood plain boundary. 
The flood plain was evaluated using the Flood Insurance Rate Map (FIRM) produced by 
the Federal Emergency Management Agency (FEMA) for Catawba County. 
 
(6): Within 25 feet of any property boundary. 
 
The proposed fill activities will not be located within 25 feet of a property boundary. 
 
(7): Within 25 feet of a bedrock outcrop. 
 
As part of the geologic review for the landfill site, the area within the footprint of the 
structural fill was observed by a geologist for rock outcrops.  No outcrops were observed 
within the footprint. 

.1705 – DESIGN, CONSTRUCTION, AND OPERATIONS 
 
Rule .1705 defines structural fill design, construction, and operations requirements.  
S&ME developed an Erosion and Sediment Control (E&SC) Plan dated May 26, 2009 
which is currently under review by NCDENR Land Quality Section (LQS).    This E&SC 
Plan is provided in Attachment IV.  The structural fill is referenced as Stage 2 in the 
E&SC Plan.  Rule .1705 requirements (e), (g), and (h) are addressed by this Erosion and 
Sediment Control Plan.  Filling activities will not take place until such time as LQS 
grants approval of the E&SC Plan. 
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(a) The structural fill facility must be designed, constructed, operated, closed, and 
maintained in such a manner as to minimize the potential for harmful release of 
constituents of coal combustion by-products to the environment or create a 
nuisance to the public. 
 
The facility is designed and will be constructed, operated and closed in such a manner.  
The proposed structural fill will be within the limit of waste for the proposed landfill, and 
as such will ultimately be covered by a landfill liner system. 
 
(b) Coal combustion by-products shall be collected and transported in a manner that will 
prevent nuisances and hazards to public health and safety. Coal combustion by-products 
shall be moisture conditioned, as necessary, and transported in covered trucks to prevent 
dusting. 
 
CCPs will be collected and transported in such a manner.  The CCPs will be generated 
and transported within the same site. 
 
(c) Coal combustion by-products shall be placed uniformly and compacted in lifts not 
exceeding one foot in thickness and shall be compacted to standards, including in-situ 
density, compaction effort and relative density, specified by a registered professional 
engineer for a specific end use purpose. 
 
CCPs will be placed and compacted in such a manner.  The specification provided in 
Attachment V describes how the CCPs are to be placed and compacted. 
 
(d) Equipment shall be provided which is capable of placing and compacting the coal 
combustion by-products and handling the earthwork required during the periods that 
coal combustion by-products are received at the fill area. 
 
Bulldozers and compactors will be used to meet the compaction requirements of the 
attached specification. 
 
(e) The coal combustion by-product structural fill facility shall be effectively maintained 
and operated as a non-discharge system to prevent discharge to surface water resulting 
from the operation of the facility. 
 
Stormwater flows from the structural fill will flow through the inactive ash basin to the 
active ash basin (NPDES Permit Number NC0004987) before discharge to surface water. 
 
(f) The coal combustion by-product structural fill facility shall be effectively maintained 
and operated to ensure no violations of ground water standards, 15A NCAC 2L. 
 
The facility shall be maintained and operated in such a manner. 
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(g) Surface waters resulting from precipitation shall be diverted away from the active 
coal combustion by-product placement area during filling and construction activity. 
 
Surface water run-on shall be diverted away from the active placement area by a series of 
diversion channels which drain to the inactive ash basin.  This is discussed in greater 
detail within the E&SC Plan (Attachment IV).  
 
(h) Site development shall comply with the North Carolina Sedimentation Pollution 
Control Act of 1973, as amended. 
 
The E&SC Plan (Attachment IV) for site development has been prepared to provide 
compliance. 
 
(i) The structural fill project must be operated with sufficient dust control measures to 
minimize airborne emissions and to prevent dust from creating a nuisance or safety 
hazard and must not violate applicable air quality regulations. 
 
The facility will be operated in such a manner.  The primary dust control measure will be 
watering haul roads and working areas on a regular basis. 
 
(j) All structural fills shall be covered with a minimum of 12 inches compacted earth, and 
an additional surface six inches of soil capable of supporting native plant growth. 
 
The side slopes of the fill shall be covered with 12 inches of compacted earth and an 
additional surface six inches of soil to support vegetation.  The top portion of the fill will 
be covered by 18” of compacted soil liner, as part of the proposed landfill liner system. 
 
(k) Compliance with these standards does not insulate any of the owners or operators 
from claims for damages to surface waters, ground-water or air resulting from the 
operation of the structural fill facility. If the facility fails to comply with the requirements 
of this Section, the constructor, generator, owner or operator shall notify the Division 
and shall take such immediate corrective action as may be required by the Department. 
 
The facility owner shall notify the Division of any failures to comply and shall take any 
immediate corrective action as may be required. 
 
(l) Coal combustion by-products utilized on an exterior slope of a structural fill shall not 
be placed with a slope greater than 3.0 horizontal to 1.0 vertical. 
 
The fill shall not be placed with a slope steeper than 3 horizontal to 1 vertical. 
 
(m) The Division and the Department of Transportation may agree on specific design, 
construction, and operation criteria that may apply to the Department of Transportation 
projects. 
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1.0  PROJECT INFORMATION 

 

This Erosion and Sediment Control Plan revision is being submitted for permit review on behalf of 

Duke Energy in accordance with S&ME Proposal No. 56-17923-07 dated May 15, 2007 and Duke 

Energy’s Limited Notice to Proceed dated August 8, 2007.  This revision includes the addition of 

several measures and an additional 1.3 acres to the previously approved erosion and sediment 

control plan (Permit # CATAW-2009-010, issued on March 10, 2009).  This revision is for Stage 2 

of Phase 1 construction and is being developed in conjunction with the following permit:  a 

Structural Fill Notification for Phase 1 landfill subgrade construction (for permitting with North 

Carolina Department of Environment and Natural Resources (NCDENR) Division of Waste 

Management, Solid Waste Section under .1700 Rules).   

 

The approximate center of the site is located approximately 4,000 feet east of the intersection of 

Sherrills Ford Road and Island Point Road (35°37’19” N, 80°58’24” W).  The disturbance limits for 

this revision include approximately 17.2 acres as depicted on Figure 1, Site Location Map and 

Drawing 1 in Appendix II.  Existing site conditions are indicated on Drawing 2 in Appendix II.  

Duke Energy would like to remove 1.3 acres of allowable disturbance from a 5.7 acre borrow area 

that was not constructed in Stage 1 of Phase 1 and apply it to 1.3 acres that are outside of the 

approved disturbance limits of the original submittal.  This permit revision is for Stage 2 of Phase 1 

construction only.  The original Financial Responsibility/Ownership Form is included in Appendix I. 

 

1.1  Site and Project Description 

Duke Energy is currently permitting an industrial landfill at the Marshall Steam Station in Terrell, 

Catawba County, North Carolina.  The proposed landfill will be sited partially on top of an existing 

inactive ash basin and partially on top of adjacent earth as shown in the Drawings in Appendix II.  

The proposed landfill will be constructed in phases; each phase of construction will consist of one or 

more stages.  This permit revision is for Stage 2 of Phase 1.   

 

1-1 
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Phase 1 consists of constructing landfill cells for combustion coal ash waste placement with an 

expected active life of approximately 5 years.  Construction activities for this phase will include 

clearing and grubbing, subgrade fill placement in accordance with NCDENR Solid Waste Section 

.1700 rule requirements, installation of low-permeability soil separation barrier, installation of 

geosynthetic liner system, and appurtenant road access and leachate control construction.  

Subsequent phases will be constructed to the south of Phase 1. 

 

Stage 2 of Phase 1 construction includes subgrade fill operations for the construction of two of the 

Phase 1 landfill cells.  This subgrade fill will be constructed of coal combustion products (i.e. fly 

ash).  In accordance with .1700 Rule requirements, the subgrade fill will be covered with 18 inches 

of soil. 

 

Stage 1 of Phase 1 included the preparation of the subgrade soils for subgrade fill placement.  Stage 

1 of Phase 1 was permitted for disturbance under a previous erosion and sediment control plan 

(NCDENR Permit #CATAW-2009-010).  Future Stage 3 of Phase 1 construction will include 

landfill cell construction in accordance with an approved Permit to Construct Application.  Erosion 

and Sediment Control Plans for future landfill construction stages will be developed and submitted 

at a later date. 

 

This project is not anticipated to have significant adverse impacts downstream or on adjacent 

properties due to the existence of the existing inactive ash basin downstream of the construction 

limits.  The existing inactive ash basin is a currently permitted NPDES discharge (Permit # 

NC004987) which will be used as the primary collection and sediment storage system for runoff 

from this site.  Given the relatively large size of the ash basin, it is assumed that the ash basin will 

provide adequate sediment storage.  Specifically, the project will drain to the upper ash basin which 

is separated from the lower ash basin by an embankment and outlets. 

 

1.2  Soils Information 

To aid in the evaluation of the upper-most subsurface soils associated with the proposed ash fill 

placement associated with Stage 2 of Phase 1, the Catawba County Soil Survey was utilized to 

1-2 
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identify soil characteristics on site.  The information from the Catawba County Soil Survey is shown 

on Figure 2.  Based on the Soil Survey Map, the subsurface soil conditions located within Stage 2 of 

the disturbance limits consist of three soil phases:  Cecil (CmB2, CmC2) and Pacolet (PeE).  Ash fill 

will be placed within the disturbance limits as shown on Drawing 3 attached in Appendix II. 

 

The Cecil soil types generally consist of sandy loams with slopes from 2 to 6 percent (CmB2) and 6 

to 10 percent (CmC2).  The Pacolet soil types generally consist of gravelly sandy loam with slopes 

from 25 to 45 percent (PaF), fine sandy loam with slopes from 6 to 10 percent (PcC), and well-

drained soils with slopes from 10 to 25 percent (PeE).   

 

1.3  Utilities and Excavations Disclaimer 

S&ME has not verified the location of existing utilities.  The contractor shall be responsible for field 

verifying the location of all utilities prior to construction.  North Carolina State law requires that 

utility owners be contacted a minimum of 2 business days prior to any planned excavations.  We 

recommend that North Carolina One-Call be contacted to notify utility owners and care be taken 

while excavating in potential utility areas to avoid damage to existing utilities.   
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2.0  EROSION AND SEDIMENTATION CONTROL MEASURES 

 

Existing and proposed temporary erosion and sedimentation control measures will be utilized during 

Stage 2 of Phase 1 construction of the Marshall Steam Station Industrial Landfill No. 1.  These 

measures are illustrated on the Drawings attached in Appendix II.  Erosion and sedimentation 

control measures to be installed during Stage 2 of Phase 1 construction have been designed and 

specified in general accordance with the Erosion and Sediment Control Planning and Design 

Manual published by NCDENR. 

 

The inactive ash basin downstream of the construction limits is expected to function as a sediment 

control device, thus no new silt fence or sediment traps/basins are proposed.  Construction 

operations are not expected to significantly alter the hydraulic capacity of the ash basin. 

 

2.1  Check Dams 

Rock check dams were installed where existing natural drainage features outlet into the ash basin 

structural fill area as part of Stage 1.  Some check dams will be removed as Stage 2 construction 

activities fill these drainage features.  Existing check dam locations are included on Drawing 2 in 

Appendix II.   

 

2.2  Grass Lined Channels 

Grass lined channels will be constructed around the perimeter of the ash fill area as construction 

allows.  Analyses show that the some of the channels will be stable for the vegetated condition, 

but unstable for the construction condition, and as such, will be constructed with temporary and 

permanent matting.  Calculations associated with the grass lined channels and temporary and 

permanent matting are included in Appendix III.  Locations of the grass lined channels are 

included on Drawing 3 in Appendix II.  Details showing proper installation of the grass lined 

channels and temporary and permanent matting is included on Drawing 4 in Appendix II. 
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2.3 Silt Fences 

Berms will be placed to the north of the site along Island Point Road as a future vegetative visual 

buffer.  The berms will be constructed with 2H:1V sideslopes and will be approximately 7 feet 

above existing grade.  Silt fences will be installed around the perimeter of these berms. 

 

2.4 Ground Cover 

It is proposed that future Stage 3 construction begin immediately after Stage 2 subgrade filling is 

complete.  Should construction of subsequent stages be delayed more than 15 working days or 90 

calendar days after completion of Stage 2 of Phase 1 construction, disturbed areas shall be stabilized 

as dictated in the General Seeding Specifications on Drawing 4 in Appendix II. 
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3.0  CONSTRUCTION SEQUENCE 
 
The following construction sequence shall be followed during Stage 2 of Phase 1 construction of the 
Marshall Steam Station Industrial Landfill No. 1. 
 
1. Obtain plan approval and permits prior to beginning work. 
 
2. Hold pre-construction meeting. 
 
3. Flag disturbance limits. 
 
4. Install erosion control measures as shown on the Drawings. 
 
5. Commence ash fill operations. 
 
6. Initiate stabilization of disturbed areas by seeding in accordance with the General Seeding 

Specifications included on Drawing 4 in Appendix II. 
 
 
 

  3-1  
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4.0  MAINTENANCE PLAN 

 

The maintenance plan shall be followed after Stage 2 of Phase 1 construction until the site is 

stabilized or until the next stage of construction begins.  During Stage 2 of Phase 1 construction, the 

Owner’s contractor shall be responsible for inspection and maintenance of sediment and erosion 

control measures. 

 

1. Sediment and erosion control devices and planted areas shall be inspected every seven 

(7) days and after each rainfall occurrence that exceeds one-half (1/2) inch.  Damaged or 

ineffective devices shall be repaired or replaced, as necessary, by the end of the day. 
 

2. Temporary control devices shall remain in place until the next stage of construction 

begins. 
 

3. Should construction of subsequent phases be delayed more than 15 working days or 90 

calendar days after completion of clearing for subgrade, disturbed areas shall be stabilized as 

dictated in the General Seeding Specifications on Drawing 4 in Appendix III. 

 

4. During the period of time between Stage 2 and Stage 3 construction, if any, the Owner shall 

be responsible for inspection and maintenance of sediment and erosion control measures.   

4-1 



So
uth

ern
 R

ail
ro

ad

Lake NormanLake Norman

SITE LOCATION MAP
MARSHALL STEAM STATION ILF NO. 1

STAGE 2 OF PHASE 1
EROSION & SEDIMENT CONTROL PLAN

DUKE ENERGY - MARSHALL STEAM STATION
CATAWBA COUNTY, NORTH CAROLINA

1
1356-08-122

AS SHOWN

CXR
05/29/09

SCALE:

PROJECT NO:

DATE:

DRAWN BY:

FIGURE
NO.

WWW.SMEINC.COM

Sherrills FordSherrills Ford Lake Norman of CatawbaLake Norman of Catawba

UV150

Duke Power State ParkDuke Power State Park

Lake NormanLake Norman

!

0 1,000 2,000500
Feet

Scale 1" = 1,000'

Scale 1" = 10,000'

LEGEND
Disturbance Limits

THE ABOVE GIS HYDROLOGY AND STREET DATA WAS OBTAINED FROM ESRI.   CONSTRUCTION LIMITS
ARE PROVIDED BY S&ME, INC.  PLEASE NOTE THIS DATA IS FOR INFORMATIONAL PURPOSES ONLY.
IT IS NOT MEANT FOR DESIGN, LEGAL, OR ANY OTHER USES.  THERE ARE NO GUARANTEES ABOUT ITS
ACCURACY.  S&ME, INC. ASSUMES NO RESPONSIBILITY FOR ANY DECISION MADE OR ANY ACTIONS
TAKEN BY THE USER BASED UPON INFORMATION OBTAINED FROM THE ABOVE DATA.

REFERENCE:

_̂

Disturbance Limits
Stage 2, Phase 01

(17.2 Acres)

Marshall Steam Station
Duke Energy

Island Point Road



PeE

CmB2

PcC

PeE

PeE

PeE

PeE

PaF

CmC2

CmC2

W

PcB

PcC

PaF

W

Gu

CnC2
MgE2

CnB2

Gu

CnE3

PcC

PaF

CmC2

PcC

CmC2
CmC2

MgE2

PeEPeE

CmC2

CmC2

CnC2

CmC2

Gu

CnC2
PcC

CmB2

CmC2

Gu

SOIL SURVEY MAP
MARSHALL STEAM STATION ILF NO. 1

STAGE 2 OF PHASE 1
EROSION & SEDIMENT CONTROL PLAN

DUKE ENERGY - MARSHALL STEAM STATION
CATAWBA COUNTY, NORTH CAROLINA

2
1356-08-122

AS SHOWN

CXR
05/29/09

SCALE:

PROJECT NO:

DATE:

DRAWN BY:

FIGURE
NO.

WWW.SMEINC.COM

!

0 500 1,000250
Feet

Scale 1" = 500'

LEGEND
Disturbance Limits
Stream
Waterbody

THE ABOVE GIS HYDROLOGY AND SOILS DATA WAS OBTAINED FROM CATAWBA COUNTY.   CONSTRUCTION
LIMITS ARE PROVIDED BY S&ME, INC.  PLEASE NOTE THIS DATA IS FOR INFORMATIONAL PURPOSES ONLY.
IT IS NOT MEANT FOR DESIGN, LEGAL, OR ANY OTHER USES.  THERE ARE NO GUARANTEES ABOUT ITS
ACCURACY.  S&ME, INC. ASSUMES NO RESPONSIBILITY FOR ANY DECISION MADE OR ANY ACTIONS TAKEN
BY THE USER BASED UPON INFORMATION OBTAINED FROM THE ABOVE DATA.

REFERENCE:



 

 
 
 
 
 
 
APPENDIX I 

 
ORIGINAL FINANCIAL RESPONSIBILTY OWNERSHIP 

FORM 
Erosion and Sediment Control Plan 

Stage 1 of Phase 1 
Marshall Steam Station Industrial Landfill #1 

S&ME Project No. 1356-08-122 
 

 



 
FINANCIAL RESPONSIBILITY/OWNERSHIP FORM 

SEDIMENTATION POLLUTION CONTROL ACT 
 
No person may initiate any land-disturbing activity on one or more acres as covered by the Act before this 
form and an acceptable erosion and sedimentation control plan have been completed and approved by the 
Land Quality Section, N.C. Department of Environment and Natural Resources.  (Please type or print and, if 
the question is not applicable or the e-mail and/or fax information unavailable, place N/A in the blank.) 
 
Part A. 
 
 1. Project Name_______________________________________________________________________ 
 
2.   Location of land-disturbing activity:  County_________________ City or Township_________________ 
 

Highway/Street___________________ Latitude_________________ Longitude__________________ 
 
 3. Approximate date land-disturbing activity will commence:_____________________________________ 
 
 4. Purpose of development (residential, commercial, industrial, institutional, etc.):____________________ 
 
 5. Total acreage disturbed or uncovered (including off-site borrow and waste areas):_________________ 
 
6. Amount of fee enclosed: $____________________.  The application fee of $65.00 per acre (rounded 

up to the next acre) is assessed without a ceiling amount  (Example: a 9-acre application fee is $585). 
 
 7. Has an erosion and sediment control plan been filed?  Yes________ No________ Enclosed_________ 
 
 8. Person to contact should erosion and sediment control issues arise during land-disturbing activity: 
 
      Name________________________________ E-mail Address_______________________________ 
 

Telephone_________________________ Cell # ___________________   Fax # _________________ 
 
 9. Landowner(s) of Record (attach accompanied page to list additional owners): 
 
  ____________________________________ ________________________ _________________ 

Name      Telephone   Fax Number 
 

____________________________________ ___________________________________________ 
Current Mailing Address    Current Street Address 

 
  ____________________________________ ___________________________________________ 
  City   State  Zip City   State   Zip 
 
10. Deed Book No._______________ Page No.______________ Provide a copy of the most current deed. 
 
Part B. 
 
1. Person(s) or firm(s) who are financially responsible for the land-disturbing activity (Provide a
 comprehensive list of all responsible parties on an attached sheet): 

 
____________________________________ ___________________________________________ 
Name      E-mail Address 
 
____________________________________ ___________________________________________ 
Current Mailing Address    Current Street Address 
 
____________________________________ ___________________________________________ 
City   State  Zip City    State   Zip 
 
Telephone____________________________ Fax Number_________________________________ 
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2. (a) If the Financially Responsible Party is not a resident of North Carolina, give name and street address 

of the designated North Carolina Agent: 
 

_____________________________________ ___________________________________________ 
Name       E-mail Address 
 
_____________________________________ ___________________________________________ 
Current Mailing Address    Current Street Address 
 
_____________________________________ ___________________________________________ 
City    State  Zip City    State  Zip 
 
Telephone_____________________________ Fax Number_________________________________ 
 
 
(b) If the Financially Responsible Party is a Partnership or other person engaging in business under an 
assumed name, attach a copy of the Certificate of Assumed Name.  If the Financially Responsible 
Party is a Corporation, give name and street address of the Registered Agent: 
 
_____________________________________ ___________________________________________ 
Name of Registered Agent   E-mail Address 
 
_____________________________________ ___________________________________________ 
Current Mailing Address    Current Street Address 
 
_____________________________________ ___________________________________________ 
City   State  Zip City    State  Zip 
 
Telephone_____________________________ Fax Number_________________________________ 
 
 

The above information is true and correct to the best of my knowledge and belief and was provided 
by me under oath (This form must be signed by the Financially Responsible Person if an individual 
or his attorney-in-fact, or if not an individual, by an officer, director, partner, or registered agent with 
the authority to execute instruments for the Financially Responsible Person).  I agree to provide 
corrected information should there be any change in the information provided herein. 
 
_____________________________________ _______________________________________ 
Type or print name     Title or Authority 
 
_____________________________________ _______________________________________ 
Signature      Date 
------------------------------------------------------------------------------------------------------------------------------------ 
 
I, __________________________________, a Notary Public of the County of _________________ 
 
State of North Carolina, hereby certify that _____________________________________ appeared 
personally before me this day and being duly sworn acknowledged that the above form was 
executed by him. 
 
Witness my hand and notarial seal, this ______day of _________________, 20_______ 
 

      
 _______________________________________ 

       Notary 
  Seal 
       My commission expires_____________________ 
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APPENDIX II 
 

DRAWINGS 
Erosion and Sediment Control Plan 

Stage 2 of Phase 1 
Marshall Steam Station Industrial Landfill #1 

S&ME Project No. 1356-08-122 
 
Title Sheet 
Drawing 1 of 4   Aerial Photograph 
Drawing 2 of 4   Existing Conditions Plan 
Drawing 3 of 4   Stage 2 of Phase 1 Construction 
Drawing 4 of 4   Details 
 

  













 

 
 
 
 
 
 
APPENDIX III 

 
CALCULATIONS 

Erosion and Sediment Control Plan 
Stage 2 of Phase 1 

Marshall Steam Station Industrial Landfill #1 
S&ME Project No. 1356-08-122 

 

Stage 2 of Phase 1 E&S, Grass Lined Channel Design Flow 

Stage 2 of Phase 1 E&S, Grass Lined Channel Design 
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SPECIFICATION SECTION 02320  
BACKFILL - STRUCTURAL 

Structural Fill Facility Notification 
S&ME Project No. 1356-08-122 
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 02320 - 1 Backfill - Structural 

SECTION 02320 
BACKFILL - STRUCTURAL 

PART 1 GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Fill Type S1, structural fill, defined as compacted fill for perimeter berms, surface water 

control systems, roadways, area fill not within the landfill cells, or other systems not 
intended to function as a migration barrier.  Any fill material containing ash will not be 
considered as Fill Type S1. 

2. Fill Type S2, subgrade fill, defined as compacted fill placed to achieve proposed liner 
system subgrade elevations.  Fill Type S2 may include fill material containing ash. 

3. Fill Type S5, topsoil/vegetative soil, defined as soil material capable of sustaining 
vegetation as specified in these Specifications. 

B. Related Sections: 
 
Not Used. 
 

1.2 UNIT PRICE - MEASUREMENT AND PAYMENT 

A. Fill Type S1, Structural Fill:   
1. Basis of Measurement:  By the cubic yard filled or as otherwise agreed to by the Owner 

and Contractor.  For the cubic yard filled, the quantity of structural fill will be based upon 
the in-place volume between the excavated surface or prepared subgrade and the structurally 
filled surface as determined by the difference between two topographic surveys.  A grid 
pattern as approved by the Engineer of ground surface elevations in the area shall be 
surveyed and reference points installed by the Earthwork Contractor prior to structural 
backfill placement and prior to placement of any overlying material.  The Engineer shall 
check the as-built finished grades and determine the backfilled volume of ash based on 
survey data provided by the Earthwork Contractor.  Survey for measurement and payment 
shall be performed by a licensed professional land surveyor, independent of the Contractor. 

2. Basis of Payment:  By the cubic yard placed times the unit price for fill Type S1 
placement.   
a. Includes borrow excavation, hauling, scraping, stockpiling, dust control, 

scarifying substrate surface, moisture conditioning, placing where required, 
compacting, maintenance, and removing accumulated water during construction. 

b. Requested payment quantities will be submitted by the Contractor with final 
approval by the Engineer.  If a dispute exists relative to payment quantities, the 
Earthwork Contractor, at his expense, will uncover any buried or covered material 
for re-evaluation by the Owner or Engineer. 

B. Fill Type S2, Subgrade Fill:   
1. Basis of Measurement:  By the cubic yard filled or as otherwise agreed to by the Owner 

and Contractor.  For the cubic yard filled, the quantity of structural fill will be based upon 
the in-place volume between the excavated surface or prepared subgrade and the structurally 
filled surface as determined by the difference between two topographic surveys.  A grid 
pattern as approved by the Engineer of ground surface elevations in the area shall be 
surveyed and reference points installed by the Earthwork Contractor prior to structural 
backfill placement and prior to placement of any overlying material.  The Engineer shall 
check the as-built finished grades and determine the backfilled volume of ash based on 
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 02320 - 2 Backfill - Structural 

survey data provided by the Contractor.  Survey for measurement and payment shall be 
performed by a licensed professional land surveyor, independent of the Contractor. 

2. Basis of Payment:  by the cubic yard placed times the unit price for fill Type S2 
placement. 
a. For ash includes excavation and removal from active ash basin and/or reshaping 

of existing grade, hauling, scraping, stockpiling, dust control, scarifying 
substrate surface, moisture conditioning, placing where required, compacting, 
maintenance, and removing accumulated water during construction. 

b. For natural soil materials includes borrow area excavation and removal, hauling, 
scraping, stockpiling, dust control, scarifying substrate surface, moisture 
conditioning, placing where required, compacting, maintenance, and removing 
accumulated water during construction. 

c. Requested payment quantities will be submitted by the Contractor with final 
approval by the Engineer. If a dispute exists relative to payment quantities, the 
Contractor, at his expense, will uncover any buried or covered material for re-
evaluation by the Owner or Engineer. 

 
C. Fill Type S5, Topsoil: 

1. Basis of Measurement:  By the cubic yard filled or as otherwise agreed to by the Owner 
and Contractor.  For the cubic yard filled as determined by the difference between the 
Subgrade Survey and the As-Built Survey. 

2. Basis of Payment: By the cubic yard placed times the unit price for fill Type S5 
placement. 
a. Includes borrow excavation and/or furnishing, hauling, scraping, scarifying fill 

material, placing, compacting, and maintenance of topsoil. 
b. Requested payment quantities will be submitted by the Contractor with final 

approval by the Engineer. If a dispute exists relative to payment quantities, the 
Contractor, at his expense, will uncover any buried or covered material for re-
evaluation by the Owner or Engineer. 

1.3 REFERENCES 

A. ASTM D422 - Standard test Method for Particle-Size Analysis of Soils (Grain Size with 
Hydrometer). 

B. ASTM D698 - Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 
Standard Effort (12,400 ft-lbf/ft3). 

C. ASTM D1556 – Standard Test Method for Density of Soil In Place by the Sand-Cone Method. 

D. ASTM D2216 - Standard Test Method for Laboratory Determination of Water (Moisture) Content 
of Soil and Rock by Mass. 

E. ASTM D2922 - Standard Test Method for Density of Soil and Soil-Aggregate in Place by Nuclear 
Methods (Shallow Depth). 

F. ASTM D2487 – Standard Practices for Classification of Soil for Engineering Purposes (Unified 
Soil Classification System) 

G. ASTM D2937 - Standard Test Method for Density of Soil in place by the Drive-Cylinder Method. 

H. ASTM D4318 - Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils. 
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 02320 - 3 Backfill - Structural 

 

1.4 SUBMITTALS 

Not Used. 

 

PART 2 PRODUCTS 

2.1 FILL MATERIALS 

A. Fill Type S1, Structural Fill: 
1. Structural fill is defined as compacted fill for perimeter berms, surface water control 

systems, roadways, area fill not within the landfill cells, or other systems not intended to 
function as a migration barrier.  

2. Natural soil material from designated on-site borrow areas and/or stockpiles.  Any fill 
material containing ash shall not be considered as Type S1 Fill 

3. Structural fill shall be classified as SP, SM, SW, SC, SW-SM, SW-SC, SP-SM, ML, 
MH, or CL soils according to the Unified Soil Classification System (ASTM D2487). 

4. Free of topsoil, organic material, roots, stumps, brush, rocks larger than 4 inches, subsoil, 
debris, vegetation, and other foreign matter. 

5. Structural fill located within 1-foot of geosynthetics components shall have a maximum 
particle size of 3 inches.  The material shall be screened by the Earthwork Contractor, if 
necessary, to remove particle sizes greater than 3 inches in diameter.  No more than 5 
percent of the material should be retained on the No. 4 sieve. 

6. All material clods will be broken down with tillers and/or discs to provide a 
homogeneous soil that is free of clods greater than 4 inches in diameter with no more 
than 15% retained on the No. 4 sieve. 

B. Fill Type S2, Subgrade Fill: 
1. Subgrade fill is defined as compacted fill placed to achieve proposed liner system 

subgrade elevations. 
2. May consist of fly ash from Marshall Steam Station, or other on-site sources as directed 

by the Engineer. 
3. May consist of natural soil material from designated on-site borrow areas and/or 

stockpiles. 
4. Shall be classified as SP, SM, SW, SC, SW-SM, SW-SC, SP-SM, ML, MH, or CL soils 

according to the Unified Soil Classification System (ASTM D2487). 
5. Free of topsoil, organic material, roots, stumps, brush, rocks larger than 4 inches, subsoil, 

debris, vegetation, and other foreign matter.   
6. All material clods will be broken down with tillers and/or discs to provide a 

homogeneous soil that is free of clay clods greater than 4 inches in diameter with no 
more than 15% retained on the No. 4 sieve. 

C. Fill Type S5, Topsoil/Vegetative Soil:    
1. Topsoil / vegetative soil is defined as compacted fill placed to achieve final grades on the 

final cover system or to otherwise support vegetation establishment in areas not within 
the landfill cells. 

2. Excavated and reused materials from designated on-site or off-site borrow areas and/or 
stockpiles and/or approved soil from trenching operations. 

3. Shall be classified as SM, SC, SW-SM, SW-SC, SP-SM, ML,  MH, or CL soils 
according to the Unified Soil Classification System (ASTM D2487). 

4. Free of roots, stumps, brush, rocks larger than 2 inches, debris, and other foreign matter.   
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5. Topsoil material shall have nutrient content and pH capable of supporting vegetation. 
6. Shall have a minimum organic contact of 2% by weight. 
7. All material clods will be broken down with tillers and/or discs to provide a 

homogeneous soil that is free of clods greater than 2 inches in diameter with no more 
than 15% retained on the No. 4 sieve. 

PART 3 EXECUTION 

3.1 EXAMINATION 

A. Section 01300 - Administrative Requirements: Coordination and project conditions 

B. The Engineer will assist the Earthwork Contractor in the determination of Structural Fill and non-
select material during excavation operations (see Section 02315).  The Earthwork Contractor will be 
responsible for excavating, transporting, stockpiling, placing and compacting all materials as needed. 

3.2 PREPARATION 

A. Prepare and compact subgrade to density requirements for subsequent backfill materials. 

B. Cut out soft areas, scarify and moisture condition, or modify areas of subgrade not capable of 
compaction in place as recommended by the Engineer or his representative.  Backfill with Type 
S1 or S2 fill (as specified by the Engineer) and compact to density equal to or greater than 
requirements for subsequent fill material. 

C. Scarify subgrade surface to depth of 6 inches. 

D. Proof roll subgrade to identify soft spots requiring removal or modification.  Place fill and 
compact to density equal to or greater than requirements, and within moisture range required, for 
subsequent fill material. 

E. Begin backfilling after acceptance of the Stripped Surface Survey. 

3.3 BACKFILLING 

A. Backfill areas to contours and elevations as shown on Drawings with unfrozen materials. 

B. Systematically backfill to allow maximum time for natural settlement.  Do not backfill over 
porous, wet, frozen or spongy subgrade surfaces. 

C. Fill Type S1 and S2 – Soil Materials:  Place and compact material in loose lifts not exceeding 8 
inches in thickness and not exceeding 6 inches compacted thickness.  Manually compacted fill 
near pipes and other structures will be placed in loose lifts not exceeding 4 to 6 inches in 
thickness. 

D. Fill Type S2- Subgrade Fill Ash:  Place and compact material in loose lifts to achieve 12-inch 
compacted lift thickness. 

E. Fill Type S5:  Scarify subgrade, place material in one or more lifts and track in with backhoe or 
other equipment approved by Engineer. 

F. Fill Type S1, backfill for drop inlets, and culverts: 
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1. Backfill of the drop inlets and culverts shall be placed and compacted in 4 to 6 inch thick 
loose lifts around the drop inlets and over the culverts.  Lift thickness shall be maintained 
for fill placed within the initial 2-ft over the culverts. 

2. Compaction shall be performed by hand tampers or small hand operated compactors.   

G. Employ placement method that does not disturb or damage other work. 

H. Backfill against supported structures.  Do not backfill against unsupported structures. 

I. Backfill simultaneously on each side of unsupported structures until supports are in place. 

J. Protect backfill from desiccation, crusting, or cracking. 

K. Make gradual grade changes.  Blend slope into level areas. 

L. Remove surplus backfill materials from site unless authorized by Owner to dispose of on-site in 
an Owner designated location. 

M. Leave fill material stockpile areas free of excess fill materials. 

N. Perform Subgrade Survey before placement of overlying materials. 

3.4 TOLERANCES 

A. Section 01400 - Quality Requirements:  Tolerances. 

B. Finished grade for Type S1 fill shall be plus or minus 1 inch from required elevations.  Finished 
grade for Type S2 soil materials fill shall be -1 to plus 0 inches. 

C. Finished grade for Type S2- subgrade fill ash shall be placed to plus or minus 3 inches of 
proposed grades as indicated on subgrade drawings.  

3.5 FIELD QUALITY CONTROL 

A. The Owner’s representative shall be responsible for field quality control of structural fill 
placement 

B. Laboratory Testing -  Soil Materials 
1. Perform laboratory material tests in accordance with ASTM D422, ASTM D698, ASTM 

D2216, and ASTM D4318. 
2. Fill Type S2 – Subgrade Fill Ash: test at a frequency of: 

a. 20,000 cubic yards of material placed; 
b. When materials using for structural fill change; and/or 
c. when directed by the Engineer.   
d. Sample size shall be 50-lb. 

3. Fill Type S1 and S2 – Soil Materials test at a frequency of: 
a. 10,000 cubic yards of material placed; 
b. When materials used for structural fill change; and/or 
c. when directed by the Engineer. 
d. Sample size shall be 50-lb. 

C. In Place Compaction and Natural Moisture Content Tests 
1. Perform in-place compaction tests in accordance with ASTM D1556, ASTM D2922, or 

ASTM D2937. 
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2. Perform in-place natural moisture content test in accordance with ASTM D2216. 
3. Fill Type S2 – Subgrade Fill Ash:  frequency of compaction/natural moisture content 

tests for landfill subgrade at a minimum frequency of 1 test per 5,000 in-place cubic 
yards (approximately 1 test per 3 acres per lift) or as otherwise indicated in these 
Specifications. 

4. Frequency of compaction/natural moisture content tests: 
a. Area fills outside landfill cells, surface water control systems, or other systems 

not intended to function as a migration barrier, in-place density and moisture: 
Each lift at a minimum frequency of 1 per acre per lift, or as otherwise indicated 
in these Specifications. 

b. Perimeter berms and roadways: Each lift at a minimum frequency of 1 per 5000 
sq. ft. 

c. Pipe backfill: Each lift at a minimum frequency of 1 per 50 linear feet. 
5. Landfill and Embankments:  

a. Type S1 and S2 fill shall be compacted to minimum 95 percent of its Standard 
Proctor (ASTM D 698) maximum dry density.   

b. Fill Type S5 should be placed in one continuous loose lift and tracked in by 
backhoe or other equipment approved by Engineer. 

c. Compacted moisture content shall be within 3 percent of optimum moisture 
content for all fill placed, or as otherwise approved by Engineer. 

6. Drop Inlets, and Culverts: 
a. Compaction shall be at a minimum 95 percent of the Standard Proctor maximum 

dry density. 
b. Compacted moisture content shall be within 3 percent of optimum moisture 

content for all fill placed, or as otherwise approved by Engineer. 

D. When tests indicate Work does not meet specified requirements, remove Work, replace and retest. 

3.6 PROTECTION OF FINISHED WORK 

A. Section 01700 - Execution Requirements: Protecting finished work. 

B. Reshape and re-compact fills subjected to vehicular traffic. 
 
 
 

END OF SECTION 



 

 

 
 
 

 
 
 
 
ATTACHMENT VI 

 
GLOBAL SLOPE STABILITY  
ANALYSES CALCULATION 

Structural Fill Facility Notification 
S&ME Project No. 1356-08-122 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

































 

 
 
 
 
 
 
APPENDIX I 

 
DESIGN FACTORS OF SAFETY 

 





 

 
 
 
 
 
 
APPENDIX II 

 
SLOPE STABILITY ANALYSIS CROSS-SECTIONS 
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CONE PENETROMETER TEST RESULTS

Project Name: Marshall Steam Station Industrial Landfill No. 1 Sounding: M-53
S&ME Project No.: 1356-08-122 Ground Surface Elevation: 818.0 feet

Location: Terrell, North Carolina Groundwater Depth: 1.5 feet
Sounding Date: 5/15/08

1 Soil Behavior Type (SBT) Group Number, after Robertson (1990)
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CONE PENETROMETER TEST RESULTS

Project Name: Marshall Steam Station Industrial Landfill No. 1 Sounding: M-54
S&ME Project No.: 1356-08-122 Ground Surface Elevation: 820.2 feet

Location: Terrell, North Carolina Groundwater Depth: 2.0 feet
Sounding Date: 5/15/08

1 Soil Behavior Type (SBT) Group Number, after Robertson (1990)
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CONE PENETROMETER TEST RESULTS

Project Name: Marshall Steam Station Industrial Landfill No. 1 Sounding: M-55
S&ME Project No.: 1356-08-122 Ground Surface Elevation: 819.4 feet

Location: Terrell, North Carolina Groundwater Depth: 1.0 feet
Sounding Date: 5/15/08

1 Soil Behavior Type (SBT) Group Number, after Robertson (1990)
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CONE PENETROMETER TEST RESULTS

Project Name: Marshall Steam Station Industrial Landfill No. 1 Sounding: M-56
S&ME Project No.: 1356-08-122 Ground Surface Elevation: 822.0 feet

Location: Terrell, North Carolina Groundwater Depth: 1.0 feet
Sounding Date: 5/15/08

1 Soil Behavior Type (SBT) Group Number, after Robertson (1990)
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APPENDIX III-I 
 

MATERIAL PARAMETERS – UNIT WEIGHT 
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APPENDIX III-II 
 

MATERIAL PARAMETERS – UNDRAINED AND 
EFFECTIVE STRENGTHS 





















cm2

ft.
ft.
ft.

Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne)

0.0 0 0.0 0 7.5 524 26.3 290 15.6 991 20.0 62 22.5 1389 35.9 3367 27.7 1687 38.1 5176

0.5 64 31.9 254 7.6 533 25.8 172 15.9 1008 19.6 121 22.6 1396 36.2 2401 27.8 1693 38.1 4960

0.7 86 31.8 263 7.8 541 23.3 193 16.0 1016 15.4 0 22.7 1402 36.3 2305 27.9 1699 37.7 4568

0.9 106 31.0 286 7.9 549 23.8 252 16.3 1033 21.5 406 22.8 1409 35.9 2674 28.0 1705 37.4 4185 Sluiced Ash 0' - 16' 539 22.9 158

0.9 110 30.7 223 8.1 557 25.0 114 16.5 1041 18.2 293 22.9 1415 35.7 2946 28.1 1711 37.3 4168 Silty Clay 16' - 19.5' 1123 23.4 665

1.0 118 29.2 198 8.2 566 21.6 89 16.6 1050 20.1 510 23.0 1421 34.3 3205 28.2 1717 37.0 4171 Sandy Silt 19.5' - 28' 1472 34.0 3077

1.1 134 28.2 92 8.3 574 20.7 32 16.7 1058 18.3 743 23.2 1428 35.0 2937 28.3 1723 36.9 4250 Silty Sand 28'-32.5' 1841 40.0 7933

1.3 151 23.4 94 8.5 582 18.4 47 16.9 1066 20.9 703 23.3 1434 34.8 2398 28.5 1737 37.0 4070

1.4 170 23.2 86 8.6 591 19.1 99 17.0 1074 18.8 589 23.4 1440 36.0 2172 28.6 1743 37.5 4341

1.6 184 22.4 245 8.8 599 21.1 135 17.2 1083 20.2 620 23.5 1447 36.6 2366 28.7 1749 37.7 4710

1.7 192 28.0 354 8.9 607 22.2 263 17.3 1091 18.3 696 23.6 1453 37.2 2702 28.8 1755 37.7 5813

1.9 206 29.9 279 9.1 616 25.0 145 17.5 1099 21.5 749 23.7 1459 36.3 2887 28.9 1760 38.2 7201

2.1 214 28.3 66 9.2 624 22.4 85 17.6 1107 18.9 685 23.8 1466 34.4 2672 29.0 1766 37.9 8570

2.2 222 20.5 187 9.4 632 20.6 169 17.7 1115 15.4 648 23.9 1472 34.1 2500 29.1 1772 37.4 8114

2.4 231 25.8 107 9.6 649 23.0 22 17.9 1123 25.9 621 24.0 1478 35.0 2481 29.2 1778 36.9 8374

2.5 239 22.7 30 9.8 657 16.6 69 18.0 1132 24.5 678 24.1 1484 35.5 1916 29.3 1784 36.9 9471

2.7 247 17.2 198 9.9 666 18.3 20 18.2 1140 26.9 713 24.3 1491 36.0 2321 29.4 1789 36.9 9901

2.8 256 25.8 163 10.1 674 20.0 81 18.3 1148 28.8 678 24.4 1497 35.5 2920 29.5 1795 37.0 10410

3.0 264 24.7 126 10.4 691 18.3 66 18.7 1168 28.5 785 24.5 1503 34.3 3190 29.6 1801 36.7 11010

3.3 281 23.3 226 10.5 699 20.4 118 18.8 1176 27.6 787 24.6 1509 33.7 3487 29.7 1806 37.0 11068

3.4 289 26.2 308 10.7 707 16.6 105 18.9 1184 27.8 691 24.7 1516 34.2 3651 29.8 1812 37.5 11023

3.5 298 27.8 285 10.8 716 19.9 129 19.1 1192 28.4 774 24.8 1522 34.9 3634 29.9 1818 38.7 11486

3.7 306 27.3 227 10.9 724 21.6 220 19.2 1200 28.7 756 24.9 1528 35.3 3636 30.0 1823 40.0 12204

3.8 314 26.0 311 11.1 732 21.2 60 19.3 1208 28.3 763 25.0 1534 34.8 3516 30.1 1829 41.0 14207

4.0 323 27.6 271 11.2 741 21.8 219 19.5 1216 28.0 750 25.0 1536 34.4 1093 30.2 1834 40.6 14124

4.1 331 26.8 220 11.4 749 23.8 162 19.6 1224 27.7 879 25.1 1540 34.4 3257 30.3 1840 40.8 13465

4.3 339 25.6 247 11.5 757 19.8 137 19.8 1232 28.2 2877 25.2 1547 32.9 3495 30.4 1845 41.5 11878

4.4 348 26.1 256 11.7 766 23.8 23 19.8 1235 28.4 586 25.3 1553 34.0 3627 30.5 1851 41.8 11985

4.6 356 26.3 256 11.8 774 22.6 85 19.9 1241 28.1 3329 25.4 1559 35.3 3060 30.6 1857 42.1 11121

4.7 365 26.2 193 11.9 778 22.0 158 20.1 1249 28.8 2439 25.5 1565 35.8 2600 30.7 1862 42.4 10587

4.8 373 24.7 155 12.0 786 18.7 94 20.2 1256 28.8 1352 25.7 1571 36.3 2839 30.8 1868 42.4 10124

5.0 381 23.5 249 12.2 795 20.6 120 20.3 1264 28.1 1398 25.8 1578 36.5 3241 30.9 1873 42.4 9956

5.1 390 25.9 276 12.3 803 22.5 14 20.5 1272 28.7 1843 25.9 1584 36.5 3250 31.0 1879 42.6 10537

5.2 393 26.4 123 12.6 820 20.8 93 20.6 1279 28.6 1774 26.0 1590 36.5 3332 31.1 1884 43.0 9548

5.3 399 22.4 277 12.7 828 21.5 11 20.7 1287 28.6 1458 26.1 1596 36.3 3033 31.2 1889 43.8 7888

5.5 408 26.3 175 12.9 836 18.5 10 20.9 1295 28.5 1271 26.2 1602 29.8 3318 31.3 1895 43.8 8083

5.6 416 23.9 213 13.0 845 15.2 105 21.0 1302 29.3 1327 26.3 1609 35.8 3643 31.4 1900 43.5 8104

5.7 424 24.9 184 13.2 853 20.8 91 21.1 1310 35.8 1862 26.4 1615 36.2 3980 31.5 1906 42.8 7100

5.9 432 24.1 232 13.3 861 18.5 90 21.2 1317 27.2 3037 26.5 1621 36.4 5000 31.6 1911 42.8 6422

6.0 441 25.2 223 13.5 870 18.5 155 21.4 1324 36.7 3188 26.6 1627 35.4 5003 31.7 1917 42.3 4811

6.2 449 24.9 260 13.6 878 21.2 142 21.5 1331 34.8 3242 26.7 1633 34.5 4684 31.8 1923 42.0 3123

6.3 458 25.7 242 14.1 903 20.8 141 21.6 1338 31.5 3064 26.8 1639 35.0 4483 31.9 1928 41.8 2953

6.5 466 25.3 131 14.2 911 20.8 127 21.7 1344 31.7 2929 26.9 1645 35.7 4398 32.0 1934 41.7 2817

6.6 474 22.4 262 14.3 920 22.3 58 21.8 1349 33.2 2334 27.0 1651 35.7 4162 32.0 1939 42.0 3056

6.8 483 25.6 194 14.5 928 22.0 41 21.9 1356 33.0 2618 27.1 1657 35.8 4126 32.1 1945 41.4 3528

6.9 491 24.0 361 14.7 940 17.1 119 22.0 1363 31.9 2524 27.2 1663 35.3 4199 32.2 1951 40.3 4104

7.0 499 27.1 233 15.0 957 12.2 61 22.2 1370 31.1 3127 27.4 1669 35.8 4585 32.3 1956 40.4 4324

7.2 508 24.9 290 15.3 975 22.0 92 22.3 1376 31.3 3483 27.5 1675 36.3 4767 32.4 1962 40.4 4844

7.3 516 25.9 317 15.4 983 21.7 4 22.4 1383 33.2 3861 27.6 1681 36.8 4789

Note 1:  σ' = σ - u

Note 2:  φ' calculated from equation 3 as presented in the slope stability calculation

Note 3:  su calculated from equation 5 as presented in the slope stability calculation

SUMMARY

Material Depth Average σ' (psf)  
[Note 1]

Average Φ'      
(Kul. and Mayne, 

1990)           
[Note 2]

Marshall Steam Station Industrial Landfill No. 1
1356-08-122

Terrell, North Carolina
Duke Energy

M-53
Thursday, May 15, 2008

Friday, April 03, 2009

0

Cone ID:
Cone Base Area:
Groundwater Depth:
Ground Surface Elevation:

3045.106XX
10
2

818

Average Su (psf) 
(Mayne)         
[Note 3]

Job Name:
Job Number:
Site Location:
Client:
Sounding:
Sounding Date:
Analysis Date:
Engineer:

Grade Elevation:



cm2

ft.
ft.
ft.

Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990) Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 

Mayne, 1990) Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990) Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 

Mayne, 1990) Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990) Su (psf) (Mayne)

0.0 0 0.0 0 12.9 868 26.4 420 23.0 1449 29.8 1065 31.3 1928 35.7 3671 39.3 2388 39.7 8238

0.7 79 35.1 497 13.0 876 25.8 371 23.1 1457 29.7 1050 31.4 1935 36.1 3890 39.4 2394 38.7 6916

1.4 173 31.5 438 13.2 885 24.3 268 23.3 1464 29.8 1069 31.5 1941 37.1 4667 39.5 2400 38.0 6128

2.3 256 29.1 364 13.3 894 22.4 166 23.4 1472 30.0 1115 31.7 1948 37.6 5128 39.6 2407 37.1 5254 Sluiced Ash 0' - 14' 595 26.8 389

2.8 286 28.0 316 13.5 902 23.3 213 23.5 1479 30.2 1159 31.8 1955 37.6 5113 39.7 2413 36.7 4925 Silty Clay 14' - 23' 1190 28.2 846

3.1 305 27.5 303 13.6 911 23.1 201 23.6 1486 29.8 1088 31.9 1961 37.2 4770 39.8 2419 36.1 4487 Sandy Silt 23' - 36' 1832 33.8 2766

3.5 328 26.0 239 13.8 919 21.5 125 23.8 1494 29.8 1079 32.0 1968 37.3 4881 39.9 2425 35.0 3710 Silty Sand 36' - 46.5' 2506 38.4 7154

3.7 336 27.0 290 13.9 928 19.7 50 23.9 1501 31.0 1356 32.1 1975 37.2 4785 40.0 2432 34.5 3347

3.8 344 27.7 332 14.1 937 22.8 186 24.0 1508 31.7 1564 32.2 1981 36.5 4254 40.2 2438 35.6 4125

4.0 353 26.6 275 14.2 945 20.5 81 24.1 1516 32.8 1889 32.3 1988 34.9 3232 40.3 2444 36.1 4474

4.1 361 26.8 292 14.4 954 20.1 65 24.3 1523 38.2 4925 32.5 1995 34.1 2810 40.4 2450 35.5 4023

4.3 370 26.8 293 14.5 962 21.1 107 24.4 1530 41.5 8565 32.5 1998 33.9 2718 40.5 2457 34.6 3426

4.4 378 26.6 285 14.7 971 22.2 156 24.7 1545 38.7 5408 32.6 2005 33.8 2651 40.6 2463 34.7 3515

4.5 387 26.8 303 14.8 980 20.4 77 24.8 1552 38.6 5273 32.8 2012 33.3 2438 40.7 2469 34.9 3648

4.7 395 29.5 495 14.9 982 20.1 62 24.9 1559 37.9 4679 32.9 2018 32.6 2169 40.8 2475 35.5 4043

4.8 404 29.5 504 15.0 990 24.9 326 25.0 1566 36.6 3787 33.0 2025 32.2 1992 40.9 2481 35.8 4263

5.0 412 29.8 536 15.2 999 25.6 376 25.1 1573 34.8 2791 33.1 2032 32.7 2207 41.0 2487 35.8 4307

5.1 421 30.0 559 15.3 1007 24.1 268 25.3 1580 33.6 2231 33.2 2039 33.5 2567 41.1 2493 35.9 4371

5.3 429 29.1 485 15.5 1016 24.7 311 25.4 1588 32.7 1927 33.3 2045 36.1 4040 41.2 2500 35.9 4414

5.4 438 29.5 525 15.6 1025 26.6 477 25.5 1595 32.8 1942 33.5 2052 38.1 5708 41.3 2506 35.6 4185

5.6 446 28.5 440 15.8 1033 26.7 489 25.6 1602 33.7 2299 33.6 2058 38.0 5608 41.4 2512 35.9 4425

5.7 455 28.6 457 15.9 1042 26.9 510 25.8 1609 33.7 2317 33.7 2065 37.1 4800 41.6 2518 37.0 5368

5.9 463 26.8 333 16.2 1056 26.9 512 25.9 1616 33.7 2298 33.8 2072 35.7 3790 41.7 2524 38.2 6570

6.2 479 27.8 403 16.3 1065 27.4 573 26.0 1620 34.4 2618 33.9 2078 34.4 3050 41.8 2530 39.1 7679

6.3 488 26.7 335 16.5 1073 27.7 609 26.1 1627 32.7 1936 34.0 2085 33.8 2720 41.9 2537 39.0 7640

6.5 496 27.7 404 16.6 1082 27.6 590 26.2 1634 32.0 1719 34.1 2091 32.8 2277 42.0 2543 39.3 8017

6.6 505 27.9 422 16.8 1091 27.3 563 26.3 1641 31.3 1508 34.2 2098 32.7 2254 42.1 2549 40.1 9189

6.8 514 28.2 456 16.9 1099 28.0 653 26.4 1648 31.5 1573 34.4 2104 32.7 2255 42.2 2555 40.5 9878

6.9 522 27.4 398 17.1 1108 27.1 547 26.6 1655 32.3 1827 34.5 2111 32.2 2065 42.3 2561 40.4 9665

7.1 531 25.9 300 17.2 1116 28.2 677 26.7 1662 33.2 2142 34.6 2117 32.3 2090 42.4 2567 40.7 10160

7.2 540 26.6 346 17.4 1125 28.3 700 26.8 1668 34.0 2504 34.7 2124 32.9 2337 42.5 2570 41.0 10733

7.4 548 26.8 364 17.5 1133 29.0 795 26.9 1675 34.7 2834 34.8 2130 33.8 2781 42.6 2576 41.3 11398

7.5 557 27.4 409 17.7 1142 28.2 695 27.0 1682 35.3 3120 34.9 2137 34.0 2849 42.7 2583 40.8 10477

7.7 566 27.5 418 17.8 1150 28.4 721 27.2 1689 35.2 3094 35.0 2143 33.0 2401 42.8 2589 40.1 9239

7.8 574 27.3 410 17.9 1159 29.8 937 27.3 1696 35.0 2993 35.2 2149 32.1 2028 42.9 2595 39.3 8047

8.0 583 27.8 453 18.1 1167 30.1 996 27.4 1702 33.5 2314 35.3 2156 32.0 1988 43.0 2601 38.8 7386

8.1 591 27.0 393 18.2 1175 29.8 961 27.5 1709 33.4 2250 35.4 2163 32.6 2223 43.1 2608 38.4 7004

8.3 600 28.1 480 18.4 1184 30.3 1045 27.6 1716 34.1 2573 35.5 2169 32.3 2103 43.2 2614 38.9 7540

8.4 609 26.9 385 18.5 1192 30.1 1013 27.7 1722 34.2 2618 35.6 2175 31.9 1982 43.3 2620 39.1 7915

8.6 617 26.2 340 18.7 1200 30.2 1046 27.9 1729 33.0 2132 35.7 2182 32.3 2129 43.4 2626 39.7 8763

8.7 626 25.6 302 18.8 1208 30.5 1104 28.0 1736 32.4 1911 35.8 2188 32.6 2241 43.5 2632 39.9 8997

8.9 635 26.2 349 19.0 1217 30.5 1104 28.1 1743 32.3 1867 35.9 2191 33.2 2527 43.6 2638 39.8 8954

9.0 643 27.0 404 19.1 1225 30.5 1105 28.2 1749 32.4 1914 36.0 2198 34.7 3293 43.7 2644 39.8 8839

9.2 652 26.2 350 19.2 1233 30.2 1048 28.3 1756 33.1 2168 36.1 2204 36.0 4183 43.8 2650 39.4 8306

9.3 660 28.0 502 19.5 1247 31.2 1286 28.4 1763 36.4 3877 36.2 2210 36.5 4563 43.9 2656 38.7 7432

9.3 663 27.9 494 19.6 1255 31.6 1389 28.5 1769 39.6 6800 36.3 2217 37.0 4924 44.1 2662 37.5 6059

9.5 671 28.2 520 19.8 1263 31.9 1451 28.7 1776 39.0 6176 36.4 2223 37.3 5214 44.2 2668 36.9 5454

9.6 680 27.4 451 19.9 1271 31.5 1361 28.8 1782 35.9 3633 36.5 2230 37.3 5256 44.3 2674 37.1 5590

9.8 688 27.7 477 20.0 1279 30.4 1123 28.9 1789 35.8 3521 36.7 2236 38.0 5882 44.4 2680 38.2 6773

9.9 697 28.2 530 20.2 1287 27.9 686 29.0 1796 31.8 1736 36.8 2243 38.4 6368 44.5 2687 39.1 7914

10.1 705 28.5 565 20.3 1295 26.1 473 29.1 1802 31.7 1710 36.9 2249 39.4 7571 44.6 2692 39.6 8732

10.2 714 27.7 488 20.4 1303 26.4 507 29.2 1807 30.2 1302 37.0 2255 39.7 7958 44.7 2698 39.0 7798

10.4 722 27.4 470 20.6 1311 26.3 502 29.3 1814 31.8 1765 37.1 2262 39.6 7899 44.8 2704 37.9 6483

10.5 731 27.0 435 20.7 1319 28.4 767 29.4 1821 32.7 2070 37.2 2268 41.6 11123 44.9 2711 36.9 5488

10.7 739 26.8 417 20.9 1327 29.0 879 29.6 1827 31.7 1742 37.4 2282 42.0 11801 45.0 2717 36.6 5228

10.8 748 27.5 481 21.0 1334 29.5 971 29.7 1834 31.3 1608 37.6 2288 41.9 11702 45.1 2723 36.9 5459

11.0 757 27.4 481 21.1 1342 30.9 1247 29.8 1841 31.6 1699 37.7 2294 40.4 9105 45.2 2729 37.1 5742

11.1 765 27.7 508 21.3 1350 30.9 1253 29.9 1847 32.9 2169 37.8 2301 39.7 7997 45.3 2735 37.6 6172

11.3 774 27.6 500 21.4 1358 31.0 1292 30.0 1854 31.8 1776 38.1 2320 37.6 5622 45.4 2741 38.0 6640

11.4 782 27.5 491 21.5 1365 31.4 1388 30.1 1861 32.1 1877 38.2 2326 37.3 5348 45.5 2747 38.8 7668

11.6 791 25.9 361 21.7 1373 31.6 1460 30.3 1868 33.0 2221 38.3 2333 37.6 5701 45.6 2753 39.5 8707

11.7 799 26.1 380 21.8 1381 31.8 1515 30.4 1874 33.7 2513 38.4 2339 38.5 6638 45.7 2758 39.5 8644

11.9 808 25.8 361 21.9 1388 32.1 1601 30.5 1881 33.8 2571 38.6 2345 39.2 7539 45.8 2760 35.8 4535

12.0 816 25.7 351 22.1 1396 32.5 1716 30.6 1888 33.5 2424 38.7 2352 39.9 8513 45.9 2766 40.2 9769

12.2 825 26.8 447 22.2 1404 32.2 1634 30.7 1895 33.2 2319 38.8 2358 40.5 9309 46.0 2772 39.8 9219

12.3 833 25.5 341 22.3 1411 31.8 1520 30.8 1901 32.9 2212 38.9 2364 41.1 10427 46.1 2778 39.7 9080

12.5 842 26.8 447 22.5 1419 31.7 1506 31.0 1908 33.3 2357 39.0 2370 41.6 11279 46.2 2784 40.8 10925

12.6 851 26.6 429 22.6 1426 31.6 1477 31.1 1915 34.5 2941 39.1 2377 41.6 11285 46.5 2801 42.7 15002

12.8 859 27.2 494 22.9 1442 30.1 1125 31.2 1922 35.1 3289 39.2 2380 39.9 8584

Note 1:  σ' = σ - u

Note 2:  φ' calculated from equation 3 as presented in the slope stability calculation

Note 3:  su calculated from equation 5 as presented in the slope stability calculation

Grade Elevation: 0

SUMMARY

Material Depth

Groundwater Depth: 2
Ground Surface Elevation 820

Cone ID: 3045.106XX
Cone Base Area: 10

Analysis Date: Friday, April 03, 2009
Engineer:

Duke Energy
Sounding: M-54
Sounding Date: Thursday, May 15, 2008

Average σ' (psf) 
[Note 1]

Average Φ'      
(Kul. and Mayne, 

1990)           
[Note 2]

Average Su (psf) 
(Mayne)        
[Note 3]

Job Name: Marshall Steam Station Industrial Landfill No. 1
Job Number: 1356-08-122
Site Location: Terrell, North Carolina
Client:



cm2

ft.
ft.
ft.

Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne)

0.2 24 35.3 255 4.6 326 26.2 243 8.7 564 28.0 453 12.9 803 35.1 1958 16.4 1006 33.4 1672

0.4 43 34.3 300 4.7 334 26.4 253 8.9 572 27.6 427 13.0 810 34.9 1916 16.5 1013 33.7 1781

0.5 61 31.7 239 4.9 343 24.8 191 9.0 581 29.4 593 13.1 818 34.7 1867 16.6 1020 34.6 2084

0.7 79 30.4 227 5.0 352 24.3 172 9.1 589 30.5 736 13.2 825 34.4 1771 16.7 1027 36.1 2703 Sluiced Ash 0' - 8' 291 27.0 259

0.8 97 29.3 211 5.2 360 24.5 182 9.3 598 31.6 906 13.4 832 34.2 1714 16.9 1033 38.9 4396 Silty Clay 8' - 11' 605 30.3 772

1.0 115 28.7 210 5.3 369 21.7 100 9.4 606 32.4 1038 13.5 840 34.4 1790 17.0 1040 38.6 4209 Sandy Silt 11' - 16.5' 858 34.2 1780

1.1 126 28.5 214 5.4 375 23.2 142 9.6 615 32.5 1080 13.6 847 34.9 1950 17.1 1047 39.1 4571 Silty Sand 16.5' - 19' 1097 39.4 5426

1.3 135 28.7 231 5.6 384 24.3 182 9.7 624 33.5 1291 13.7 854 34.8 1940 17.2 1053 39.3 4754

1.4 144 29.0 254 5.7 392 24.3 182 9.9 632 32.7 1119 13.9 861 35.1 2048 17.3 1060 39.4 4808

1.6 152 28.6 242 5.9 401 24.7 202 10.0 640 31.7 946 14.0 869 35.3 2129 17.4 1066 39.3 4755

1.7 161 28.4 244 6.0 410 25.1 220 10.2 649 30.5 781 14.1 876 35.1 2061 17.5 1073 38.6 4244

1.9 170 28.6 261 6.2 418 25.7 248 10.3 657 30.3 759 14.2 883 35.4 2178 17.7 1079 38.1 3904

2.0 178 26.4 180 6.3 427 24.6 202 10.5 666 29.4 642 14.4 890 34.9 2025 17.8 1086 37.7 3662

2.2 187 28.3 258 6.5 436 25.2 231 10.6 674 31.7 981 14.5 897 34.8 1995 17.9 1092 38.0 3877

2.3 195 26.8 206 6.6 444 24.7 212 10.8 682 32.8 1190 14.6 904 34.9 2025 18.0 1099 38.4 4187

2.5 204 25.8 174 6.8 453 24.5 202 10.9 691 32.8 1200 14.7 911 35.0 2094 18.1 1105 39.2 4805

2.6 213 22.4 94 6.9 462 23.9 182 11.1 699 32.6 1181 14.9 918 35.4 2234 18.2 1112 40.1 5620

2.8 221 27.0 225 7.1 471 24.6 213 11.2 707 33.1 1294 15.0 925 35.6 2320 18.3 1118 39.9 5465

2.9 230 26.9 226 7.2 480 26.6 316 11.3 715 33.9 1493 15.1 932 35.1 2130 18.4 1124 40.0 5579

3.1 239 26.6 219 7.4 488 31.0 717 11.5 724 33.5 1401 15.2 938 33.9 1759 18.5 1128 34.6 2214

3.2 247 27.3 253 7.5 497 29.8 591 11.6 732 33.4 1384 15.3 945 34.8 2040 18.6 1134 40.6 6130

3.4 256 27.8 285 7.7 506 33.1 1069 11.8 740 33.0 1297 15.4 952 34.5 1947 18.7 1141 40.5 6105

3.5 265 25.9 205 7.8 514 28.6 479 11.9 747 32.8 1272 15.6 958 34.0 1795 18.8 1147 41.2 6940

3.7 274 26.1 214 8.0 523 25.8 282 12.0 756 33.7 1489 15.7 965 33.8 1743 18.9 1153 42.3 8362

3.8 282 27.6 289 8.1 532 28.9 522 12.2 764 33.4 1429 15.8 972 33.8 1764 19.0 1159 43.0 9328

4.0 291 25.9 215 8.3 540 31.0 769 12.3 772 33.5 1451 15.9 979 34.0 1840 19.1 1165 43.2 9767

4.1 300 25.8 216 8.4 549 28.9 531 12.5 780 33.4 1433 16.0 986 34.7 2073 19.2 1171 43.6 10523

4.3 308 27.2 284 8.6 557 27.9 444 12.6 787 34.0 1619 16.1 993 33.4 1646 19.3 1177 44.3 11733

4.4 317 27.2 285 8.6 559 25.7 286 12.7 795 34.6 1794 16.3 999 33.2 1599

Note 1:  σ' = σ - u

Note 2:  φ' calculated from equation 3 as presented in the slope stability calculation

Note 3:  su calculated from equation 5 as presented in the slope stability calculation

Grade Elevation: 0

Material Depth

SUMMARY

Average σ' (psf)  
[Note 1]

Average Φ'      
(Kul. and Mayne, 

1990)           
[Note 2]

Average Su (psf) 
(Mayne)         
[Note 3]

Groundwater Depth: 1
Ground Surface Elevation: 819

Cone ID: 3045.106XX
Cone Base Area: 10

Analysis Date: Friday, April 03, 2009
Engineer:

Sounding: M-55
Sounding Date: Thursday, May 15, 2008

Site Location: Terrell, North Carolina
Client: Duke Energy

Job Name: Marshall Steam Station Industrial Landfill No. 1
Job Number: 1356-08-122



cm2

ft.
ft.
ft.

Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne) Depth σ' (psf) Φ' (Kul. and 
Mayne, 1990)

Su (psf) (Mayne)

0.2 29 0.0 255 8.8 567 23.2 456 16.2 995 31.2 1209 22.8 1375 31.7 1667 29.3 1752 29.3 1962

0.3 37 34.7 202 8.9 575 23.2 300 16.3 1003 30.8 1234 22.9 1382 31.2 1755 29.5 1760 30.5 1917

0.5 60 32.4 245 9.1 584 24.9 322 16.5 1011 31.1 1274 23.0 1389 31.0 1692 29.6 1767 30.9 1807

0.7 78 31.8 333 9.2 592 26.7 341 16.6 1019 31.1 1258 23.2 1396 31.8 1420 29.7 1775 30.6 1877 Sluiced Ash 0' - 10.5' 361 24.8 264

0.8 96 32.7 255 9.3 601 29.8 308 16.7 1026 31.4 1227 23.3 1403 31.5 1277 29.9 1782 31.2 1779 Silty Clay 10.5' - 13' 743 31.4 1942

0.9 113 30.5 321 9.5 609 30.8 460 16.9 1034 31.2 1207 23.4 1410 31.8 1259 30.0 1789 32.1 1999 Sandy Silt 13' - 30.5' 1179 31.1 1193

1.1 125 31.2 352 9.6 618 28.0 437 17.0 1042 31.6 1101 23.5 1417 32.4 1032 30.1 1797 32.5 1834 Silty Sand 30.5' - 35.5' 1971 37.1 8045

1.2 134 31.4 400 9.8 626 25.8 346 17.1 1049 31.7 1132 23.6 1424 32.7 858 30.2 1804 32.4 1810

1.4 142 31.9 328 9.9 635 26.1 495 17.3 1057 31.9 1057 23.8 1431 32.4 741 30.4 1812 32.1 1775

1.5 151 30.5 376 10.1 643 26.4 335 17.4 1064 31.8 1011 23.9 1438 31.5 714 30.5 1819 32.3 1920

1.6 157 31.2 359 10.2 652 25.8 375 17.5 1072 31.6 1085 24.0 1445 30.9 665 30.6 1826 32.0 1924

1.7 160 30.8 381 10.4 660 27.9 470 17.7 1079 31.5 1079 24.1 1452 30.8 606 30.8 1834 32.6 3693

1.8 169 31.0 351 10.5 669 27.6 339 17.8 1087 31.0 1209 24.2 1459 29.7 609 31.0 1848 32.1 14727

2.0 177 30.4 394 10.7 677 26.3 373 17.9 1094 31.1 1435 24.4 1465 28.8 600 31.1 1855 32.0 16423

2.1 186 30.9 410 10.8 686 28.1 533 18.0 1102 30.7 1514 24.5 1472 28.0 415 31.2 1862 31.9 15825

2.3 194 31.0 260 11.0 694 26.1 1053 18.2 1109 30.4 1524 24.6 1479 27.8 542 31.4 1868 32.3 15557

2.4 202 28.2 254 11.1 702 26.6 2729 18.2 1111 30.8 512 24.7 1486 27.5 605 31.4 1873 32.3 14309

2.6 211 27.9 193 11.3 711 27.7 2740 18.3 1118 30.7 1323 25.0 1502 27.0 1123 31.5 1875 35.9 13888

2.7 219 26.2 249 11.4 719 26.1 2747 18.5 1125 31.4 995 25.1 1509 27.1 1051 31.6 1882 44.0 15513

2.9 228 27.6 243 11.5 727 26.5 2534 18.6 1133 32.3 910 25.2 1516 27.0 1050 31.7 1889 44.7 14181

3.0 236 27.3 160 11.7 735 28.3 2261 18.7 1140 32.6 861 25.4 1523 25.4 1109 31.8 1896 44.4 13431

3.2 245 24.9 40 11.8 743 32.0 1819 18.8 1148 32.6 833 25.5 1530 26.5 1164 31.9 1902 44.3 11825

3.3 253 18.6 153 12.0 751 37.5 1758 19.0 1155 26.8 835 25.6 1537 27.0 1170 32.1 1909 43.8 10002

3.5 262 24.5 115 12.1 759 37.5 967 19.1 1162 31.8 971 25.7 1544 30.0 951 32.2 1916 43.6 6905

3.6 270 23.0 154 12.2 768 37.4 1721 19.2 1170 30.2 944 25.8 1551 29.6 918 32.3 1923 44.3 4379

3.8 279 24.4 350 12.4 776 36.9 1884 19.4 1177 29.7 1026 26.0 1558 29.6 852 32.4 1930 43.7 3128

3.9 287 28.7 241 12.5 784 36.2 1975 19.5 1185 29.4 1065 26.1 1565 29.9 976 32.5 1937 43.4 2685

4.0 296 26.5 153 12.7 792 34.9 2437 19.6 1192 29.2 978 26.2 1572 30.1 1079 32.7 1943 42.6 2560

4.2 304 24.1 134 12.8 800 34.7 3643 19.7 1199 29.2 990 26.3 1579 30.1 1091 32.8 1950 41.6 2996

4.3 313 23.4 47 12.9 808 31.2 1836 19.9 1207 30.0 1095 26.5 1586 29.1 1212 32.9 1957 39.4 3618

4.5 321 19.1 33 13.1 816 34.5 1596 20.0 1214 29.8 1297 26.6 1593 28.9 1341 33.0 1963 36.8 3826

4.6 330 18.1 247 13.2 824 35.0 697 20.1 1221 30.2 1299 26.7 1600 28.5 1344 33.1 1970 34.8 3740

4.8 338 26.3 31 13.4 832 35.2 626 20.2 1229 30.4 1220 26.8 1607 29.2 1486 33.2 1977 34.0 2873

5.0 350 18.0 238 13.5 840 36.4 711 20.4 1236 29.9 959 26.9 1614 29.7 1507 33.3 1983 33.7 2160

5.1 359 12.8 299 13.6 847 38.7 777 20.5 1243 30.0 841 27.1 1621 29.7 1546 33.5 1990 34.6 2057

5.4 376 25.9 54 13.8 855 34.7 679 20.6 1251 30.5 854 27.2 1628 30.2 1370 33.6 1996 35.6 1721

5.6 384 27.1 53 13.9 863 33.8 638 20.8 1258 31.4 947 27.3 1635 30.8 1587 33.7 2003 35.9 1645

5.7 393 7.9 250 14.0 871 29.2 722 20.9 1265 31.4 1002 27.4 1642 30.8 1610 33.8 2010 35.8 2026

6.3 427 19.5 88 14.2 879 28.6 857 21.0 1272 31.0 1070 27.5 1649 31.3 1722 33.9 2016 34.3 2233

6.5 435 19.4 100 14.3 887 29.2 952 21.1 1280 29.7 1204 27.7 1656 31.3 1801 34.0 2023 32.7 2789

6.6 444 25.9 195 14.5 895 29.7 1051 21.3 1287 29.0 1313 27.8 1662 31.5 1798 34.2 2030 32.4 3143

6.8 452 12.7 61 14.6 903 29.0 1051 21.4 1294 29.1 1439 27.9 1669 30.8 1697 34.3 2036 31.4 5401

6.9 461 12.6 185 14.7 911 28.6 1129 21.5 1301 29.6 1254 28.0 1676 31.6 1674 34.4 2043 31.2 6400

7.1 470 16.4 144 14.9 919 29.2 1087 21.6 1305 29.9 1291 28.1 1682 31.7 1476 34.5 2050 32.3 8235

7.2 478 21.0 240 15.0 924 30.1 1125 21.7 1312 30.2 1263 28.3 1690 32.0 2026 34.6 2057 32.8 8332

7.4 487 21.5 143 15.1 932 30.7 1111 21.8 1319 30.8 1313 28.4 1697 32.2 1285 34.7 2063 34.0 6673

7.5 495 24.3 116 15.2 940 31.2 1082 21.9 1326 31.3 1546 28.5 1703 32.2 1176 34.9 2070 34.7 7472

7.7 504 19.8 161 15.4 948 31.2 1091 22.1 1333 31.8 1442 28.6 1710 31.9 1056 35.1 2084 37.8 7035

7.8 512 24.0 161 15.5 956 31.5 1024 22.2 1340 31.0 1327 28.7 1717 31.8 1325 35.2 2091 38.8 9519

8.0 520 22.9 237 15.7 964 31.3 1082 22.3 1347 31.2 1276 28.8 1724 31.1 1444 35.3 2098 40.2 15673

8.1 529 25.2 341 15.8 972 31.5 1083 22.4 1354 31.0 1486 29.0 1730 32.8 1352 35.4 2104 40.3 17748

8.5 550 22.8 621 15.9 980 31.4 1151 22.5 1361 31.2 1418 29.1 1737 30.4 1517 35.5 2109 39.0 18160

8.6 558 21.9 751 16.1 988 31.2 1114 22.7 1368 32.1 1503 29.2 1745 29.9 1799 35.6 2112 39.6 19494

Note 1:  σ' = σ - u

Note 2:  φ' calculated from equation 3 as presented in the slope stability calculation

Note 3:  su calculated from equation 5 as presented in the slope stability calculation

Grade Elevation: 0

SUMMARY

Material Depth

Groundwater Depth: 1
Ground Surface Elevation: 822

Cone ID: 3045.106XX
Cone Base Area: 10

Analysis Date: Friday, April 03, 2009
Engineer:

Duke Energy
Sounding: M-56
Sounding Date: Thursday, May 15, 2008

Average σ'      
(psf)            

[Note 1]

Average Φ'      
(Kul. and Mayne, 
1990)     [Note 2]

Average Su (psf) 
(Mayne)       
[Note 3]

Job Name: Marshall Steam Station Industrial Landfill No. 1
Job Number: 1356-08-122
Site Location: Terrell, North Carolina
Client:



 

 
 
 
 
 
 
APPENDIX IV 
 

SLOPE STABILITY ANALYSIS RESULTS 
 



















 

 

 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT VII 
 

DWQ , USACE WETLANDS PERMIT AUTHORIZATION 
LETTERS AND NCEEP PAYMENT CONFIRMATION 

Structural Fill Facility Notification 
S&ME Project No. 1356-08-122 
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