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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 | 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 I1I.

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 IVV. 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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(9) 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 V).

(h) Site development shall comply with the North Carolina Sedimentation Pollution
Control Act of 1973, as amended.

The E&SC Plan (Attachment 1V) 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.

(3) 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.

(I) 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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This project is not a Department of Transportation project.

.1706 - CLOSURE

Rule .1706 requires structural fill closure, including among other things an 18-inch thick
so0il cover. A minimum of 18-inches of soil cover will be constructed over the structural
fill as the balance of the proposed landfill is constructed over the structural fill. This will
include engineered soil fill on the structural fill side slopes and a soil and geosynthetic
landfill liner system over the structural fill top deck.

CONCLUSION

Should you have any questions regarding the information presented in this notification,
please contact us at your convenience.

s Q“BEBWEBEB”
Sincerely, ‘@‘“ \) ARO( 3"".9
S s,
S&ME, Inc. 5‘% oF %Y %
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Wh 777 °-\ $
’a L VQ??
William M. Harrison, E.L. Kenneth R. DaT?, °°°"° 0
Staff Professional Senior Project Eng"l*lmf;r ,;rm%/zﬁla'i
Reeves, P.E.

ior Project Engineer

Cec:  Dean Snyder, Duke Energy
Donna Burrell, Duke Energy
Ed Sullivan, Duke Energy

ATTACHMENTS:

FIGURE 1 — Site Location Map

ATTACHMENT I — Structural Fill Drawings

ATTACHMENT I1 - CCP TCLP Laboratory Analytical Results

ATTACHMENT III - Signed and dated statement from the landowner

ATTACHMENT IV — Erosion & Sediment Control Plan: Stage 2 of Phase |

ATTACHMENT V — Specification Section 02320 — Backfill - Structural

ATTACHMENT VI — Global Slope Stability Analyses Calculation

ATTACHMENT VIl - DWQ, USACE Wetlands Permit Authorization Letters and
NCEEP Payment Confirmation
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ATTACHMENT I

STRUCTURAL FILL DRAWINGS

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

1. SURVEY INFORMATION PROVIDED BY THE SANBORN
MAP COMPANY FROM AERIAL PHOTOGRAPHY DATED

LEGEND

EXISTING MAJOR CONTOUR (10%)
[SEE NOTE 1]

EXISTING MINOR CONTOUR (2’)
[SEE NOTE 1]

EXISTING MAJOR CONTOUR (107)
[OBSCURED, SEE NOTE 1]

EXISTING MINOR CONTOUR (2")
[OBSCURED, SEE NOTE 1]

FUTURE STRUCTURAL FILL
MAJOR CONTOUR (10")

FUTURE STRUCTURAL FILL
MINOR CONTOUR (2")

PROPOSED LIMIT OF WASTE

VERTICAL SEPARATION FILL AREA
[SEE NOTE 2]

JANUARY 29, 2009. HORIZONTAL CONTROL
SURVEYS BASED ON NORTH CAROLINA STATE
PLANE NAD 83/2007. VERTICAL CONTROL
SURVEYS BASED ON NAVD 88. ALL AREAS OF

DASHED CONTOURS MAY NOT MEET NATIONAL MAP

ACCURACY STANDARDS AND SHOULD BE FIELD

VERIFIED.
2. CONTOURS IN THIS AREA ARE BASED ON PLANNED

GRADES AND ARE NOT FINAL BUT PROVIDE A
MINIMUM OF 2—FT SEPARATION BETWEEN BOTTOM

OF PROPOSED STRUCTURAL FILL AND LONG-TERM

SEASONAL HIGH GROUNDWATER ELEVATION.

3. STRUCTURAL FILL SHALL CONSIST OF FILL TYPE S2,

CONTAINING FLY ASH, AS REFERENCE IN

SPECIFICATION 02320,

6 INCHES OF WHICH SHALL BE CAPABLE OF
SUPPORTING VEGETATIVE GROWTH.

0 44 80

STRUCTURAL FILL SHALL BE
COVERED WITH A MINIMUM OF 18 INCHES OF SOIL,

( IN FEET )
1 inch = 80 ft.

ENGINEERING LICENSE NO. F-0176

f29/09
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DESCRIPTION

PHASE 1 STRUCTURAL FILL
STRUCTURAL FILL NOTIFICATION

DUKE ENERGY MARSHALL STEAM STATION
TERRELL, NORTH CAROLINA

DRAWN BY:
CLD

CHECKED BY:
KRD

DESIGNED BY:
WMH

APPROVED BY:

>

PROJECT NUMBER

1356—-08-122

DATE:
5—-29-09

DRAWING PATH: Q\1356\DUKE ENERGY\08-122 MARSHALL ILF#1\DWG\INDUSTRIAL LANDFILL #1\STRUCTRUAL FILL NOTE\CELLS 384 SFILL.DWG
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ATTACHMENT 11

CCP LABORATORY ANALYTICAL RESULTS

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




Lab No.

2008-2847-5

STANDARD LABORATORIES, INC.

8451 River King Dr. (Shipping)
Date Rec'd. 10/31/2008 Freeburg , IL 62243-003%
Date Sampled _10/06/2008  to 10/06/2008 P.O.#: DP4387 20082847
Page: 1 of 1
Sampled By _ CLIENT Date: 12/23/2008 11:00:00
DUKE ENERGY - EH&S SERVICES
13339 HAGERS FERRY ROAD
BLDG 7405//MG03A2
HUNTERSVILLE, NC. 28078
ATTN: RODNEY WIKE
Remark: 28030994
08-0CT-0578
MARSHALL FLY ASH
DRY BASIS
TEST CONCENTRATION UNITS METHOD DATE TECH
ANTIMONY 5.57 uG/G ASTM De357 ICP-MS 12/09/2008 JMW
ARSENIC 60.9 uG/G ASTM D&357 ICP-MS 12/09/2008 JMW
BARIUM 934 UG/G ASTM De357 ICP-MS 12/09/2008 JMW
BORON 168 uG/G ICP-MS 12/10/2008 SAS
CADMIUM 0.57 UG/G ASTM D6357 ICP-MS 12/09/2008 JMW
CALCIUM B420 UG/G ASTM D6349 ICP-RAES 12/09/2008 SER
CHROMIUM 140 uG/G ASTM D6357 ICP-MS 12/09/2008 JMW
COPPER 129 uG/G ASTM D6357 ICP-MS 12/09/2008 JMW
LEAD 62.2 uG/G ASTM D6357 ICP-MS 12/09/2008 JMW
MAGNESIUM 5380 uG/G ASTM D6349 ICP-AES 12/09/2008 SER
MANGANESE 159 UG/G ASTM D6357 ICP-MS 12/09/2008 JMW
MERCURY 0.480 UG/G ASTM D6722-01 - DCGA-AA 12/05/2008 SAS
NICKEL 102 UG/G ASTM D6357 ICP-MS 12/09/2008 JMW
PHOSPHORUS 921 UG/G ASTM D6357 ICP-AES 12/09/2008 SER
POTASSIUM 19880 UG/G ASTM D6349 ICP-AES 12/09/2008 SER
SELENIUM 27.7 UG/G ASTM D4606 ICP-AES-HY 12/09/2008 SER
SILVER 0.42 uG/G ASTM D&357 ICP-MS 12/09/2008 JMW
SODIUM 2340 uG/G ASTM D6357 ICP-AES 12/09/2008 SER
ZINC 139 uG/G ASTM D&357 ICP-MS 12/09/2008 JMW
pH 1:1 7.18 S.U. 4500B 12/17/2008 TLI
PERCENT SCLIDS 82.99 % D3302 12/12/2008 TJH
DRY SPECIFIC GRAVITY 2.17 S.U. MODIC7113 12/03/2008 HS
TOTAL MOISTURE 17.01 % D3302 12/03/2008 RT

Respectfully Submitted by: Tim Hutchison

s may not be reprod

arr
ed except in full, without the writtan approval of

ratories, Inc.  Invakd




TEKLAB, INC.

5445 HORSESHOE LAKE ROAD
COLLINSVILLE. ILLINOIS 62234

ENVIRONMENTAL TESTING LABORATORY

LABORATORY RESULTS

Client: Standard Laboratories, Inc.

Client Project: 75309 Duke

TEL: 618-344-1004
FAX: 618-344-1005

WorkOrder: 08120123 Client Sample ID: 2008-2847-5
Lab ID: 08120123-005 Collection Date: 10/6/2008
Report Date: 09-Dec-08 Matrix: SOLID
Analyses Certification RL  Qual Result Units DF Date Analyzed Analyst
SW-846 1311, 3010A. 6010B, METALS IN TCLP EXTRACT BY ICP
Arsenic NELAP 0.250 J 0.19 mg/L 1 12/8/2008 5:34:17 PM  LAL
Barium NELAP 0.0500 0.313 mg/L 1 12/8/2008 5:34:17 PM  LAL
Cadmium NELAP 0.0200 J 0.0080 mg/L 1 12/8/2008 5:34:17 PM  LAL
Chromium NELAP 0.100 <0.100 mg/L 1 12/8/2008 5:34:17 PM  LAL
Lead NELAP 0.400 <0.400 mg/L 1 12/8/2008 5:34:17 PM  LAL
Selenium NELAP 0.500 0.632 mg/L 1 12/8/2008 5:34:17 PM  LAL
Silver NELAP 0.100 <0.100 mg/L 1 12/8/2008 5:34:17 PM  LAL
SW-846 1311, 7470A_IN TCLP EXTRACT
Mercury NELAP 0.00020 <0.00020 mg/L 1 12/8/2008 MEK
SW-846 1312, 3005A. 6010B. METALS IN SPLP EXTRACT BY ICP
Arsenic NELAP 0.0250 0.0513 mg/L 1 12/8/2008 3:18:58 PM  LAL
Barium NELAP 0.0050 0.135 mg/L 1 12/8/2008 3:18:58 PM  LAL
Cadmium NELAP 0.0020 <0.0020 mg/L 1 12/8/2008 3:18:58 PM  LAL
Chromium MNELAP 0.0100 < 0.0100 mg/L 1 12/8/2008 3:18:58 PM  LAL
Lead NELAP 0.0400 < 0.0400 mg/L 1 12/8/2008 3:18:58 PM  LAL
Selenium NELAP 0.0500 0.368 mg/L 1 12/8/2008 3:18:58 PM  LAL
Silver NELAP 0.0100 < 0.0100 mg/L 1 12/8/2008 3:18:58 PM  LAL
SW-846 1312, 7470A IN SPLP EXTRACT
Mercury NELAP 0.00020 H < 0.00020 mg/L 1 12/8/2008 MEK
Sample Narrative
IL ELAP and NELAP Accredited - Accreditation #100226 Page 7 of 10



ATTACHMENT 11

SIGNED AND DATED STATEMENT
FROM THE LANDOWNER

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




In accordance with 15A NCAC 13B .1703(a)(5), I hereby acknowledge

and consent to the use of coal combustion products at the Duke

Energy Marshall Steam Station in Terrell, North Carolina for the purpose

of structural fill. The structural fill will also be recorded with the Catawba County
Register of Deeds in accordance with the requirements of 15A NCAC 13B.1707.

/ff //’/.x_ 7%%(:«/Z@1¢v4(« ///,,,f},@f’/%;ﬁ

( Signafure Title

Date



ATTACHMENT IV

EROSION & SEDIMENT CONTROL PLAN
STAGE 2 OF PHASE 1 - MARSHALL STEAM STATION
INDUSTRIAL LANDFILL #1

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




EROSION AND SEDIMENT CONTROL PLAN
STAGE 2 OF PHASE 1
(REVISION TO NCDENR PERMIT # CATAW-2009-010)
MARSHALL STEAM STATION INDUSTRIAL LANDFILL NO. 1

DUKE ENERGY
CATAWBA COUNTY, NORTH CAROLINA
S&ME PROJECT NO. 1356-08-122

Prepared for:

North Carolina Department of Environmental and Natural Resources
Land Quality Section
610 East Center Avenue
Mooresville, North Carolina 28115

Prepared by:
S&ME, Inc.
9751 Southern Pine Boulevard

Charlotte, North Carolina 28273 T
(704) 523-4726 0‘;\ cAné'

May 29, 2009

e uﬁéﬁmfwg/m /e

& S&ME




May 29, 2009

North Carolina Department of Environmental and Natural Resources
Land Quality Section

610 East Center Avenue

Mooresville, North Carolina 28115

Attention: Mr. Zahid Khan

Reference: EROSION & SEDIMENT CONTROL PLAN
Stage 2 of Phase 1 - (Revision to NCDENR Permit No. CATAW-2009-01 0)
Marshall Steam Station Industrial Landfill No. 1
Duke Energy - Catawba County, North Carolina
S&ME Project No. 1356-08-122

Dear Mr. Khan:

S&ME is pleased to submit this Erosion & Sediment Control Plan revision for Duke Energy for
your review. This revision includes the addition of several measures to the previously approved
erosion and sediment control plan for Stage 1 of Phase 1 construction activities (Permit #
CATAW-2009-010, issued on March 10, 2009). This revision consists of engineering drawings
and a narrative that describes the construction, operation, and maintenance of erosion control
measures for this stage of the project. The total permitted disturbed area for Stage 1 was 39 acres.
The Stage 1 permitted disturbed area included an optional 5.7 acre borrow area which was not
developed and is not currently planned for development. The actual Stage 1 disturbed area and
proposed Stage 2 disturbed area (an additional 1.3 acres) combined, is less than the previously
permitted 39 acres. Therefore, it is our understanding that no additional permitting fees are
required.

Please contact us at your earliest convenience if you have any questions or need additional

information regarding this application. ‘.mmm,,,
“‘\‘.“ GARO( “'
Sincerely, f‘* -°{ESSIE);E 7 "%%
S&ME, Inc. "é
.
YA Mo oF
vy
William M. Harrison, EI Kenneth R, Daly, P.E? “treq 1T P‘?'ggt;‘
Staff Professional Senior Project Engineer
Senior Reviewed By: on S. Reeves, P.E.

S&ME, INC. / 9751 Southemn Pine Boulevard / Charlotte, NC 28273-5560 / p 704.523.4726 f 704.525.3953 / www.smeinc.com



Marshall Steam Station Industrial Landfill No. 1
E&SC Plan — Stage 2 of Phase 1 (Revision to CATAW-2009-010)

S&ME Project No. 1356-08-122
May 29, 2009
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Marshall Steam Station Industrial Landfill No. 1 S&ME Project No. 1356-08-122
E&SC Plan — Stage 2 of Phase 1 (Revision to CATAW-2009-010) May 29, 2009

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 Il. 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 .

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



Marshall Steam Station Industrial Landfill No. 1 S&ME Project No. 1356-08-122
E&SC Plan — Stage 2 of Phase 1 (Revision to CATAW-2009-010) May 29, 2009

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



Marshall Steam Station Industrial Landfill No. 1 S&ME Project No. 1356-08-122
E&SC Plan — Stage 2 of Phase 1 (Revision to CATAW-2009-010) May 29, 2009

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.



Marshall Steam Station Industrial Landfill No. 1 S&ME Project No. 1356-08-122
E&SC Plan — Stage 2 of Phase 1 (Revision to CATAW-2009-010) May 29, 2009

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 Il. 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. EXxisting check dam locations are included on Drawing 2 in

Appendix .

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 Ill. Locations of the grass lined channels are
included on Drawing 3 in Appendix Il. Details showing proper installation of the grass lined

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

2-1



Marshall Steam Station Industrial Landfill No. 1 S&ME Project No. 1356-08-122
E&SC Plan — Stage 2 of Phase 1 (Revision to CATAW-2009-010) May 29, 2009

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 Il.



Marshall Steam Station Industrial Landfill No. 1 S&ME Project No. 1356-08-122
E&SC Plan — Stage 2 of Phase 1 (Revision to CATAW-2009-010) May 29, 2009

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.

2.

Obtain plan approval and permits prior to beginning work.
Hold pre-construction meeting.

Flag disturbance limits.

Install erosion control measures as shown on the Drawings.
Commence ash fill operations.

Initiate stabilization of disturbed areas by seeding in accordance with the General Seeding
Specifications included on Drawing 4 in Appendix II.



Marshall Steam Station Industrial Landfill No. 1 S&ME Project No. 1356-08-122
E&SC Plan — Stage 2 of Phase 1 (Revision to CATAW-2009-010) May 29, 2009

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 Il1.

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.
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APPENDIX |

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 Marshall Steam Station Industrial Landfill No. 1 - Stage 2 ot Phase 01
2. Location of land-disturbing activity: County__<atawba City or Township____' &l
Highway/Street 8320 E. NCHWY150 | otityde 3073719" N Longitude_8079824" W
3. Approximate date land-disturbing activity will commence: JUy 1, 2009
Industrial

4.  Purpose of development (residential, commercial, industrial, institutional, etc.):

5.  Total acreage disturbed or uncovered (including off-site borrow and waste areas): 16.5 Acres (17)

6. Amount of fee enclosed: $ 1109 . 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 X

8. Person to contact should erosion and sediment control issues arise during land-disturbing activity:

e Darrell Wolfe dbwolfe@duke-energy.com

Nam E-mail Address

(828) 478-7829 (704) 576-4650 NA

Telephone Cell # Fax #

9. Landowner(s) of Record (attach accompanied page to list additional owners):

Duke Energy Carolinas LLC NA NA

Name Telephone Fax Number

526 South Church Street 526 South Church Street

Current Mailing Address Current Street Address

Charlotte NC 28202 Charlotte NC 28202

City State Zip City State Zip
10. Deed Book No. 1271 Page No. 0363 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):

Duke Energy Carolinas LLC NA

Name E-mail Address

526 South Church Street 526 South Church Street

Current Mailing Address Current Street Address

Charlotte NC 28202 Charlotte NC 28202

City State Zip City State Zip
NA

Telephone Fax Number_N#
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2. (@) If the Financially Responsible Party is not a resident of North Carolina, give name and street address
of the designated North Carolina Agent:

NA NA

Name E-mail Address

NA NA

Current Mailing Address Current Street Address

NA NA NA NA NA NA
City State Zip City State Zip
Telephone NA Fax Number NA

(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:

CT Corporation NA

Name of Registered Agent E-mail Address

225 Hillsborough Street 225 Hillsborough Street

Current Mailing Address Current Street Address

Raleigh NC 27603 Raleigh NC 27603
City State Zip City State Zip
Telephone N 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). | agree to provide
corrected information should there be any change in the information provided herein.

W. J. McCabe Manager, Waste & Remediation Management
Type or print name Title or Authority
Signature Date

[, , 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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Erosion and Sediment Control Plan
Stage 2 of Phase 1
Marshall Steam Station Industrial Landfill #1
S&ME Project No. 1356-08-122

Aerial Photograph

Existing Conditions Plan

Stage 2 of Phase 1 Construction
Details




EROSION AND SEDIMENT CONTROL PLAN

STAGE 2 OF PHASE 1
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DUKE ENERGY - MARSHALL STEAM STATION
TERRELL, NORTH CAROLINA

1
) \
‘/ 11_ ,,,,,,,,, el H,i’j i i
/ / f'%‘““w 3
;'J’Nw; I{(\-\..F]J;/ V\:\:}
./ L
I INDEX OF DRAWINGS
J <
, A ) Norfolk ©*
....... )y L s ’“\‘x\
!f ,,,,,,,, foor T "“‘k"f.ﬁ:dm-)i% NG AN RS, A A AN Wi oo i T e | DRAWING TITLE
b —— gl b | N AN RN RN 1 N SO e k. N A
&« eenshoro «  Raleigh _ i ”
. Tri-Citios © e il 1 AERIAL PHOTOGRAPH
J Mool o e ® Mooresville ~ 2 EXISTING CONDITIONS PLAN
) Nashville « v @ Charlotte 7
( liee coily” Ml * Fayettevillé 3 STAGE 2 OF PHASE 1 CONSTRUCTION
} { e e o Wilmi
| 4 Chattanooga @ L[> @ Spartanburg = lelmlngtun 4 DETAILS
£ . - . ® Greenville Ry
} N . Calunb /Myrtle Beach
. Atlanta N f
\E . » (Gharleston
o/
\ A L]
1‘1\ L gu.
\ \
\ Savannah @
\ e}
( %
| \ ¢
| | A
. . . X
%E " 1> -vc* IIIIII 5\1'
L N R a0 \
L~ :#,, e = i . A
i %\"\:“"' ! L\“w. \‘»
) Orlandu_ﬁ ‘&
by <
\3"{; b § ot %
$ \
i x
!I/; I %5, VETH Q- 02;@'-‘
\“'m. "l 22510193905 29/09
e = Ellf
|
’::".f.'?‘.!..,rw'f

LOCATION / S&ME OFFICE MAP

SITE VICINITY MAP

NOT TO SCALE

NOT TO SCALE

S&ME PROJECT NO.
1356-08-122

9751 SOUTHERN PINE BLVD.
CHARLOTTE, NC 28273

(704) 523-4726

(704) 525-3953 Fax
WWW.SMEINC.COM

ENGINEERING LICENSE NO. F-0176

S&ME PROJECT NO.
1356-08-122

MARSHALL STEAM STATION - INDUSTRIAL LANDFILL #1




OMA HIVHOOLOHd TVRIIV\Z JOVLS\d=id SAVNOENS\I# TIHANYT TYRLLENANNOMA\ bl TIVHSHVIN ZZ1-80ADNINS DINA\G9EIVD ‘HLVd ONIMVHd

>
m

i

9/10-4 "ON 3SN3DIT DONIYIINIONS o L, NOlL dlioS3a

Y Higy,,

NOD'ONIFNS' MMM i %

JINBSE |\

e.___u.a_-.. poat?

VNITOHVO HLYON ‘“1734H3lL
NOILVLS WVILS TIVHSHVA AHIDN3 DIna

CHECKED BY
APPROVED BY:

I 3SVHd 40 ¢ 39V.1S
NVid 0S%3

HdVH490.L1LO0Hd 1VId3aV

1356—-08—-122

DRAWN BY:
DESIGNED BY:
PROJECT NUMBER

e

STAGE 1 CONSTRUCTION
STAGE 2 UMIT OF
DISTURBANCE LIMITS

LEGEND
( IN FEET )

/
%,

DISTURBANCE

LIMITS.

2_
11
1©)

<
=
n




v‘ —
ISLAND POINT ROAD = > e

/J
/1

/)
s
)

/4
—

o

- //g//“'STAG/E1//f// /////////////// .
\\ .......... /// /7//3(’)F/RROW ?7E;// ///// /////// //
/7&/ 7 ///é/ 1!
o

/
4

WWW.SMEINC.COM

ENGINEERING LICENSE NO. F-0176

—
—_—
/ —

' S&ME

‘;;-—,

- -
f—_,/

. STAGE1
BORROW AREA

%‘1&

LEGEND

EXISTING MAJOR CONTOUR (10°)
[SEE NOTE 1]

DESCRIPTION

EXISTING MINOR CONTOUR (2’)
[SEE NOTE 1]

EXISTING MAJOR CONTOUR (107)
[OBSCURED, SEE NOTE 1]

EXISTING MINOR CONTOUR (27)
[OBSCURED, SEE NOTE 1]

PROPOSED MAJOR CONTOUR (107)

PROPOSED MINOR CONTOUR (2")

SILT FENCE (EXISTING)
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THE PROJECT CONSISTS OF STAGE 2 OF PHASE 1 CONSTRUCTION OF THE
MARSHALL STEAM STATION INDUSTRIAL LANDFILL NO. 1. THE PROPOSED
DISTURBED AREA FOR THIS PROJECT IS APPROXIMATELY 17.2 ACRES.

PROJECT DESCRIPTION

EXISTING SITE CONDITIONS

THE PROJECT AREA CONSISTS OF BORROW AREA(S) FOR STRUCTURAL FILL,
GROUNDWATER VERTICAL SEPARATION GRADING, AND STOCKPILE AREA(S).
THE SITE IS LOCATED PARTIALLY ON AN INACTIVE ASH BASIN AND
PARTIALLY ON ADJACENT EARTH, AND IS CURRENTLY VEGETATED BY

GRASSES AND TREES. \
SCHEDULE \
CONSTRUCTION IS SCHEDULED TO BEGIN IN JULY 2009. /\‘?
EROSION AND SEDIMENT CONTROL NARRATIVE —

THE EROSION AND SEDIMENT CONTROL MEASURES INVOLVE THE PLACEMENT \
OF EROSION AND SEDIMENT CONTROL DEVICES AT STRATEGIC LOCATIONS

THROUGHOUT THE PROJECT. THESE DEVICES INCLUDE:
1. GRASS LINED CHANNELS
2. SILT FENCE
3. CHECK DAMS (MAINTAIN EXISTING STRUCTURE)

ALL DEVICES ARE TO REMAIN IN GOOD WORKING CONDITION UNTIL THE
INSPECTOR APPROVES THEIR REMOVAL.

EROSION AND SEDIMENT CONTROL MAINTENANCE

1. ALL EROSION AND SEDIMENT CONTROL DEVICES SHALL BE INSPECTED
WEEKLY AND AFTER RAINFALL EVENTS OF 0.5" OR GREATER, AND ANY
DAMAGE CORRECTED BY THE END OF THE DAY.

2. SEDIMENT CONTROL MEASURES SHALL BE REMOVED ONLY AFTER THE
INSPECTOR’S APPROVAL AND ANY REMAINING DISTURBED AREAS
SHALL BE STABILIZED IMMEDIATELY.

3. ALL SEEDED AREAS SHALL BE FERTILIZED, RESEEDED AS NECESSARY

AND MULCHED, ACCORDING TO THE SEEDING PLAN TO MAINTAIN A |
VIGOROUS, DENSE VEGETATION COVER. /
EROSION AND SEDIMENT CONTROL STANDARDS {

ALL EROSION AND SEDIMENT CONTROLS SHALL BE IN ACCORDANCE WITH THE

NORTH CAROLINA SEDIMENTATION POLLUTION CONTROL ACT OF 1973 AND \
NCAC TITLE 15, CHAPTER 4. CONSTRUCTION DETAILS AND SPECIFICATIONS

WITHIN THIS PLAN WERE DERIVED FROM THE EROSION AND SEDIMENT

CONTROL PLANNING AND DESIGN MANUAL DATED JUNE 1, 2006, PREPARED

BY THE NORTH CAROLINA SEDIMENTATION CONTROL COMMISSION, NCDENR

AND NCAES.

CONSTRUCTION SEQUENCE

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 DRAWINGS.

\GENERAL NOTES

1. THE OWNER’S CONTRACTOR IS RESPONSIBLE FOR IMPLEMENTATION AND
MAINTENANCE OF ALL EROSION AND SEDIMENT CONTROLS PROPQOSED
HEREIN.

2. THE OWNER'S CONTRACTOR IS RESPONSIBLE FOR NOTIFYING UTILITY
COMPANIES TO LOCATE ALL UNDERGROUND UTILITIES PRIOR TO ANY

‘ CONSTRUCTION. ©
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DEFINITION

Controlling runoff and erosion on disturbed areas by establishing perennial vegetative : cover with seed.

PURPOSE
To reduce erosion and decrease sediment yield from disturbed areas, and to permanently stabilize
such areas in a manner that is economical, adapts to site conditions, and dllows selection of the most

appropriate plant materials.
SPECIFICATIONS
SEEDBED REQUIREMENTS

Establishment of vegetation should not be attempted on sites that are unsuitable due to inappropriate
soil texture, poor drainage, concentrated overland flow, or steepness of slope until measures have been

taken to correct these problems.

To maintain a good stand of vegetation, the soil must meet certain minimum requirements as a

growth medium. The existing soil should have these criteria:

e Enough fine—grained (silt and clay) material to maintain adequate moisture and nutrient supply

(available water capacity of at least .05 inches water to 1 inch of soil).
e Sufficient pore space to permit root penetration.

e Sufficient depth of soil to provide an adequate root zone.

The depth to rock or impermeable

layers such as hardpans should be 12 inches or more, except on slopes steeper than 2:1 where

the addition of soil is not feasible.

e A favorable pH range for plant growth, usually 6.0 — 6.5.

o Free from large roots, branches, stones, large clods of earth, or trash of any kind. Clods and
stones may be left on slopes steeper than 3:1 if they are to be hydro seeded.
If any of the above criteria are not met — i.e., if existing soil is too coarse, dense, shallow or acidic

to foster vegetation — special amendments are required.
beneficial or, preferably, topsoil may be applied.

SEEDBED PREPARATION

The soil conditioners described below may be

Install necessary mechanical erosion and sedimentation control practices before seeding, and complete

grading according to the approved plan.

Lime and fertilizer needs should be determined by soil tests. Directions, sample cartons, and
Testing is also done by

information sheets are available through county Agricultural Extension offices.
commercial laboratories.

When soil tests results are not available, follow rates suggested in the seeding specifications shown at

right. Application rates usually fall into the following ranges:

e Ground agricultural limestone:
Light—textured, sandy soils: 1 to 1-1/2 tons/acre
Heavy—textured, clayey soils: 2—3 tons/acre

o Fertilizer:
Grasses: 800—1200 Ib/acre of 10—10—10 (or the equivalent)

Grass—legume mixtures: 800—1200 Ib/acre of 5—10—10 (or the equivalent)

Apply lime and fertilizer evenly and incorporate into the top 4—6 inches of soil by disking or other

suitable means. Operate machinery on the contour.
fertilizer to a rough, loose surface.

Roughen surfaces prior to seeding.

When using a hydro seeder, apply lime and

Complete seedbed preparation by breaking up large clods and raking into a smooth, uniform surface

(slopes less than 3:1). Fill in or level depressions that can collect water.
freshly loosened seedbed that has not been sealed by rainfall.

SEEDING

Seeding dates given in the seeding mixture specifications are designated as “best” or “possible”.
Seedings properly carried out within the "best” dates have a high probability of success.

possible to have satisfactory establishment when seeding outside these dates.

Broadcast seed into a

It is also
However, as you deviate
from them, the probability of failure increases rapidly. Seeding on the last date shown under

"possible” may reduce changes of success by 30—50%. Always take this into account in scheduling

land—disturbing activities.
Use certified seed for permanent seeding whenever possible.
Labeling of non—certified seed is also required by law.

purity, germination, and presence of wood seeds.
noxious weeds. Do no accept seed containing "prohibited” noxious weed seed.

DEFINITION

A CHANNEL WITH VEGETATIVE LINING CONSTRUCTED TO DESIGN CROSS SECTION AND
GRADE FOR CONVEYANCE OF RUNOFF.

PURPOSE

TO CONVEY AND DISPOSE OF CONCENTRATED SURFACE RUNOFF WITHOUT DAMAGE FROM
EROSION, DEPOSITION, OR FLOODING.

CONSTRUCTION SPECIFICATIONS

1.

10.

REMOVE ALL TREES, BRUSH, STUMPS, AND OTHER OBJECTIONABLE MATERIAL FROM THE
FOUNDATION AREA AND DISPOSE OF PROPERLY.

PLACE FILL TO CONSTRUCT THE CHANNEL AND SHAPE IT TO DIMENSIONS SHOWN ON THE
PLANS PLUS A 0.2—FT OVERCUT AROUND THE CHANNEL PERIMETER TO ALLOW FOR
BULKING DURING SEEDBED PREPARATIONS AND SOD BUILDUP.

REMOVE AND PROPERLY DISPOSE OF ALL EXCESS SOIL SO THAT SURFACE WATER MAY
ENTER THE CHANNEL FREELY.

THE PROCEDURE USED TO ESTABLISH GRASS IN THE CHANNEL WILL DEPEND UPON THE
SEVERITY OF THE CONDITIONS AND SELECTION OF SPECIES. PROTECT THE CHANNEL WITH
MULCH OR A TEMPORARY LINER SUFFICIENT TO WITHSTAND ANTICIPATED VELOCITIES
DURING THE ESTABLISHMENT PERIOD (SEE SEEDING SPECIFICATIONS).

APPLY LIME, FERTILIZER AND SEED BEFORE LAYING THE NET (WITHOUT MULCH) OR MAT
(WITH MULCH OR SYNTHETIC). IF OPEN—WEAVE NETTING IS USED, LIME MAY BE
INCORPORATED BEFORE INSTALLING THE NET AND THE FERTILIZER AND SEED CAN BE
SPRAYED ON AFTERWARD, OTHERWISE APPLY SEED AND FERTILIZER BEFORE INSTALLATION.

START LAYING THE NET OR MAT FROM THE TOP OF THE CHANNEL OR SLOPE AND
UNROLL IT DOWN THE GRADE. ALLOW NETTING TO LAY LOOSELY ON THE SOIL BUT
WITHOUT WRINKLES — DO NOT STRETCH.

TO SECURE THE NET, BURY THE UPSLOPE END IN A SLOT OR TRENCH NO LESS THAN 6
INCHES DEEP, COVER WITH SOIL, AND TAMP FIRMLY. STAPLE THE NET EVERY 12 INCHES
ACROSS THE TOP END AND EVERY 3 FT AROUND THE EDGES AND BOTTOM. WHERE 2
STRIPS OF NET ARE LAID SIDE BY SIDE, THE ADJACENT EDGES SHOULD BE OVERLAPPED
3 INCHES AND STAPLED TOGETHER. EACH STRIP OF NETTING OR MATTING SHOULD ALSO
BE STAPLED DOWN THE CENTER OR EVERY 3 FT IF THE STRIP IS NOT WIDER THAN 8

FEET. DO NOT STRETCH THE NET/MAT WHEN APPLYING STAPLES.

GRASS — LINED CHANNEL SLOPE
STAPLES SHOULD BE THE "U”—SHAPED TYPE AND 4” TO 6” LONG (DEPENDING ON SOIL DITCH TYPE E&S MATTING W (ft) D (ft) B (ft) S (ft/ft) (£t /ft)
CONDITIONS). D1 NONE 15 2.5 0 3 .005
TO JOIN ENDS OF TWO STRIPS OF NETTING, CUT A TRENCH TO ANCHOR THE END OF THE D2 SC150 12 1.0 6 3 067
DOWN GRADIENT NET. OVERLAP THE END OF THE PREVIOUS ROLL 18 INCHES AND D3 SC150 22 2.0 10 3 -005
STAPLE EVERY 12 INCHES JUST BELOW THE ANCHOR SLOT. D4 P300 16 1.0 10 S -080

TO JOIN ENDS OF TWO STRIPS OF MATTING, OVERLAP THE UPGRADIENT STRIP OVER THE
DOWNGRADIENT ONE AT LEAST 4 INCHES. STAPLE THE OVERLAP AT THE ENDS AND
EVERY 12 INCHES ALONG THE CENTER OF THE OVERLAP.

Labels contain important information on seed
Seeds must meet State standards for content of

MAINTENANCE

Inoculate legume seed with the Rhizobium bacteria appropriate to the species of legume.
Apply seed uniformly with a cyclone seeder, drop—type spreader, drill, cultipacker seeder, or hydro
seeder on a firm, friable seedbed.

When using a drill or cultipacker seeder, plant small grains no more than 1 inch deep, grasses and
legumes no more than 1/2 inch. Equipment should be calibrated in the field for the desired seeding
rate.

When using broadcast—seeding methods, subdivide the area into workable sections and determine the
amount of seed needed for each section. Apply one—half the seed while moving back and forth across
the area, making a uniform pattern: then apply the second half in the same way, but moving at right
angles to the first pass.

Mulch all plantings immediately after seeding.

HYDRO SEEDING

Surface roughening is particularly important when hydro seeding, as a roughened slope will provide
some natural coverage for lime, fertilizer, and seed. The surface should not be compacted or smooth.
Fine seedbed preparation is not necessary for hydro seeding operations: large clods, stones, and
irreqularities provide cavities in which seeds can lodge.

Rate of wood fiber (cellulose) application should be at least 2,000 Ib/acre.

Apply legume inoculants at four times the recommended rate when adding inoculant to a hydro seeder
slurry.

If a machinery breakdown of 1/2 to 2 hours occurs, add 50% more seed to the tank, based on the
proportion of the slurry remaining. This should compensate for damage to seed. Beyond 2 hours, a
full rate of new seed may be necessary.

Lime is not normally applied with a hydraulic seeder because it is abrasive. It can be blown onto
steep slopes in dry form.

MAINTENANCE

Generally, a stand of vegetation cannot be determined to be fully established until soil cover has been
maintained for one full year from planting. Inspect seeded areas for failure and make necessary repairs
and reseedings within the same season, if possible.

Reseeding——If a stand has inadequate cover, re—evaluate choice of plant materials and quantities of
lime and fertilizer. Re—establish the stand after seedbed preparation or over— seed the stand.
Consider seeding temporary, annual species if the time of year is not appropriate for permanent
seeding.

If vegetation fails to grow, soil must be tested to determine if acidity or nutrient imbalance is
responsible.

Fertilization——0On the typical disturbed site, full establishment usually requires re—fertilization in the
second growing season. Fine turf requires annual maintenance fertilization. Use soil tests if possible
or follow the guidelines given for the specific seeding mixture.

TEMPORARY SEEDING SPECIFICATIONS

Seeding mixture (fall)

Species* Rate (Ib/acre

Rye (grain) 120
Seeding Mixture (late winter early spring)

Species* Rate (Ib/acre

Rye (grain) 120

Annual Lespedeza 50

Omit Annual Lespedeza when duration of temporary cover is not to extend beyond July.

Seeding mixture (summer)

Species* Rate (Ib/acre
German Millet 40
Seeding dates (Piedmont)
Fall: Aug. 15 — Dec. 30
Late winter (early spring): Jan. 1 — May 1 Late

Summer: May 1 — Aug. 15

Soil amendments
Follow recommendations of soil tests or apply 2,000 Ib/acre ground agricultural limestone and 750
Ib/acre 10—10—10 fertilizer.

GENERAL SEEDING SPECIFICATIONS

DURING THE ESTABLISHMENT PERIOD, CHECK GRASS—LINED CHANNELS AFTER EVERY

RAINFALL.

AFTER GRASS IS ESTABLISHED, PERIODICALLY CHECK THE CHANNEL; CHECK IT
AFTER EVERY HEAVY RAINFALL EVENT.

IMMEDIATELY MAKE REPAIRS. IT IS

PARTICULARLY IMPORTANT TO CHECK THE CHANNEL OUTLET AND ALL ROAD CROSSINGS
FOR BANK STABILITY AND EVIDENCE OF PIPING OR SCOUR HOLES.

REMOVE ALL SIGNIFICANT SEDIMENT ACCUMULATIONS TO MAINTAIN THE DESIGN CARRYING

CAPACITY.

KEEP THE GRASS IN A HEALTHY, VIGOROUS CONDITION AT ALL TIMES, SINCE

IT IS THE PRIMARY EROSION PROTECTION FOR THE CHANNEL (SEE SEEDING
SPECIFICATIONS).

INSPECT ALL MULCHES PERIODICALLY, AND AFTER RAINSTORMS TO CHECK FOR RILL

EROSION, DISLOCATION, OR FAILURE.
IF WASHOUT OCCURS, REPAIR THE SLOPE GRADE, RESEED, AND REINSTALL
CONTINUE INSPECTIONS UNTIL VEGETATION IS FIRMLY ESTABLISHED.

MULCH.
MULCH.

GENERAL NOTES

WHERE EROSION IS OBSERVED, APPLY ADDITIONAL

1. CHANNELS ARE TO BE LINED WITH NORTH AMERICAN GREEN MATTING OR APPROVED

EQUIVALENT.

2. NETTING AND MATTING PRODUCTS SHOULD BE INSTALLED ACCORDING TO MANUFACTURER'S
GUIDELINES. IF THE MANUFACTURER DOES NOT PROVIDE GUIDELINES, THE ABOVE
GUIDELINES FOR NETTING AND MATTING MAY BE USED.

mPERIMETER DITCH DETAIL

Mulch
Apply 4,000 Ib/acre straw. Anchor mulch by tacking with asphalt, roving or a mulch anchoring tool. A
disk with blades set nearly straight can be used as a mulch anchoring. tool.

Maintenance
Re—fertilize if growth is not fully adequate. Reseed, re—fertilize and mulch immediately following erosion

or other damage.

Pursuant to G.S. 113A—57(2), the angle for graded slopes and fills shall be no greater than the angle
that can be retained by vegetative cover or other adequate erosion—control devices or structures. In
any event, slopes left exposed will, within 21 calendar days of completion of any phase of grading, be
planted or otherwise provided with temporary or permanent ground cover, devices, or structures
sufficient to restrain erosion.

Pursuant to G.S. 113A—57(3), provisions for permanent groundcover sufficient to restrain erosion must
be accomplished for all disturbed areas within 15 working days or 90 calendar days (whichever is
shorter) following completion of construction or development.

*REF: 6.10 A,B and C, NC Erosion and Sediment Control Planning and Design Manual, 2006

PERMANENT SEEDING SPECIFICATIONS

Seeding mixture

Species* Rate (Ib/acre
Tall fescue (Grass lined Channels) 200
Tall fescue (Other Areas) 100

Nurse plants
Between May 1 and Aug. 15, add 10 Ib/acre German millet or 15 Ib/acre Sudan grass.
or after Aug. 15, add 40 Ib/acre rye (grain).

Prior to May 1

Seeding dates GENERAL NOTES:

Best Possible
Fall: Aug. 25 — Sept. 15 Aug. 20 — Oct. 25 1.

Late winter: Feb. 15 — Mar. 21 Feb. 1 —Apr. 15
@- ’
9" (MIN)
r MAINTENANCE NOTES:

SPACE CHECK DAM IN A CHANNEL SO THAT
THE CREST OF DOWNSTREAM DAM IS AT
ELEVATION OF THE TOE OF UPSTREAM WATTLE.

STONE SHOULD BE PLACED OVER THE CHANNEL
BANKS TO KEEP WATER FROM CUTTING AROUND
THE DAM.

Fall is best for tall fescue and late winter for lespedezas.
fall-seeded tall fescue is very effective.

Over seeding of Kobe lespedeza over

Soil amendments

Apply lime and fertilizer according to soil tests, or apply 4,000 Ib/acre ground agricultural limestone
and 1,000 |b/acre 10—10—10 fertilizer.

1. INSPECT CHECK DAMS AND CHANNELS AT
LEAST WEEKLY AND AFTER EACH SIGNIFICANT
(0.5" OR GREATER) RAINFALL EVENT AND
REPAIR IMMEDIATELY. CLEAN OUT SEDIMENT,
STRAW, LIMBS, OR OTHER DEBRIS THAT COULD
CLOG THE CHANNEL WHEN NEEDED.

Mulch

Apply 4,000—5,000 Ib/acre grain straw or equivalent cover of another suitable mulching material.
Anchor mulch by tacking with asphalt, roving, or netting. Netting is the preferred anchoring method on
steep slopes.

2. ANTICIPATE SUBMERGENCE AND DEPOSITION
ABOVE THE CHECK DAM AND EROSION FROM
HIGH FLOWS AROUND THE EDGES OF THE DAM.
CORRECT ALL DAMAGE IMMEDIATELY. IF
SIGNIFICANT EROSION OCCURS BETWEEN DAMS,
ADDITIONAL MEASURES CAN BE TAKEN SUCH
AS, INSTALLING A PROTECTIVE RIPRAP LINER IN
THAT PORTION OF THE CHANNEL (PRACTICE

FILTER FABRIC

Maintenance 8 0Z/SY GEOTEXTILE

Re—fertilize in the second year unless growth is fully adequate. May be mowed once or twice a year,
but mowing is not necessary. Reseed, fertilize, and mulch damaged areas immediately.

45 OR #57
WASHED STONE

Pursuant to G.S. 113A—57(3), provisions for permanent groundcover sufficient to restrain erosion must

be accomplished for all disturbed areas within 15 working days or 90 calendar days (whichever is CLCAOSNSTIEOERSOTSOlﬂE 6.31, RIPRAP—LINE AND PAVED CHANNELS).
shorter) following completion of construction or development. 2 *
1 3. REMOVE SEDIMENT ACCUMULATED BEHIND THE
15" MAX DAMS AS NEEDED TO PREVENT DAMAGE TO

*REF: 6.11L NC Erosion and Sediment Control Planning and Design Manual, 2006 CHANNEL VEGETATION. ALLOW THE CHANNEL TO

DRAIN THROUGH THE STONE CHECK DAM, AND
PREVENT LARGE FLOWS FROM CARRYING
SEDIMENT OVER THE DAM. ADD STONES TO
DAMS AS NEEDED TO MAINTAIN DESIGN HEIGHT
AND CROSS SECTION.
*REF: 6.83.3 NC Erosion and Sediment Control
Planning and Design Manual, 2006

AT CENTER

FILTER FABRIC
8 0Z/SY
GEOTEXTILE

SECTION D-D'

m TYPICAL CHECK DAM DETAIL

VARIABLE AS DIRECTED
BY THE ENGINEER
WOVEN FILTER FABRIC (8’ MAX). / STEEL POST
_——I________ 27—
FILTER FABRIC
©
M
[h'd
m
| © COMPACTED BACKFILL
L (1l
R m
NI
)
- 4L

8:1

wai

ANCHOR SKIRT 4" MINIMUM

-

STEEL 24"
1S
|\

! /7 /7 /7

GENERAL NOTES:

MAINTENANCE NOTES:
1. PREFABRICATED SILT FENCE IS NOT ACCEPTABLE ON THIS PROJECT. 1. INSPECT SEDIMENT FENCES AT LEAST ONCE A WEEK AND AFTER EACH RAINFALL. MAKE ANY REQUIRED
REPAIRS IMMEDIATELY.
2. STEEL POSTS SHALL BE USED ON THIS PROJECT INSTEAD OF WOOD POSTS.
2. SHOULD THE FABRIC OF A SEDIMENT FENCE COLLAPSE, TEAR, DECOMPOSE OR BECOME INEFFECTIVE,
3. FILTER FABRIC FENCE SHALL BE A MINIMUM OF 32" IN WIDTH AND SHALL HAVE A MINIMUM OF 6 LINE WIRES WITH 12" REPLACE IT PROMPTLY.
STAY SPACING.
3. REMOVE SEDIMENT DEPOSITS AS NECESSARY TO PROVIDE ADEQUATE STORAGE VOLUME FOR THE NEXT
RAIN AND TO REDUCE PRESSURE ON THE FENCE. TAKE CARE TO AVOID UNDERMINING THE FENCE
DURING CLEANOUT.

4.  WOVEN FILTER FABRIC SHALL BE USED WHERE SILT FENCE IS TO REMAIN FOR A PERIOD OF MORE THAN 30 DAYS.

5.  STEEL POSTS SHALL BE 5-0" IN HEIGHT AND BE OF THE SELF—FASTENER ANGLE STEEL TYPE.
4. REMOVE ALL FENCING MATERIALS AND UNSTABLE SEDIMENT DEPOSITS AND BRING THE AREA TO GRADE

AND STABILIZE IT AFTER THE CONTRIBUTING DRAINAGE AREA HAS BEEN PROPERLY STABILIZED.
*REF: 6.62.7 NC Erosion and Sediment Control Planning and Design Manual, 2006

6. TURN SILT FENCE UP SLOPE AT ENDS.

7. SILT FENCE SHALL BE STANDARD STRENGTH FILTER FABRIC WITH WIRE MESH REINFORCEMENT OR EXTRA STRENGTH
FILTER FABRIC.

8. WHEN FABRIC IS USED WITH WIRE MESH, 8 CENTERED POSTS MAY BE USED.
9. THE USE OF SILT FENCE IN AREAS OF CONCENTRATED FLOW IS INAPPROPRIATE

m TYPICAL SILT FENCE INSTALLATION DETAIL

WWW.SMEINC.COM
ENGINEERING LICENSE NO. F-0176
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APPENDIX 111

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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OBJECTIVE:

Calculate the design fiow to the grass lined channels for Stage 2 of Phase 1 construction as shown in Figure 1
“Stage 2 of Phase 1 Features™ (Reference 1).

BACKGROUND:

Duke Energy proposes to construct an industrial landfill at the Marshall Steam Station. The landfill will be
constructed in several phases, each phase will be constructed in one or more stages. This Erosion and Sediment
Control (E&SC) Plan is being prepared to address Stage 2 of Phase 1 construction, which includes filling a
portion of future Cell 1 and 2 landfill footprint.

METHOD:

The rational method will be used to calculate design flow.

DESIGN CRITERIA:

The design flow will be calculated to the standards outlined in the 2006 edition of the “Erosion and Sediment
Control Planning and Design Manual” (Reference 2). The 10 year recurrence interval for the design storm was
used.

CALCULATIONS:

Calculate Flow from Runoff:

Flow is calculated using Equation 1, presented below:

Q=CI4 [Equation 1]

Where:

Q= peak runoff (cfs);

C = runoff coefficient;

I = rainfall intensity (in/hr, 10-year storm event); and
A = drainage area (ft/ft).

SAIISEPROIECT 008 A56-08-122 Marshalt Tndustrinl LandfilliLond (1} Subgrade 1700 Structural FiliErosion nnd Sedinmentation Control Plam\Caleslations\Ruaofl Rational (NCDENR)Staize 2 Runoff Rational.doe
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Calculate Total Time of Concentration:

The time of concentration was evaluated for each watershed draining to each channel. The total time of
concentration is the sum of overland, shallow concentrated flow, and channel flow times. To be conservative,
only overland flow time was considered. The time of concentration for overland flow was evaluated iteratively
using Equations 2 and 3 and a varying rainfall intensity. The greatest rainfall intensity which yielded a
calculated time of concentration greater than the rainfall intensity was used to estimate channel design flows.

23
L
[(a « (1% C 143200)" )}

T = 0 [Equation 2]
49 % 5172
o= (149+5") [Equation 3]
n
Where:

T, = time of concentration for overland flow (minutes);
L = overland flow length (limited to 100 feet);

S = overland flow slope (ft/ft); and,

n = Manning’s n value.

Table 1 presents the overland flow time of concentration input parameters.

Table 1. Overland Flow Time of Concentration Input Parameters

Watershed ID 1 2-A 2-B 2-C 3 4
Length of Overland
FIO\E (ft) 100.00 100.00 100.00 100.00 100.00 100.00
Manning’s n Value 0.24 0.24 0.24 0.02 0.24 0.24
Average Stope (ft/ft) 0.04 0.05 0.07 0.04 0.12 0.09
a 1.28 1.34 1.62 14.90 2.15 1.85
Rational Coefficient 0.25 0.25 0.25 0.35 0.25 0.25

SAI3SEPROJIECTSI0081356-08-122 Marshatl Industrind LandfIBLandfitl Subgrode 1700 Structural Fill\Erosion aed Sedimentation Contrel Pla\Caleulations\itunoff Rational (NCDENR)\Stage 2 Runcff Rativral doc
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Table 2 presents the times of concentration associated with each rainfall intensity and the selected rainfall

intensity (I).

Table 2. Rainfall Intensity and Overland Flow Time of Coneentration
Watershed ID 1 | 2A | 2B | 2c | 3 | 4
Trial Time of Rainfall . o
Duration {minutes) int?::]sl:'g {n Calculated Time of Concentration (minutes)
5 7.26 | 26,78 | 26.00 | 2296 | 4.50 18.99 | 20.98
10 580 | 20.59 | 28.73 | 25.36 | 497 | 2099 | 23.18
15 489 3193 | 3099 | 2736 | 536 | 22.64 | 25.01
30 3.55 | 36.81 | 35,73 | 3165 | 619 | 2610 | 28.84
60 231 4456 | 4325 | 3819 | 7.49 | 31.60 | 34.91
120 1.36 | 56.38 | 54.74 | 48,32 9.47 35.99 | 4417

Selected Time of Duration (minutes)

30 [ 30 |

30

5 | 15 |

15

Selected Rainfall Intensity {in/h)

355 | 355 | 355 | 726 | 489 | 4.89

Table 3 presents the estimated runoff from each watershed and the channel to which it drains.

Table 3. Runoff Calculations

Watershed Stormwater Network Watershed Area Runoff Coefficient Rainfall Intensity Peak Runoff
D Interface {Acres) (C) {10 Year) {Q} (cfs)
[FIGURE 1] [FIGURE 1} [FIGURE 1] [REFERENCE 2]
1 TO CHANNEL #1 4.4 .25 3.55 3.91
2A TO CHANNEL 3#3 22 0.25 3.55 1.5
2.8 TO CHANNEL #3 6.8 0.25 3.55 5.04
2.C TO CHANNEL #3 9.5 .35 7.96 2414
3 TO CHANNEL #4 43 0.25 4.89 5.26
4 TO CHANNEL #2 3.0 0.25 4.89 3.67

SALISAPROIECTS\IC08Y 356-08- 122 Marshal} Indusiriat Land((IALand(ili Subgrade 1700 Structural Fill\Erosion and Sedimemiation Controt PlaniCalculntions\unoff Rationat (NCDENR)\Stage 2 Runoff Rational doc
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Receiving runoffl from the watersheds presented in Table 1, the peak discharge for the 10-year design storm for

the proposed channels is presented in Table 4:

Table 4. Peak Flow of Proposed Channels

Channel ID Stormwater Network Interface Peak Flow Rate
[FIGURE 1] [FIGURE 1] {Q} (cfs)
1 Drains to Channel 2 3.91
2 Drains to Existing Channel 7.57
3 Drains to Channel 4 32.13
4 Drains to Existing Channel 37.38

These flow rates are used in the companion calculation package “Grass Lined Channel Design” to design

channel dimensions and required matting.
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REFERENCES:

L. “Grass Lined Channel Design”, Figure, S&ME, March 5, 2009.

2. “Erosion and Sediment Control Planning and Design Manual”, North Carolina Department of
Environment and Natural Resources, 2006.
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Table 8.03b
Value of Runoff Coefficient
(C) for Rational Formula

8.03.6

Land Use

Business:
Downtown areas

Neighborhood areas

Residential:

Single-family areas
Mulii units, detached
Mubkti units, Attached

Suburban

Industriat:
Light areas
Heavy areas

Parks, cemeteries
Playgrounds
Railroad yard areas
Unimproved areas

Sireets:
Asphalt
Concrete
Brick

Drives and walks

Roofs

C

0.70-0.95
0.50-0.70

0.30-0.50
0.40-0.60
0.60-0.75
0.25-0.40

0.50-0.80
0.60-0.90

0.10-0.25
0.20-0.35
0.20-0.40
0.10-0.30

0.70-D.95
0.80-0.95
0.70-0.85

0.75-0.85
0.75-0.85

l.and Use

l.awns:

Sandy soll, flat, 2%
Sandy scil, ave.,
2-7%

Sandy soil, steep,
7%

Heavy sail, ilat, 2%
Heavy soil, ave.,
2-7%

Heavy soil, steep,
7%

Agricultural land:

Bare packed soil
Smooth
Rough
Cultivated rows
Heavy soil no crop
Heavy soil with
crap
Sandy soil no crop
Sandy soil with
crop
Pasture
Heavy soil
Sandy soil
Woodlands

0.05-0.10
0.10-0.15
0.15-0.20
0.13-0.17
0.18-0.22
0.25-0.35

0.30-0.60
0.20-0.50

0.30-
0.20-
0.20-0.40
0.10-0.25

0.15-0.45
0.05-0.25
0.05-0.25

0.10-0.25

//

0.05-0.25

NOTE: The designer must use judgement to select the appropriate C
value within the range for the appropriate land use. Generally, larger
areas with permeable soils, flat slopes, and dense vegetation should
have lowest C values. Smaller areas with slowly permeable soils, steep
slopes, and sparse vegetation should be assigned highest C values.

Source; American Saciety of Civil Engineers

_ Use

3
0.35 .
Pt: r U:L'L‘Ersl'ﬂ'(j
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Table 8.03¢ Intensity Duration Frequency

For use with Rational Method**

Murphy, Nerth Carolina 35.0961N, 84.0239W

ARI* Emin. 10min. 15min. 30 min. 60 min. 120 min. 3 hr. 6 hr. 12hr. 24 hr.
{years)
2 4.93 3.94 3.30 2.28 1.43 0.89 0.62 0.38 0.24 0.15
10 6.78 542 4,57 3.31 2186 1.29 0.92 0.55 0.34 0.21
25 7.80 6.29 5.31 3.94 2.62 1.57 1.13 0.68 0.41 0.25
100 9.62 7.64 6.44 4.93 3.40 2.08 1.50 0.90 0.53 0.33
Asheville, North Carolina 35.4358N, 82.5392W
ARP 5min. 10 min. 15 min. 30 min. 60 min. 120 min. 3 hr 6 hr. 12hr. 24 br.
{years)
2 5.21 416 3.46 241 1.51 0.89 0.63 0.38 0.24 0.14
10 7.06 5.65 4,76 3.45 2.25 1.30 0.91 0.55 0.34 0.20
25 8.08 6.44 5.45 4,03 2.69 1.56 1.10 0.66 0.40 0.24
100 9.68 7.69 6.48 4,96 3.42 2.00 1.43 0.86 0.50 0.30
Boong, North Carolina 36.2167N. 81.6667W
ARI* 5min. 10min. 15min. 30 min. 60 min. 120min. 3 hr. 6 hr. 12hr. 24 hr.
{years)
2 571 4,57 3.83 2.64 1.66 1.00 0.72 0.48 0.31 0.18
10 7.50 6.00 5.06 3.67 2.39 1.46 1.06 0.69 0.44 0.28
25 8.59 6.85 5.78 4,28 2.85 1.77 1.29 0.83 0.52 .34
100 10.38 8.25 6.95 5.32 3.67 2.35 1.72 1.08 0.65 0.44
Charlotte, North Carclina, 35.2333N. 80.85W
ARI* S5min. 10 min. 15 min. 30 min. 60 min. 120min. 3 hr. 6 hr, 12hr. 24 hr.
{years)
2 . 4.54 3.80 2.63 1.65 0.96 0.68 0.41 0.24 0.14
10 7.26 5.80 4.89 3.55 2.3 1.36 0.98 0.59 0.35 0.20
25 8.02 6.38 540 4.00 2.66 1.59 1.15 0.70 0.42 .24
100 9.00 7.15 5.03 4.62 3.18 1.93 1.43 0.87 0.53 0.30
Greensboro, North Carolina 36.975N, 79.9436W
ARI? 5min. 10 min. 15 min. 30min. 60 min. 120 min. 3 hr 6 hr. 12hr. 24 hr.
{years)
2 5.48 4.36 3.66 2.52 1.568 0.93 0.66 0.40 0.23 0.14
10 6.85 5.48 4.62 3.35 218 1.30 ¢.92 0.56 0.33 0.20
25 7.39 5.89 4.98 3.69 2.48 1.49 1.06 0.65 0.39 0.23
100 7.93 6.30 5.31 4.07 2.80 1.75 1.24 0.78 0.48 0.29
* ARI is the Average Return Interval,
*# [ntensity Duration Frequency table is measured in inches per hour.
8.03.8 Rev. 6/06
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OBJECTIVE:

Design the grass lined channels for Stage 2 of Phase 1 construction based on required flow rates and stability
requirements.

BACKGROUND:

Duke Energy proposes to construct an industrial landfill at the Marshall Steam Station. The landfill will be
constructed in several phases, each phase will be constructed in one or more stages. This Erosion and Sediment
Control Plan is being prepared to address Stage 2 of Phase | construction.

METHOD:

The permissible velocity method was used to design the vegetated channel. For conditions where permissible
velocity was exceeded, and temporary matting was required, the tractive force method was used. The channels
were designed for the following conditions:

e Vegetated — mown condition;
° Vegetated — unmown condition; and,
° Construction conditions, for both bare soil, and matted cases, where necessary.

Please note that Microsoft Excel spreadsheets were used to calculate and display the values shown in the tables in
this calculation and, due to rounding, the values shown in the tables may not compare exactly to manually
calculated values.

DESIGN CRITERIA:

The vegetated channels were designed to the standards outlined in the 2006 edition of the “Erosion and Sediment
Control Planning and Design Manual” (Reference 1).

CALCULATIONS:

Evaluating and Selecting Channel Input Parameters:

Channel flow rates were taken from the companion calculation package entitled “Stage 2 of Phase 1 E&S, Grass
Lined Channel Design Flow” (Reference 2). The channel slopes (S, in ft/ft) and layout were evaluated by
generally following existing grades in a manner which promotes routing of run-off around the construction area.
Channel geometries were selected to promote channel stability and convey required flow rates. Channel flow
rates and slopes are presented in Table 1 below.

SMISEPROJECTS\I00811 356-08-122 Marshall Industrinl LandfiliLandfill Subgrade . 1700 Struczural FillErosion and Sedimeststion Comrol Plan\Calculations\Channe} (NCDENR)\Stage 2 Channels.doc
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Table 1. Channel Flow Rates and Slopes

Peak Flow (10 year)

Channel 1D Average Slope (%) {cfs)
1 o5 a9
2 6.7 7.57
3 0.8 32.13
4 8.0 37.38

Evaluating Channel Geometry and Channel Velocity:

Channel velocities were evaluated through various vegetative stages. Generally, vegetated channels experience
higher resistance and lower velocities as plant height increases (unmown condition). Maximum permissible
velocities in a channel vary according to soil and vegetation type, but are independent of growth height. That is,
for a given type of vegetation growing in a given type of soil, the maximum permissible velocity is constant.
Accordingly, the stability of channel vegetation should be assessed by assuming a low resistance condition
{mown condition) and evaluating maximum velocity. If the vegetation proves to be stable for the low resistance
condition, channel depth should then be evaluated for the high resistance condition (unmown), or when
vegetation height is higher.

The degree of resistance is represented in channel evaluations by Manning’s n value. Manning’s n value varies
according to vegetation class and the product of channel velocity (V) and hydraulic radius (R). The hydraulic
radius is the ratio of channel flow area (A) to wetted perimeter (P). Flow rate (Q) is the product of channel
velocity and channel flow area. These relationships are presented in Equations 1-5, presented below.

2
A=d 2+ Zl;] *2,d [Equation 1]
P=b+d* +(Zd) ++d* +(Z,d) [Equation 2]
R :% [Equation 3]
2/3gl/2
V= L%M [Equation 4]
I
Q=V4 [Equation 5]

Where:
A = area of flow (ft);
d = flow depth (ft);
b = base width (ft);
Z = each channel side slope, in “Z”H:1V;
P = wetted perimeter (ft)
R = hydraulic radius (ft);
V = velocity of channel flow (ft/s);
S = average channel slope (ft/ft),;
n = Manning’s n for the channel for the condition being analyzed; and,
Q = channel flow (cfs).
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Vegetated — Mown Condition:
Allowable velocity for the vegetated — mown condition is evaluated in Table 2.

Vegetated — Unmown Condition:
Allowable velocity for the vegetated — unmown condition is evaluated in Table 2.

Construction — Bare Soil Condition:

The channels must also be evaluated for stability during the lowest resistance condition (bare sml) when the
channel has just been constructed. For this case, the maximum permissible velocity was evaluated using
Equations 1-5 and is a function of soil type. The evaluation of the channels in this condition is presented in Table
2.

Construction — Matted Condition:

If the maximum permissible velocity is exceeded, then temporary matting is required. This matting was selected
and evaluated using the tractive force method. In this method, the shear stress (T) along the bottom of the
channel is compared to the maximum permissible shear stress (Tmating) of the matting material. This relationship
is presented in Equation 6, shown below. Table 2 presents the evaluation of the channels requiring matting,

T=y*d*§< [Equation 6]

mur.!ur&

Where:

T = shear stress along the channel bottom (1b/ft?);
¥ = unit weight of water (62.4 1b/ft);

S = channel slope (fi/ft); and

Trating = permissible shear stress of matting material (lb/ftz) (from North American Green, see Reference 3).

SA1ISG\MUOJECTSA200841 356-08-122 Marshall Industrinl LandftlALandfilt Subyrade 1700 Structural FilErosion and Sedimentation Coantrol FhinkCatenlmtions\Channel (NCDENR)\S1age 2 Channels. doc



anp'spULTY T 35NV (UNAIN) RULEIDASUONO|NA[ED\WaY] Q1G0T SONTESUIPAg PUl UOLSOIE[L [HMISANE 00L1" SPRITGNG JLIPUEILUPETT wensrpu] 1[BYLER TT1-80-95€ \00DSLOAr0UAESEIVS

"SUOIIPUOD LIDHOMISLOS PuE UMOL PA1E1a80A “LLMOILN pa1RIadaa o1 J0] Sumieur Wauruuad 248 0} Patunsst si 4 Cf [IWURYD) 910N 4

2qeg | O0E OF'E ViN WiIN MO | BEUE 5C8E | €6€ | A6 | Z¥D bOEL | BFG FEDD 80 | DL E € 8 00ed 8suoN | ¥
SqEls | 002 e WiN ViIN 3O | ELCE L8EE | 867L } OF'Z | Z8D 6581 | YO'EL | BEOD 0L | Ot E € 50 05108 SLON | € pane
HoaRgsuoD
sgels | 0D BEL WM WiN HO | 5L (Y02 S60 | PEE 620 3] le'e Q500 £€0 g E € 49 05108 8suoN | g
WiN ViN WiN L1 O | LEBE oy 980 | L5 | PED 857 o5t 0z00 g0 | O £ E 50 8uoN auoN |} ilo5 aJEg
:uojandysuan
s|gels | ool QLE WiN WiN MO | gE'lE PELE | EBE | 09 | LbD EVEL | Z2'9 Z#00 ¥50 | OL £ E 8 0oed ajlv
WiN WiN WiN aes | ¥ A0 | ELEE 122E | 99°F | BOT | 060 L2721 | LPGL | Zp0D SL | oL £ £ 50 B8LON aje
UMON
YiN WiN WiN agEls | f MO | &4 L P60 | BEE | EZED ve'| £9°¢ o000 LED | 8 £ £ 239 SUON aje paejaban
WiN Wi ¥IN q=g | b MO | W&E G6E E50 | 56C | 950 o'l aly 5400 BL'L | D £ £ S0 SuoN ajt
e|geis | 008 yao'e WiN WIN "o | BEiE S06E | €52 | BLE | 290 2L'GL | L00L | sBDE 180 § a1 £ £ g ootd gif
VIN ViN YiN eg=g | F X0 [ et'ee BEZE | 4L | BOL | SE BDEZ | #0°0E | £1'0 6L § D0 £ £ S0 BUON g{¢t
umbuen
VIN YN YiN BORG | F MO | 52 a9'L SL0 | OF'L €50 DECL | LFS at'o 89O a £ 3 29 auoN gic paimabion
ViIN vIN YiN slgels | ¥ MO L6'E VBE LE'D | EED 960 597 | ooe: IED ooz | O £ £ 1] auoN g |3
yasyn {smi} *‘M“_.a (%)
ssans | GEEIF | e | odooug ) Awoolen | seaug | St | si) | s | gy |y | T | oneau b oan | e | aue | ke | g | meen | ssen | a uonjpuas
Pl ety 1 Aojen | o|qissjuuag Mol mold [v] " A v s,6uuuepy P q g2 1z Ay Bume ‘Bap jauueyn anue)s|say
LN XeYy sy
UONIENJEA]] §§3.1)S JBOYS PUE “AJD0PA “MOL] [PUUEBY)) "7 [T L
m,k Al dEMDIHD USIEa(] [QUUBL[D) PAUIT] SSBID) 'S29H | 9SBUJ JO g adp)g  Lodrans
HANM A dELdnes [# [IFPUET [BLOSOPU] UCHE)S WED]S [[RUSIEJA — ABIOU ojn(]  TWvNeor

600T ‘6T AR  drva

L5 "ON LEIHS

TCI-80-95€]  ONudaroud




prosecrno.  1356-08-122

SHEET NO, 6/7

pare _May 29, 2009

JOB NAME Duke Energy — Marshall Steam Station Industrial Landfill #1 comrutep gy WMH

sumrcr _Stage 2 of Phase 1 E&S, Grass Lined Channel Design CLECKED BY ‘K@

RESULTS and CONCLUSIONS:

Proposed channel dimensions and stabilization materials are summarized in Table 3, presented below.

Table 3. Channel Dimensions and Stabilization Materials

Peak Flow
{10year) b . . Channal Slape { Maximum Anticipatod Flow Depth | Deslgn Depth
Channel [D (ﬂ{,s} Vegetation | Matting Type | o | 21 HitV Z2 Hv fort PR 0
1 an Tall Fascue Nong a 3 3 0.5 2,00 25
2 7.57 Tall Fescus §5C150 5] 3 3 8.7 0.68 1
3 3218 Tall Fescus 5C150 10 3 3 0.5 1.8 2
4 ar.38 Tall Fescua P30C 10 3 3 B 0.81 1
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REFERENCES:
1. “Erosion and Sediment Control Planning and Design Manual”, North Carolina Department of

Environment and Natural Resources, 2006.

2

“Stage 2 of Phase 1 E&S, Grass Lined Channel Design Flow”, Calculation, S&ME, March 5, 2009.

3. North American Green: Erosion Control Materials Design Software (ECMDS™) Version 4.3, [Technical
Guidance Document]
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Permissible Velocity

i

Procedure

Selecting Permanent
Channel Lining

The permissible velocity procedure is recommended for the design of vegetative
channels because of common usage and the availability of reliable design
lables. The tractive force approach is recommended for design of channels
with temporary synthetic liners or riprap liners. The tractive force procedure
is described in full in the U.S. Department of Transportation, Federal Highway
Administration Bulletin, Design of Readside Channels with Flexible Linings.

The permissible velocity procedure uses two equations to calculate flow:

Manning’s equation,

V= —1——-& RZ.'S S‘!.’Z
n
where:
V= average velocily in the channel in ft/sec.
a = Maming’s roughness coefficient, based upon the Jining of the
channel _
R = hydraulic radius, wetted cross-sectional area/wetled perimeter
inft
S = slope of the channel in fi/ft
and the continuity equation,
Q=AvY
where;
Q = flowin the channel in cfs
A = cross-sectional area of llow within the channel in A2
V= average velocity in the channel in fi/sec.

Manning's equation and the continuity equation are used together to determine
channel capacity and flow velocity. A nomograph for solving Manning’s
equation is given in Figure 8.03a.

Channel lining materials include such flexible materials as grass, riprap and
gabions, as well as rigid materials such as paving blocks, flag stone, gunite,
asphalt, and concrete. The design of concrete and similar rigid linings
is penerally not restricted by flow velocities. Flowever, flexible channel
linings do have maximum permissible flow velocities beyond which they are
susceptible to erosion. The designer should select the type of liner that best
fits site conditions.

Table 8.05a lists maximum permissible velocities for established grass linings
and seil conditions. Before grass is established, permissible velocity is
determined by the choice of temporary liner. Permissible velocities for riprap
linings are higher than for grass and depend on the stone size selected.



Table 8.05a
Maximum Allowable Design Velocities?
for Vegetated Channels

Source: USDA-5CS Modified

NOTE: 'Permissible Velocity based on 10-year storm peak runoff
2Soil erodibility based on resistance to soil movement from concentrated flowing water.

Typical Soil Grass Lining Permissible Velocity?
Channel Slope Characteristics?® for Established Grass
Application Lining {ft/sec)
0-5% Easily Erodible Bermudagrass 5.0
Non-plastic Tall fescue 4.5
(Sands & Silts) Bahiagrass 4.5
Kentucky bluegrass 4.5
(Grass-legume mixture 3.5
Erosion Resistant Bermudagrass 6.0
Plastic Tall fescue 55
{Clay mixes) Bahiagrass 5.5
Kentucky bluegrass 5.5
Grass-legume mixture 4.5
5-10% Easily Erodible Bermudagrass 4.5
Non-plastic Tall fescue ._— /
{Sands & Siits) Bahiagrass 4.0
Kentucky bluegrass 4.0
Grass-legume mixture 3.0
Erosiocn Resistant Bermudagrass 5.5
Plastic Tall fescue 5.0
(Clay mixes) Bahiagrass 5.0
Kentucky bluegrass 5.0
Grass-legume mixture 3.5
=10% Easily Erodible Bermudagrass 3.5
Non-plastic Tail fescue 25
{Sands & Silts) Bahiagrass 2.5
Kentucky bluegrass 2.5
Erosion Resistant Bermudagrass 45
Plastic Tall fescue 3.5
(Clay mixes) Bahiagrass 35
Kentucky bluegrass 3.5

*Before grassis established, permissible velocity is determined by the type of temporary liner used.

Selecting Channel To calculate the required size of an open ‘c!mm\el, assume the d-c.sign flow is
. unifornt and does not vary with time. Since actual flow conditions change
Cross-Section - . :
throughout the length of a channel, subdivide the channel into design reaches,
Geometry and design each reach to carry the appropriate capacity.

The three most commonly vsed channel cross-sections are “V™-shaped,
parabolic, and trapezoidal. Figure 8.05b gives mathematical Tormulas for the
area, hydraulic radius and top width of each of these shapes.

8.054



Design Procedure-
Permissible Velocity

Table 8.058b

Manning’s n for Structural

8.05.6

Channel Linings

The following is a step-by-step procedure for designing a runoff conveyance
channel using Manning’s equation and the continuity equation:

Step 1. Determine the required flow capacity, Q, by estimating peak runofT
rate for the design storm (Appendix 8.03).

Step 2. Determine the slope and select channel geometry and lining.

Step 3. Determine the permissible velocity for the lining selected, or the
desired velocity, if paved. {see Table 8.05a, page 8.05.4)

Step 4. Make an initial estimate of channel size—divide the required Q by the
permissiltle velocity to reach a *first try” estimate of channel flow area. Then
select a geometry, depth, and top width to fit site conditians.

Step 5. Calculate the hydraulic radius, R, from channel geometry (Figure
8.05b, page 8.05.5).

Step 6. Determine roughness coefficient #.
Structural Linings—see Table 8.05b, page 8.03.6.
Grass Lining:

a. Determine retardance class for vegetation from Table 8.05¢, page
8.05.8. To meet stability requirement, use retardance for newly
mowed condition {generally C or D). To determine channel capacity,
use at least one retardance class higher.

b. Determine # {rom Figure 8.05¢, page 8.05.7.

Step 7. Calculate the actual channel velocity, V, using Manning’s equation
(Figure 8.05a, pg. 8.05.3), and calculate channel capacity, Q, using (he
continuity equation.

Step 8. Check results against permissible velocity and required design
capacity to determine if design is acceptable.

Step 9. If design is not acceptable, alter channel dimensions as appropriate.
For trapezoidal channels, this adjustment is usually made by changing the
boltom width.

Recommended
Channel Lining nvalues
Asphaltic concrete, machine placed 0.014
Asphalt, exposed prefabricated 0.015
Cancrete 0.015
Metal, corrugated 0.024
Plastic 0.013
Shotcrete 0.017
Gabicn 0.030
Earth é 0:020_—>

Source: American Society of Civil Engineers (modified)

Rev, 12/93



Appendices

Step 10. For grass-lined channels once the appropriate channel dimensions
have been selected for low retardance conditions, repeat steps 6 through 8
using a higher retardance class, corresponding to tall grass. Adjust capacity of
the channel by varying depth where site conditions permit.

NOTE 1: If design velocity is greater than 2.0 ft/sec., a temporary lining
may be required to stabilize the channel until vegetation is established.
The temparary liner may be designed for peak flow from the 2-year storm.
If a channel requires a temporary lining, the designer should analyze
shear stresses in the channel ta select the liner that provides protection
and promotes establishiment of vegetation. For the design ol temporary
liners, use tractive force procedure.

NOTE 2: Design Tables—Vegetated Channels and Diversions at the end
of this section miay be used o design grass-lined channels with parabolic
cross-sections.

Step 11. Check outlet for carrying capacity and stability. If discharge
velocities exceed allowable velocities for the receiving stream, an outlet
protection structure will be required {Table 8.03d, page 8.05.9).

Sample Problem 8.05a illustrates the design of a grass-lined channel.

5
° EEEER
Average Length
5 b o af Vegstation (in} J Curve
TN Longer than 30" A
\ N " 11" to 24" B
.2 6" o 10" c E—
N n, \\ 2% g B D
= fi Less than 2" E j—
o \\ ‘\\ B
= X N NN
.E o
S 08 e b O e e N
D b, ey ——
pa
04 = ELIE \:%m >~
— —
|
02
A .2 .4 & 8 10 2 4 6 8 10 20

VR, Product of Velocity and Hydraulic Radius

Figure 8.05¢ Manning's nrelated to veloclty, hydraulic radius, and vegetal retardance.
Note: From Sample Problem 8.05a mulliply Vp x Hydralulic Radius (4.5x0.54=2.43}, then enter the product of VA and extend a
straight line up o Retardance class "D", next project a straighl fine Io the |eft o determing a trial manning's .

Rev. 12/93 8.05.7



Appendices

Table 8.05d

Maximum Permissible
Velocities for Unprotected
Soils in Existing Channels.

Sample Problem 8.05a
Design of a
Grass-lined Channel.

Maximum Permissible

Materials Velocities (fps)
Fine Sand {noncolloidal) 2.5
Sand Loam {noncolioidal) 2.5
Silt Loam (nonccolicidal) @
Ordinary Firm Leam 3.5
Fine Gravel 5.0
Stiff Clay (very colloidal) 5.0
Graded, Loam to Cobbles (noncolloidal) 5.0
Graded, Silt to Cobbles {colloidal) 5.5
Alluvial Silts {noncolioidal) 35
Alluviat Silts {colloidal) 5.0
Coarse Gravel (noncolloidal} 6.0
Cobbles and Shingles 5.5

Given:
Design Q,, = 16.6 ¢fs

Proposed channel grade = 2%

Proposad vegetation: Tall fescue

Seil: Cresdmuoor (easily eradible)

Permissible velocity, Vp = 4,5 ft/s (Table 8.05z)

Retardance class: "B" uncut, “D” cut {Table 5.05c}.

Trapezoidal channel dimensions:
designing for low retardance condition (retardance class D)
design to meet V.

Find:
Channel dimensions

Solution:
Make an initial estimate of channgl size

A= Q/V, 16.6 cfs/4.5 fiisec = 3.69 ft?

Try hottom width = 3.0 ft w/side slopes of 3:1

Z=3

A=bd + Zd?

P=h+2d/Z%+ 1

R=AP

An iterative solution using Figure 8,05a to relate flow depth to Manning's n

proceeds as follows: Manning's equatien is used te check velocities.
*From Fig. 8.35¢c, pg. 8.05.7, Retardance Class d (VR=4.5x0.54=2.43}

d(fy A{ft) RI{f) *n  Vt{fps) Q{cfs) Comments

0.8 4.32 0.54 0.643 3.25 14.0 V<V OK,
a<d,
{too small, try deeper channel}
0.9 513 0.59 0.042 3.53 18.10 V<\.,'pl 0K,
a=Q,, OK

10
Now design for high retardance {class B):

For the ease of construction and maintenance assume and
try d = 1.5 ft and trial velocity V, = 3.0 ftfsec

difty A RI(f) v, (fps) n Vifps) Q{cfs) Comments

15 11.25 0.80 a0 0.08 25 28 reduce V,
2.0 011 1.8 20 reduce V,
1.6 D12 1.6 18
**1.5 013 1.5 17 Q-Q,, OK

** These assumptions = actual V (fps.)  (chart continued on next page)




Permissible Shear Stress for North American Green TRMs
Partially and Fully Vegetated — Based on Plant Height & Density

RECP Type/Veg. Ret. Partially Vegetated Max Max Permissible Shear Lbs./ft* (Paseal)
Class Permissible Shear Lbs./ft* (Pascal) Short Duration Long Duration
P300 Class A 8 (383) 8 (383) 8 (383)
P300 Class B 8 (383) 7 8(383)) § (383)
P300 Class C 8 (383) _BTIRY) 8 (383)
P300 Class D 7 (335) T <7335 7{335)
P300 Class E 6 (287) 6 (287) 6 (287)
SC250 Class A 8 (383) 10 (480) 8 (383)
SC250 Class B 8 (383) 10 (480) 8 (383)
8C250 Class C 8 (383) 10 (480) 8 (383)
SC250 Class D 7 (335) 9 (430) 7(335)
SC250 Class E 6 (287) 8 (383) 6 (287)
C350 Class A 10 (480) 12 (576) 10 (480)
€350 Class B 10 (480) 12 (576) 10 (480)
(350 Class C 10 (480) 12 (576) 10 (480)
350 Class D 9 (430) 11 (335) 9 (430)
€330 Class E 8 (383) 10 (480) 8 (383)
P550 Class A 12 (576) 14 (672) 12 (576)
P550 Class B 12 {576) 14 (672) 12 (576)
P550 Class C 12 (576) 14 (672) 12 (576)
P550 Class D 11 (528) 13 (672) 11 (528)
P550 Class E 10 (480) 12 (672) 10 (480)

Soil Permissible Shear Stress

TRM Reinforced Soil/Soil Classification (JSDA) Pargzllzlllt' l;e:gr::zzl:ile Shear Ll;siﬁt; g:gs;tzlt)c q
Fine Sand 0.02 (0.96) 0.02 (0.96)
Sand 0.02 (0.96) 0.02 (0.96)
Sandy Loam 0.035(1.7) 0.035 (1.7}
Silt Loam 0.035(1.7 0.035 (1.7
Loam 0.035 (1.7 0.035 (1.7
Clay Loam 0.05 (2.4) 0.05 (2.4)
Clay 0.07(3.3) 0.07 (3.3)
P300 2.00 (96) 2.00 (96)
SC250 2.5 (120) 0.8 (38)
C350 3.0 (143) 1.20 (37}
P5350 3.25 (156) 3.25(136)
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CHANNEL LINING OPTIONS

Tractive Force Limits and Hydraulic Roughness Coefficients

Unvegetated
Unvegetated Manning’s “n” for Flow Depth fit (m) Mqiﬁ:;:; s(sl:l;;iil)'lear
RECPs =>2.00 Short Long

<0.50(0.15) 0.50-2.00 (0.60) Duration* | Duration*

DS75/575 0.055 0.055-0.021 0.021 1,55 (74) 1.55 (74)
$75BN 0.055 0.055-0.021 0.021 1.60 (76) 1.60 (76)
DS150/5150 0.055 0.055-0.021 0.021 1.75 (84) 1.75 (84)
S150BN 0.055 0.055-0.02] 0.021 1.83 (R8) 1.85 (88)
5C150 { T.050 0.050-0.018 0.018 } [ 2.00(96) 2.00 (96)
$C150BN 0.050 0.050-0.018 0.018 2,10 (1000 | 2.10(100)
C125 0.022 0.022-0.014 0.014 2,25 (108) 2.25(108)
C125BN 0.022 0.022-0.014 0014 | 2350112 2.35(112)
P300 ¢ "0.034 0.034-0.020 0.020 3 [ 3.00 (144) 3| 2.00 (96)
§C250 0.040 T040-000T | 0011 3.00 (144) 2.50 (120)
€350 0.041 0.041-0.012 0.012 3.20 (153) 3,00 (144)
P550 0.041 0.041-0.013 0.013 4,00 (191) 3.25 (156)

* Short duration < 2 hours Peak Flow

*Long duration > 2 hours Peak Flow
** All channel liner performance values for North American Green RECPs are based on a failure criteria not to
exceed 0.5 (13 mm) inches of soil loss from beneath the product.

Vegetation Permissible Shear — Based on Plant Height & Density

RECP Type/Veg. Ret. Partially Vepetated Il\flax Max Permissible Shear Lbs./ft* (Pascal)
Class Permissible Shear Lbs./ft” (Paseal) [ gyt Duration Long Duration
Class A* NA 3.70(177) 3,70 (17N
Class B* NA 2.10 (100} 2,10 (100Y
Class C* NA 1.00 (48) 1,00 (48)
Class D* NA 0.60 (29) 0.60 (29)
Class E* NA 0.35 (17 0.35(17)
Class A** NA 7.50 (3539) 7.50 (359}
Class B** NA 5.73 (274) 573 (274)
Class C** NA 4.20 (201 4,20 (201)
Class D** NA 3.33(159 3.33(159)
Class E** NA 2.16(103) 2.16 (103}

*FHWA's HEC No. 15

** USDA's AG HBK 667
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ATTACHMENT V

SPECIFICATION SECTION 02320

BACKFILL - STRUCTURAL

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




Technical Specifications

S&ME Project No. 1356-08-122

Marshall Steam Station Industrial Landfill #1 Subgrade —Terrell, NC May 2009

PART 1 GENERAL

1.1 SUMMARY

SECTION 02320
BACKEFILL - STRUCTURAL

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 guantities, 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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C.

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.

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).

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

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

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

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

ASTM D2487 — Standard Practices for Classification of Soil for Engineering Purposes (Unified
Soil Classification System)

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

ASTM DA4318 - Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of
Soils.
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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.

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

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

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.

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.

Fill Type S2, Subgrade Fill:

1.

2.

3.

Subgrade fill is defined as compacted fill placed to achieve proposed liner system
subgrade elevations.

May consist of fly ash from Marshall Steam Station, or other on-site sources as directed
by the Engineer.

May consist of natural soil material from designated on-site borrow areas and/or
stockpiles.

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).

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

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.

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.

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

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).

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

B.

Section 01300 - Administrative Requirements: Coordination and project conditions

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

3.3

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.

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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M.

N.

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.

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

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

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

Protect backfill from desiccation, crusting, or cracking.

Make gradual grade changes. Blend slope into level areas.

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

Leave fill material stockpile areas free of excess fill materials.

Perform Subgrade Survey before placement of overlying materials.

3.4 TOLERANCES

A

B.

Section 01400 - Quality Requirements: Tolerances.

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.

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

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-Ib.

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-Ib.

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

D.

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. Avrea 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.

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

3.6 PROTECTION OF FINISHED WORK

A

B.

Section 01700 - Execution Requirements: Protecting finished work.

Reshape and re-compact fills subjected to vehicular traffic.

END OF SECTION
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OBJECTIVE:

Evaluvate the global slope stability of the Phase 1 structural fill for the proposed Marshall Steam Station
Industrial Landfill No. 1. Phase | structural fill construction consists of clearing and grubbing within the
proposed structural fill footprint (approximately 13 acres), placing fill (bottom ash) within the existing inactive
ash basin, and placing fill to achieve a minimum of 24 inches of separation between subsequent ash structural
fill and the groundwater table within the inactive ash basin area. Following placement of separation fill,
approximately 385,000 cubic yards of ash structural fill will be placed for future construction of landfill cells 1
and 2. Ash fill placement will occur at a rate of approximately 50,000 cubic yards per month. The approximate
toe of the structural fill slope will be at elevation 824°, the approximate top of the structural fill slope will be at

elevation 876°. Please refer to attached Figures 1 — 3 for an illustration of fill sequencing.

METHOD:
Evaluate the slope stability of two representative cross-sections (A-A’ and B-B’) for the construction-static and
the post-construction-static cases. Geostudio’s SLOPE/W computer program was used to evaluate slope

stability by Spencer’s Method.

CALCULATIONS:

1. Define Design Criterion

The target factor of safety of 1.3 for Construction-Static (i.e. interim condition) and 1.5 for Post-Construction-
Static (i.e. long-term condition) analyses was obtained from USACE (2003) documents as summarized in

Appendix L

2. Define Slope Stability Analysis Cross-Sections

Slope stability analysis cross-sections A-A’ and B-B’ were chosen where subsurface conditions are expected to
be most critical. For the Phase 1 condition, the critical cross-sections were developed where the fill height is
greatest and in areas where the embankment is constructed over the existing inactive ash basin that consists of

sluiced ash. Cross-section locations are shown in Figure 4.



rrouEctTNo,  1356-08-122

SUHEET NO. 3/15

vate _3/29/09

roename  Duke Energy — Marshall Steam Station Industrial Landfill No. 1, Phase 1 comrutepny  CHR

svnecr  Global Slope Stability Calculation - .1700 Structural Fill Notification CHECKED BY KB

Subsurface data including stratigraphy and location of the water table were obtained from subsurface
exploration information presented in S&ME’s “Revised Hydrogeologic Study” for this site, dated May 2009.
This report included soil test borings with Standard Penetration Tests (SPT) and Cone Penetration Tests (CPT).

Locations of soil test borings and CPT soundings are indicated in Appendix 11, Figures 1 - 4.

In general, the slope stability evaluation cross-sections reflect the Phase 1 fill material and existing subgrade
stratigraphy consisting of the proposed ash fill underlain by proposed groundwater separation fill, existing
sluiced ash, bottom ash, and residual materials. Beneath the existing basin and from the existing ground surface
in areas outside the ash basin, the following generalized residual material strata were encountered from top to
bottom: silty clay, sandy silt, silty sand, partially weathered rock (PWR), and auger refusal material, assumed
to be bedrock. The water table is also shown. Slope stratigraphy and supporting subsurface data are provided
in Appendix II. Appendix IT also includes figures showing the sequence of filling operations (I'igures 1-3),

location of stability cross-sections (Figure 4) and the stability cross-sections (Figures 5 and 6).

3. Define Material Parameters

The generalized slope stability cross-sections consist of 9 material types: auger refusal material (assumed to be
bedrock), PWR, silty sand, sandy silt, silty clay, existing sluiced ash, bottom ash pond fill, groundwater
separation fill, and ash fill. The unit weight and effective strength properties were estimated for each material.

The undrained strength properties were estimated for materials which were assumed to have a low permeability.

3.1 Evaluate Unit Weight

Laboratory Standard Proctor maximum dry density and optimum moisture content test results from testing
performed by S&ME (2005 and 2009) were used to estimate the densities of in-place material compacted to 95
percent compaction. The laboratory test results considered are presented in Appendix III-I and are summarized

in Table | below:
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TABLE 1: UNIT WEIGHT LABORATORY RESULTS
Dry Unit | Moisture| Meoist Unit | Compacted
. Weight | Content Weight Unit Weight
Waterial Sample {va} {Woist} {Y100%} {Yosu}
{pef) (%) {pcf} (pcf)
M-2 {10'-15") 107.1 16.4% 124.7 118.4
M-7 (5'-10") 115.8 13.3% 131.2 1246
. M-16 (8'-10" 125.5 11.0% 139.3 132.3
Silty Sand M-16 (131587 | 1276 | 10.0% 140.6 1336
M-18 {19'-24" 119.6 12.9% 135.0 128.3
M-23 {3.8'-11.8" 121.7 10.8% 134.8 128.1
AVERAGE| 1196 12.4% 134.3 127.6
Sandy Silt | M-=2 (5-10) 102.2 | 18.0% 120.6 114.6
AVERAGE| 102.2 18.0% 120.6 114.6
M-1 (0'-5") 101.6 19.5% 121.4 115.3
M-1 (5-10" a7 23.0% 119.3 113.3
M-1(10'-15") 104.7 18.7% 124.3 118.1
M-2 (0'-5" 98.2 22.0% 119.8 113.8
M-3 (0'-5) 99.3 22.5% 121.6 115.6
M-3 (5'-10% 101.9 20.0% 122.3 116.2
M-3 (10'-15") 104.5 17.6% 122.9 116.7
M-4 (0'-59 96.5 24 1% 119.8 113.8
M-4 (5'-10% 105 18.7% 124.6 118.4
M-4 (10'-159 108.1 17.0% 126.5 120.2
M-G (0'-5") 89.4 29.5% 115.8 110.0
M-8 (5§'-10% 93 27.0% 118.1 112.2
. M-8 (10'-15") 90.6 27.2% 115.2 108.5
Silty Clay M-7 (05 1065 | 17.0% 124.6 118.4
M-7 (10'-15" 110.9 16.2% 128.9 122.4
M-8 (0'-59 114.5 15.0% 131.7 125.1
M-8 (5-10') 177 | 12.0% 131.8 1252
M-8 (10'-15" 113.8 14.0% 129.7 123.2
M-16 (3'-5" 1147 15.7% 132.7 126.1
M-17 {20'-25% 103 18.4% 122.0 115.9
M-21 (3.3'-8.3") 108.5 17.7% 125.4 119.1
M-24 {15'-20" 1136 14.8% 130.4 123.9
M-25 (0'-5" 105.1 20.1% 126.2 119.9
M-26 (3.5'-B.5" 1131 15.1% 130.2 123.7
M-28 (3.5'-8.5" 109.9 17.0% 128.6 122.2
M-35 (3'-8% 95.7 24.8% 118.4 1135
AVERAGE| 1044 19.4% 124.4 118.1
Sluiced Ash 1 P-3 (0'-10% 75.7 17.4% 88.9 84.4
AVERAGE 5.7 17.4% 88.9 84.4

The groundwater separation fill is expected to consist of silty and clayey on-site materials. Based on the above

testing and S&ME’s experience, the moist unit weights listed in Table 2 were used in the stability analyses.
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TABLE 2: SLOPE STABILITY UNIT WEIGHTS
NMoist Unit Weight
Material {Ymoist}
(pcf)
Auger Refusal Material 140
PWR 135
Silty Sand 125
Sandy Silt 115
Silty Clay 115
Sluiced Ash 90
Bottom Ash Pond Fill 85
Groundwater Separation Fill 120
Ash Fill a0

3.2 Evaluaie Undrained Strength Parameters

An undrained strength condition may occur when there is an increase in vertical stress on a saturated low-
permeability soil causing excess pore water pressures to develop. Other conditions, such as water table rapid
drawdown, rapid excavation, and seismic loading of saturated materials can result in undrained conditions. For
the purposes of this analysis, the PWR, silty sand, and bottom ash pond fill materials were assumed to have a

permeability high enough to prevent an increase in pore water pressure due to loading.

The sandy silt, silty clay, and sluiced ash materials were assumed to exhibit undrained strength behavior.
Estimated undrained shear strength data from CPT soundings CPT-53 through CPT-56 are shown in Appendix
III-II. Results of CPT analyses, summarized in Appendix II-II, were used to estimate the undrained strength

parameters of the sandy sili, silty clay, and sluiced ash, as shown in Table 3 as follows:
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TABLE 3: UNDRAINED STRENGTH TESTING RESULTS
Average
Effective
. Friction Ratio
Material Test Type Sample Angle {S,Jo.}
{Eqn. 4)
4"y
CPT M-53 (0’169 22.9 012
. CPT M-54 (0'-14) 26.8 0.23
Sluiced Ash CPT M-55 (0-8 27.0 0.23
CPT M-56 (0'-10.57 248 0.21
AVERAGE 25.4 0.21
CPT M-53 (16'-19.5") 23.4 0.20
. CPT M-54 (14'-23") 28.2 0.24
Silty Clay CRT M-85 (8-11) 30.3 0.25
CPT M-56 (10.5'-13" 314 0.26
AVERAGE 28.3 0.24
CPT M-53 (19.5'-28") 34.0 0.28
. CPT M-54 (23'-36") 33.8 0.28
Sandy St CPT M55 (11-16.5) | 34.2 0.28
CPT M-56 {13'-30.5") 31.1 0.26
AVERAGE 33.3 0.27

In the table above, the average undrained shear stress ratio was estimated based on Equation 1 from Mayne

(2007):

2= 0.5sin(#)OCR (Equation 1)
[#2

Where:
sy = undrained shear strength;
o’ = effective vertical stress;
¢*‘= effective friction angle;
OCR = over consolidation ratio; and

A = plastic volumetric strain potential.

Assuming an OCR of 1, the undrained shear strength equation becomes
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A . .
—==05 sin(p') {Equation 2)
a,

v

Based on CPT testing performed in the proposed embankment area for M-53 through M-56, the effective

friction angle was estimated for the sluiced ash based on Equation 3 from Mayne (2007):

¢'=17.6°+11.0°-log(yg, ) (Equation 3)
Where:
q, =4, lowm o, ' T,,) (Equation 4)
qi= CPT tip stress
Gum = atmospheric pressure

oy = vertical effective stress

The initial undrained shear strength of the sandy silt, silty clay, and sluiced ash layers were estimated based on

the undrained shear strength based on CPT data from Equation 5 from Duncan and Wright (2006):

S, =0.091(c,")"* (g, - 5,)** (Equation 5)
Where

Sy = undrained shear strength

g = CPT tip stress

g, = vertical effective stress

Gy = vertical total stress

Based on the CPT test results, the sluiced ash has an initial undrained shear strength greater than zero due to
some prior slight over consolidation. The increase in undrained shear strength with vertical effective stress or

depth for over consolidated cohesive soils can be estimated using Equation 6:
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Where:

S
S =Su0 +—
o

Sy=undrained shear strength of layer with depth
Sue = undrained shear strength at top of layer
o, = vertical effective stress
v’ = effective unit weight = Yy - Ywater
Ysat = Saturated unit weight
Ywater = UNit weight of water

z = depth the top of the layer

CHECKED BY KB

(Equation 6)

The second half of Equation 6 can be computed as a rate of increase in undrained shear strength, AS,,

per foot into the layer as shown in Table 4.

Based on the above correlation of undrained shear strength to CPT data and S&ME’s experience, the undrained

strength parameters listed in Table 4 were used in the stability analyses for the initial undrained shear strengths.

* Anaverage initind undrained shear strength of 260 psfwas estimated for the sluiced ash based on the CPT test duta and Mayne correlation for undrained shear
strength. B is estimated that the undrained shear strength increnses to 390 psf afier placement of the groundwater separation fili. The increased undrained shear

TABLE 4: SLOPE STABILITY UNDRAINED STRENGTHS

Ratio Estimated | S, Increase
Material {S./0,} tnitial S; | with Depth
Y (psf) (psfiit)
Existing Sluiced Asf_l (be_neath groundwater 0.92 390 * 7
separation fill only)
Existing Sluiced Ash (beneath groundwater e

separation fill and 3 feet of ash fill 0.22 425 7
Silty Clay 0.24 760 12
Sandy Silt 0.27 2200 15

strength due to consolidotion assumes a minimum waiting period of two weeks after placement of the groundwater separation Al

**¥ An average initiat undrained shear strength of 260 psfwas estimisted for the sluiced ash based on the CPT test data and Mayne correlation for undrained shear
strength. Bt is estimated that the undrained shear strength increases to 425 psf afier placement of the groundwater separation fill and 3 feet of ash fill. The increased
undrained shear strength due to consolidation assumes & minimum waiting period of two weeks afier placement of the 3 feet of ash filf,
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3.3 Evaluate Time to Consolidation

A waiting period is required for consolidation of normally consolidated cohesive materials (sluiced ash) to gain
strength under surcharge loading. This time period for consolidation can be estimated using the Terzaghi theory

of one-dimensional consolidation as estimated by the following equation:

! = @ (Equation 7)

Where:
t = time for consolidation of layer;
T = consolidation time factor based on the degree of consolidation, 0.848 for 90 percent consolidation;
Hpg = length of drainage path equal to ¥4 of the layer thickness for doubly-drained conditions or equal to

the layer thickness for singly-drained conditions; and

C, = coefficient of consolidation

Based on our experience at the Allen Steam Station Test Fill, water level increases in the piezometers occurred
over a period of approximately 60 days for an average ash depth of approximately 55 feet. Based on back-
calculation of the coefficient of consolidation, C, and assuming doubly-drained conditions, this would indicate a

value of 10 ft*/day.

The sluiced ash depth beneath the Phase 1 structural fill area is estimated to be on the order of 10 feet.
Assuming that the excess pore pressure in the sluiced ash due to fill placement occurs at 90 percent
consolidation, and singly-drained conditions, a minimum waiting period of 8.5 days was calculated. Due to
potential material variability, we recommend that a minimum of 2 weeks be provided for consolidation under
the load of the groundwater separation fill and after the initial placement of the first 3 feet of structural fill in the

areas with existing sluiced ash.
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3.4 Evaluaie Effective Strength Parameters

Consolidated-undrained (CU) triaxial testing data from S&ME (2005) and correlations based on CPT testing
(summarized in Appendix III-If} and Equations 3 and 4 were used to estimate the effective strength parameters

as shown in Table 5.

TABLE 5: EFFECTIVE STRENGTHS FROM TRIAXIAL AND CPT
CORRELATIONS
Effective
Material Test Type Sample Fnctlo‘; Angle
{deqrees)
CU Triaxial P-3 {(10'-12% 31.2
CPT V-53 (0-16') 22.9
Sluiced Ash CPT M-54 (0'-14") 26.8
CPT M-55 (-8 27.0
CPT M-56 (0'-10.5) 24.8
AVERAGE 26.5
CPT NI-53 (16-18.5) 23.4
. CPT M-54 (14-23) 28.2
Silty Clay CPT M55 (8-11) 30.3
CPT M-56 (10.5-13) 314
AVERAGE 28.3
CPT M-53 (19.5-28)) 34.0
. CPT M-54 (23-36) 33.8
Sandy Sil CPT M-55 (11-16.5) 34.0
CPT N-56 (13-30.5) 3.1
AVERAGE 33.3
CPT NI-53 (28-32.5) 40.0
. CPT M-54 (36-46.5) 38.4
Silty Sand CPT .55 (16.5-19) 9.4
CPT -56 (30.5-35.5) 371
AVERAGE 38.7

Relatively shallow bottom ash fill on the order of 4 feet thick was also recently placed at the north end of the

existing ash basin.

Based on the above laboratory data, field test data correlations, and S&ME’s experience, the following

conservatively estimated effective strength parameters listed in Table 6 were used in the stability analyses.
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TABLE 6: SLOPE STABILITY EFFECTIVE STRENGTHS

Effective Eff_e CFIVE
. Cohesion | Friction
Material e Angle

d}l

(pst) (dearees)
Auger Refusal Material 1000 45
PWR 500 36
Silty Sand 100 32
Sandy Silt 100 28
Silty Clay 200 27
Sluiced Ash 0 25
Bottom Ash Pond Fill 0 32
Groundwater Separation Fill 100 28
Ash Fill 0 33

RESULTS:

The two landfill cross-sections A-A’ and B-B’ were analyzed for both shori-term undrained static loading
conditions (total stress analysis using undrained shear strength, S,,) and long-term static analysis (effective stress
conditions) after the phase construction is completed and assumed excess pore pressures in the subject materials

have dissipated. The short-term and long-term static slope stability analyses for the profiles are summarized in

1356-08-122

11/15

3/29/09

CHR

Ke,

Table 7 below. The output {igures and files for the slope stability analyses are provided in Appendix IV.
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TABLE 7: SLOPE STABILITY ANALYSIS
. " - Safety| Minimum
Section| Condition Description Factor| Safety Factor Check
Interim condition with placement of groundwater
separation fill to approximate elevation 824 feet and
AA Short-Term placement of 3 feet of ash fill to approximate elevation 134 13 OK
Undrained B27 feet. This assumes a 2 week waiting period after ' '
placement of the initial 3 feet of ash fill before continuous
fill placement {o final elevation of 864 feet
Long-Term
A-A' Effective Post-Construction-Static (final elevation 864 feet) 1.96 1.5 0K
Stress
Interim condition with placement of groundwater
separation fill to approximate elevation 824 feet and
B.B' Short-Term placement of 3 feet of ash fill to approximate elevation 178 13 OK
Undrained 827 feet. This assumes a 2 week waiting period after ' '
placement of the initial 3 feet of ash fill before continuous
fill placement to final elevation of 870 feet
Long-Term
B-B' Effective Post-Construction-Static (final elevation 870 feet) 1.97 1.5 oK
Stress

CONCLUSIONS AND RECOMMENDATIONS:

Short-term undrained analysis of Profiles A-A’ and B-B’ indicated a safety factor greater than 1.3, assuming

staged fill as described below:

Stage 1:

Stage 2:

Placement of 4 to 5 feet of groundwater separation fill (to approximate elevation 824
feet) and placement of 3 feet of ash structural {ill {to approximate elevation 827 to 828
feet), followed by a recommended minimum waiting period of 2 weeks to achieve
consolidation strength gain.

Continuous filling to final structural fill grades ranging from 864 feet to 870 feet for the

cross-sections analyzed.

It should be noted that placement of ash fill can proceed in areas outside of the sluiced ash footprint during the

recommended waiting period.
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Long-term effective stress slope stability analyses for Profiles A-A’ and B-B’ indicate a safety factor greater

than 1.5,
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EM 1110-2-1902
31 Oct 03

Table 3-1
Minimum Required Factors of Safety: New Earth and Rock-Fill Dams

Required Minimum
Analysis Condition' Factor of Safety Slope

End-of-Construction {including staged construction)? 1.3 Upsiream and Downstream
Long-term {Steady seepage, maximum storage poaol,

. 1.5 Downstream
spillway crest or top of gales)
Maximum surcharge ;:uwl3 1.4 Downstream
Rapid drawdown 1.1-1.3%* Upstream

' For earthquake toading, see ER 1110-2-1806 for guidance. An Engineer Gircular, “Dynamic Analysis of Embankment Dams,”

is still in preparation.

! For embankments over 50 feet high on soft foundalions and for embankments that wilt be subjected lo pool loading during

construction, a higher minimum end-of-construction factor of safety may be appropriate,

* Pool thrust from maximum surcharge level. Pore pressures are usually laken as those developed under steady-stale seepage

al maximum storage pool. However, for pervious foundations with no pesitive culoff sleady-state seepage may develop under

maximum surcharge pool.

* Factor of safety (FS) 1o be used with improved method of analysis described in Appendix G.

® F§ = 1.1 applies to drawdown from maximum surcharge pool; FS = 1.3 applies to drawdown from maximum siorage pool.
For dams used in pump storage schemes or similar applications where rapid drawdown is a routine operaling conditien, higher
factors of safety, e.g., 1.4-1.5, are appropriate. If consequences of an upstream failure are great, such as blockage of the outlet
warks resuliing in a potential catastrophic failure, higher factors of safely should be considered.

(1) During construction of embankments, materials should be examined to ensure that they are consistent
with the materials on which the design was based. Records of compaction, moisture, and density for fill
materials should be compared with the compaction conditions on which the undrained shear strengths used in
stability analyses were based.

(2) Particuiar attention should be given to determining if field compaction moisture contents of cohesive
materials are significantly higher or dry unit weights are significantly lower than values on which design
strengths were based. Ifso, undrained (UU, Q) shear strengths may be lower than the values used for design,
and end-of-construction stability should be reevaluated. Undisturbed samples of cohesive materials should be
taken during construction and unconsolidated-undrained (UU, Q) tests should be performed to verify end-ol-
construction stability.

d. Pore water pressure. Seepage analyses (flow nets or numerical analyses) should be performed to
estimate pore water pressures for use in long-term stability computations. During operation of the reservoir,
especially during initial filling and as each new record pool is experienced, an appropriate menitoring and
evaluation program must be carried out. This is imperative to identify unexpected seepage conditions,
abnormally high piezometric levels, and unexpected deformations or rates of deformations. As the reservoir
is brought up and as higher pools are experienced, trends of piezometric levels versus reservoir stage can be
used to project piezometric fevels for maximum storage and maximum surcharge pool levels. This allows
comparison of anticipated actual performance to the piezometric levels assumed during original design studies
and analysis. These projections provide a firm basis to assess the stability of the downstream slope of the
dam for future maximum loading conditions. If this process indicates that pore water pressures will be higher
than those used in design stability analyses, additional analyses should be performed to verify long-term
stability.

e. Loads on slopes. Loads imposed on stopes, such as those resulting from structures, vehicles, stored
materials, etc. should be accounted for in stability analyses.
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BORING LOG WITH WELL MARSHALL STEAM STATION BORING LOGS 01-2009.GPJ LAGWGNO1 GDT 1/29/09

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE

8751 Southern Pine Blvd. WITH ASTM D-1586.

o e &8 Charlotte, North Cgmlmﬂ 2. PENETRATION (N-VALUE) IS THE NUMBER OF
ENGINEERING « TESTING  Lelephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENYVIRONMENTAL SERVICES Fax: 704-525-3953 DRIVE 1.4IN LD SAMPLER | FT.

Project: Marshall Steam Station Industrial Fill #1 Boring No. M-4
Location:  Terrell, North Cavolina Number: 1356-08-122 SheetNo. 1 of 1
Boring Depth {f): 50.0 | Elevation {f): 8614 | Driller:  Ted Milier Date Drilled: 11/29/07
Logged By: Matthew Qshorne Water Level:  38.23 ft bls on 01-08-08 Drilling Method: 414" H.8.A.
Elev. Depth . | Lith- . g Well Penetration Resistance (Blows/Foot)
(Feety | (Feet) | ology Material Description Construction 0 50 100
= 37 ? Saprolite: Very Stiff Red Brown Silty Clay with fine Sand
860 :j; 7/ (CH) §’
| §
- 5 ¥ Q e
- 17 Saprolite: Stiff Red Orange Brown fine Sandy Clayey Silt & “J
—s55 :j;,/;,// (ML) Z
- A1
— 4N
- lU—_/ ] 3
350 0 /f %
= =V
- :/ s /
= sV .
- =11+l Saprolite: Medium Dense Red Brown Orange Silty fine ”
843 - Sand §,
= 203 §' g
— 840 3 g [
- 257 H
— 835 - \
= 30 16
— 830 3 \
- 3341 255
- 825 3 il ; T : - e
- - Partially Weanthered Rock: When semipled becomes Very \__\
- - Dense Tan Brown micaceous Silty fine to medium Sand _ \.._____
— - S0/ M
— = Ll il
[ 40— 22 .
- 820 - //
- - Saprolite; Medium Dense Tan Brown micaceous Silty fine //
— - to medium Sund )
- =} 1
s 45— 37 p
— 815 3 "‘\\\
— —] Partially Weathered Rock: When sumpled becomes Very ""‘*-\
i T Dense Tan Brown micaceous Silty fine to medium Sand 51(.}./ .
— 5023 >> @

Auger Refusal at 50 ft bls




COMPLETION REPORT OF WELL No. M-4 Sheet 1 of 1

PROJECT: Marshall Steam Station Industrial Fill #1
PROJECT NO: 1356-08-122 WATER LEVEL: 38.23 ft bls on 01-08-08
PROJECT LOCATION: Terrell, North Carolina
LATITUDE: 35.622437°
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 80.974425°
DATE DRILLED: 11/29/07 DATUM: MSL
LoccED BY: Matthew Osborne
STRATA
- WELL |z | g §_
o | F=| w g
DESCRIFTION 2 |E- DETAILS gg & EE WELL CONSTRUCTION DETAILS
== d 1
w [ 1]
PROTECTIVE CASING
0 0.00 861.37 | Diameter; FourInch
Sapm!ite: Vgr{ Sg;f ; AA Type: Steel
ed Brawn Silty Clay - . -

with fine Sand (GH) /’jj : interval; Above-Ground

/1 4 5
Saprofile: Stiff Red [
Orenge Brown fire  [A/L RISER CASING
Sandy Clayey Silt (ML) /LA 1 Diameter: Two Inch

1110 Type: Sch 40 PVC

9 I Interval: 2.87 Feet ALS fo 30 Feet BLS

1T

A 1 GROUT

Saprolite: Medium
Dense Red Brown

Qrange Silty fine Sand |

Type: Portland
Interval: GS fo 25.7 Feet BLS

SEAL
Type; Bentonite Pellets

[ o interval: 25.7 to 28 Feet BLS

FILTERPACK
Type: Medium Sand
Interval: 28 to 50 Feet BL.S

Partially Weathered
Rock: When sampled
becomes Very Dense
Tan Brown micaceous
Silty fine to medium

Sand

Sapralite: Medium
Bense Tan Brown

micaceous Silty fine to §:[L1:T

medium Sand }

Partially Weathered

Rock: When sampled

becomes Very Dense

Tan Brown micaceous

Silty fine to medium
and

L35
SCREEN
A Diameter; Two Inch
" a0 Type: Sch 40 PVC 0,010 Inch Slot
It Interval; 30 to 45 Feet BLS
1-Las
\1&\\\‘ : ¥ LEGEND
AR s 50,00 B11.37
50 [7] FILTER PACK TOC TOP OF CASING
BENTONITE GS  GROUND SURFACE
- BS  BENTONITE SEAL
2 CEMENT GROUT EP  FILTER PACK
CEMEN TSC TOP OF SCREEN

B CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN

. TD TOTAL DEPTH

¥ STATICWATERLEVEL @  GEMENT GROUT

MONITORING WELL MARSHALL STEAM STATICN BORING LOGS 01-2009.GPJ SEME.GDT 1/29/09

COMPLETION REPORT OF

9751 Southern Pine Blvd. WELL No. M-4
Chariotte, North Carolina

ENGINEERIMG » TESTING Sheet 1 of 1
EMVIROMMENTAL SERVICES




N ON RESIDENTIAL WELL CONSTRUCTION RECORD

Nerth Carolina Departinent of Envircnument and Natural Resourees- Division of Water Quality
WELL CONTRACTOR CERTIFICATION # 2626

1. WELL CONTRACTOR:

TFed Miller

Well Contractor {Individual) Name

S&ME, Ine.

Well Cantractor Company Name
STREET ADDRESS 153 Tradd Street

Spartanburg 8C 29301

City or Town Stale Zip Code

(864 ). 574-236D

Area code- Phone numbear
2, WELL INFORMATION:

SITE WELL [D #(if applicable) M~

STATE WELL PERMIT:(if applicabla)

DWQ or OTHER PERMIT #{if spplicable}

WELL USE (Check Applicable Box) Menltoring I Municipal/Public O
IndusirlalfCommercial ]  Agriculiural 0 Recovery [0 injection O
Irigation]  Olher @ (list use) Observation
DATE DRILELED_11/30/07

TIME COMPLETED_1500
3. WELL LOCATION:
ciTy: Terrell COUNTY Catnwha
8320 NC Higlnvny IS0E, Morshall Steam Station, 28682
(Streel Nama, Numbers, Cemmunily, Subdivision, Lot No,, Parcel, Zip Code}
TOPOGRAPHIC / LAND SETTING:
@Slope OValley [3Flal ORidge O Other

Al PMBE

{chack appropriate box)

LATITUDE 35.622437 May be in degrees,
— minuses, seconds ar
LONGITUDE ___ ___  -80.974429 in o decimal formit

Latitude/longitude source: ®GPS O Topographic map
fiocation of well must be shown on a USGS tapo map and
attached fo this form if not using GPS)

&, FACILITY. is the rama of tha business whera tha well Is logated.
FACILITY 1D #{if spplicable}
NAME OF FACILITY Marshall Steam Stadion
STREET ADDRESS 8320 NC Higlway 1505

Terrell NC 28682
City or Tewn Stale
CONTACT PERSON_Durrelt Wolfe

MAILING ADDRESS 83204 NC Highway 150F
Terrell NC 28682
Cily or Tawn State
( 828 . 478-7829
Area code - Phone nimber

Zip Code

Zip Code

5. WELL DETAILS:
a. TOTAL DEPTH: 43
b. DOES WELL REPLAGE EXISTING WELL? YESD NO®

c. WATER LEVEL Below Top of Casing: #0-92 FT.
(Use “+" if Above Top of Casing)

d. TOP OF CASING I5 _2.57 FT. Abgve Land Surface*
*T'ap of casing terminated aifor below land surface may reguire
a variance in accordance with 15A NCAC 2C .0118.

e. YIELD {gpm): METHOD OF TEST,

f. DISINFECTION: Type, Amount
. WATER ZONES (depth):
From_4952 1 From To
From To From Ta
From To From To,
6, CASING: Thickness/
Deplh Diameter Weight Materlat
Fom 0  To 3 FL 2 schdi} P
From To Fi.
From To Ft.
7. GROUT:  Bepth Materlal Method

Fram @ To 257 F. Neat Cement tremie pump
Fram_257 To28 Fl.

From To Ft.

8. SCREEN: Depth Diameter  Slot Size Material
Fram_ ¥ 1o 45 R 2 jp, MOy PVC
Fram To Fl. in. in.

From To 1, in, in.
9. SAND/GRAVEL PACK:
Pepth Size Material
Fram 8 Tp 498 g #2 Sand
From Te Ft.
Fram Te Fi.
10. DRILLING LOG
From Ta Formation Description
36 Med. Bense Silty fine Sond
36-50 Med. to v. Denge Silty fine to muwl, Snnd
11. REMARKS:

| DO HEREBY GERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH
154 NCAC 2C, WELL CONSTRUCTION S5TANDARDS, AND THAT A COPY OF THIS

RECCRD HAS BEEM PROVIDED TO THE WELLWHMER,
Q&JW /= /g%

SIGNATURE OF CERTIFIED WELL CONTRACTOR DATE

Tl ¥l er

PRINTED NAME OF PERSOM CONSTRUCTING THE WELL

Submit the original to the Division of Water Quality within 30 days. Attn: Information Mgt.,
{617 Mail Service Center - Raleigh, NC 276981617 Phone No, (818) 733-7015 ext 568,

Form GW-1b
Rev, 7/05




BORING LOG WITH WELL MARSHALL STEAM STATION BORING LOGS 01-2009.GPJ LAGWGNDT.GDT 1/28/05

ENGINMEERING - TESTING

S&ME, Inc.

9751 Southern Pine Blvd.
Charlotte, North Carolina
Telephone: 704-523-4726

ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953

L BORING AND SAMPLING IS IN ACCORDANCE
WITH ASTAM D-1586.
2. PENETRATION (N-VALUE) IS THE NUMBER OF
BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
DRIVE 4 IN 1D, SAMPLER | FT,

Project: Marshall Steam Station Indusiriat Fill #1 Boring No. M-23
Location:  Terrefl, North Carolina Number: 1356-08-122 SheetNe. 1 of 1
Boring Depth (fi): 25.2 | Elevation (ft): 8377 | Driller:  Joey Donnahoo Date Drilled; 5/14/08

Logged By: Matthew Oshorne

Water Level;  12.58 ft bls on 05-21-08

Drilling Method: 3%4" H.8.A.

Material Description

Well

Residuum: Very Stiff 1o Hard Gray and Buff Silty Clay with
Quartz Sand

- 47| Saprolite: Very Hard Red and Brown micaceous fine Sandy

Saprolite: Very Dense Black and Brown micaceous Silty
fine to Coarse Sand with Quartz beds

Partiully Weathered Rock: When sampled becomes Very
Dense Black and Brown micaceous Silty {ine to Coarse
Sand with Quartz beds

Elev. Depth | Lith-
(Feet) {Feet) | ology
N %0
| 7
N V)
— 835 jﬁé?

~ iy

B )
= /]
: %%
... 5] ;?4
N 1V
SR
_—830 I
|
e
B 10 4 // <
B 4 -| Silt with Quartz beds
25 |

— 820

L g1 __{ (
3 25—:§\ ﬁ

Penetration Resistance (Blows/TFoot)

Construction

0 50 100
]
68
s/
1 =21 L]
50/
.1 N

Auger Refusal at 25.2 ft bls




COMPLETION REPORT OF WELL No. M-23

Sheet 1 of 1

PROJECT: Marshall Steam Station Industrial Fill #1
PROJECT NO: 1356-08-122 WATER LEVEL: 12.58 ft bls on 05-21-08
PROJECT LOCATION: Terrell, North Carolina
LATITUDE: 35.622123°
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 80.975324°
DRILLING METHOD: 3% H.S.A. TOP OF CASING ELEVATION: 840.24
DATE DRILLED: 5/14/08 DATUM: MSL
LOGGED BY: Matthew Osborne
STRATA
- WELL |- | o é
o |z | pETALS (B2 | B | 52 WELL CONSTRUCTION DETAILS
DESCRIPTION S o o h o
5w b S B
n o ]
PROTECTIVE CASING
a 0.00 8a7.73| Diameter Four Inch
Residuum: Very Stiff //"/ - Type: Steel
to Hard Gray and Buff 4/ interval: Above-Ground
Silty Clay with Quartz /11 4 ’
Sand L1 /'
jjf RISER CASING
AAA Diameter: One Inch
A 5 Type: Sch 40 PVC
;:;/; interval: 3 Feet ALS to 12 Feet BLS
114
::./ LA GROUT
/::;' Type:
/] /- interval:
P
Saprolite: Very Hard at
Red and Brown SEAL .
micaceous fine Sandy Type: Bentonite Pellets
Silt with Quartz beds Interval: GS to 10 Feet BLS
FILTERPACK
T o158 Type: Medium Sand
S lite: Very D 11
Biak and Brown | |44 Interval: 10 to 22.3 Feet BLS
micaceous Silty fine to [[".|-;
Coarse Sand with 3
Quariz beds SCREEN
. Diameter: One Inch
R e sl Type: Sch 40 PVC 0.010 Inch Siot
becomes Very Dense Interval: 12.3 to 22.3 Feet BLS
Black and Brown
micaceous Silty fine to
Coarse Sand with
Quariz beds
LLEGEND
= [7] FILTER PACK TOC TOP OF CASING
GS GROUND SURFACE
[ senToNTE BS  BENTONITE SEAL
&) FP FILTER PACK
%_’ CEMENT GROUT TSC TOP OF SCREEN
"5‘._..: CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
¥ STATICWATERLEVEL 03 (ComeNT OROUT

MONITORING WELL MARSHALL STEAM STATION BORING LOGS 01-2009.GPJ SBME.GDT 1/29/09

NG,I{NEERING « TESTING

9751 Southern Pine Blvd.
Charlotte, North Carolina

COMPLETION REPORT OF
WELL No. M-23

Sheet 1 of 1

E
ENVIRONMENTAL SERVICES




N ON .RESIDEN TIAL WELL CONSTRUCTION RECORD

tyorth Caralinta Depariment of Environment and Naloral Resources- Division of Water Quality

WELL CONTRACTOR CERTIFICATION # 2251-A

1. WELL CONTRACTOR:
Travis Costelie
Well Contractor (fndividual) Name

d. TOP OF CASING 15 2.51 FY. Above Land Surface*
*Top of casing terminated at/or below land surface may require
a variance In accordance with 15A NCAC 2C .0118.

( 828y 478.7820
Area code « Phone number

6. WELL DETAILS:
a, TOTAL DEPTH; 22
. DODES WELL REPLACE EXISTING WELL? YES[1 NORE

c. WATER LEVEL Below Top of Casing: 15 FT.
(Use "+" if Above Top of Casing)

S &M, Inc. e. YIELD (gpm): METHOD OF TEST,
Well Contractor Company iame f. DISINFECTION: Type Amount
STREET ADDRESS 155 Tradd Street g. WATER ZONES (depth):
From__ 15 _Ta From To
Spartuaburg sC 29301 From T trom T
o o
City ar Tewn State Zip Code —
From To From To
( 864 ). 574-236B S I
Area cotfe- Phone number B, CASING: . Thickness/
2, WELL INFORMATION: 0 Depth Dla;meter Weight Material
2 . 2 A0 3
SITE WELL ID (1 applicaste)_M-23 E:: E ! E: sch.d IVC
STATE WELL PERMIT#{i applicatle}, Eram To EL
DWQ or OTHER PERMIT #(if applicable) 4. GROUT:  Depth Matesial
WELL USE (Check Applicabiie Box) Monitoring [ MunlcipalfPublic [ : ¢ Dep Alerla Method
Industrial/Cammercial T3 Agriculiural 7 Recovery O Injection O From_ 0  Toll Fy,___ Buntonite poused
ImigationT] Clher @ (st use} _bservation From Ta Fi.
From, Ta Fi.
DATE DRILLED i )
8. SCREEN: Depth Diameler  Slot Size Material
TIME COMPLETED AM PM
oM C = From_ 12 Te 22 R 2 I, MO0 4y PVC
3. WELL LOCA—{:ON‘ Catawh From To F1, In. in.
ciTy; e COUNTY Ltawas From, To Ft. in. In,
8320 NC Highwny 1505, Mnrshall Sttc;:{nll Station, 28682 . . SANDIGRAVEL FACK:
(Streel Name, Numbers, Communily, Subrdivislon, Lel No., Parcel, Zip Cede) Depth Size Malerial
TOPOGRAPHIC /LAND SETTING: From 10 Ta 2 Fi #2 Sund
O Slope [ Valley []Fk:!.l ORidge £3 Other From Te L
[cheek appropriate box}
be in de Fram To i
LATITUDE 25622123 May ! C in Lgrgc:?.
—— mintiLs, seconds or
! : 18, DRILLING LOG
LONGITUDE __ .. S0975324 in a decimal formt From To Formation Description
Latitude/fonpitude source: ®GPS  QTopographic map 0-10 v stifi-linrd Sikty Clay
{location of well must be shown on @ USGS lopo map and 1015 v hard mic. fine Sendy Silt
aftached to this form it not using GFS) 15-25 v dense mie. Slity fine-conrse Sond
4, FACILITY- 5 the name of the businoss where: lhe well s located,
FACILITY 1D #(if applicable)
NAME OF FACILITY Marshall Steans Station
STREET ADDRESS 8320 NC Higlhwny 150E
Terrell NC 28682
City or Tawn Slate Zip Code
CONTACT PERSON_Darsell Wulfe
MAILING ADDRESS 8320 NC Hishway 1506
Terrell NC 28682 11, REMARKS:
City or Town Stale Zip Code

| DO HEREBY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH
154 NCAC 2C, WELL CONSTRUCTION STANDARDS, AND THAT A COPY OF THIS
RECORD HAE BEEN PROVID) THE WELL OWKER.

# ; i&%ﬁc’ﬂ’
SIGNATURE OF CERTIFIED WELL CONTRACTOR ATE

Norman T, Costelio
FRINTED NAME QF PERSON CONSTRUCTING THE WELL

Submit the original to the Division of Water Quality within 30 days. Attn: information Mgt.,
1617 Mail Service Center — Raleigh, NC 27699-1817  Phone No. {918} 733-7015 ext 568.

Form GW-1b
Rev, 7105




S&ME

CONE PENETROMETER TEST RESULTS

Project Name:
S&ME Project No.:
Location:

Terrell, North Carolina

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

Sounding: M-53

Groundwater Depth:

Ground Surface Elevation: 818.0 feet
1.5 feet

5.0

Sounding Date: 5/15/08
Tip Stress, qc (tsf) Sleeve Stress, fs (tsf) Pore WateEtPfr)essure, ud
S
0 100 200 300 00 1.0 20 30 40 5.0 0.0 25
0 0 0
10 | 10 | 10 %
ASF ; i 2
SI CL L o s - -‘i
20— 20 T=—_ 20—
SA Si é - EN
L C r \
T — = - t
G e — 30 ¢ = 30
Sl SA e — : e z
40 - 40 | S 40 |
& & o) :
50 - 50 - 50
60 | 60 60
70 - 70 - 70 -
80 - 80 b 80 -

Depth (ft)

o

=
o

N
o

w
o

o
o

ul
o

(o))
o

70

80

Group Number

SBT Group Number®

! Soil Behavior Type (SBT) Group Number, after Robertson (1990)

2 3 4 6
| "
ASE
SI_CL
$ , SA SI
. 4 i s Sl SA
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s&M E CONE PENETROMETER TEST RESULTS
Sounding: M-54

Project Name: Marshall Steam Station Industrial Landfill No. 1

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
Tip Stress, qc (tsf) Sleeve Stress, fs (tsf) Pore Water Pressure, ud Group Number
(tsf) SBT Group Number®
0 100 200 300 00 1.0 20 30 4.0 50 0.0 25 5.0
0 ‘ : 0 ; A 0
2 3 4 5 6 7
i 0 B . ¢
10 10 10 :‘ E §
ASF F E
- s 10 - ‘ s ASF
20 % 20 Y 20 —-\r':!‘ ]
SI CL [€ < F—
: il W SI CL
: — = 20
n g i _’% B = | . & ¢
SASI| 30 - 30 & 30 B
g i ‘?- 5 30 & : ; ? SA Si
S £ R £ = £ — 3 3 1
SISAL Za0 | - 240 [ o= =40 N g T N —
5 - g - & | 40 - St sA
o r — a C e —— a £ \ 2 F ! 4
L = = o Y
E 50 F 50 ¢ E
el - - 50 ¢
60 | 60 | 60 | 60 E
Ly 0. 70 70 -
80 - 80 - 80 F 80 -

! Soil Behavior Type (SBT) Group Number, after Robertson (1990)
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s&M E CONE PENETROMETER TEST RESULTS
© M-55

Project Name: Marshall Steam Station Industrial Landfill No. 1 Sounding:
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
Tip Stress, qc (tsf) Sleeve Stress, fs (tsf) Pore WateEtPfr)essure, ud SBT Group Number!
S
0 100 200 300 00 1.0 20 3.0 40 50 0.0 25 5.0 2 3 5 6
0 ‘ ‘ 0 ‘ ‘ ‘ 0 w T 0 r -
¢ *

ASF L 3 $ . ASF
SI CLp 10 10 "= 10 10 Sl CL
SA S '} g } i : SA Sl
sis| 0 —— —_— — 20t s s

30 - 30 | 30 30
=40 =40 | =40 = 40 ©
g g 5 O
a a g a a B

50 - 50 - 50 | 50 -

60 - 60 - 60 60 -

70 - 70 | 70 | 70 -

80 - 80 - 80 © 80 *©

! Soil Behavior Type (SBT) Group Number, after Robertson (1990)
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S&ME

S&ME Project No.: 1356-08-122
Location: Terrell, North Carolina
Sounding Date: 5/15/08

CONE PENETROMETER TEST RESULTS

Project Name: Marshall Steam Station Industrial Landfill No. 1

Sounding:
Ground Surface Elevation:
Groundwater Depth:

M-56
822.0 feet

1.0 feet

Tip Stress, qc (tsf) Sleeve Stress, fs (tsf)

Pore Water Pressure, ud

5.0

(tsf)
0 100 200 300 0.0 1.0 20 3.0 40 5.0 0.0 2.5
0 0 0
ASH 3 )
10 g 10 10 -
ST_CL — < -
E 3
sas| 20° 20 —} 20
30 T — 30 L 30 —
Sl SA = A=a il
=40 =40 | =40
5 5 5
o L [a] C [a] C
50 - 50 | 50 -
60 | 60 60
70 © 70 | 70 |
80 - 80 © 80 °

Depth (ft)

10

n W N
o o o
T T T T T T T T T T T T T T T T T T T T T T T T Ty

ul
o

(o))
o

70

80

Group Number

SBT Group Number®

2 4 5
$ : |
. s s ASF
= l 2 ST CL
. . L
SA S
*
¢ 3 SI SA

! Soil Behavior Type (SBT) Group Number, after Robertson (1990)
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APPENDIX I11-1

MATERIAL PARAMETERS - UNIT WEIGHT




Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project#:  1411-07-103 Report Date:  November 29, 2007
Project Name: Marshall Steam Station Test Date(s): November 28, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-1 Sample #: 476 Sample Date: November 2, 2007
Location:  Bulk Offset: N/A Depth: 0-5'
Sample Description: _ Red brown clayey SILT with fine sand (MH)
Maximum Dry Density 101.6 PCF. Optimum Moisture Content  19.5 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
120.0 : i, Natural Moisture o
% Content: 25.4%
Liquid Limit: 58
1i5.0 -
L Plastic Limit: 35
- - 100 %hc ':fu Fation Plastic Index: 23
110.0 =L
= . Specific Gravity: 2.650
O ~ | ;
£ . - % Passing
z 1050 T #4 99.6
A Wt #10 98.9
- : #20 97.3
] [ h— N .
— -~ i #40 94.8
100.0 = S T 460 917
2.65 #100 85.7
N #200 73.7
95.0 :
- Oversize Fraction
90.0 _ . Buj/]{c 1\S/;n._Gravity
100 120 140 160 180 200 220 240 260 280 300 o Motsture
Oversize Fraction
Moisture Content (%) MDD
Opt. MC
Moisture-Density Cuarve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) L]
Sieve Size used to separate the Oversize Fraction: #4 Sieve [x 3/8 inch Sieve [ 3/4 inch Sieve £
Mechanical Hammer | Manual Hammer Moist Preparation [¥] Dry Preparation [J
References: ASTMD 698: Laboratory Compaction Charecteristics of Soil Using Standard Effort
ASTM D 2216: Leboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM D 422: Paniicle Size Analysis of Soils ASTM D 854: Specific Gravity of Soils

ASTM I 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM 13 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager




Moisture - Density Report

S&ME Project #:  1411-07-103 Report Date:  November 29, 2007

Project Name: Marshalil Steam Station Test Date(s):  November 28, 2007
Client Name: Duke Energy

Client Address: Charlotte, NC

Boring #: M-1 Sample #: 476 Sample Date: November 2, 2007
Location:  Bulk Offset: N/A Depth: 5-10
Sample Description: Brown red clayey SILT with fine sand (MH)

Maximum Dry Density 97.0 PCF. Optimum Moisture Content  23.0 %

ASTM I 698 Method A

_ {Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
115.0 N : 5 Natural Moisture 27 204
7 . . Content;
t. | Liquid Limit: 57
110.0 - Plastic Limit: 38
- Plastic Index: 19
105.0 ~. \199 o Saturfition . -
= | Curve Specific Gravity:  2.650
0 - -
£, e : % Passing
§ 100.9 " ¥ #4 100
o Ts o #10 099
o = : #20 99.5
+ %\ N L .
i=N =T N #40 99.0
95.0 17 . #60 97.8
L #100 93.5
- #200 80.9
90.0 7 2.65
. T Oversize Fraction
85 0 JI 1 B Bulk Sp. Gravity
- _ : % Moisture
15.0 17.0  19.0 21.0 230 250 27.0 29.0 31.0 33.0 35.0 . .
; 7 : _ ~:fl] Oversize Fraction
Moisture Content (%) i MDD
T M Opt, MC
loisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718y O
ieve Size used to separate the Oversize Fraction: ##4 Sieve 3/8 inch Sieve [ 3/4 inch Sieve [
lechanical Hammer O Manual Hammer Moist Preparation Dry Preparation [
eferences: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Stendard Effort

STM D 2216: Laboratory Determination of Waler (Moisture) Content of Soil and Rock by Mass

STM 1D 422: Particle Size Analysis of Soils ASTM D 854: Specific Gruvity of Soils
STM D 4318: Liquid Limit, Plastic Limi, & Plastic Index of Soils
STM D 2487: Classification of Snils for Engincering Furposes (Unified Soil Classification System)

-

echnical Responsibility: Brian Vaughan, P.E.

Construction Services Manager

S&ME,INC, 155 Tradd Street Spartanburg, SC 29301 Procter #476 (M-1, 5-10') 11-29-07.xls



Laboratory Keport Version 4.2

Moisture - Density Report

S&ME Project#:  1411-07-103 Report Date:  November 29, 2007
Project Name: Marshall Steam Station Test Date(s): November 28, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-1 Sample #: 476 Sample Date: November 2, 2007
Location: Bulk Offset: N/A Depth: 10-15'
Sample Description: Brown fine sandy clayey SILT (ML)
Maximum Dry Density  104.7 PCF. Optimum Moisture Content  18.7 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
120.0 7 Natuéal Moi.sture 21.7%
¥ ontent:
Liquid Limit; 47
115.0 . e
Plastic Limit: 32 .
: < Plastic lndex: 15
110.0 S
= Specific Gravity: 2.650
(] T 13- aaﬂ#’l‘ﬁt Ol -
&, S v % Passing
2 = 3/8" 99.7
o v N #10 98.2
e V4 #20 95.8
A e .
s po 565 #40 91.5
100.0 . #60 88.0
- ' #100 82.2
: #200 68.2
95.0
Oversize Fraction
90.0 . s Bui{ sf.‘Grawty
© 100 120 140 160 180 200 - 22.0 240 260 280 30.0 o Moisture
Oversize Fraction
Moisture Content (%) MDD
Opt. MC
Muoisture-Pensity Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) [
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve [J 3/4 inch Sieve [
Mechanical Hammer O Manuoal Hammer Moist Preparation Dry Preparation [
References: ASTM I} 698: Laboralory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Laboratory Determtination of Water (Moisture) Content of Soil and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils . ASTM D 854; Specific Gravity of Soils

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unified Soi} Classification System)

Technical Responsibility: Brian Vaughan, P.E. ' Construction Services Manager




LabruralJly REPULL VEISlhil 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: December 3, 2007
Project Name: Marshall Steam Station Test Date(s): ~ November 30, 2007
Chent Name: Duke Energy
Client Address: - Charlotte, NC
Boring #: M-=2 Sample #: 476 Sample Date: November 7, 2007
Location:  Bulk Offset: N/A Depth: 0-5'
Sample Description: Red brown micaceous fine sandy clayey SILT (ML)
Maximum Dry Density 98.2 PCF. Optimmn Moisture Content  22.0 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures _ Soil Properties
1150 e . Natural Moisture 12.99;
> Content:
~f| Liquid Limit: 46
110.0 N : Plastic Limit: 36
- - Plastic Index: 10
- ~. [100% Saturption
105.0 . .
= .| Curve Specific Gravity: 2.650
g % Passing
g 100.0° 1 | #a 160
A p - T : #10 1600
E o < . . : #20 8%.8
- \\ o : #40 58.3
95.0 : #60 91.%
' #100 80.3
e #200 64.3
90.0 2.65
Oversize Fraction
85.0 ] — ; Bulk Sp..Gravity
, % Moisture
150 17.0 ¢ 19.0 210 230 250 27.0  25.0 31.0 330 35.0. . .
_ SN - ‘¥t Oversize Fraction
Moisture Content (%)! : MDD
vioisture-Density Cuarve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) [J
teve Size used to separate the Oversize Fraction: . #4 Sieve 3/8 inch Sieve 3/4 inch Sieve [l
viechanical Hammer 0 Manua] Hammer Moist Preparation Dry Preparation [
teferences: ASTM 1 698: Laboratory Compaction Characteristics of Seil Using Standard Effort
ST D 2216: Luboratory Determination of Water (Moistre) Content of Soil and Rock by Mass
WSTM D 422: Particle Size Anglysis of Soils ASTM D 854: Specific Gravity of Soils

ST I3 4318: Liquid Limit, Plastic Limit, & Plestic Index of Soils
WSTM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification Systern)

‘echnical Responsibility: Brian Vaughan, P.E, Construction Services Manager

S&EMEINC, 155 Tradd Street Spartanburg, SC 29301 Proctor #476 (M—Z, (-5 12-3-07.xls



Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: December 3, 2007
Project Name; Marshall Steam Station Test Date(s): November 30, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-2 Sample #: 476 Sample Date: November 7, 2007
Location:  Bulk Offset: N/A Depth: 510"
Sample Description: Light brown micaceous fine sandy SILT (ML)
Maximum Dry Density 102.2 PCF. Optimum Moisture Content  18.0 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
120.0 2 Natural Moisture 5
Content: 9.9%
Liquid Limit: 33
115.0 - e e
Plastic Limit; 31
- - 100 %ﬁ‘ “T' Fation Plastic Index: 2
110.0 =L . .
= . Specific Gravity: 2.650
&) N T
£ - % Passing
2 [105:0 § #4 100
s N #10 100
o - e : #20 99.2
o) " - N .
w7 NG - #40 95.9
1000 ~ T #60 86.9
165 #100 71.5
: #200 50.8
95.0 N
; Oversize Fraction
90.0 Buqli( f;..Gt;avﬁy
100 120 140 160 180 200 220 240 260 280  30.0 oo
Oversize Fraction
Moisture Content (%) MDD
Opt. MC
Maoisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) O
Sieve Size used to separate the Oversize Fraction: #4 Sieve X 3/8 inch Sieve O 3/4 inch Sieve [
Mechanical Hammer O Manual Hammer Moist Preparation Dry Preparation [
References: ASTM I> 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils ASTM D B54: Specific Gravity of Soils

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unifted Soil Classification System)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager




LADOTAROTY KEpPOrT VErsion 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: December 3, 2007
Project Name: Marshall Steam Station Test Date(s): November 30, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-2 Sample #: 476 Sample Date: November 7, 2007
Location: Bulk Offset: N/A Depth: 10-15
Sample Description: Tan micaceous silty fine SAND (SM)
Maximum Dry Density 107.1 PCF. Optimum Moisture Content  16.4 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
120.0 Natural Moisture 0
< Content: 7.0%
o Liquid Limit: 31
115.0 -
: Plastic Limit: 29
< 100 B/: atupation Plastic Index: 2
110.0 - L
= . Specific Gravity: 2.650
] N T
&~ e S % Passing
Z [1050 \V ‘ #4 99.9
) s #10 99.7
g e #20 97.7
100.0 I #40 50.3
' : #60 79.4
263 #100 64.0
T #200 44.1
95.0 L
T Oversize Fraction
90.0 Bu:/k ;1[) .Grawty
10.0 120 140 160 180 200 220 240 260 280 300 » Vioisture
Oversize Fraction
Moistare Content (%) MDD
Opt. MC
Vioisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction {ASTM D 4718) [0
sieve Size used to separate the Oversize Fraction: ~ #4 Sieve 3/8 inch Sieve O3 3/4 inch Sieve [
viechanical Hammer & Manual Hammer Moist Preparation Dry Preparation [
teferences: ASTM D 698: Laborstory Compaction Characteristics of Soil Using Standard Effort
\STM DD 2216: Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
\STM D 422: Particle Size Analysis of Soils ASTM D 834: Specific Gravity of Soils

\STM 12 4318: Liguid Limit, Plastic Limit, & Plastic Index of Soils
\STM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)

Fechnical Responsibility: Brian Vaughan. P.E. Construction Services Manager

S&MEINC. 155 Tradd Street Spartanburg, SC 29301 Proctor #476 (M-2, 10-15") 12-3-07.xis



LoDHATY KEPOTL VOrSIen 4.4

Moisture - Density Report

S&ME Project #: 1411-07-103 ReportDate:  December 13, 2007
Project Name: Marshall Steam Station Test Date(s): December 12, 2007
Clieni Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-3 Sample #: 476 Sample Date: November 1, 2007
Location:  Bulk Offset: N/A Depth: (-5
Sample Description: Red brown fine sandy clayey SILT (ML)
Maximum Dry Density 993 PCF. Optimum Moisture Content  22.5 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
. : ' Natura] Moisture a
115.0 = Content: 22.1%
. 4
> #| Liquid Limit: 48
119_..0 _ N Plastic Limit: 33
= - Plastic Index: 15
. H00¥6 Saturhtion
—~ 105.0 .| Curve Specific Gravity: 2.650
%)Q ! ) % Passing
2 100.0 T
2 . y #4 100
5 - : Y
a - I I N #10 99.7
E //" A N #20 98.5
— | N #40 924
950 . #60 85.1
: #100 75.8
L #200 63.6
90.0 2.65
= : Oversize Fraction
85.0 - S - n BulkcSp. Gravity
: L %o Moisture
i5.0 17.0 19.0 2.0 23.0 254 27.0 250 31.0 33.0 ° 350 . .
o ; I Oversize Fraction
Moisture Content (%)I MDD
Aoisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) [

Jieve Size used 1o separate the Oversize Fraction:

viechanical Hammer

#4 Sieve

O Manual Hammer

Moist Preparation [X]

3/8 inch Sieve [ 3/4 inch Sieve [

Dry Preparation [

References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Stendard Effort

WSTM D 2216: Labaratory Determination of Water (Moisture) Content of Soil and Rocle by Muss

W STM D 422: Particie Size Analysis of Soils ASTM 1) 834: Specific Gravity of Soils
\STM D 4318: Liguid Limit, Plastic Limit, & Plastic Index of Soils

STM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)

[echnical Responsibility: Brian Vaughan, P.E.

Construction Services Manager

S&ME,INC. 155 Tradd Street Spartanburg, SC 29301 Proctor #476 (M-3, 0-5') 12-12-07.xs



Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #:  1411-07-103 Report Date:  December 13, 2007
Projeet Name: Marshall Steam Station Test Date(s): December 12, 2007
Client Name: Duke Energy
Client Address; Charlotte, NC
Boring #: M-3 Sample #: 476 Sample Date: November 1, 2007
Location: Bulk Offset: N/A Depth: 5-1¢
Sample Description: Brown red micaceous medium to fine sandy clayey SILT (ML)
Maximum Pry Density 101.9 PCF. Optimum Moisture Content  20.0 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggrepate Mixtures Soil Properties
120.0 - Natural Moisture o
Content: 19.2%
: Liquid Limit: 41
115.0 R
Plastic Limit: 34
< Plastic Index: 7
110.0 ~
= = Specific Gravity: 2.650
U =
& . B0-%-Saturption % Passing
-E‘ N CU YT
2 [105.0 - ;! #4 99.9
o . #10 99.5
b -
| & ] 8 = #20 96.9
- ™ B #40 88.9 -
100.0 Lt AN
: : ® Ny #60 80.4
265 #100 69.5
#200 54.1
95.0 ‘
Oversize Fraction
90.0 + Bunljc Ii{p..Grawty
100 120 140 160 180 200 220 240 260 28.0 30.0 o Vioisture
Oversize Fraction
Moisture Content (%) ' ' MDD
= Opt. MIC
Moisture-Density Curve Displayed: Fine Fraction [X Corrected for Oversize Fraction (ASTM D 4718y O
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve O 3/4 inch Sieve [
Mechanical Hammer £l Manual Hammer [X] Mauist Preparation Dry Preparation [0
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Usmg Standard Effort
ASTM D 2216: Laboratory Determination of Water (Moistare) Content of Soil and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils ASTM D 834: Specific Gravity of Soils

ASTM D 4318: Liguid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager




Laboratery Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date:  December 13, 2007
Project Name: Marshall Steam Station Test Date(s): December 12, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-3 Sample #: 476 Sample Date: November I, 2007
Location:  Bulk Offset: N/A Depth: 10-15'
Sample Description: Brown tan micaceous medium to fine sandy clayey SILT (ML}
Maximum Dry Density 1045 PCF. Optimum Moisture Content  17.6 %
ASTM D 698 Method A
- |Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
120.0 -‘ ' - f| Natural Moisture 0
' | Content: 16.1%
L B[ Liquid Limit: 37
is0- \ -
R Plastic Limit: 33
e 4
i B| Plastic Index: 4
110.0 e
= * ‘8 | Specific Gravity: 2.650
O e .
& - 00-24-Saturhtion % Passing
%‘ - R Cufve :
2 [105.0° p— § #4 99.7
o § Ll -
af. e, _ #10 98.6
gl Nef o #0 95.6
. L % B #40 86.2
100.0 ~ {1 #60 76.1
2.65 - #100 65.4
: ; #200 51.5
95.0 -
T Oversize Fraction
: 99.0 L — Buugc E/E -Gra\nly
100 120 140 160 180 200 220 240 260 280, 30.0. o Vioisture
_ , T - Ay Oversize Fraction
Moisture Content (%) R R MDD
. ' ' 4| opt. MC
vioisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) 1
sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve [ 3/4 inch Sieve [
viechanical Hammer ] Manual Hammer Moist Preparation Dry Preparation [
teferences: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
\STM D 2216: Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
WSTM D 422; Particle Size Analysis of Soils ASTM D §54: Specific Gravity of Soils

WSTM D 4318 Liquid Limit, Plastic Limit, & Plastic Index of Soils
\STM DD 2487: Classification of Soils for Engineering Purposes (Unified Soi! Classification System)

Pechnical Responsibility: Brian Vaughan, P.E. Construction Services Manager

S&ME,INC. 155 Tradd Street Spartanburg, SC 29301 Proctor #476 (M-3, 10-15") 12-12-07.xis



Laboratory Report Version 4,2

Moisture - Density Report

S&ME Project#:  1411-07-103 Report Date: January 7, 2008
Project Name: Marshall Steam Station Test Date(s): January 4, 2008
Client Name; Duke Energy
Client Address: Charlotte, NC
Boring #: M-4 Sample #: 492 Sample Date: ~ November 29, 2007
Location:  Bulk Offset: N/A Depth: 0-5'
Sample Description: Red brown silty CLAY with fine sand (CH)
"Maximum Dry Density 96.5 PCF. Optimum Moisture Content 241 %
ASTM D 698 Method A
Moisture-Density Relations of Seoil and Soil-Aggregate Mixtures Soil Properties
- 31 Natural Moisture '
115.0 = 7 Qo
: Content: 22.5%
: Liquid Limit: 53
110.0 - Plastic Limit: 28
‘\‘ Plastic Index: 25
105.0 ~. i100% Saturption ' -
= 1. | Curve Specific Gravity: 2.650
O - : -
& - % Passing
| & ' 1 3/8" 99.6
g | 100.0 =T 4 97.6
A s #10 94.8
E Ty - #20 93.1
e - #40 91.1
95.0 \@ T #60 88.2
N #100 82.0
1Y - : #200 70.9
90.0 2.65
. Oversize Fraction
85.0 } Bulk Sp. Gravity
> ' % Moisture
15.0 17.0 19.0 210 23.0 25.0 27.0 29.0 31.0 33.0 35.0 . .
Oversize Fraction
Moisture Content (%)l o MDD
' z Opt. MC
Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) [1
Sieve Size used to separate the Oversize Fraction: #4 Sieve X 3/8 inch Sieve O 3/4 inch Sieve O
Mechanical Hammer 1 Manual Hammer Moist Preparation Dry Preparation [
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Laboratery Determination of Water (Moisture} Content of Soil and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils ASTM D 854: Specific Gravity of Soils

ASTMT) 4318; Liguid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487 Classification of Soils for Engincering Purposes (Unified Soil Classification System)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager
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LA0OIory seporl versian 4.2

Moisture - Density Report

S&ME Project#:  1411-07-103 Report Date: January 7, 2008
Project Name: Marshall Steam Station Test Date(s): Januoary 4, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring#:  M-4 Sample #: 492 Sample Date: ~ November 29, 2007
Location:  Bulk Offset: N/A Depth: 5-10
Sample Description: Red orange brown fine sandy clayey SILT (ML)
Maximum Dry Density 105.0 PCF. Optimum Moisture Content  18.7 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
120.0 - -} | Natural Moisture 0
< Content: 16.4%
Liquid Limit: 45
115, i L
115.0 Plastic Limit: 28
100 %qftatu atign Plastic Index: 17
110.0 L
= - Specific Gravity:  2.650
o .
& s % Passing
Z (1050 -
| = RER, | iy <
TElT ] <—F #4 99.4
=l B e N | #10 97.1
\E N 420 95.7
' i #40 93.6
100.0 \ #60 89.7
2.65 N #100 81.2
o #200 67.5
95.0
Oversize Fraction
90.0 Bu?]ii I?dp.‘(_?ra\.'lt;,/
100 120 140 160 180 200 22.0 240 260 280  30.0 o Moisture
: = , ~ J | Oversize Fraction
Muoisture Content (%) ' - o MDD
. Opt. MC
Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) O
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve [ 3/4 inch Sieve O
Mechanical Hammer O Manual Hammer X Muist Preparation ' Dry Preparation E1
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216; Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils ASTM D 854; Specific Gravity of Soils

ASTM 1D 4318; Liguid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Clessification of Soils for Engineering Purposes (Unified Soil Classification System)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager
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Moisture - Density Report

S&ME Project #; 1411-07-103 Report Date: January 7, 2008
Project Name: Marshall Steam Station Test Date(s): January 4, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M4 Sample #: 492 Sample Date:  November 29, 2007
Location:  Bulk Offset: N/A Depth: 10-15'
Sample Description: Red orange brown fine sandy clayey SILT (ML)
Maximum Dry Density  108.1 PCF. Optimum Moisture Content  17.0 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
120.0 - Natural Moisture o
o Content: 16.1%
Liquid Limit: 40
1150 i Plastic Limit: 26
N - 100 %hc 2: Lation Plastic Index: 14
110.0 M
= = Specific Gravity: 2.650
O " - i
B, //g ™ . % Passing
j.:>.“ @/ \@ e
g [1050 §i 4 98.3
() ts #10 97.0
QE‘ - #20 95.8
i #40 92.6
100.0 T #60 86.4
2.65 #100 76.4
S #200 63.1
95.0 .
S Oversize Fraction
90.0 . — Buulk Sp.-Gravity
100 120 140 160 180 200 220 240 260 280 30,0 7 Molsture
Oversize Fraction
Moisture Content (%) MDD
' Opt. MC

Moisture-Density Curve Displayed: Fine Fraction

Sieve Size used to separate the Oversize Fraction: #4 Sieve
Viechanical Hammer [J Manual Hammer Moist Preparation
References: ASTM I3 698: Laboratory Compaction Charncteristics of Soil Using Standard Effort

ASTM D> 2216: Leboratory Determination of Water (Moisture) Content of Soil and Rock by Mass

ASTM D 422; Particle Size Analysis of Soils ASTM D 854: Specific Gravity of Soils
ASTM D 4318: Liguid Limit, Plastic Limit, & Plastic Index of Soils 7

ASTM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)

Corrected for Oversize Fraction (ASTM D 4718) 0O
3/8 inch Sieve 3/4 inch Sieve [
Dry Preparation [

l'echnical Responsibility: Brian Vaughan, P.E. Construction Services Manager

S&ME,INC. 135 Tradd Street Spartanburg, SC 29301 Proctor #492 (M-4, 10-15") 1-7-08.xls



Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: December 21, 2007
Project Name: Marshall Steam Station Test Date(s): December 20, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-6 Sample #: 483 Sample Date: November 14, 2007
Location:  Bulk Offset: N/A Depth: 0-5'
Sample Description: Red brown clayey SILT with trace fine sand (MH)

Maximum Dry Density 894 PCF. Optimum Moisture Content 295 %

ASTM D 698 Method A

Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties

Natural Moisture

105.0 T Content: 31.9%
Liquid Limit: 68
100.0 T Plastic Limit: 38
- - 100% Saguration Plastic Index: 30
v Curye
= 93.0 T ‘ Specific Gravity: 2.650
g Sl % Passing
1 oo L \ .
z _ #4 99.9
E SN #20 98.9
. - j #40 982
85.0 il #60 97.1
#100 94.9
\ #200 89.2
80.0 -
Oversize Fraction
T50 B Bulk Sp. Gravity

% Moisture
20.0 220 240 26.0 28.0 30.0 . 32.0 34.0 36.0 38.0 40.0 . .
QOversize Fraction

Moisture Content (%)l MDD
Opt. MC

Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) O
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve 0O 3/4 inch Sieve
Mechanical Hamrner O Manual Hammer Moist Preparation Dry Preparation O
References: ASTM I 698: Laboratory Compaction Characteristics of Soil Using Standard Effort

ASTM D> 2216: Leboratory Determination of Water (Moisture) Content of Seil and Rock by Mass

ASTM D 422 Particle Size Analysis of Soils ASTM D 854: Specific Gravity of Soils

ASTM D 43 18: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes {Unified Soil Classification Systern}

Technical Responsibility: Brian Vaughan, P.E, Construction Services Manager
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Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: December 21, 2007
Project Name: Marshall Steam Station Test Date(s): December 20, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-6 Sample #: 483 Sample Date: November 14, 2007
Location:  Bulk Offset: N/A Depth: 5-10'
Sample Description: Red brown clayey SILT with fine sand (MH)

Maximum Dry Density 93.0 PCF. Optimum Moisture Content  27.0 %

ASTM D 698 Method A

Soil Properties

Moisture-Density Relations of Soil and Soil-Aggregate Mixtures

105.0 - Natural Moisture 32.7%
N Content:
L Liquid Limit: 54
1090.0 “r— ~ Plastic Limit: 36
L ‘ 100% Saturation Plastic Index: 18
- nrye
95.0 .
= e Specific Gravity: 2.650
O P - .
4 L t. % Passing
% 90.0 \‘\ Ny #H4 599
3 1 #10 99.7
E b i #20 99.1
. i #40 98.1
85.0 265} #60 96.2
s #100 91.8
4 #200 81.7
80.0
Oversize Fraction
Bulk Sp. Gravity
75.0 . - %% Moisture

20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0 360 38.0 46.0 . .
. - Oversize Fraction

Muoisture Content (%)I o o | MDD
. Opt. MC

Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) 0O
Sieve Size used to separate the Oversize Fraction: #d Sieve 3/8 inch Sieve O , 3/4 inch Sieve [
Mechanical Hammer O Manual Hammer [ Moist Preparation [X] ' Dry Preparation [
References: ASTM D 698: Laboratory Compaction Characieristics of Seif Using Standard Effort

ASTM T3 2216: Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass

ASTM D 422: Particle Size Analysis of Seils ASTM D 854: Specific Gravity of Soils

ASTM DD 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unified Seil Classification System)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager

S&EMTE.INC. 155 Tradd Street Spartanburg, SC 29301 Proctor #483 (M-6, 5-10") 12-21-07.xIs
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Moisture - Density Report

S&ME Project#:  1411-07-103 Report Date: December 21, 2007
Project Name: Marshall Steam Station Test Date(s): December 20, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring#: M-6 Sample #: 483 Sample Date: November 14, 2007
Location:  Bulk Offset; N/A " Depth: 10-15'
Sample Description: Brown red micaceous clayey SILT with fine sand (ML)
Maximum Dry Density 90.6 PCF. Optimum Moisture Content 272 %
ASTM D 698 Method A
" |Moisture-Density Relations of Soil and Socil-Aggregate Mixtures Soil Properties
105.0 Natural Moisture 32 89
. Content:
" Liquid Limit: 45
100.0 T Plastic Limit: 39
" i 100% Satnration . Plastic Index: 6
- - Curye
959 - , :
> 5 e Specific Gravity: 2.650
£ : : % Passing
E] . 4* \ "
21 90.0 o i1 #4 99.9
5] ~
a 9 N #10 99.4
E‘ YN #20 98.3
: #40 90.4
85.0 2.65 #60 92.8
e #100 84.2
. #200 70.4
80.0 :
Oversize Fraction
750 - Buﬂlk Sp..Gravity
% Moisture
200 220 240 260 280 30.0 320 340 360 38.0 - -40.0 . .
_ Oversize Fraction
Moisture Content (%)l , - MDD
' Opt. MC
Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) 0O
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve O 3/4 inch Sieve {1
Mechanical Hammer O Mannal Hammer Moist Preparation [X] Dry Preparation O3
References: 'ASTM I 698; Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Laboratory Determination of Water {(Moisture) Content of Soil and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils ASTM 1D 854: Specific Gravity of Soils

ASTM D 4318: Liquid Limit, Plastic Limit, & Pastic Index of Soils
ASTM D 2487: Classification of Soils for Engincering Purposes (Unified Soil Classification System)

Technical Responsibility: Brian Vaughan, P.E. . Construction Services Manager
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Moisture - Density Report

S&ME Project #:  1411-07-103 Report Date: January 11, 2008
Project Name: Marshail Steam Station Test Date(s): January 10, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring#:  M-7 Sample #: 492 Sample Date: ~ November 26, 2007
Location: Bulk Offset: N/A Depth: (-5
Sample Description: Brown red medium to fine sandy silty CLAY (CL) '
Maximum Dry Density  106.5 PCF. Optimum Moisture Content  17.0 %
ASTM D 698 Method A ,
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
120.0 Natugal Moirv.ture 18.8%
<] ontent;
Liquid Limit: 41
115.0 Plastic Limit: 25
5 100 D/':_'T" Fation Plastic Index: 16
110.0 L ‘ _
= . Specific Gravity: 2.650
L . ;
& - % Passing
z Pl N - 3/8" 99.8
2 joso 7 N #4 98.7
) | #10 97.1
E 4 - #20 93.4
T #40 874
100.0 D #60 78.6
2_65FMMM #100 66.5
- #200 53.5
95.0 .,
~ Oversize Fraction
90.0 Buol/k 1E;‘./}J._Gnrla;\.rlty
100 120 140 160 180 200 220 240 260 280 300 o VoISHTE
Oversize Fraction
Moisture Content (%) MDD
Opt. MC
Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) [3
Sieve Size used to separate the Oversize Fraction: #4 Sieve [X] 3/8 inch Sieve [ 3/4 inch Sieve [
Mechanical Hammer O Manual Hammer [X] Moist Preparation Dry Preparation O3

References: ASTM B 698; Laboratory Compaction Characteristics of Soil Using Standard Effort

ASTM D 2216: Laboratory Determination of Water (Moisture} Content of Soil and Rock by Mass

ASTM D 422: Particle Size Analysis of Seils ASTM D 854: Specific Gravity of Soils
ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils

ASTM I} 2487: Classification of Soils for Engineering Purposes (Unified Seil Classification System)

Construction Services Manager

Technical Responsibility: Brian Vaughan, P.E.

S ONT TN 155 T'radd Street Spartanbore. SC 20301 Proctor #2492 (M-T. 0-5"y 1-11-D8 x1s



Lavdlatuly ACpuUlL Yoisiull 4.2

Moisture - Density Report

S&ME Project #:  1411-07-103 Report Date: January 11, 2008
Project Name: Marshall Steam Station ' Test Date(s): January 10, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: = M-7 Sample #: 492 Sample Date: November 26, 2007
Location:  Bulk Offset: N/A Depth: 5-10
Sample Description: Brown red clayey silty fine SAND (SC-SM)
Maximum Dry Density 115.8 PCF, Optimum Moisture Content  13.3 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
130.0- Natural Moisture o
Content; 12.9%
Liquid Limit: 28
125.0 s Plastic Limit: 21
7 = Plastic Index: 7
120.0 . 1&)0% Satlaration
ET B : Curye Specific Gravity: 2.650
O < . T
& - % Passing
b ’-"--‘ o
) N .
z | 115.0 - % S #4 99.4
0 L <
a o > #10 93.5
E‘ - #20 95.4
#40 89.5
11(}.07 2,65 460 789
#100 62.1
L AN #200 44.7
105.0 =
— Oversize Fraction
160.0 — Bulk Sp. Gravity
56 7.0 90 110 130 150 170 190 210 230 250 % Moisture
- c o , : Oversize Fraction
M_msture ontent (%) | | MDD
. . ' Opt. MIC
Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) 1O
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve I 3/4 inch Sieve I
Mechanical Hammer - [J Manual Hammer [X] Moist Preparation Dry Preparation [
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216; Laboratory Determination of Water (Moisture) Content of Soit and Rock by Mass
ASTM I3 422; Particle Size Analysis of Soils : ASTM D 854: Specific Gravity of Soils
ASTM D 4318:; Liquid Limit, Piastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)
Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager
) Fosition
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Lnboratory Report Version 4.2

Moisture - Density Report

S&ME Project #:  1411-07-103 Report Date: January 11, 2008
Project Name; Marshali Steam Station Test Date(s): January 10, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-7 Sample #: 492 Sample Date: ~ November 26, 2007
Location:  Bulk Offset: N/A Depth: 10-15'
Sample Description: Red brown fine sandy clayey SILT (ML)
Maximum Dry Density  110.9 PCF. Optimum Moisture Content 162 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
125.0 i T Natural Moi'sture 11.2%
N Content:
- Liquid Limit: 35
120.0 — LT .
. Plastic Limit: 27
s 00 Y% Saturation .
: oturto Plastic Index: 8
YU
115.0 .-
g Specific Gravity: 2.650
& ~: % Passing
i D B
5 N
Z J110.0 /l NI a4 99,5
A | - #10 08.2
£ - #20 95.9
AN #40) 91.6
105.0 S '
: #60 85.5
2,65 #100 75.0
5 #200 59.8
100.0 e
L QOversize Fraction
95.0 s _Bulk Sp. Gravity
o .
1.0 120 140 160 180 200 220 240 260 280 300 % Moisture
- Oversize Fraction
Moisture Content (%) MDD
Opt. MC
Moisture-Density Curve Displayed: Fine Fraction [ Corrected for Oversize Fraction (ASTM D 4718) [
Sieve Size used to separate the Oversize Fraction: #4 Sieve BJ 3/8 inch Sieve [ 3/4 inch Sieve [
Mechanical Hammer O Manual Hammer Moist Preparation Dry Preparation O
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils ASTM D 854: Specific Gravity of Soils
ASTM D 4318: Liquid Limit, Prastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Enginecring Purposes (Unified Soil Classification System)
Technical Responsibility: Brian Vanghan, P.E. Construction Services Manager

S&ME,INC. 155 Tradd Street Spartanburg, SC 29301 Proctor #492 (M-7, 10-15") 1-11-08.xls



Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: January 2, 2008
Preoject Name: Marshall Steam Station Test Date(s): December 28, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-8 Sample #: 483 Sample Date: November 13, 2007
Location:  Bulk Offset: N/A Depth: 0-5'
Sample Description: 'Tan brown fine sandy silty CLAY (CL)
Maximum Dry Density 114.5 PCF. Optimum Moisture Content  15.0 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
130.0 _ Natural Moisture 9 4%
Content:
Liquid Limit: 44
125.0 N Plastic Limit: 21
Plastic Index: 23
120.0 YUY Satkiration
_ - Curje Specific Gravity: 2.650
b
g % Passing
@ 115.0 7 : #4 98.9
A P #10 95.8
2 v : #20 92.0
=N B #40 87.4
110.0 2,65 #60 82.3
#100 74.5
#200 61.4
105.0 .
T Oversize Fraction
100.0 o Bulk Sp..Gravity
50 7.0 %0 1L0 130 150 17.0 190 210 230 250 % Moisture
Oversize Fraction
Moisture Content (%)I _ MDD
, : Opt. MC
Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) OO
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve [ 3/4 inch Sieve O
Mechanical Hammer O Manual Hammer Moist Preparation [¥] Dry Preparation []
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D2 2216; Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM I3 422: Particle Size Analysis of Seils ASTM D 854 Specific Gravity of Soils

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)

Soil Description is based on a visual classificntion.

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager

Pasition




Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: January 2, 2008
Project Name: Marshall Steam Station Test Date(s): December 28, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring#: M-8 Sample #: 483 Sample Date:  November 13, 2007
Location:  Bulk Offset: N/A Depth: 5-10¢
Sample Description: Tan brown fine sandy silty CLAY (CL)
Maximum Dry Density 1177 PCE. Optimom Moisture Content  12.0 %
ASTM D 698 Method A
. - . . . . Soil Properties
Moisture-Density Relations of Soil and Seoil-Aggregate Mixiures rop
130.0 : Natural Moisture 7 4%
. Content:
Liquid Limit: 36
125.0 = Plastic Limit: 23
- Plastic Index: 13
120.0 TP0% Satkration
_ . . Curbe Specific Gravity: 2.650
by .
g/ e N I N % Passing
= o] \\ ] 378" 09.7
g [ 1150 '“\ — #4 96.8
a NI #10 92.5
2 i #20 88.5
= : #40 83.9
110.0 2.65 #60 787
#100 69.3
e #200 53.5
105.0
P Oversize Fraction
100.0 . ._ - Bulk Sp..Gravity
50 7.0 90 1.0 130 150 170 190 210 230 250 “ Moisture
: Oversize Fraction
Moisture Content (%) : MDD
Opt. MC
Moisture-Density Curve Displayed: Fine Fraction [X Corrected for Oversize Fraction (ASTM D 4718) 0O
Sieve Size used to separate the Oversize Fraction; #4 Sieve [X 3/8 inch Sieve B 3/4 inch Sieve
Mechanical Harmmer 0 Manual Hammer Moist Preparation Dry Preparation O
References: ASTM D 698: Laboratory Compaction Characteristics of Soit Ustng Standard Effort
ASTM D 2216: Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM [ 422: Particle Size Analysis of Soils ASTM D 854: Specific Gravity of Sails

ASTM D 4318: Liguid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classiftcation System)

Technical Responsibility: Brian Vaughan. P.E. Construction Services Manager

Position

S&ME,INC. 155 Tradd Street Spartanburg, SC 29301 Proctor #483 (M-8, 5-10') 1-2-08.xls



Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-067-103 Report Date: January 2, 2008
Project Name: Marshal Steam Station Test Date(s): December 28, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring# M-8 Sample #: 483 Sample Date: ~ November 13, 2007
Location:  Bulk Offset: N/A Depth: 10-15'
Sample Description: Tan brown fine sandy silty CLAY (CL)
Maximum Dry Density  113.8 PCF. Optimum Moisture Content  14.0 %
ASTM D 698 Method A
. . - . . ; oil i
~ |Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
1300 e : - Natural Moisture 10.8%
Content:
| Liquid Limit: 38
125.0 - Plastic Limit: 23
Plastic Index: 15
120.0 T90% Saturation
_ . i Curbe Specific Gravity: 2.650
[ K
E;i % Passing
@ | 1150 - #4 99.3
fat E AT #10 97.8
[ _ o N #20 96.0
= | »-| #40 92.6
110.0 2.65 #60 87.4
#100 78.2
- : #200 61.5
105.0 -
T Oversize Fraction
100.0 : B i Bulk Sp. Gravity
5.0 70 %0 1L¢ 130 150 17.0 19.0 210 23.0 250 % Moisture
: g Oversize Fraction
Moisture Content (%) MDD
Opt. MIC
Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) [
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve O 3/4 inch Sieve ]
Mechanical Hammer B Manual Hammer [X] Moist Preparation Dry Preparation [J
References: ASTM D 698: Laboratory Campaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Laboratory Determination of Water (Moisture) Content of Soif and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils ASTM D 854: Specific Gravity of Soils
ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Sails
ASTM 13 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)
Technical Responsibility: Brian Vaughan. P.E. Construction Services Manager

Position

S&ME,INC. 155 Tradd Street Spartanburg, SC 29301 Proctor #483 (M-8, 10-15") 1-2-08.xIs



Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project#:  1411-07-103 Report Date:  December 20, 2007
Project Name: Marshall Steam Station Test Date(s): December 19, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #  M-16 Sample #: 476 Sample Date: November 5, 2007
Location: Bulk Offset: N/A Depth: 3-5'
Sample Description: Tan brown fine sandy silty CLAY (CL)
Maximum Dry Density  114.7 PCF. Optimum Moisture Content  15.7 %
ASTM D 698 Method A
_ Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
125.0 - Natural Moisture o
Content: 16.4%
Liquid Limit: 34
120.0 < Lo
: 100-2%|Satliration Plastic Limit: 18
N TCurve
A{ Plastic index: 16
115.0 -
= /"’\\‘i_ Specific Gravity: 2.650
o B / & v
) » \.‘ % Passing
Vi N
oy o S
2 |10 = #4 100
o) t #10 69.5
£ - #20 98.3
T 105.0 ‘; #40 95.6
- ]2.65 #60 88.8
N #100 753
" #200 574
100.0 X
\ Oversize Fraction
- 95.0 N . Buﬁ( I?;)..Grawty
10.0 12.0 140  16.0 18.0 2000 220 240 26.0 ° 28.0 . 30.0 ’ . msture-
A Oversize Fraction
Moisture Content (%) e MDD
- - Opt. MC
Muisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) [J
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve [ 3/4 inch Sieve OO
Mechanical Hammer O Manual Hammer [X] Moist Preparation [X] Dry Preparation OO
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D> 2216: Laberatory Determination of Water (Maoisture} Content of Soil and Rock by Mass
ASTM D3 422: Particle Size Analysis of Soils ASTM D 854: Specific Gravity of Soils

ASTM D 4318; Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager




Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: December 20, 2007
Project Name: Marshall Steam Station Test Date(s): December 19, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-16 Sample #: 476 Sample Date: November 5, 2007
Location:  Bulk Offset: N/A Depth: g-10'
Sample Description: Tan olive brown micaceous clayey silty fine SAND (5C)
Maximum Dry Density 125.5 PCF. Optimum Moisture Content  11.0 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
135.0 . : Natural Moisture 6.3%
i Content:
: Liquid Limit: 27
130.0 Plastic Limit: 18
Plastic Index: 9
__ 1250 \'\ Specific Gravity: 2.650
fr,
% & \ % Passing
2 Y. 100%4 Satmiration
B | 120.0 N #4 99.7
g e #10 98.6
A ‘ .
& . #20 96.0
2 #40 90.0
115.0 . #60 793
N #100 63.8
- #200 45,0
110.0 2.65
| .. Oversize Fraction
105.0 — . Bulk Sp. .Gravity
50 7.0 90 1.0 130 150 170 190 210 230 250 % Moisture
- Oversize Fraction
Moisture Content {%) MDD
Opt. MC
Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) O

Sieve Size used to separate the Oversize Fraction:

Mechanical Hamrer

#4 Sieve

[l Manual Hammer [X] Moist Preparation

3/8 inch Steve £

3/4 inch Sieve O
Dry Preparation [

References:

ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort

ASTM D 2216: Laborstory Determination of Water (Maoisture) Content of Seil and Rock by Mass

ASTM D 422: Particle Size Analysis of Soils

ASTM D B54: Specific Gravity of Sails

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engincering Purposes (Unified Soil Classification System)

Technical Responsibility:

S&ME,INC.

Brian Vaughan. P.E.

Construction Services Manager

155 Tradd Sireet Spartanburg, SC 29301

Pasirion

Proctor #476 (M-16, 8-10') 12-20-07.x1s




Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date:  December 20, 2007
Project Name: Marshall Steam Station Test Date(s): December 19, 2007
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-16 Sample #: 476 Sample Date: November 5, 2007 .
Location:  Bulk Offset: N/A Depth: 13-15'
Sample Description: Olive brown micaceous clayey silty medium to fine SAND (5C)
Maximum Dry Density 1278 PCF. Optimum Moisture Content  10.0 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
135.0 N Natural Moisture 6.6%
= Content;
Liquid Limit: 27
130.0 — _ Plastic Limit: 18
/’ "\ Plastic Index: 9
' _»
. 1350 // Specific Gravity: 2.650
& N
E_"i — - % Passing
21 Y, 100% Satkiration
§ .120'0 - Curye #4 99.0
a . #10 06.7
| 2 #20 932
2 Il #o0 86.1
115.0 N #60 75.8
#100 62.1
- #200 447
110.0 2.65
Oversize Fraction
105.0 . Bulk Sp.'Gravity
50 7.0 90 1LO 130 150 170 190 210 230 250 % Moisture
S Oversize Fraction
Moisture Content (%) ' : MDD
— Opt. MC
Moisture-Density Curve Displayed: Fine Fraction ] Corrected for Oversize Fraction (ASTM D 4718) [
Sieve Size used to separate the Oversize Fraction: #4 Sieve [X] 3/8 inch Sieve O 3/4 inch Sieve [0
Mechanical Hammer | Manual Hammer Muoist Preparation [X] Dry Preparation 00
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Leboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM D 422; Particle Size Analysis of Soils ASTM D 854: Specific Gravity of Soils

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager

Position




Laboralory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: May 9, 2008
Project Name: Marshall Steam Station Test Date(s): May 8, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #:  M-17 Sample #: 134 Sample Date: April 29, 2008
Location:  Bulk Offset: N/A Depth: 20-25'
Sample Description: Tan gray micaceous fine sandy clayey SILT (ML)
Maximum Dry Density 103.0 PCF. Optimum Moisture Content 184 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
120.0 Natuéal Moimsture 13.7%
J ontent:
) Liquid Limit: 33
115.0 —
i Plastic Limit: 29
- 10614% Satukation .
Chrv Plastic Index: 4
110.0 -
g - Specific Gravity: 2.650
< ‘ - % Passing
g 105.0 R
17 . Eamy
S - #4 599
2 - #10 99.2
& 7 N Ny #20 97.8
Tt \ [~
100.0 e e #40 92.5
. #60 86.2
2.65 #100 77.0
¥ #200 55.2
95.0 -
= Oversize Fraction
90.0 Bulk Sp. Gravity
1.0 120 140 160 18.0 200 220 240 260 28.0 300 % Moisture
Moist C. ot (% Oversize Fraction
oisture Content (%) MDD
Opt. MC
Moisture-Density Curve Displayed:; Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) 0O
Sieve Size used to separate the Oversize Fraction: #4 Sieve X 3/8 inch Sieve [ 3/4 inch Sieve [
Mechanical Hammer O Manual Hammer Moist Preparation Dry Preparation []
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Laboratory Determination of Water (Meisture) Content of Soil and Rock by Mass
ASTM D 422: Particle Size Analysis ol Soils ASTM D 834: Specific Gravity of Soils
ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engiticering Purposes (Unified Soil Classification System)
Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager

S&ME,INC. 155 Tradd Street Spartanburg, SC 29301 Procior #134 (M-17, 20-25") 5-9-08.xls



Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: May 9, 2008
Project Name: Marshall Steam Station Test Date(s): May 8, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-18 Sample #: 134 Sample Date: April 30, 2008
Location: . Bulk Offset: N/A Depth: 19-24'
Sample Description: Brown orange clayey silty fine SAND (SC-SM)
Maximum Dry Density 119.6 PCF. Optimum Moisture Content 12,9 %
ASTM D 698 Method A
- . : : X : Soil Properties
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures
130.0 - Natural Moisture 13.8%
Content:
Liquid Limit: 28
125.0 Plastic Limit: 21
. Plastic Index: 7
120.0 100% Saturation
_ . e - Curke Specific Gravity: 2.650
i, P ]
S.E, o N % Passing
z YL
2 | 1150 . #4 98.1
A N #10 96.0
£ #20 93.2
- #40 86.6
110.0 2,65 #60 77.9
. #100 65.5
#200 48.4
105.0
; Oversize Fraction
| 100.0 — . Bulk Sp. Gravity
50 70 9.0 1.6 130 150 170 190 210 230 250 ¥ Moisture
Oversize Fraction
Moisture Content (%) MDD
Opt. MC
Muoisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) O
Sieve Size used to separate the Oversize Fraction: #4 Sieve X 3/8 inch Sieve [ 3/4 inch Sieve O
Mechanical Hammer O Manual Hammer [X] Moist Preparation [X Dry Preparation O
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils ASTM D 854: Specific Gravity of Soils

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM I} 2487 Classification of Soils for Engineering Purposes (Unified Seil Classification System)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager

Position




Laboratery Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: June 9, 2008
Project Name: Marshall Steam Station Test Date(s): June 6, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring#: M-21 Sample #: 18] Sample Date: May 15, 2008
Location: Bulk Offset: N/A Depth: 3.3-8.3'
Sample Description: Orange brown fine sandy silty CLAY (CL)

Maximum Dry Density 106.5 PCF. Optimum Moisture Content 177 %

ASTM D 698 Method A

Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties

120.0 < Natural Moisture o
o Content; 17.5%
' Liquid Limit: 44
115.0 :
- Plastic Limit: 25
160{%_-Satukation .
Chirve Plastic Index: 19
110.0 -
= = Specific Gravity: 2.650
- R
& % Passing

a‘ A’-_ <
z 1105.0 e N -

& A ] # 99.7
Cé b - #10 995
a - #20 992

100.0 . #40 97.5
o #60 924
2.65 #100 83.7
: #200 70.2
95.0 -1
- Oversize Fraction
90.0 Bulk Sp. Gravity

0.0 12.0 140 160 180 200 220 240 260 280 300 % Moisture
‘ Oversize Fraction
Moisture Content (%
(%) MDD
Opt. MC

Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) 0O
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve O 3/4 inch Sieve [
Mechanical Hammer 0 Manual Hammer Moist Preparation [X] Dry Preparation O
References: ASTM D 698: Laboratory Compaction Characteristics of Seif Using Standard Elfort
ASTM D 2216: Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM 1D 422; Particle Size Analysis of Soils ASTM D 834: Specific Gravity of Soils
ASTM D 4318: Liguid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engincering Purposes (Unified Soif Clagsilication System)
Technical Responsibility: Brian Vaughan. P.E. Construction Services Manager

S&ME,INC. 155 Tradd Street Spartanburg, SC 29301 Proctor #181 (M-21, 3.3-8.3'} 6-9-08.xIs



Laboratory Report Versicn 4,2

Moisture - Density Report

S&ME Project #: 1411-07-103

Report Date: June 9, 2008
Project Name: Marshall Steam Station _ Test Date(s): June 6, 2008
Client Name: Duke Energy
Client Address; Charlotte, NC
Boring #: M-23 Sample #: 181 Sample Date: May 14, 2008
Location:  Bulk Offset: N/A Depth: 3.8-1..8
Sample Description: Tan olive gray silty clayey fine SAND (SC)

Maximum Dry Density 121.7 PCF. Optimum Moisture Content  10.8 %

ASTM D 698 Method A

Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
135.0 N Natural Moisture 14.5%
Content; e
Liquid Limit: 24
i30.0 —
< 1009 Saturhtion Plastic Limit: 13
N Curvye
N : Plastic Index: 11
1250 -
g . , : Specific Gravity: 2.650
%; M N % Passing
Z [120.0 A\
8 7 -] #d 98.8
o /7 A #10 96.3
a (/ #20 93.9
115.0 = #40 88.6
2.65 #60 79.8
- #100 65.6
— T #200 45.8
110.0 e
L Oversize Fraction
105.0 ' Bulk Sp. Gravity
5.0 7.0 9.0 110 130 150 170 150 210 230 250 9% Moisture
(1)
Moisture Content (%) Oversize Fraction
MDD
Opt. MC
Moismre-Density Curve Displayed: Fine Fraction ] Corrected for Oversize Fraction (ASTM D 4718) [J
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve O 3/4 inch Sieve [
Mechanical Hammer O Manual Hammer Moist Preparation ¥ Dry Preparation []
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Elfort
ASTM D 2216: Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM D 422: Panicie Size Analysis of Soils ASTM D 854: Specific Gravity of Soils

ASTM D 4318: Liguid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification Systemn)

T'echnical Responsibility: Brian Vaughan, P.E." Construction Services Manager

Position



Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: May 16, 2008
Project Name: Marshall Steam Station Test Date{s): May 15,2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-24 Sample #: 146 Sample Date: May 6, 2008
Location: Bulk Offset: N/A Depth: 1520
Sample Description: Light brown red fine sandy silty CLAY (CL)
Maximum Dry Density 113.6 PCF. Optimum Moisture Content 14.8 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
Natural Moisture
130.0 o
: Content: 18.8%
Liquid Limit: 32
125.0 - Plastic Limit: 23
- Plastic Index: 9
120.0 . 190% Satration
i ' - Curle Specific Gravity: 2.650
by
g N % Passing
S s, 3/8" 99.4
'3 | 150 - y fd 97.1
o P I #10 94.7
o . N [ #20 92.4
o) e—’/ #40 87.7
110.0 2.65 H60 80.7
i #100 67.7
> #200 51.8
105.0 |
I Oversize Fraction
100.0 I Bulk Sp. Gravity
50 7.0 90 1.0 130 150 170 190 210 23.0 250 % Moisture
Al Oversize Fraction
Motisture Content (%) MDD
: Opt. MC
Moisture-Density Curve Displaved: Fine Fraction Corrected for Oversize Fraction {ASTM D 4718) [
Sieve Size nsed to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve O 3/4 inch Sieve [
Mechanical Hammer ] Manual Hammer [X] Moist Preparation Dry Preparation O
References: ASTM D 698: Labaratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Luboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM D 422: Particle Size Analysis of Seils ASTM D B54: Specific Gravity of Suils
ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soitls for Engineering Purposes (Unified Soil Classification System)
Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager

Peritlon

S&ME,INC. 155 Tradd Street Spartanburg, SC 29301 Proctor #146 (M-24, 15-20") 5-16-08.x1s



LAROTAICTY KepOTL VEersion 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: May 16, 2008
Project Name;: Marshall Steam Station Test Date(s): May 15, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-25 Sample #: 146 Sample Date: May 6, 2008
Location:  Bulk Offset: N/A Depth: 0-5'
Sample Description: Red brown fine sandy silty CLAY (CH)
Maximum Dry Density 1051 PCFE. Optimum Moisture Content  20.1 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
120.0 : Naméal Moi.sture 24.6%
ontent:
Liquid Limit: 50
115.0
Plastic Limit: 27
100(% Satafation — o
Chrve Plastic Index: 23
110.0 '
= Specific Gravity: 2.650
O
= % Passing
g 105.0 R
oy . <
= Pad NI _ #4 99.5
A /4 AVEER #10 97.9
- » I '
e / - #20 96.2
100.0 / -~ #40 93.2
/ . #60 88.2
7 2.65 #100 78.8
< #200 64.8
95.0 :
Oversize Fraction
90.0 Bulk Sp. Gravity
10.0 12.0 140 16.0 18.0 20.0 220 240 26.0 28.0 30.0 % Moisture
: : Moisture Content (% Oversize Fraction
oisture Content (%) MDD
Opt. MC
Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) [
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve O 3/4 inch Sieve [1
Mechanical Hammer [l Manual Hammer X Moist Preparation Dry Preparation O
References: ASTM D 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Laboratory Determination of Water (Moisture) Content of Soil-and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils ASTM D 854: Specific Gravity of Soils

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager



Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: May 16, 2008
Project Name: Marshall Steam Station Test Date(s): May 15, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-26 Sample #: 146 Sample Date: May 8, 2008
Location:  Bulk Offset: N/A Depth: 3.5-8.%8
Sample Description: ‘T'an orange red medium to fine sandy clayey SILT (ML)
Maximum Dry Density  113.1 PCF. Optimum Moisture Content 151 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
130.0 - : - Natu(gal Moi:‘;ture 17.0%
N ontent:
- Liquid Limit: 39
125.0
- e 9
- | 00vr Sheies Plastic Limit: 26
\‘ C .
- e Plastic Index: 13
120.0 : .
g‘ . : —f Specific Gravity: 2.650
= - % Passing
2 E— - — S
g 11150 ‘ #4 99.1
A | #10 97.4
E’ -
& > A N #20 93.5
110.0 X #40 86.0
b #60 78.2
12.65 #100 67.0
_ d #200 52.2
105.0 :
P 1| Oversize Fraction
100.0 — Buik Sp. Gravity
5.0 7.0 9.0 11.0 13.8 15.9 17.0 19.0 21.8 23.0 25.0 % Moisture
' Oversize Fraction
Moist Content (%
oisture Content (%) MDD
— Opt. MC
Moisture-Density Curve Displayed: Fine Fraction Corrected for Oversize Fraction (ASTM D 4718) £
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve [J 3/4 inch Sieve [
Mechanical Hammer | Manual Hammer [X] Moist Preparation [X Dry Preparation O
References: ASTM D 698: Laboratory Compaction Characleristics of Soil Using Standard Effort
ASTM D 2216: Laboratory Determination of Water (Moisture)} Content of Soil and Rock by Mass
ASTM D 422; Particle Size Analysis of Soils ASTM I 834: Specific Gravity of Soils

ASTM D 4318: Liquid Lim:t, Plastic Limit, & Plastic Index of Soils
ASTM D 2487; Classification of Suils for Engineering Purposes (Unified Soil Classification Systern)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager

Position



Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #: 1411-07-103 Report Date: June 9, 2008
Project Name: Marshal} Steam Station Test Date(s): June 6, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-28 Sample #: 181 Sample Date: May 14, 2008
Location: Bulk Offset. N/A Depth: 3.5-8.5'
Sample Description: Brown red orange fine sandy silty CLAY (CL)
Maximum Dry Density 109.9 PCF, Optimum Moisture Content  17.0 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
120.0 ' Natu{rlal Moi.sture 16.7%
J ontent:
y Liquid Limit; 38
115.0 .
. Plastic Limit; 18
ﬁf__ - 100/% Saturation .
— T v Plastic Index: 20
110.0 T
= f/ N Specific Gravity: 2.650
g / AN % Passi
St /' \u IS O aSSH’lg
z V4 = 12" 99.4
in §105.0 4 T
5 3/8" 990.0
C; o #4 97.6
A ) : Ny #10 86.0
100.0 - #20 94.3
e . #40 01.1
2.65 #60 854
: #100 744
95.0 ', #200 57.1
7; Oversize Fraction
90.0 _ Bulk Sp. Gravity
100 120 140 160 180 200 220 240 260 280  30.0 % Moisture
‘ Moisture Content (% Oversize Fraction
oisture Content (%) MDD
Opt. MC
Moisture-Density Curve Displayed: Fine Fraction X Corrected for Oversize Fraction (ASTM D 4718) O
Sieve Size used to separate the Oversize Fraction: #4 Sieve 3/8 inch Sieve [ 3/4 inch Sieve [J
Mechanical Hammer O Manual Hammer X Moist Preparation Dry Preparation [
References: ASTM 17 698: Laboratory Compaction Characteristics of Soil Using Standard Effort
ASTM D 2216: Laboratery Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils ASTM D B54: Specific Gravity of Soils
ASTM D 43 E8: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Sails for Engineering Purposes (Unified Soil Classification System)
Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager

S&ME,INC. 155 Tradd Street Spartanburg, SC 29301 Proctor #181 (M-28, 3.5-8.5") 6-9-08.x[s



Laboratory Report Version 4.2

Moisture - Density Report

S&ME Project #:  1411-07-103 Report Date: May 9, 2008
Project Name: Marshall Steam Station Test Date(s): May 8, 2008
Client Name: Duke Energy
Client Address: Charlotte, NC
Boring #: M-35 Sample #: 134 Sample Date: May 2, 2008
Location:  Bulk Offset: N/A Depth: 3-8
Sample Description: Red tan fine sandy silty CLAY (CH)
Maximum Dry Density 95.7 PCF. Optimum Moisture Content 248 %
ASTM D 698 Method A
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
Natural Moistu
e 3450
110.0 | -
T Liquid Limit; 65
-+ Plastic Limit: 32
105.0 >
~. | 100% paturation Plastic Index: 33
. Clurve
1000 Specific Gravity: 2.650
( % Passing
@
g, >
2 I #4 99.4
2| 950 S BN #10 98.4
A 7 N #20 97.0
B o . _ #40 93.4
2| #60 88.5
90.0 12.65 #100 81.1
: #200 70.7
85.0 ‘
Oversize Fraction
- Bulk Sp. Gravity
g % Moisture
80.0 . .
15.0 17.0 19. 0 2 29.0 31.0 330 350 Oversize Fraction
15. : " 19 Moisture Content (%) ' T MDD
| ' Opt. MC
Moisture-Density Curve Displayed: Fine Fraction [X Corrected for Oversize Fraction (ASTM D 4718) O
Sieve Size used to separate the Oversize Fraction: #4 Sleve 3/8 inch Sieve O 3/4 inch Sieve O
Mechanical Hammer i Manual Hammer Moist Preparation Dry Preparation O
References: ASTM D 698: Laboratory Compactien Characteristics of Soil Using Standard Effort
ASTM D 2216: Laboratory Determination of Water (Moisture) Content of Soit and Rock by Mass
ASTM D 422: Particle Size Analysis of Soils ASTM D 854: Specific Gravity of Soils

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D) 2487: Classificution of Soils for Engineering Purposes (Unified Soil Classification System)

Technical Responsibility: Brian Vaughan, P.E. Construction Services Manager




L aboratory Report Version 4.2

Moisture - Density Report

S&MF Project #: 1351-04-729 Report Date: Febroary 5, 2005
Project Name: MARSHALL BUSINESS PARK Test Date(s): 2/1-53/03
Client Name: DUKE ENERGY

Client Address:

Boring #: P-3 Sample #: BAG-1 Sample Date:

Location: Offset: Deptl 0-1¢
Sample Description: BLACK GRAY CLAYEY SANDY SILT
Maximum Dry Density 75.7  PCF. Optimum Moisture Content 174 %
Moisture-Density Relations of Soil and Soil-Aggregate Mixtures Soil Properties
85.0 Natural Moisture
Content:
Liquid Limit: NP
Plastic Limit: NP
2.23} :
80.0 Plastic Index: NP
_ Specific Gravity: 2.230
a% e - é : | T Pasa
.Q”.:..—a--;--m
g 75.40 : L - . /4
A ; i 2"
& ' 3/8"
= = #4 99.4
]
]
70.0 !
5]
-
i
I -
) Oversize Fraction
_—
65.0 y Bulk Sp..Gravity
% Moisture
0.4 54 14.0 15.0 20.0 25.0 30.0 5.0 4.6 ; .
T Oversize Fraction
Moisture Content {%a) MDD
: : Opt. MC
Moisture-Density Curve Displayed: Fine Fraction X Corrected for Oversize Fraction (ASTM D 4718y [0
Sieve Size used to separate the Oversize Fraction: #4 Sieve O 3/8 inch Sieve [1 3/4 inch Sieve O3
Mechanical Hammer Manual Hammer O Moist Preparation [ Dry Preparation
References:

ASTM D 2216: Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
ASTM D 834 Specific Gravity ol Soils

Technical Responsibility: Jason Reeves

NiLtiie

S&ME,INC. 9751 Southern Pine Bivd., Charlotte, NC 28273 1351-04-729P3 PROCTOR.xIs



APPENDIX I11-11

MATERIAL PARAMETERS - UNDRAINED AND
EFFECTIVE STRENGTHS




TOTAL EFFECTIVE
C, isf 0. 38 Q.14
b, deg 45.5 31.12
- TAM 2
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x 10
:
n
i)
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0 5 10 15 20 25 30
Tota! Mormal Stress, lksf
Effective Mormal Stress, ksf -— ==
18 : : :
S /_ SAMPLE MNO. : 1 2 3
';fgﬁm%'"?'_ WATER CONMTENT, % 25.0 41.8 37.5
15 - é DRY DENSITY, pcf 72.7 B1.7 79.4
B I e T H |{SATURATTION, % 56.8 129.2 i0B.3
VIR 5 |voID RATIO 0.951 0.734 0.785
" 19 "j/ 1 Z |DIAMETER, in 2.87 2.87 2.88
= - oS HEIGHT, in .25 5.88 5.869
‘ WATER CONTENMT, % 40.6 29.8 28.3
b 9 r [DRY DEWSITY, pcf 73.7 84,6 B8R.V
= SR Lt |SATURATION, % 100.0 100.0 100.0
v |y B | VOID RATIO 0.922 0.6768 0.5898
N T 7 |DTAMETER, in 2.85 2.83 2.7V
o & 7 HEIGHT, in 6.22 5.51  5.48
o Strain rate, in/min 0.0046  0.0040  0.0040
H EFF CELL PRESSURE, l:sf 1.0 2.0 3.0
& 3 FATL. STRESS, kef 6.8 14.4 17.0
TOTAL PORE PR., ksf 9.9 7.0 7.3
STRAIN, % 14.5 15.% 14.6
0 N o |ULT. STRESS. kst
0 3 G 3 20| TOTAL PORE PR.. ksf
Axigc!l Stroin, % STRATHM, %
. Sy FAILURE, %sf 3.6 21.0 24.2
TrPE OF TEST: 1 ' 2
g3 FA 5 L 2 R .2
CU with Pore Pressures O3 FAILURE . ksf 8 6.6 7.2
SAMPLE TYPE: UNDISTURBED CLIENT: DUKE EMERGY
DESCRIPTIOM: GRAY SAKDYT SILT
(ML) PROJECT : MARSHALL BUSTHESS PARK
SPECIFIC GRAVITY= 2.27 SAMPLE LOCATIONM: P-3 wD-2  (10-12')
REMARKS: SAMPLES VERY SOFT
PROJ. MO.: 1351-04-729  DATE: 2/28/05
TRIAXIAL SHEAR TEST REFGRT
Fig. Ma.: P-3 S & ME: INC .
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SHEAR STRENGTH &
SLOPE STABILITY

INSTRUCTORS:
Dr. Michael Duncan — Virginia Tech
Dr. Stephen erght Univ. of Texas

JUNE 15, 2006
CHARLOTTE, NC




S&ME Seminar, 2006
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Figure 5.14 - Correlation between vana shaar comection factor
and plasticity index. After Ladd et al. (1977)
and Mayne and Kulhawy (1990).

CPTU tests for undrained strength
Mayne's method

s, =0.091(a", )0'2 (q.-a,)"
s, = undrained shear strength
o', = elfective vertical stress

q, = cone tip resis tan ce corrected for pore pressure effects HE | vsad in New Orlesns”

G, = total vertical stress
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fipure 4-18h. subrracting the inicial pore water stress at the pressuramater

level. The rasulcting leg-1isg plot is essenzially linear with a slope. s.

=¥ considerizg cylindrical zavity ewgzzsion theory, s can be given bv:



A Synthesis of Highway Practice
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FIGURE 40 Preconsolidalion stress evaiuation from
smafi-sitrain shear modulus in soils.

ol an inverted beusing capacity (BC) theory supplemented
with CPT calibration chamber dats from five sunds
(Rebertson and Campanella 1983). However, the flexible-
walled chamber test results were nen corrected for bound-
ary size effects. In thal approuach, the expression for peak
friction angle of clean quartz sands is given by the approx-
imation {¢’ = ):

o' = arctan [0.0 + 0.38 log (g/u..")] 27

An allernate expression derived from a much larger compi-
fation of a calibration chamber database rom 24 sands, where
the cone tp stresses were adjusted accordingly {or relative size
of chamber and cone diameter (DAS ratio), was proposed by
Kulbiwy and Mayne (1990):

G = 1760 + TH0° - Tog (ga) (28)

where ¢ = (/0 ) (0, e, is 0 more appropriate form
lor stress normalization of CPT resulls in sands (e.g., Jami-
olkowski et al, 2001), The relationship for &' with ¢, is
shown in Figure 41.

Recently, a database wus developed on the busis of undis-
turbed (primarily frozen) samples of 13 sands. These sands
were located in Canada (Wride and Robertson 1999, 2000),
Japun (Mimura 2003), Norway (Luane et al. 2003), China
(Lec et al. 1999}, and haly (Ghionna and Porcino 2006). In
general, the sands can be considered us clean to slightly difty
sands of guaniz, feldspar, and/or other rock mincralogy.
excepling two of the Canadian sands derived from mining
operations that had more unusual constituents of clay and
other mineralogics. In terms of grain size distributions, these
granutar seomaterials include ten fine sands, four medium
sands, and one coarse sand (Italy). The sands from Canada

50 o
# Japanr
o Cain:ma Total %: kaolinlie, smectite,
@ Horway _calcite, illite, and chiorijte
a a China i
AT & lealy ' ' i
o = KRS d l 0 /ﬂ_’_‘,d.-_,u.,.«—
= ;
2wt
3
=
[
=
= a5t A -
o \ YT ELEN S R
iy : -
Js 3
4L - } : S
o 50 100 150 i) =0 ivs]

Normalized Tip Strass, qy = qi{e.)™

FIGURE 41 Peak trigxial friclion angle from undisturbed
sands with normalized cone tip resistance.

were slightly dirty, having fines contents (FC) between
3% < FFC < 15%, whereas the other sands were ail relatively
clean with FC << 4%. Mean values of index purameters {with
plus and minus one standard deviation) of these sands indi-
cated: specific gravity (G, = 2.60 £ (.03), fines content
{(FC = 4,36 = 4.49), particle size (D5 = 0.35 * 0.23 mm),
and uniformity coefficient (UC = Dy/Dy = 2.80 = 1.19).
At all sites, results from electric SCPTu were available,
except the China site where only CPTu was reported. Each
undisturbed sand was tested using a series of either isotropi-
cally and/or anisotropically consolidaled wriwxial shear wests.
Additional details are discussed by Mayne (2006Ga).

The sand database was used o check the validity of the
[riction angle determinations from in situ CPT tesis. The
relationship between the triaxinl-measured ¢ of vadis-
turbed ({rozeny sands and normalized cone tip resistance is
presented in Figure 41, Here, the CPT proves o be an
cxcellent predictor in evalualing the drained strength of the
sunds. The two outliers [rom LL and Highmont Dams are
mine tailings saads from Logan Lake, British Columbia,
that contuined high percentages ol clay mincrals (as noted)
and are both underpredicted by the CPT expression.

Mixed Soil Types

An interesting approach by the Norwegian University of Sci-
cnce and Technology (NTNU) is an effective stress limit
plusticity solution to obtain the effective stress friction angle
{or all soil Lypes (Scnnesel el al. 1988, 1989). 1a the fully
developed version. the NTNU theory allows for the determi-
nation of both the effective friction angle (4v') and cliective
cohesion interce (¢”) from CPTU data in soils.

For the simple case of Terzaghi-type deep BC (angle of
plastification $, = 0), and adopling an elfective cohesion
intercept e’ = (1, the effective {riction angle ean be determined
from normalized CPF readings @ = (g, — o, )/0,, and B, =
(it — )i, — o ,,) using the chart shown in Figure 42,



Roberison & Campanedla {1983} for Sands

Iy
h=
a

10

Resistance Number, N,

Notes for NTHU Mathod:

1. Define Cone Resislance
Number: N, = {gete o, +a'}

2. Attraction: o' = ¢'ootd” where
¢' = oifoctive Irlction angle and
c' = effoctive cohesion intescept.

1. Forcasewhsraa'=¢' =0
= Q= (ge-oualiay.

4. Dellne Porewater Pressure
Parameter: B, = duyl(qy-rr,.)

35

40

Approx: ' =29,5° B,"'¥'[0.256 + 0.336:B, * logQ ]

45
5. Approxlmate Expression

Given for Ranges: 0.1<B, < 1.0
and 20° < ¢' <45°

FIGURE 42 Effeclive stress {riction angle for sands, sills, and clays from NTNU method.

An approximare form for a deterministic fine-by-line
evaluation ol / for the NTNU method is given hy (Mayne
and Campunella 2003):
d'tdegrees) = 29.3° B0 [0.256 + 03368, +log QF {29)
that is applicable for 0.} << B, << 1.0 and range: 20° << ' <
45°% For B, << 0.1 corresponding to granular soils, the previ-
ous expression for clean sands would apply.

UNDRAINED SHEAR STRENGTH OF CLAYS

For geotechnical applications involving short-lerm loading of
clays and clayey silts, the undrained shear strength (s, = ) of
the soil {formerly lermed o = cohesion) is commonly sought
for stability and BC analyses. The classical approach Lo eval-
uating , {rom CPT readings is through the net cone resistance:

& = g — TN 30
where Ny, is a bearing lactor. More papers and research pro-
srams have focused on the assessment of relevant value of My
for an interpretation of s, than for any other single parameter
(e.z., Keaveny and Mitchell 1986; Konrad and Law 1987; Yu
and Mirchell 1998), without any consensus reached. This is
because, in part, the value of s, is not unique, but depends on
the direction of loading, struin rate, boundary conditions, stress
level, sumple disturbunce effeets, and other Taclors (Ladd
1991). Indeed, o suite of different undrained shear strengths are
available for a given clay soil. For the basic laboratory shear
modes, there are many available apparatuses, including CIUC,
PSC, CKUC, direct shear simple (DSS), DS, PSE, CIKGUE,
UU, UC, as well as hollow cylinder, true triaxial, and torsionil
shear (Jamiolkowski et al. 1983; Kulhawy and Mayne [1990).
Depending on the purticular agency. firm, or institstion given
responsibility Tor assessing the appreprinte &y, different test
modes wili be chosen to benchmark the s, lor the CPT.

In tieu of the classical approach, an alternate and rational
approach can be presented that focuses on the assessment ol a,’

[rom the CPT. The magritude of preconsolidation stress (g,
is uniquely defined as the yield point from the e-logr,” plot
obtained Irom a consolidation test. The influence of OCR in
governing the undrained shear strength of clays is very well
established (e.g., Trak et al. 1980; Leroueil and Hight 2003).
Therefore, the QCR profile already evaluated by ihe CPT
results can be used to generate the varation of undrained shear
strength with depth in a consistent und rational manner. A three-
tiered approach can be recommended based on: (1) eritical-state
soil mechanics, (2) empirical normalized strength  ratio
approach, and (3) esnpirical method st low OCRs, as discussed
later. For all cases, & representative mode for general problems
of embankment stability, foundation-BC, and slopes and exco-
vations in clays and clayey silis can be taken as that for DSS.

From vonsiderations of critical state soil mechanics
{CSSM), this simple shear mode can be expressed in nor-
malized {form (Wroth 1984):

sdo oos = VA sindg QCRA (31
where A=t — C/C, = plustic volumetric strain potential, C,
= swelling index, and C, = virgin compression index of the
materizl. For many clays of low 1o medium sensitivity, 0.7 =
A = 0.8, whereas for sensitive and structured clays, a higher
range between 0.9 = A = 1.0 can be observed.

I the compression indices und ' are not known with con-
lidence, o recommended delault forim based on three decades
of experimental laboratory worl at the Massachusetrs Insti-
ste of Technology has been proposed (Jamiolkowski et al,
1985; Ladd 1991; Ladd and DeGroot 2003):

sl pss = 0.22 OCRUW (32}
which is clearly a subset of the CSSM equation for the case
where o' = 26" and A = 0.80.

Finally, at low OCRs << 2, the back analyses of fuilure case
records involving corrected vune strengths for embankments,



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

Note1: ¢'=c-u

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

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

SUMMARY
Average @'
. Average o' (psf) [(Kul. and Mayne, Average S, (psf)
Material Depth [Note 1] 1990) (Mayne)
[Note 2] [Note 3]
Sluiced Ash 0-16 539 229 158
Silty Clay 16'-19.5' 1123 23.4 665
Sandy Silt 19.5'-28' 1472 34.0 3077
Silty Sand 28-32.5' 1841 40.0 7933

3045.106XX
Cone Base Area: 10 cm?
Groundwater Depth: 2 ft.
Ground Surface Elevation: 818 ft.
Grade Elevation: 0 ft.

Depth (ps ikl a0 | 5. (osf) (Mayne) Depth Closh | lluland s, (psh (Mayne)
0.0 0 0.0 0 7.5 524 26.3 290
0.5 64 319 254 7.6 533 258 172
0.7 86 318 263 7.8 541 233 193
0.9 106 31.0 286 7.9 549 238 252
0.9 110 30.7 223 8.1 557 25.0 114
1.0 118 29.2 198 8.2 566 216 89
1.1 134 28.2 92 8.3 574 20.7 32
13 151 234 94 8.5 582 184 47
1.4 170 232 86 8.6 591 19.1 99
1.6 184 224 245 8.8 599 211 135
1.7 192 28.0 354 8.9 607 222 263
1.9 206 299 279 9.1 616 25.0 145
21 214 28.3 66 9.2 624 22.4 85
22 222 20.5 187 9.4 632 20.6 169
24 231 258 107 9.6 649 23.0 22
25 239 227 30 9.8 657 16.6 69
27 247 17.2 198 9.9 666 183 20
28 256 258 163 10.1 674 20.0 81
3.0 264 24.7 126 10.4 691 183 66
33 281 233 226 10.5 699 20.4 118
3.4 289 26.2 308 10.7 707 16.6 105
3.5 298 278 285 10.8 716 199 129
3.7 306 27.3 227 10.9 724 216 220
3.8 314 26.0 311 11 732 21.2 60
4.0 323 276 271 1.2 741 218 219
41 331 26.8 220 114 749 238 162
4.3 339 256 247 1.5 757 198 137
4.4 348 26.1 256 1.7 766 238 23
4.6 356 26.3 256 11.8 774 226 85
4.7 365 26.2 193 11.9 778 22.0 158
4.8 373 24.7 155 12.0 786 18.7 94
5.0 381 235 249 122 795 20.6 120
5.1 390 259 276 12.3 803 225 14
5.2 393 26.4 123 126 820 20.8 93
53 399 22.4 277 12.7 828 215 11
5.5 408 26.3 175 129 836 185 10
5.6 416 239 213 13.0 845 152 105
5.7 424 249 184 13.2 853 20.8 91
5.9 432 24.1 232 13.3 861 185 920
6.0 441 252 223 13.5 870 185 155
6.2 449 249 260 13.6 878 212 142
6.3 458 257 242 141 903 208 141
6.5 466 253 131 14.2 911 20.8 127
6.6 474 224 262 14.3 920 223 58
6.8 483 256 194 14.5 928 220 41
6.9 491 24.0 361 14.7 940 171 119
7.0 499 27.1 233 15.0 957 122 61
7.2 508 249 290 15.3 975 22.0 92
73 516 25.9 317 15.4 983 217 4

Depth Glos) | KULAD |5 (psh) (Mayne)
15.6 991 20.0 62
15.9 1008 19.6 121
16.0 1016 15.4 0
16.3 1033 215 406
16.5 1041 18.2 293
16.6 1050 20.1 510
16.7 1058 18.3 743
16.9 1066 20.9 703
17.0 1074 18.8 589
17.2 1083 20.2 620
17.3 1091 18.3 696
175 1099 215 749
17.6 1107 18.9 685
17.7 1115 15.4 648
17.9 1123 25.9 621
18.0 1132 245 678
18.2 1140 26.9 713
18.3 1148 28.8 678
18.7 1168 28.5 785
18.8 1176 276 787
18.9 1184 27.8 691
19.1 1192 28.4 774
19.2 1200 28.7 756
19.3 1208 28.3 763
19.5 1216 28.0 750
19.6 1224 27.7 879
19.8 1232 28.2 2877
19.8 1235 28.4 586
19.9 1241 28.1 3329
201 1249 28.8 2439
20.2 1256 28.8 1352
20.3 1264 28.1 1398
20.5 1272 28.7 1843
20.6 1279 28.6 1774
20.7 1287 28.6 1458
209 1295 28.5 1271
21.0 1302 29.3 1327
211 1310 35.8 1862
21.2 1317 27.2 3037
214 1324 36.7 3188
215 1331 34.8 3242
21.6 1338 315 3064
1.7 1344 317 2929
21.8 1349 33.2 2334
219 1356 33.0 2618
22,0 1363 319 2524
222 1370 311 3127
223 1376 313 3483
224 1383 332 3861

Depth Glos) | KULAD |5 (psh) (Mayne)
225 1389 35.9 3367
226 1396 36.2 2401
227 1402 36.3 2305
228 1409 35.9 2674
229 1415 35.7 2946
23.0 1421 343 3205
232 1428 35.0 2937
233 1434 348 2398
234 1440 36.0 2172
235 1447 36.6 2366
236 1453 37.2 2702
23.7 1459 36.3 2887
238 1466 34.4 2672
239 1472 34.1 2500
240 1478 35.0 2481
241 1484 35.5 1916
243 1491 36.0 2321
244 1497 35.5 2920
245 1503 34.3 3190
246 1509 33.7 3487
247 1516 34.2 3651
248 1522 349 3634
249 1528 35.3 3636
25.0 1534 348 3516
25.0 1536 34.4 1093
251 1540 34.4 3257
252 1547 32.9 3495
253 1553 34.0 3627
254 1559 35.3 3060
255 1565 35.8 2600
257 1571 36.3 2839
25.8 1578 36.5 3241
259 1584 36.5 3250
26.0 1590 36.5 3332
26.1 1596 36.3 3033
26.2 1602 29.8 3318
26.3 1609 35.8 3643
26.4 1615 36.2 3980
26.5 1621 36.4 5000
26.6 1627 35.4 5003
26.7 1633 345 4684
26.8 1639 35.0 4483
26.9 1645 35.7 4398
27.0 1651 35.7 4162
271 1657 35.8 4126
27.2 1663 35.3 4199
274 1669 35.8 4585
275 1675 36.3 4767
276 1681 36.8 4789

Depth I%(% S, (psf) (Mayne|
27.7 1687 38.1 5176
27.8 1693 38.1 4960
27.9 1699 37.7 4568
28.0 1705 37.4 4185
28.1 1711 37.3 4168
282 1717 37.0 4171
28.3 1723 36.9 4250
285 1737 37.0 4070
28.6 1743 375 4341
28.7 1749 37.7 4710
28.8 1755 37.7 5813
28.9 1760 38.2 7201
29.0 1766 37.9 8570
291 1772 37.4 8114
29.2 1778 36.9 8374
293 1784 36.9 9471
294 1789 36.9 9901
295 1795 37.0 10410
29.6 1801 36.7 11010
29.7 1806 37.0 11068
29.8 1812 375 11023
299 1818 38.7 11486
30.0 1823 40.0 12204
301 1829 41.0 14207
30.2 1834 40.6 14124
30.3 1840 40.8 13465
30.4 1845 415 11878
30.5 1851 41.8 11985
30.6 1857 42.1 11121
307 1862 42.4 10587
30.8 1868 42.4 10124
309 1873 42.4 9956
31.0 1879 42,6 10537
3141 1884 43.0 9548
31.2 1889 438 7888
31.3 1895 43.8 8083
314 1900 435 8104
31.5 1906 42.8 7100
316 1911 428 6422
317 1917 423 4811
31.8 1923 42,0 3123
31.9 1928 41.8 2953
32,0 1934 417 2817
32.0 1939 42.0 3056
321 1945 41.4 3528
322 1951 40.3 4104
323 1956 40.4 4324
324 1962 40.4 4844




Marshall Steam Station ial Landfill No. 1

1356-08-122

Terrell, North Carolina

Duke Energy

M-54

Thursday, May 15, 2008

Friday, April 03, 2009

Note1: ¢'=c-u

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

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

3045.106XX
10 cm’
2 t
520 i
0 ft
Depth o (psf) D iKu.and | s, (ps) (Mayne) Depth o (psf) D Kuiand |5, (psh) (Mayne)
0.0 0 0.0 0 12.9 868 26.4 420
0.7 79 35.1 497 13.0 876 258 371
14 173 315 438 13.2 885 243 268
23 256 29.1 364 13.3 894 224 166
28 286 28.0 316 13.5 902 233 213
31 305 275 303 13.6 911 231 201
35 328 26.0 239 13.8 919 215 125
3.7 336 27.0 290 13.9 928 19.7 50
3.8 344 2717 332 14.1 937 228 186
4.0 353 26.6 275 14.2 945 20.5 81
41 361 26.8 292 14.4 954 201 65
4.3 370 26.8 293 14.5 962 211 107
4.4 378 26.6 285 14.7 971 222 156
4.5 387 26.8 303 14.8 980 20.4 77
4.7 395 29.5 495 14.9 982 20.1 62
4.8 404 29.5 504 15.0 990 249 326
5.0 412 29.8 536 15.2 999 25.6 376
5.1 421 30.0 559 15.3 1007 241 268
5.3 429 29.1 485 15.5 1016 247 311
5.4 438 29.5 525 15.6 1025 26.6 477
5.6 446 28.5 440 15.8 1033 26.7 489
5.7 455 28.6 457 15.9 1042 26.9 510
5.9 463 26.8 333 16.2 1056 26.9 512
6.2 479 278 403 16.3 1065 274 573
6.3 488 26.7 335 16.5 1073 277 609
6.5 496 277 404 16.6 1082 276 590
6.6 505 279 422 16.8 1091 273 563
6.8 514 28.2 456 16.9 1099 28.0 653
6.9 522 274 398 171 1108 27.1 547
71 531 259 300 17.2 1116 28.2 677
7.2 540 26.6 346 17.4 1125 283 700
74 548 26.8 364 17.5 1133 29.0 795
75 557 274 409 17.7 1142 28.2 695
7.7 566 275 418 17.8 1150 284 721
7.8 574 273 410 17.9 1159 29.8 937
8.0 583 278 453 18.1 1167 30.1 996
8.1 591 27.0 393 18.2 1175 29.8 961
8.3 600 28.1 480 18.4 1184 30.3 1045
8.4 609 26.9 385 18.5 1192 30.1 1013
8.6 617 26.2 340 18.7 1200 30.2 1046
8.7 626 256 302 18.8 1208 30.5 1104
8.9 635 26.2 349 19.0 1217 30.5 1104
9.0 643 27.0 404 19.1 1225 30.5 1105
9.2 652 26.2 350 19.2 1233 30.2 1048
9.3 660 28.0 502 19.5 1247 31.2 1286
9.3 663 279 494 19.6 1255 31.6 1389
9.5 671 28.2 520 19.8 1263 31.9 1451
9.6 680 274 451 19.9 1271 315 1361
9.8 688 27.7 477 20.0 1279 30.4 1123
9.9 697 282 530 20.2 1287 279 686
10.1 705 285 565 203 1295 26.1 473
10.2 714 2717 488 204 1303 26.4 507
104 722 274 470 20.6 1311 26.3 502
10.5 731 27.0 435 20.7 1319 28.4 767
10.7 739 26.8 417 209 1327 29.0 879
10.8 748 275 481 21.0 1334 295 971
11.0 757 274 481 211 1342 30.9 1247
111 765 27.7 508 213 1350 30.9 1253
11.3 774 27.6 500 214 1358 31.0 1292
1.4 782 275 491 215 1365 314 1388
11.6 791 259 361 217 1373 31.6 1460
11.7 799 26.1 380 218 1381 318 1515
11.9 808 25.8 361 219 1388 321 1601
12.0 816 25.7 351 221 1396 325 1716
12.2 825 26.8 447 222 1404 322 1634
123 833 255 341 223 1411 318 1520
125 842 26.8 447 225 1419 317 1506
12.6 851 26.6 429 226 1426 31.6 1477
12.8 859 27.2 494 229 1442 30.1 1125

Depth closn | P s (oo (Mayne)
23.0 1449 29.8 1065
231 1457 29.7 1050
233 1464 29.8 1069
234 1472 30.0 1115
235 1479 30.2 1159
23.6 1486 29.8 1088
238 1494 29.8 1079
239 1501 31.0 1356
24.0 1508 317 1564
241 1516 32.8 1889
243 1523 38.2 4925
244 1530 415 8565
24.7 1545 38.7 5408
248 1552 38.6 5273
249 1559 37.9 4679
25.0 1566 36.6 3787
251 1573 34.8 2791
25.3 1580 33.6 2231
254 1588 32.7 1927
25.5 1595 32.8 1942
25.6 1602 33.7 2299
25.8 1609 33.7 2317
259 1616 33.7 2298
26.0 1620 34.4 2618
26.1 1627 32.7 1936
26.2 1634 32.0 1719
26.3 1641 313 1508
26.4 1648 315 1573
26.6 1655 323 1827
26.7 1662 33.2 2142
26.8 1668 34.0 2504
26.9 1675 34.7 2834
27.0 1682 35.3 3120
27.2 1689 35.2 3094
27.3 1696 35.0 2993
274 1702 33.5 2314
275 1709 334 2250
27.6 1716 341 2573
27.7 1722 342 2618
279 1729 33.0 2132
28.0 1736 324 1911
281 1743 323 1867
28.2 1749 324 1914
28.3 1756 33.1 2168
284 1763 36.4 3877
28.5 1769 39.6 6800
28.7 1776 39.0 6176
28.8 1782 359 3633
28.9 1789 35.8 3521
29.0 1796 318 1736
291 1802 317 1710
29.2 1807 30.2 1302
29.3 1814 318 1765
29.4 1821 32.7 2070
29.6 1827 317 1742
29.7 1834 313 1608
29.8 1841 31.6 1699
29.9 1847 329 2169
30.0 1854 318 1776
301 1861 321 1877
30.3 1868 33.0 2221
304 1874 33.7 2513
30.5 1881 33.8 2571
30.6 1888 335 2424
30.7 1895 33.2 2319
30.8 1901 32.9 2212
31.0 1908 333 2357
311 1915 345 2941
31.2 1922 35.1 3289

Depth o' (psf D Kuiand |5, (psh) (Mayne)
313 1928 35.7 3671
314 1935 36.1 3890
315 1941 371 4667
31.7 1948 376 5128
31.8 1955 376 5113
319 1961 37.2 4770
320 1968 373 4881
321 1975 37.2 4785
322 1981 36.5 4254
323 1988 349 3232
325 1995 341 2810
325 1998 33.9 2718
326 2005 338 2651
328 2012 333 2438
329 2018 326 2169
33.0 2025 322 1992
331 2032 327 2207
33.2 2039 335 2567
333 2045 36.1 4040
335 2052 38.1 5708
336 2058 38.0 5608
337 2065 371 4800
338 2072 35.7 3790
339 2078 34.4 3050
34.0 2085 338 2720
341 2091 328 2277
342 2098 327 2254
344 2104 327 2255
345 2111 32.2 2065
346 2117 323 2090
347 2124 329 2337
348 2130 338 2781
349 2137 34.0 2849
35.0 2143 33.0 2401
35.2 2149 321 2028
353 2156 32.0 1988
354 2163 32.6 2223
355 2169 323 2103
35.6 2175 31.9 1982
35.7 2182 323 2129
35.8 2188 326 2241
35.9 2191 33.2 2527
36.0 2198 347 3293
36.1 2204 36.0 4183
36.2 2210 36.5 4563
36.3 2217 37.0 4924
36.4 2223 373 5214
36.5 2230 373 5256
36.7 2236 38.0 5882
36.8 2243 38.4 6368
36.9 2249 39.4 7571
37.0 2255 39.7 7958
371 2262 39.6 7899
37.2 2268 41.6 11123
374 2282 42.0 11801
376 2288 41.9 11702
37.7 2294 40.4 9105
37.8 2301 39.7 7997
38.1 2320 376 5622
38.2 2326 373 5348
38.3 2333 37.6 5701
384 2339 385 6638
38.6 2345 39.2 7539
38.7 2352 39.9 8513
38.8 2358 40.5 9309
389 2364 41.1 10427
39.0 2370 41.6 11279
391 2377 41.6 11285
39.2 2380 39.9 8584

Depth o (psf) %% S. (psf) (Mayne) SUMMARY

B2 2308 *7 £2%8 N Average o (psf) (Kl:.v::ig;l:;/ne, Average S, (psf)
394 2394 38.7 6916 Material Depth [Note 1] 1990) {x:{en;])
39.5 2400 38.0 6128 [Note 2]
39.6 2407 371 5254 Sluiced Ash 0'-14' 595 26.8 389
39.7 2413 36.7 4925 Silty Clay 14'-23' 1190 28.2 846
39.8 2419 36.1 4487 Sandy Silt 23'-36' 1832 33.8 2766
39.9 2425 35.0 3710 Silty Sand 36'-46.5" 2506 38.4 7154
40.0 2432 345 3347

40.2 2438 35.6 4125

40.3 2444 36.1 4474

40.4 2450 35.5 4023

40.5 2457 34.6 3426

40.6 2463 34.7 3515

40.7 2469 34.9 3648

40.8 2475 35.5 4043

40.9 2481 35.8 4263

41.0 2487 35.8 4307

411 2493 35.9 4371

41.2 2500 35.9 4414

413 2506 35.6 4185

4.4 2512 35.9 4425

41.6 2518 37.0 5368

.7 2524 38.2 6570

41.8 2530 39.1 7679

41.9 2537 39.0 7640

42.0 2543 39.3 8017

421 2549 40.1 9189

42.2 2555 40.5 9878

423 2561 40.4 9665

424 2567 40.7 10160

425 2570 41.0 10733

42.6 2576 413 11398

42.7 2583 40.8 10477

42.8 2589 40.1 9239

42.9 2595 39.3 8047

43.0 2601 38.8 7386

431 2608 38.4 7004

43.2 2614 38.9 7540

433 2620 39.1 7915

43.4 2626 39.7 8763

435 2632 39.9 8997

43.6 2638 39.8 8954

43.7 2644 39.8 8839

43.8 2650 39.4 8306

43.9 2656 38.7 7432

441 2662 375 6059

44.2 2668 36.9 5454

443 2674 371 5590

44.4 2680 38.2 6773

445 2687 39.1 7914

44.6 2692 39.6 8732

44.7 2698 39.0 7798

44.8 2704 37.9 6483

44.9 2711 36.9 5488

45.0 2717 36.6 5228

451 2723 36.9 5459

45.2 2729 371 5742

45.3 2735 376 6172

45.4 2741 38.0 6640

45.5 2747 38.8 7668

45.6 2753 39.5 8707

45.7 2758 39.5 8644

45.8 2760 35.8 4535

45.9 2766 40.2 9769

46.0 2772 39.8 9219

46.1 2778 39.7 9080

46.2 2784 40.8 10925

46.5 2801 427 15002




Marshall Steam Station Industrial Landfill No. 1

1356-08-122

Terrell, North Carolina

Duke Energy

M-55

Thursday, May 15, 2008

Friday, April 03, 2009

Note 1: ¢'=c-u

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

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

@' (Kul. and

@' (Kul. and

@' (Kul. and

SUMMARY
Average @'
. Average o' (psf) [(Kul. and Mayne, Average S, (psf)
Material Depth MNote 1] 1990) (Mayne)
[Note 2] [Note 3]
Sluiced Ash 0-8 291 27.0 259
Silty Clay 8 -11 605 30.3 772
Sandy Silt 11'-16.5' 858 34.2 1780
Silty Sand 16.5'-19' 1097 39.4 5426

3045.106XX

Cone Base Are: 10 cm?

Groundwater Depth: 1 ft.

Ground Surface Elevation: 819 ft.

Grade Elevation: 0 ft.

Depth (ps ikl a0 | 5. (osf) (Mayne) Depth Closh | lluland s, (psh (Mayne)

0.2 24 353 255 4.6 326 26.2 243
0.4 43 34.3 300 4.7 334 26.4 253
0.5 61 317 239 4.9 343 24.8 191
0.7 79 30.4 227 5.0 352 243 172
0.8 97 29.3 211 5.2 360 24.5 182
1.0 115 28.7 210 5.3 369 217 100
1.1 126 285 214 5.4 375 232 142
13 135 28.7 231 5.6 384 243 182
1.4 144 29.0 254 5.7 392 24.3 182
1.6 152 28.6 242 5.9 401 247 202
1.7 161 28.4 244 6.0 410 25.1 220
1.9 170 28.6 261 6.2 418 257 248
20 178 26.4 180 6.3 427 24.6 202
22 187 28.3 258 6.5 436 252 231
23 195 26.8 206 6.6 444 24.7 212
25 204 258 174 6.8 453 245 202
26 213 22.4 94 6.9 462 239 182
28 221 27.0 225 71 471 246 213
29 230 26.9 226 7.2 480 26.6 316
31 239 26.6 219 74 488 31.0 717
3.2 247 273 253 75 497 29.8 591
34 256 278 285 7.7 506 33.1 1069
35 265 259 205 7.8 514 28.6 479
37 274 26.1 214 8.0 523 258 282
3.8 282 276 289 8.1 532 28.9 522
4.0 201 259 215 8.3 540 31.0 769
41 300 258 216 8.4 549 28.9 531
4.3 308 27.2 284 8.6 557 279 444
44 317 27.2 285 8.6 559 25.7 286

Depth Mayne, 1990) | S»(2sf) (Mayne)
8.7 564 28.0 453
8.9 572 276 427
9.0 581 29.4 593
9.1 589 30.5 736
9.3 598 31.6 906
9.4 606 324 1038
9.6 615 325 1080
9.7 624 335 1291
9.9 632 32.7 1119
10.0 640 317 946
10.2 649 30.5 781
10.3 657 30.3 759
10.5 666 29.4 642
10.6 674 317 981
10.8 682 32.8 1190
10.9 691 32.8 1200
11 699 32.6 1181
11.2 707 33.1 1294
1.3 715 339 1493
11.5 724 335 1401
11.6 732 33.4 1384
1.8 740 33.0 1297
11.9 747 32.8 1272
12.0 756 33.7 1489
122 764 33.4 1429
123 772 335 1451
125 780 33.4 1433
12.6 787 34.0 1619
127 795 34.6 1794

Depth o' (psf) Mayne, 1990) | Su(psf) (Mayne)
129 803 35.1 1958
13.0 810 34.9 1916
131 818 34.7 1867
13.2 825 34.4 1771
134 832 34.2 1714
13.5 840 34.4 1790
13.6 847 34.9 1950
13.7 854 34.8 1940
13.9 861 35.1 2048
14.0 869 35.3 2129
14.1 876 35.1 2061
14.2 883 35.4 2178
14.4 890 34.9 2025
14.5 897 34.8 1995
14.6 904 34.9 2025
14.7 911 35.0 2094
14.9 918 35.4 2234
15.0 925 35.6 2320
15.1 932 35.1 2130
15.2 938 339 1759
15.3 945 34.8 2040
15.4 952 345 1947
15.6 958 34.0 1795
15.7 965 33.8 1743
15.8 972 33.8 1764
15.9 979 34.0 1840
16.0 986 34.7 2073
16.1 993 33.4 1646
16.3 999 33.2 1599

Depth Mayne, 1990) | S»(2sf) (Mayne)
16.4 1006 33.4 1672
16.5 1013 33.7 1781
16.6 1020 34.6 2084
16.7 1027 36.1 2703
16.9 1033 38.9 4396
17.0 1040 38.6 4209
171 1047 39.1 4571
17.2 1053 39.3 4754
17.3 1060 39.4 4808
17.4 1066 39.3 4755
175 1073 38.6 4244
17.7 1079 38.1 3904
17.8 1086 37.7 3662
17.9 1092 38.0 3877
18.0 1099 38.4 4187
18.1 1105 39.2 4805
18.2 1112 40.1 5620
18.3 1118 399 5465
18.4 1124 40.0 5579
18.5 1128 346 2214
18.6 1134 40.6 6130
18.7 1141 40.5 6105
18.8 1147 41.2 6940
18.9 1153 423 8362
19.0 1159 43.0 9328
19.1 1165 43.2 9767
19.2 1171 43.6 10523
19.3 1177 443 11733




Marshall Steam Station Industrial Landfill No. 1

1356-08-122

Terrell, North Carolina

Duke Energy

M-56

Thursday, May 15, 2008

Friday, April 03, 2009

Note1: ¢'=c-u

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

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

@' (Kul. and

@' (Kul. and

3045.106XX
Cone Base Area: 10 cm?
Groundwater Depth: 1 ft.
Ground Surface Elevation: 822 ft.
Grade Elevation: 0 ft.

Depth (ps ikl a0 | 5. (osf) (Mayne) Depth Closh | lKuland s, (psh) (Mayne)
0.2 29 0.0 255 8.8 567 232 456
0.3 37 34.7 202 8.9 575 232 300
0.5 60 324 245 9.1 584 249 322
0.7 78 318 333 9.2 592 26.7 341
0.8 96 327 255 9.3 601 29.8 308
0.9 113 30.5 321 9.5 609 30.8 460
1.1 125 312 352 9.6 618 28.0 437
1.2 134 314 400 9.8 626 258 346
1.4 142 319 328 9.9 635 26.1 495
15 151 30.5 376 10.1 643 26.4 335
1.6 157 312 359 10.2 652 258 375
1.7 160 30.8 381 104 660 279 470
1.8 169 310 351 10.5 669 276 339
2.0 177 30.4 394 10.7 677 26.3 373
21 186 30.9 410 10.8 686 28.1 533
23 194 31.0 260 11.0 694 26.1 1053
24 202 28.2 254 1.1 702 26.6 2729
26 211 279 193 1.3 711 2717 2740
27 219 26.2 249 11.4 719 26.1 2747
29 228 276 243 1.5 727 26.5 2534
3.0 236 273 160 "7 735 28.3 2261
3.2 245 249 40 11.8 743 32.0 1819
33 253 18.6 153 12.0 751 375 1758
3.5 262 245 115 121 759 375 967
3.6 270 23.0 154 12.2 768 37.4 1721
3.8 279 244 350 124 776 36.9 1884
3.9 287 28.7 241 12.5 784 36.2 1975
4.0 296 26.5 153 127 792 349 2437
4.2 304 24.1 134 12.8 800 34.7 3643
4.3 313 234 47 129 808 31.2 1836
4.5 321 19.1 33 131 816 34.5 1596
4.6 330 181 247 13.2 824 35.0 697
48 338 26.3 31 13.4 832 35.2 626
5.0 350 18.0 238 13.5 840 36.4 711
5.1 359 128 299 13.6 847 38.7 777
54 376 259 54 13.8 855 34.7 679
5.6 384 27.1 53 13.9 863 338 638
5.7 393 7.9 250 14.0 871 29.2 722
6.3 427 195 88 14.2 879 28.6 857
6.5 435 194 100 14.3 887 29.2 952
6.6 444 25.9 195 14.5 895 29.7 1051
6.8 452 127 61 14.6 903 29.0 1051
6.9 461 126 185 14.7 911 28.6 1129
71 470 16.4 144 14.9 919 29.2 1087
7.2 478 21.0 240 15.0 924 30.1 1125
74 487 215 143 15.1 932 30.7 1111
7.5 495 24.3 116 15.2 940 312 1082
7.7 504 198 161 15.4 948 31.2 1091
7.8 512 24.0 161 15.5 956 315 1024
8.0 520 229 237 15.7 964 313 1082
8.1 529 25.2 341 15.8 972 315 1083
8.5 550 228 621 15.9 980 314 1151
8.6 558 219 751 16.1 988 312 1114

Depth Mayne, 1990; Su{psf) (Mayne]
16.2 995 31.2 1209
16.3 1003 30.8 1234
16.5 1011 311 1274
16.6 1019 311 1258
16.7 1026 31.4 1227
16.9 1034 31.2 1207
17.0 1042 31.6 1101
1741 1049 317 1132
17.3 1057 319 1057
17.4 1064 31.8 1011
17.5 1072 31.6 1085
17.7 1079 315 1079
17.8 1087 31.0 1209
17.9 1094 311 1435
18.0 1102 30.7 1514
18.2 1109 30.4 1524
18.2 1111 30.8 512
18.3 1118 30.7 1323
18.5 1125 314 995
18.6 1133 32.3 910
18.7 1140 32.6 861
18.8 1148 32.6 833
19.0 1155 26.8 835
19.1 1162 31.8 971
19.2 1170 30.2 944
19.4 1177 29.7 1026
19.5 1185 29.4 1065
19.6 1192 29.2 978
19.7 1199 29.2 990
19.9 1207 30.0 1095
20.0 1214 29.8 1297
201 1221 30.2 1299
20.2 1229 30.4 1220
204 1236 29.9 959
20.5 1243 30.0 841
20.6 1251 30.5 854
20.8 1258 31.4 947
209 1265 31.4 1002
21.0 1272 31.0 1070
211 1280 29.7 1204
213 1287 29.0 1313
214 1294 29.1 1439
215 1301 29.6 1254
216 1305 29.9 1291
217 1312 30.2 1263
21.8 1319 30.8 1313
219 1326 313 1546
221 1333 31.8 1442
222 1340 31.0 1327
223 1347 31.2 1276
224 1354 31.0 1486
225 1361 31.2 1418
227 1368 32.1 1503

Depth o' (psf) Mayne, 1990) | Su(psf) (Mayne)
228 1375 317 1667
229 1382 31.2 1755
23.0 1389 31.0 1692
232 1396 31.8 1420
233 1403 315 1277
234 1410 31.8 1259
235 1417 32.4 1032
236 1424 32.7 858
23.8 1431 32.4 741
239 1438 315 714
240 1445 30.9 665
241 1452 30.8 606
242 1459 29.7 609
244 1465 28.8 600
245 1472 28.0 415
246 1479 27.8 542
247 1486 275 605
25.0 1502 27.0 1123
25.1 1509 27.1 1051
25.2 1516 27.0 1050
254 1523 25.4 1109
255 1530 26.5 1164
25.6 1537 27.0 1170
25.7 1544 30.0 951
25.8 1551 29.6 918
26.0 1558 29.6 852
26.1 1565 29.9 976
26.2 1572 30.1 1079
26.3 1579 30.1 1001
26.5 1586 29.1 1212
26.6 1593 28.9 1341
26.7 1600 28.5 1344
26.8 1607 29.2 1486
26.9 1614 29.7 1507
271 1621 29.7 1546
272 1628 30.2 1370
27.3 1635 30.8 1587
274 1642 30.8 1610
275 1649 313 1722
217 1656 313 1801
27.8 1662 315 1798
279 1669 30.8 1697
28.0 1676 31.6 1674
2841 1682 317 1476
28.3 1690 32.0 2026
284 1697 32.2 1285
28.5 1703 32.2 1176
28.6 1710 31.9 1056
28.7 1717 318 1325
28.8 1724 311 1444
29.0 1730 32.8 1352
291 1737 30.4 1517
29.2 1745 29.9 1799

S&ME

SUMMARY
Average o' Average @' | Average S, (psf)

Material Depth (psf) (Kul. and Mayne, (Mayne)

[Note 1] 1990) [Note 2] [Note 3]
Sluiced Ash 0'-10.5 361 24.8 264
Silty Clay 10.5'-13 743 31.4 1942
Sandy Silt 13'-30.5 1179 311 1193
Silty Sand 30.5'-35.5' 1971 37.1 8045

Depth dKu.and. | s, (osf) (Mayne)
29.3 1752 29.3 1962
29.5 1760 30.5 1917
29.6 1767 30.9 1807
29.7 1775 30.6 1877
29.9 1782 31.2 1779
30.0 1789 321 1999
301 1797 325 1834
30.2 1804 324 1810
304 1812 32.1 1775
30.5 1819 323 1920
30.6 1826 32.0 1924
30.8 1834 32.6 3693
31.0 1848 321 14727
311 1855 32.0 16423
31.2 1862 31.9 15825
314 1868 323 15557
314 1873 323 14309
315 1875 35.9 13888
316 1882 44.0 15513
317 1889 447 14181
31.8 1896 44.4 13431
31.9 1902 443 11825
321 1909 43.8 10002
322 1916 43.6 6905
323 1923 44.3 4379
324 1930 43.7 3128
325 1937 43.4 2685
327 1943 42.6 2560
328 1950 41.6 2996
329 1957 39.4 3618
33.0 1963 36.8 3826
331 1970 348 3740
332 1977 34.0 2873
333 1983 33.7 2160
335 1990 34.6 2057
33.6 1996 35.6 1721
337 2003 35.9 1645
338 2010 35.8 2026
339 2016 343 2233
34.0 2023 32.7 2789
342 2030 32.4 3143
343 2036 314 5401
344 2043 312 6400
345 2050 323 8235
346 2057 32.8 8332
347 2063 34.0 6673
349 2070 34.7 7472
351 2084 37.8 7035
352 2091 38.8 9519
353 2098 40.2 15673
354 2104 40.3 17748
355 2109 39.0 18160
356 2112 39.6 19494




APPENDIX IV

SLOPE STABILITY ANALYSIS RESULTS
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Title: Marshall Steam Station Section A-A' Undrained Analysis

Name: ASH SUBGRADE FILL  Model: Mohr-Coulomb  Unit Weight: 90 pcf  Cohesion: 0 psf Phi: 33 °
Name: GROUNDWATER SEPARATION FILL  Model: Mohr-Coulomb
Name: SLUICED ASH  Model: S=f(depth)
Name: RESIDUAL SILTY CLAY  Model: S=f(depth)
Name: RESIDUAL SANDY SILT  Model: S=f(depth)
Name: RESIDUAL SILTY SAND  Model: Mohr-Coulomb  Unit Weight: 125 pcf  Cohesion: 100 psf
Unit Weight: 135 pcf  Cohesion: 500 psf  Phi: 36 °
Name: REFUSAL MATERIAL _ _ Model: Mohr-Coulomb  Unit Weight: 140 pcf  Cohesion: 1000 psf  Phi: 45 °
Unit Weight: 85 pcf  Cohesion: 0 psf  Phi: 32 °

Name: PWR  Model: Mohr-Coulomb

Name: BOTTOM ASH FILL

RESIDUAL SANDY SILT

400 500
Distance (Feet)

del: Mohr-Coulomb

Unit Weight: 80 pof  C-Top of Layer: 425 psf
Unit Weight: 115 pcf  C-Top of Layer: 760 psf
Unit Weight: 115 pcf  C-Top of Layer: 2200 psf

31

ASH SUBGRADE FILL

600 700

Piezometric Line: 1
Unit Weight: 120 pcf  Cohesion: 100 psf  Phi: 28 °
C-Rate of Increase: 7
C-Rate of Increase: 12
C-Rate of Increase: 15
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1

800

Piezometric Line:

Limiting C: 0 ps'
Limiting C: 0
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900
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Title: Marshall Steam Station Section A-A' Undrained Analysis

Name: ASH SUBGRADE FILL  Model: Mohr-Coulomb  Unit Weight: 90 pcf  Cohesion: 0 psf Phi: 33°  Piezometric Line: 1

Name: GROUNDWATER SEPARATION FILL  Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion: 100 psf  Phi:28°  Piezometric Line:
Name: SLUICED ASH  Mode!: S=f(depth)  Unit Weight: 90 pcf C-Top of Layer: 425 psf C-Rate of Increase: 7  Limiting C: 0 psf

Name: RESIDUAL SILTY CLAY  Model: S=f(depth)  Unit Weight: 115 pcf C-Top of Layer: 760 psf  C-Rale of Increase: 12 Limiting C: 0 ps!
Name: RESIDUAL SANDY SILT  Model: S=f(depth)  Unit Weight: 115 pcf  C-Top of Layer: 2200 psf C-Rate of Increase: 15  Limiting C: 0
Name: RESIDUAL SILTY SAND  Model: Mohr-Coulomb ~ Unit Weight: 125 pcf  Cohesion: 100 psf  Phi:32°  Piezomelric Line: 1

Name: PWR  Model: Mohr-Coulomb  Unit Weight: 135 pcf  Cohesion: 500 psf  Phi: 36 Piezometric Line: 1

Name: REFUSAL MATERIAL  Model: Mohr-Coulomb  Unit Weight: 140 pcf  Cohesion: 1000 psf Phi:45°  Piezometric Line: 1

Name: BOTTOM ASH FILL  Model: Mohr-Coulomb  Unit Weight: 85 pcf  Cohesion: 0 psf  Phi: 32 ° P%

400 500 600 700 800 900
Distance (Feet)



Elevation (Feet)

Title: Marshall Steam Station Section A-A' Long-Term Analysis

BBD Name: ASH SUBGRADE FILL  Model: Mohr-Coulomb  Unit Weight: 90 pcf  Cohesion: 0 psf Phi: 33°  Piezometric Line: 1
Name: GROUNDWATER SEPARATION FILL  Model: Mohr-Coulomb ~ Unit Weight: 120 pcf  Cohesion: 100 psf Phi: 28°  Piezometric Line: 1
Name: SLUICED ASH  Model: Mohr-Coulomb  Unit Weight: 90 pef  Cohesion: 0 psf Phi: 25°  Piezometric Line: 1
Name: RESIDUAL SILTY CLAY  Model: Mohr-Coulomb  Unit Weight: 115 pcf  Cohesion: 200 psf Phi: 27 °  Piezometric Line: 1
Name: RESIDUAL SANDY SILT  Model: Mohr-Coulomb ~ Unit Weight: 115 pcf  Cohesion: 100 psf Phi; 28 °  Piezometric Line: 1
Name: RESIDUAL SILTY SAND  Model: Mohr-Coulomb  Unit Weight: 125 pcf  Cohesion: 100 psf Phi: 32°  Piezometric Line: 1
870— Name: PWR  Model: Mohr-Coulomb ~ Unit Weight: 135 pcf ~ Cohesion; 500 psf  Phi: 36 °  Piezometric Line: 1
Name: REFUSAL MATERIAL  Model: Mohr-Coulomb  Unit Weight: 140 pcf  Cohesion: 1000 psf Phi: 45°  Piezometric Line: 1
Name: Bottom Ash Fill Most} Mohr-Coulomb  Unit Weight: 85 pcf  Cohesion: 0 psf Phi:32°  Piezometric Line: 1 33,

31 32

860 ’—

850—

ASH SUBGRADE FILL

RESIDUAL SANDY SILT
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Elevation (Feet)
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Title: Marshall Steam Station Section A-A' Long-Term Analysis

Name: ASH SUBGRADE FILL  Model: Mohr-Coulomb

Name: GROUNDWATER SEPARATION FILL
Name: SLUICED ASH  Model: Mohr-Coulomb

Name: RESIDUAL SILTY CLAY  Model: Mohr-Coulomb
Name: RESIDUAL SANDY SILT  Model: Mohr-Coulomb
Name: RESIDUAL SILTY SAND  Model: Mohr-Coulomb

Medel: Mohr-Coulomb

Unit Weight: 90 pcf  Cohesion: 0 psf

Unit Weight: 80 pcef Cohesion: 0 psf Phi: 33°  Piezometric Line: 1
Unit Weight: 120 pcf ~ Cohesion: 100 psf  Phi: 28 °

Phi:25° Piezometric Line: 1

Unit Weight: 115 pef  Cohesion: 200 psf Phi: 27 ° Piezometric Line: 1
Unit Weight: 115 pcf  Cohesion: 100 psf Phi: 28 °  Piezometric Line: 1
Unit Weight: 125 pcf  Cohesion: 100 psf  Phi: 32°  Piezometric Line: 1

Name: PWR  Model: Mohr-Coulomb  Unit Weight: 135 pcf  Cohesion: 500 psf Phi:36° Piezometric Line: 1

Name: REFUSAL MATERIAL  Model: Mohr-Coulomb

Name: Bottom Ash Fill  Model: Mohr-Coulomb

400 500
Distance (Feet)

Unit Weight: 140 pcf  Cohesion: 1000 psf Phi:45° Piezometric Line: 1

Unit Weight: 85 pcf  Cohesion: 0 psf Phi:32°  Piezometric Line: 1

I

600

700

800

Piezometric Line: 1

900



Elevation (Feet)

Marshall Steam Station Section B-B' Undrained Analysis

Name: ASH SUBGRADE FILL  Model: Mohr-Coulomb  Unit Weight: 90 pcf  Cohesion: 0 psf Phi: 33°  Piezometric Line: 1
Name: GROUNDWATER SEPARATION FILL  Model: Mohr-Coulomb ~ Unit Weight: 120 pcf  Cohesion: 100 psf  Phi: 28 °  Piezometric Line: 1
Name: SLUICED ASH  Model: S=f(depth)  Unit Weight: 90 pcf  C-Top of Layer: 425 psf C-Rate of Increase: 7 Limiting C: 0 psf
Name: RESIDUAL SILTY CLAY  Model: S=f(depth)  Unit Weight: 115 pcf  C-Top of Layer: 760 psf C-Rate of Increase: 12  Limiting C: 0 psf
Name: RESIDUAL SANDY SILT  Model: S=f(depth)  Unit Weight: 115 pcf  C-Top of Layer: 2200 psf C-Rate of Increase: 15  Limiting C: 0 psf
Name: RESIDUAL SILTY SAND  Model: Mohr-Coulomb ~ Unit Weight: 125 pcf  Cohesion: 100 psf  Phi: 32°  Piezometric Line: 1
Name: PWR  Model: Mohr-Coulomb Uit Weight: 135 pcf  Cohesion: 500 psf  Phi: 36 °  Piezometric Line: 1
Name: REFUSAL MATERIAL  Model: Mohr-Coulomb Uit Weight: 140 pcf  Cohesion: 1000 psf  Phi; 45°  Piezometric Line: 1

880— Name: Bottom Ash Fill Model: Mohr-Coulomb  Unit Weight: 85 pcf  Cohesion: 0 psf Phi: 32°  Piezometric Line: 1

27

870— 3% 23

ASH SUBGRADE FILL
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Elevation (Feet)
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1.779

Marshall Steam Station Section B-B' Undrained Analysis

Name: ASH SUBGRADE FILL  Model: Mohr-Coulomb  Unit Weight: 90 pcf  Cohesion: 0 psf  Phi: 33°  Piezometric Line: 1

Name: GROUNDWATER SEPARATION FILL  Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion: 100 psf Phi:28°  Piezometric Line: 1
Name: SLUICED ASH  Model: S=f(depth)  Unit Weight: 90 pcf  C-Top of Layer: 425 psf  C-Rate of Increase: 7 Limiting C: 0 psf

Name: RESIDUAL SILTY CLAY  Model: S=f(depth)  Unit Weight: 115 pcf  C-Top of Layer: 760 psf ~ C-Rate of Increase: 12 Limiting C: 0 psf
Name: RESIDUAL SANDY SILT ~ Model: S=f(depth)  Unit Weight: 115 pcf  C-Top of Layer: 2200 psf  C-Rate of Increase: 15  Limiting C: 0 psf
Name: RESIDUAL SILTY SAND  Model: Mohr-Coulomb  Unit Weight: 125 pcf Cohesion; 100 psf Phi:32° Piezometric Line: 1

Name: PWR  Model: Mohr-Coulomb  Unit Weight: 135 pcf  Cohesion: 500 psf Phi: 36 °  Piezometric Line: 1

Name: REFUSAL MATERIAL  Model: Mohr-Coulomb  Unit Weight: 140 pcf  Cohesion: 1000 psf  Phi: 45°  Piezometric Line: 1

Name: Bottom Ash Fill Model: Mohr-Coulomb  Unit Weight: 85 pcf Cohesion: 0 psf  Phi: 32°  Piezometric Line: 1

300 400 500 600 700 800

Distance (Feet)



Elevation (Feet)

Marshall Steam Station Section B-B' Long-Term

Name: ASH SUBGRADE FILL  Model: Mohr-Coulomb  Unit Weight: 90 pcf  Cohesion: 0 psf Phi: 33°  Piezometric Line: 1

Name: GROUNDWATER SEPARATION FILL  Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion: 100 psf Phi: 28 °  Piezometric Line: 1
Name: SLUICED ASH  Model: Mohr-Coulomb ~ Unit Weight: 90 pcf Cohesion: 0 psf Phi:25° Piezometric Line: 1

Name: RESIDUAL SILTY CLAY  Model: Mohr-Coulomb ~ Unit Weight: 115 pcf  Cohesion: 200 psf Phi: 27 °  Piezometric Line: 1

Name: RESIDUAL SANDY SILT  Model: Mohr-Coulomb  Unit Weight: 115 pcf  Cohesion: 100 psf Phi: 28 °  Piezometric Line: 1

Name: RESIDUAL SILTY SAND  Model: Mohr-Coulomb ~ Unit Weight: 125 pcf Cohesion: 100 psf  Phi: 32°  Piezometric Line: 1

Name: PWR  Model: Mohr-Coulomb  Unit Weight: 135 pcf  Cohesion: 500 psf  Phi: 36 °  Piezometric Line: 1

Name: REFUSAL MATERIAL  Model: Mohr-Coulomb  Unit Weight: 140 pcf  Cohesion: 1000 psf  Phi: 45°  Piezometric Line: 1

Name: Bottom Ash Fill Model: Mohr-Coulomb  Unit Weight: 85 pcf  Cohesion: 0 psf Phi:32°  Piezometric Line: 1

880—
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Elevation (Feet)

Marshall Steam Station Section B-B' Long-Term

Name: ASH SUBGRADE FILL  Model: Mohr-Coulomb ~ Unit Weight: 90 pef  Cohesion: 0 psf Phi: 33°  Piezometric Line: 1
Name: GROUNDWATER SEPARATION FILL  Model: Mohr-Coulomb ~ Unit Weight: 120 pcf  Cohesion: 100 psf  Phi: 28°  Piezometric Line: 1
Name: SLUICED ASH  Model: Mohr-Coulomb  Unit Weight: 90 pcf  Cohesion: 0 psf Phi:25°  Piezometric Line: 1
1.970 Name: RESIDUAL SILTY CLAY  Modek: Mohr-Coulomb  Unit Weight: 115 pcf ~ Cohesion: 200 psf  Phi: 27 °  Piezometric Line: 1

. Name: RESIDUAL SANDY SILT ~ Model: Mohr-Coulomb ~ Unit Weight: 115 pef  Cohesion: 100 psf Phi: 28°  Piezometric Line: 1
Name: RESIDUAL SILTY SAND  Model: Mohr-Coulomb  Unit Weight: 125 pcf  Cohesion: 100 psf Phi: 32°  Piezomelric Line: 1
Name: PWR  Model: Mohr-Coulomb  Unit Weight: 135 pcf  Cohesion: 500 psf Phi: 36 °  Piezometric Line: 1
Name: REFUSAL MATERIAL  Model: Mohr-Coulomb  Unit Weight: 140 pcf  Cohesion: 1000 psf  Phi: 45°  Piezometric Line: 1
Name: Bottom Ash Fill  Model: Mohr-Coulomb  Unit Weight: 85 pcf  Cohesion: 0 psf  Phi: 32°  Piezomeitric Line: 1

880—

870— =

-100 0 100 200 300 400 500 600 700 800
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ATTACHMENT VII

DWQ , USACE WETLANDS PERMIT AUTHORIZATION

LETTERS AND NCEEP PAYMENT CONFIRMATION

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




U.S. ARMY CORPS OF ENGINEERS
WILMINGTON DISTRICT

Action ID. SAW-2008-03162 County: Catawba USGS Quad: Lake Norman
NJ/Troutman

GENERAL PERMIT (REGIONAL AND NATIONWIDE) VERIFICATION

Property Owner / Authorized Agent: Duke Energy Corporation, Att’n: Chris Hallman
Address: 526 South Church St.

Charlotte, NC 28202
Telephone No.:

Size and location of property (water body, road name/number, town, etc.): Duke Energy Steam Station -
Indusirial Landfill No. 1 located on a 116 acre site south of Island Point Road, approx. 0.5 mile east
of the Sherrills Ford Road and Island Point Road intersection; north of Terrell.

Description of projects area and activity: This permit authorizes impacts to 0.154 acre of wetlands for
the purpose of constructing a Iandfill which will contain a variety of combustion product wastes
generated at the Marshall Steam Station.

MITIGATION:

In order te compensate for impacts to 0.154 acre of wetlands, the permittee shail make pavment to
the North Carolina Ecosystem Enhancement Program (NC EEP) in the amount determined bv the
NC EEP. sufficient to perform the restoration of 0.5 acre of non-riparian wetlands in the Catawba

River Basin, Cataloging Unit 03050101,

Construction within jurisdictional areas on the propertv shall begin only afier the permittee has
made fuill payvment to the NC EEP and provided a copy of the payment documentation to the
Corps, and the NC EEP has provided written confirmation to the Corps that it agrees to accept
responsibility for the mitigation work required, in compliance with the MOU between the

NCDENR and the United States Army Corps of Engineers, Wilmington District, dated November
4, 1998.

Applicable Law:  [X] Section 404 (Clean Water Act, 33 USC 1344)

[] Section 10 (Rivers and Harbors Act, 33 USC 403)
Authorization: Regional General Permit Number:

Nationwide Permit Number: 39

Your work is authorized by the above referenced permit provided it is accomplished in strict accordance with the
attached conditions and your submitted plans. Any violation of the attached conditions or deviation from your
submitted plans may subject the permittee to a stop work order, a restoration order and/or appropriate legal action.

This verification will remain valid until the expiration date identified below unless the nationwide authorization
is modified, suspended or revoked. If, prior to the expiration date identified below, the nationwide permit
authorization is reissued and/or modified, this verification will remain valid until the expiration date identified
below, provided it complies with all requirements of the modified nationwide permit. If the nationwide permit
authorization expires or is suspended, revoked, or is modified, such that the activity would no longer comply with
the terms and conditions of the nationwide permit, activities which have commenced (i.e., are under construction) or
are under contract to commence in reliance upon the nationwide permit, will remain authorized provided the activity
is completed within twelve months of the date of the nationwide permit’s expiration, modification or revacation,
unless discretionary authority has been exercised on a case-by-case basis to medify, suspend or revoke the
authorization.

Activities subject to Section 404 (as indicated above) may also require an individual Section 401 Water Quality
Certification. You should contact the NC Division of Water Quality (telephone (919) 733-1786) to determine
Section 401 requirements.



For activities occurring within the twenty coastal counties subject to regulation under the Coastal Area
Management Act (CAMA), prior to beginning work you must contact the N.C. Division of Coastal Management.

This Department of the Army verification does not relieve the permittee of the responsibility to obtain any other
required Federal, State or local approvals/permits.

If there are any questions regarding this verification, any of the conditions of the Permit, or the Corps of
Engineers regulatory program, please contact Steve Chapin at 828-271-7980.

Corps Regulatory Official _ Steve Chapin Date: December 1, 2008

Expiration Date of Verification; December 1, 2010

The Wilmington District is commitied to providing the highest level of support to the public. To help us ensure we
continue to do so, please complete the attached customer Satisfaction Survey or visit

hitp://www.saw.usace.army. mil/WETLANDS/index.htm! to complete the survey online.

Determination of Jurisdiction:

A. [] Based on preliminary information, there appear to be waters of the US including wetlands within the above
described project area. This preliminary determination is not an appealable action under the Regulatory
Program Administrative Appeal Process { Reference 33 CFR Part 331},

B. [} There are Navigable Waters of the United States within the above described project area subject to the
permit requirements of Section 10 of the Rivers and Harbors Act and Section 404 of the Clean Water Act.
Unless there is a change in the law or our published regulations, this determination may be relied upon for a
period not to exceed five years from the date of this notification.

C. [] There are waters of the US and/or wetlands within the above described project area subject to the permit
requirements of Section 404 of the Clean Water Act (CWA)(33 USC § 1344). Unless there is a change in the
law or our published regulations, this determination may be relied upon for a period not to exceed five years
from the date of this notification.

D. [X] The jurisdictional areas within the above described project area have been identified under a previous action.
Please reference jurisdictional determination issued 4/28/99 {reverified on 5/14/08). Action ID. 199930758

Basis of Jurisdictional Determination: The site contains wetlands as determined by the USACE 1987 Wetland
Delineation Manual and is adjacent to stream channels that exhibit indicators of ordinary high water marks. The
stream channel on the property is Holsclaw Creek which flows into the Catawba River and ultimately flows to the
Adtlantic Ocean through the Holsclaw Creck>Lake Norman>Catawba River system which is a Section 10 navigable-
in-fact waterway at Lake Wylie.

Appeals Information: {This information does not apply to preliminary determinations as indicated by paragraph A.
above).

Attached to this verification is an approved jurisdictional determination. If you are not in agreement with that
approved jurisdictional determination, you can make an administrative appeal under 33 CFR 331. Enclosed you will
find a Notification of Appeal Process (NAP) fact sheet and request for appeal (RFA) form. If you request to appeal
this determination you must submit a completed RFA form to the following address:

District Engineer, Wilmington Repgulatory Program
Attn: Steve Chapin, Project Manager

151 Patton Avenue, Room 208

Asheville, North Carolina 28801

In order for an RFA to be accepted by the Carps, the Corps must determine that it is complete, that it meets the
criteria for appeal under 33 CFR part 331.5, and that it has been received by the Division Office within 60 days of



the date of the NAP. Should you decide to submit an RFA form, it must be received at the above address within 60
days from the fssue Date below.

**]t {5 not necessary to submit an RFA form to the Division Office if you do not object to the determination in this
correspondence. **

Corps Regulatory Official: __ Steve Chapin

Issue Date: December 1, 2008 Expiration Date: Five years from fssue Date

SURVEY PLATS, FIELD SKETCH, WETLAND DELINEATION FORMS, PROJECT PLANS, ETC,,
MUST BE ATTACHED TO THE FILE COPY OF THIS FORM, IF REQUIRED OR AVAILLABLE.

Copy Furnished:
S&ME, Inc. (Joey Lawler)



PROGRAM

RECEIPT

December 22, 2008

Chris Hallman

Duke Energy Corporation
526 S, Church Street
Charlotte, NC 28202

Project: Marshall Steam Station
County: Catawba

DWQ #: 08-6321

USACE Action ID: 2008-03102

EEP No.: ILF-2008-6321
Amount Paid; %21,500.00

Check Number; 1137403

The North Carolina Ecosystem Enhancement Program (NCEEP) has received a check as indicated above as payment for the
compensatory mitigation requirements of the 401 Water Quality Certification/Section 404/CAMA Permit(s) issued for the
above referenced project. This receipt serves as notification that your compensatory mitigation requirements associated with
the authorized activity as specified below have been satisfied. You must also comply with all other conditions of this
certification and any other state, federal or local government permits or authorization associated with this activity including
SL 2008-152, An Act to Promote Compensatory Mitigation by Private Mitigation Banks.

The NCEEP, by acceptance of this payment, acknowledges that the NCEEP is responsible for the compensatory mitigation
requirements associated with the project permit and agrees 1o provide the compensatory mitigation as specified in the permii.
The mitigation will be performed in accordance with the Memorandum of Understanding between the NC Department of
Environment and Natural Resources and the US Army Corps of Engineers dated November 4, 1998, as indicated below,

River Basin Stream Credits Wetland Credits Buffer 1& 11
HUC {linear feet) (acres) {8q. Ft.)
Cold Cool Warm | Riparian | Non-Riparian Coastal Marsh
Catawba 0 0 0 0 0.5 0 0
03050101

Please note that a payment made to the Ecosysiem Enhancement Program is not reimbursable unless a request for
reimbursement is received within 12 months of the date of the receipt. Any such request must also be accompanied by letters
from the permitting agencies stating that the EEP mitigation requirements in the permit and/or authorization have been
rescinded. If you have any questions or need additional information, please contact Valerie Mitchener at (919) 715-1973 or
Kelly Williams at (919) 716-1921.

Sincerely,

/&r‘

William D. Gilmare, PE
Director
cc: Cyndi Karoly, NCDWQ Wetlands/401 Unit
Steve Chapin, USACE-Asheville, Thelma Hemmingway, USACE Wilmington
Joey Lawler, agent

File . ' A%WA
Restoring... Enmanﬁ Protecting Our State RehENR

North Carolina Ecosystem Enhancement Program, 1652 Mail Service Center, Raleigh, NG 27699-1652 / 919-715-0476 / www.nceep.net



Michael . Easley, Governor

William G. Ross Jr., Secretary
North Carolina Department of Environment and Natural Resources

Caleen H. Suliins, Director
- Division of Water Quality

November 24, 2008
DWQ# 08-1709
Catawba County

Mr. Chris Hallman

Duke Energy Corporation
526 South Church Street
Charlotte, NC 28202

Subject: Marshall Steam Station, Industrial Landfill #1
APPROVAL of 401 Water Quality Certification with Additional Conditions

Dear Mr. Hallman:

You have our approval, in accordance with the attached conditions and those listed
below, to impact 0.154 acre of wetland in order to construct the landfill in Catawba County, as
described in your application received by the Division of Water Quality (DWQ) on November 17,
2008. After reviewing your application, we have determined that this project is covered by
Water Quality General Certification Number 3705, which can be viewed on our web site at
http://h20.enr.state. nc.us/ncwetlands. The General Certification allows you to use Nationwide
Permit Number 39 once it is issued to you by the U.S. Army Corps of Engineers. Please note
that you should get any other federal, state or local permits before proceeding with your project,
including those required by (but not limited to) Sediment and Erosion Control, Non-Discharge,
and Water Supply Watershed regulations.

The above noted Certification will expire when the associated 404 permit expires unless
otherwise specified in the General Cettification. This approval is only valid for the purpose and
design that you described in your application. If you change your project, you must notify us in
writing, and you may be required to send us a new application for a new certification. If the
property is sold, the new owner must be given a copy of the Certification and approval letter;
and is thereby responsible for complying with all conditions.

In addition to the requirements of the certification, you must also comply with the
following conditions:

1. The Mooresville Regional Office shall be notified in writing once construction at the approved
impact areas has commenced.

2. All wetlands, streams, surface waters, and riparian buffers located on the project site where
impacts are not allowed shall be clearly marked (example- orange fabric fencing) prior to any
land disturbing activities.

3. Storm water discharge structures at this site shall be constructed in a manner such that the
potential receiving streams (of the discharge) will not be impacted due to sediment
accumulations, scouring or erosion of the stream banks.

Muailing Address I'hone (704) 663-1699 Lucation NN e ol
610 East Center Avenue, Suite 301 Fax (704} 663-6040 610 East Center Avenue, Suite 301 y_"}ﬁfit}’d//f/
Mooresville, NC 28115 Maooresville, North Carolina ‘

Internct: www.newnterguality.org Customer Service 1-877-623-6748
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4. Sediment and erosion control measures shall not be placed in wetlands or waters without prior
approval from DWQ.  If approved, they shall be removed and the natural grade restored
within two months of the date of the close out/stabilization of the given drainage area.

5. Upon completion of the project, the applicant shall complete and return the enclosed
"Certificate of Completion” form to the 401/Wetlands Unit of the NC Division of Water Quality.

6. Continuing Compliance. The applicant (Duke Energy Corporation, Chris Hallman} shall
conduct all activities in a manner so as not to contravene any state water quality standard
(including any requirements for compliance with section 303(d) of the Clean Water Act) and
any other appropriate requirements of state and federal law. If DWQ determines that such
standards or laws are not being met (including the failure to sustain a designated or achieved
use) or that state or federal law is being violated, or that further conditions are necessary to
assure compliance, DWQ may reevaluate and modify this certification to include conditions
appropriate to assure compliance with such standards and requirements in accordance with
15 A NCAC 2H.0507(d). Before codifying the certification, DWQ shall notify the applicant and
the US Army Corps of Engineers, provide public notice in accordance with 15A NCAC
2H.0503, and provide opportunity for public hearing in accordance with 15A NCAC 2H.0504.
Any new or revised conditions shall be provided to the applicant in writing, shall be provided to
the United States Army Corps of Engineers for reference in any permit issued pursuant to
Section 404 of the Clean Water Act, and shall also become conditions of the 404 Permit for

the project. :

If you do not accept any of the conditions of this certification, you may ask for an adjudicatory
hearing. You must act within 80 days of the date that you receive this letter. To ask for a hearing,
send a written petition that conforms to Chapter 150B of the North Carolina General Statutes to
the Office of Administrative Hearings, 6714 Mail Service Center, Raleigh, N.C. 27698-6714. This
certification and its conditions are final and binding unless you ask for a hearing.

This letter completes the review of the Division of Water Quality under Section 401 of the
Clean Water Act. If you have any questions, please telephone Mr. Alan Johnson in the
Mooresville Regional Office at 704-663-1699 or Ms. Cyndi Karoly in the Central Office in Raleigh

919-733-9721.
Sincerealy,

A l—

for Coleen H. Sullins

Attachments

cc: Army Corps of Engineers, Asheville
lan McMillan, Wetlands Unit
Iredell County, Sediment/Erosion
Joey Lawler, S&ME
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