
Responses to TDEC Comments Dated Odober 18, 2006

To facilitate review ofour revisions made following receipt ofTDEC's comments dated
October 18,2006, we have provided the following responses and revised documents.

Comment 1:

Rule 1200-1-7-.04 (9) (b) 1. (ix) requires the applicant to clearly show, in the
engineering plans, how run-on will be diverted from, and run-off will be removed from,
the work areas, illustrating the locations and slopes ofditches, dikes, etc., to be utilized
for such diversion/removal and the direction offlow.

The Plans show the outlet pipes for a stormwater interceptor ditch located above the
landfill, for the purpose of collecting the surface runofffrom the adjacent hillsides, to
pass beneath the sediment pond for the landfill. We do not favor this design because if
there is ever a failure ofone ofthese pipes for any reason ~and the system must remain in
place for a long p~riod of time), it would be likely that this would result in a localized
collapse ofthe pond bottom resulting in a discharge ofthe pond through the stormwater
bypass pipe, directly into the lake rather than through the intended NPDES permit
outfall. The stormwater outlet should be routed in a different manner, which bypasses
the sediment pond.

Response 1:

The stormwater outlet referenced in the comment has been routed to bypass the sediment
pond. Drawing Nos. 10W427-4, 5, 6, 7, 8, 11, 12, and 13 have been updated to present
the revised grading for the stormwater outlet channels. Drawing No. 10W427-23 has
been updated to remove Detail C23 for Stormwater Run-on Drop Inlet and Detail. D23for
Stormwater Culvert Under Pond, as these details are no longer applicabk For
completeness, Drawing No. 10W427-13, Surface Water Management Plan, was updated
to include names of each ditch segment. Drawing No. 10W427-21 was updated to
include a table to present details of each ditch shown on the Surface Water Management
Plan. It is noted that this information was previously pfi::sented in Appendix B titled
"Design and Analysis of the Surface Water management System" but was not shown on
the Design Drawings. Surface water calculations have been updated to include the new
stormwater outlet channels and are presented in the revised Appendix B.

Comment 2:

For the downdrain inlets on final cover benches (as shown in "Details #C, D, E, and F
22" on Drawing #10W427-22 ofthe construction plans), we recommend that the elevated
standpipes shown be replaced with grated inlets at the bench channel grade level, to
prevent stormwater from building up over the benches and possibly washing out the
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berms. Low check dams may be placed above the grated inlets to prevent clogging with
sediment.

Response 2:

Detail Nos. A, B, C, D, E, and F on Drawing No. lOW427-22 have been revised to
replace the elevated standpipe inlets with grated inlets. The following note has been
added: "Low check dams may be placed above the grated inlets to prevent clogging with
sediment".

Comment 3:

Rule 1200-1-7-.04 (9) (d) requires the applicant to include, with the "Part 2" permit
application, a copy of the closure/post-closure care plan. The plan must include a
closure andpost-closure cost estimate.

In the. post-closure cost estimate (Item #IV-B, "Maintenance of Leachate Collection
System 'j, no cost figures are allocated to "repairs/materials:"pumps and cleaning out
system". Leachate collected in the underdrain system is removed and pumped to the
sediment pond through a lift station. This will have to be maintained through the post
closure period. There is also a possibility that clogging will have to be alleviated in the
underdrain and/or slope drain systems. Cost figures need to be providedfor these items,
as well as for maintaining the lift station that is necessaryfor maintaining the water level
in the sedimentpond.

Response 3:

Item #IV-B has been updated to include costs for repairs/materials for pumps and the
cleaning out system. Also, the cost for maintaining the lift station is now included. A
revised copy ofWorksheet B is provided with this submittal.l
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This Operations Manual has been prepared in support of a Part II Permit
application for a coal-combustion byproduct (CCB) disposal facility to be located at
Tennessee Valley Authority's (TVA's) Kingston Fossil Plant (KIF), located near
Harriman, Tennessee. The proposed disposal facility is to be located on lands currently
owned by TVA located within the KIF reservation. The CCB disposal facility is an
integral part of a project to install a flue gas desulfurization (FGD) system at KIF.
When operational, the FGD system will reduce sulfur dioxide emissions through the use
ofwet limestone forced oxidation technology. Gypsum will be produced as a byproduct
of the FGD operations. TVA intends to market the resulting gypsum for beneficial re
use by private companies. However, the proposed CCB disposal facility described
herein is needed for the on-site disposal ofgypsum materials that cannot be marketed.

This Operations Manual has been developed in accordance with rules published by
the Tennessee Department ofEnvironment and Conservation (IDEC), specifically Rule
1200-1-.04. TVA is requesting that TDEC issue a permit for the construction and
operation of the CCB disposal facility as a Class II facility. TVA also requests that
TDEC issue certain waivers, as specifically identified in this O&M Plan, that are
needed to address TVA's operational needs and the inert nature of the materials to be
disposed.

Information presented in this document has been organized and presented
consistent with the permit application requirements presented in Rule 1200-1-.04 (9).
Sections within this application have been titled and enumerated consistent with the
regulations to facilitate the review process. Additional information developed in
support of this Operations Manual and the permit application has been presented as
Appendices or attachments as listed below:

Appendix A
Appendix B
Appendix C
Appendix D

GR373IfGA060289 .RPT.doc•

Hydrogeologic Report
Design Calculations
Gypsum Testing and Physical Properties
Groundwater Monitoring Plan

I
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•

1.2 Hydrogeological Report (ref. 1200-1-7-.04 (9) (a»

The Hydrogeological Report supporting this application is titled "Kingston Fossil
Plant - Peninsula Site, Hydrogeologic Evaluation of Coal-Combustion Byproduct
Disposal Facility" (October 2005) and is presented as Appendix A. This document was
submitted to IDEC as a stand alone document on November 29, 2005. Based on
IDEC's review, a Notice of Completeness was received by TVA on December 16,
2005. No changes have been made to this document since its submittal to IDEe.

1.3 Engineering Plans (ref. 1200-1-7-.04 (9) (b»

The Engineering Drawings that support this application are presented as
Attachment I to this Operations Manual. The drawing set is titled, "Coal-Combustion
By-product (Gypsum) Disposal Facility, Kingston Fossil Plant - Peninsula Site". The
following drawings are included:

• GR373I/GA060289.RPT.doc 2
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Drawing No. Title

IOW427-1 Cover Sheet
lOW427-2 Existing

Site Conditions and Boring Locations
lOW427-3 Site Development Plan
IOW427-4 Phase I Initial Grading Plan and Soil Dikes
IOW427-5 Phase I Top ofGeologic Buffer
IOW427-6 Phase I. Stage IA
IOW427-7 Phase I, Stage IB
lOW427-8 Phase II Initial Grading Plan and Soil Dikes
IOW427-9 Phase II Top ofGeologic Buffer

IOW427-1O Phase II Stage IA
IOW427-11 Phase I and II Final Cover Grading Plan

(Wet Stack)
IOW427-12 Phase I and II Final Cover Grading Plan

(Dry Stack)
lOW427-13 Surface Water Management Plan
IOW427-14 Cross Section I
IOW427-15 Cross Section II
lOW427-16 Operational and Typical Details I
IOW427-17 Operational and Typical Details II
lOW427-18 Drainage System Details I
IOW427-19 Drainage System Details II
IOW427-20 Final Cover System Details
IOW427-21 Surface Water Management System Details

I (Downdrain Channel Option)
IOW427-22 Surface Water Management System Details

II (Downdrain Pipe Option)
IOW427-23 Surface Water Management System Details

III
IOW427-24 Underdrain Lift Station
IOW427-25 Stormwater Lift Station

.,R373I1GA060289.RPT.dOC 3
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The following section of this Operations Manual presents a narrative description of
the development and operation of the planned CCB disposal facility. To facilitate the
review of this document, regulatory requirements are cited in italics at the start of each
section followed by a text description indicating how the specific requirement has been
addressed. Where appropriate, the text also references engineering drawings or other
supporting infonnation that- has been developed in support of the Operations Manual
and pennit application.

2.1 Site Information

2.1.1 Responsible Officials (ref. 1200-1-7-.04 (9) (e) 1)

Regulatory requirement:

1. Identifies the name of the individual responsible for operation and
maintenance ofthefacility;

The following is a list of responsible parties involved in the pennitting, design,
operation, maintenance, quality control and quality assurance of the CCB disposal
facility at TVA's Kingston Fossil Plant.

1. Owner:
Contact:

Tennesse~ Valley Authority (TVA)
Plant Manager
Tennessee Valley Authority
Kingston Fossil Plant
714 Swan Pond Road
Harriman, Tennessee 37748
Phone (865) 717-2501

As ofthe date of this revision, the plant manager is Mr. Michael T. Beckham.

Please direct any correspondence in regards to this document to the designated
Solid Waste Specialist. The Solid Waste Specialist for Kingston Fossil Plant is:

• GR37311GA060289.RPT.doc 4
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Larry C. Bowers
1101 Market Street, LP 5D-C
Chattanooga, Tennessee 37402-2801
Phone:(423)751-4947
Fax:(423)751-7011

Revision a

•

2. State: Tennessee Department ofEnvironment and Conservation
Division of Solid Waste Management
Tennessee Department ofEnvironment and Conservation
2700 Middlebrook Pike, Suite 220
Knoxville, Tennessee 37921-5602
Phone:(865) 594-6035
Fax:(865) 594-6115
Contact as of the date of this manual is Mr. Larry Cook, Environmental Field
Office Manager.

Tennessee Department ofConservation
Division of Solid Waste Management
Central Office
401 Church Street
5th Floor, L&C Tower
Nashville, TN 37243-1533
Phone:(615) 532-0780
Fax:(615) 532-0886

Contact as ofthe date ofthis manual is Mr. Mike Apple, Division Director.

eR3731/GA060289_RPTodOC 5
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Regulatory requirement:

2. Describes the location ofthe facility using roads and highways;
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The Site is located on land currently owned by TVA at the Kingston Fossil Plant
(KIF). The specific area proposed for the disposal facility is commonly referred to as
the "Peninsula Site". KIF is located near the city of Harriman in Roane County, TN.
Access to the Site is via the plant main entrance which is located on Swan Pond Road.
Swan Pond Road is located off Highway 70 between the cities of Kingston and
Harriman. A site location map is provided on Drawing No. IOW427-1 (Cover Sheet).

2.1.3 Site Description (ref. 1200-1-7-.04 (9) (c) 3)

Regulatory requirement:

3. Describes its compliance with all applicable buffer zone standards listed in
paragraph (3) ofthis Rule. Each buffir zone standard must be specifically
addressed referencing the closest property lines, residences, wells, and
bodies of water as appropriate, and maps may be attached for easy
descriptions and reference or otherwise demonstrate compliance.

KIF is located at the base of a peninsula fonned by the Clinch and Emory River
embayments of Watts Bar Lake. Construction of KIF began in 1951 and commercial
operation began in 1955. Land acquisition for KIF included approximately 550 acres
east of the current plant operational area, commonly referred to as the KIF Peninsula
Site. The area was originally devoted to agricultural and residential use. These
cultivated fields are currently used by the Tennessee Wildlife Resources Agency
(TWRA) to support an onsite wildlife management program (i.e., hunting).

The proposed CCB facility will be located on a peninsula landfonn at the
confluence of the Clinch and Emory Rivers in Roane County, Tennessee. The Emory
River enters the Clinch River at Clinch River Mile (CRM) 4.36 along the eastern
margin of the peninsula. Existing ground surface across the proposed disposal site

• GR373I1GA060289.RPT.doc 6
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ranges from approximately elevation 735 to 860 ft. msl, and the 100-year flood stage
elevation is 747.6 ft. Modern day floods near the mouth of the Clinch River (CRM 0.7)
suggest that the highest modern (1903) flood stage was near 746 ft. mst

The CCB disposal facility proposed at KIF will occur in two separate phases. Both
phases would involve disposal of gypsum derived from flue-gas desulfurization(FGD).
Phase I would be constructed pending successful marketing of the FGD derived
gypsum. The footprint for Phase I includes an area of approximately 51 acres. If efforts
to market the gypsum are unsuccessful, the disposal facility will be expanded laterally
under Phase II. Phase II includes additional area adjacent to the site and encompasses an
additional area ofapproximately 41 acres (note: areas are measured to limits ofwaste).

2.1.4 Compliance with Buffer Zones (ref. 1200-1-7-.04 (3) (a)

Regulatory requirement:

Disposal facilities must be located, designed, constructed, operated, and
maintained such that thefill areas are, at a minimum:

1. 100feet from all property lines

The proposed CCB disposal facility is located on the KIF reservation. No property
lines are within 100 ft.

2. 500 fiet from all residences, unless the owner of the residential property
agrees in writing to a shorter distance

There are no residences within 500 ft. of the proposed CCB disposal facility.

3. 500 feet from all wells determined to be down gradient and used as a
source ofdrinking water by humans or livestock

There are no wells downgradient of the site that are used as a source of drinking
water by humans or livestock.

• GR373I!GA060289.RPT.doc 7
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4. 200feet from normal boundaries ofsprings, streams, lakes (except that this
standard shall not apply to any wet weather conveyance nor to bodies of
water constructed and designed to be part ofthefacility)

The disturbance footprint of the disposal facility is located within 200 ft. of the
normal boundary of Watts Bar Lake-Clinch River. However, as indicated on Drawing
No. IOW427-3 (Site Development Plan), waste limits shall be maintained beyond the
required 200 ft. buffer zone...Only soil starter dikes will be located within the buffer.
Prior to construction, TVA will obtain permits required under Section 404 of the Clean
Water Act and an Aquatic Resource Alteration Permit (ARAP) to address construction
activities within the buffer area.

TVA requests that TDEC issue a waiver of the 200 ft. buffer requirement to allow
construction of the soil starter dikes within the buffer zone as indicated on the
engineering drawings.

2.1.5 Compliance with Siting Requirements for Fault Areas (ref. 1200-1-7-.04 (9)
(c) 4)

Regulatory requirement:

4. Describes its compliance with applicable siting requirements for fault areas.

Rule 1200-1-7-.04 (u) New Class I and II SWLF units and lateral
extensions shall not be located within 200 fiet (60 meters) of a fault that
has had displacement in Holocene time unless the owner or operator
demonstrates in the Narrative Description of the Facility and Operations
Manual that an alternative setback distance of less than 200 feet (60
meters) willprevent damage to the structural integrity ofthe SWLF unit and
will be protective to human health and the environment.

As part of the planning and design of the proposed facility, TVA has completed an
extensive hydrogeologic evaluation of the site. Based on the investigations performed
to date, there is no evidence of Holocene-age faulting within the 200 ft. facility
exclusion zone although the Kingston fault (a thrust fault) crosses the southeastern

• GR3731/GA060289.RPT.doc 8
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margin ofthe site. The Kingston fault is an ancient structure that, along with associated
faults, were fonned approximately 300 million years ago and further movement along
these faults is highly improbable (Julian and Boggs, 2005).

2.1.6 CO,mpliance with Siting Requirements for Seismic Impact Zones (ref. 1200
1-7-.04 (9) (c) 5)

Regulatory requirement:

5. Describes its compliance with applicable siting requirements for seismic
impact zones.

Rule 1200-1-7-.04 (v) New Class I and II SWLF units and lateral
extensions shall not be located in seismic impact zones unless the owner or
operator demonstrates that all containment structures including liners,
leachate collection systems and sUlface water control systems are designed
to resist the maximum acceleration in lithified earth material for the site.
The owner or operator must place the demonstration in the Narrative
Description ofthe Facility and Operations Manual.

The Site lies within a seismic impact zone, defined by IDEe Rule 1200-1-7-.04 as
being an area with a 10 percent or greater probability ofbeing subject to an earthquake
ground acceleration of at least 0.10g within 250 years. The Site falls within an area
characterized by a maximum horizontal acceleration of 0.25g within 250 years. In
accordance with TDEC regulations, "all containment structures including liners,
leachate collection systems, and surface water control systems are to be designed to
resist the maximum horizontal acceleration in lithified earth materialfor the site".

In accordance with the IDEC regulations, engineering analyses were perfonned for
critical components of the facility considering both static and seismic conditions.
Seismic evaluations were perfonned using a maximmn horizontal ground acceleration
of 0.25g in 250 years. Calculation packages detailing assumptions and procedures,
analyzed cross sections, and material properties for the aforementioned analyses are
presented in Appendix B. Results indicate that the proposed facility has adequate
factors of safety under both operational and final facility configurations.

• GR3731/GA060289.RPT.doc 9
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2.1.7 Compliance with Siting Requirements for Unstable Areas (ref. 1200-1-7
.04 (9) (c) 6)

Regulatory requirement:

4. Describes its compliance with applicable siting requirements for unstable
areas.

Rule 1200-1-7-.04 (2) (w) Owners or operators ofnew Class I and 11 SWLF
units, existing Class I and lateral expansions located in an unstable area
must demonstrate that engineering measures have been incorporated into
the SWLF units designed to ensure that the integrity of the structural
components ofthe SWLF unit will not be disrupted. The owner or operator
must place the demonstration in the Description of the Facility and
Operations Manual operating record. The owner or operator must
consider the following factors at a minimum, when determining whether an
area is unstable:

1. On-site local soil conditions that may result in significant differential
settlement.

2. On-site or local geologic or geomorphologicfeatures; and

3. On-site or local human-made features or event (both surface and
subsurface).

Topographic depressions or dolines are exhibited at the site. These features do not
possess open throats or avenues for reception of incipient recharge. Rather, the dolines
are thickly mantled by soil thicknesses ranging from about 35 to 75 ft. Visual and
laboratory classifications ofthese soils indicate that they are ofresidual origin except in
the area of the site pond where alluvial deposition has occurred. Based on the
hydrogeologic evaluation, there were no voids detected immediately above bedrock that
would indicate staging of. soil into the deeper bedrock system. There are no natural
karst features (Le., sinkholes, sinking streams, and springs) directly integrated into the
subsurface. Coring of the bedrock at the site exhibits slight to highly fractured

• GR3731 IGA060289.RPT.doc 10
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conditions. Most cavities and joints were also observed to be completely or partially
filled with clays and sand. Some topographic depressions coincide with bedrock
depressions but no active karst features were observed at these locations.

The only man made feature is the fonner fann pond located in the center ofthe site.
This feature will be filled in during construction of the facility and therefore will not
affect the integrity of the facility. TVA will obtain the necessary pennits for this work
in advance ofproceeding with the work.

A central drainage corridor (150 ft. wide drainage blanket) is included in the design
to remove liquids from lower portions of the CCB disposal facility during nonnal
operations and during the post-closure period. As part of the engineering design,
differential settlements were estimated along the axis of the conidor to ensure that
positive drainage would be maintained under post-settlement conditions. This
evaluation is presented in Appendix B and illustrates that positive gravity drainage will
be maintained after settlement under the final configuration ofthe disposal facility.

2.1.8 Access Control (ref. 1200-1-7-.04 (9) (c) 7)

Regulatory requirement:

7. Describes the barriers, signs, procedures and other measures to be used to
control access to and use ofthefacility;

Phases I and II of the proposed CCB facility are located within the TVA KIF
Reservation. Access to this facility is via the plant entrance and internal plant roads.
During normal operations, plant personnel will be at the site performing disposal
operations, inspections and maintenance as required. TVA also maintains 24-hour
security at the plant.

Temporary signage and barriers will be erected on an as-required basis during
construction operations to route construction-related traffic to designated areas.

• GR37311GA060289.RPT.doc II
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This Section of the Operations Manual provides a description of the nonnal
operations anticipated for the planned CCB facility. Section 3 provides a description of
operational procedures and specifically addresses the required elements of Rule 1200-1
7-.04 (9) (c) parts 8 through 18.

3.2 General Sequence of Operations (ref. 1200-1-7-.04 (9) ee) 8)

Regulatory Requirement

8. Describes the methods and sequence ofoperation;

The proposed CCB disposal facility is intended for the disposal ofgypsum derived
from flue-gas desulfurization (FGD). While it is TVA~s intent to market the resulting
gypsum materials for beneficial re-use, the disposal facility is required as aback-up to
nonnal operations. At a minimum, it is anticipated that the facility will be used to
dispose of materials resulting from periodic by-passes that will occur during routine
maintenance of equipment that.wilI be used as part of the planned marketing activities.
In addition, periodic disposal ofgypsum materials may be required ifmarket conditions
or other external factors result in reduced demand for gypsum materials. Accordingly,
the proposed CCB disposal facility has been conservatively sized and designed to
handle 100 percent of the anticipated gypsum production once the FGD project is
brought on-line.

Figure 1 presents an overall site plan identifying key elements ofthe proposed CCB
disposal facility. Initial activities (prior to waste disposal) will involve construction of
the stonnwater pond, geologic buffer, central drainage corridor~ initial soil dikes, and
associated stonnwater diversion features associated with development of the Phase I
area of the Site.

The disposal footprint of Phase I is approximately 51 acres. The initial soil dikes
will be constructed as indicated on Drawing No. 10W427-4 {Phase I Initial Grading

• GR3731/GA060289.RPT.doc 12
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Plan and Soil Dikes). The geologic buffer consisting of a three-foot thickness of re
compacted soil with a specified hydraulic conductivity ofno more than I x 10-7 cm/sec
will be constructed and the central drainage corridor will be added as depicted on
Drawing No. lOW427-5 (Phase I Top ofGeologic Buffer). The soil dikes will form the
boundary of an initial wet pond operation and will also provide a means of access for
construction equipment around the initial pond perimeter. It is TVA's intent that this
layer will meet or exceed the regulatory requirements of a geologic buffer, as defined in
the TDEC regulations.

The geologic buffer will be graded towards the center of the disposal area with the
central channel graded towards the low point of the Phase I area at the southwest comer
of the site. The central drainage corridor consists of a 150 ft. wide drainage blanket
constructed of crushed stone wrapped in a geotextile filter fabric with interior perforated
pipes. This drainage corridor will be used to collect internal drainage resulting from the
consolidation of the disposed gypsum and will convey this water to a sump (underdrain
lift station). The contents will be pumped to the stonnwater pond and will subsequently
be pumped to the plant's discharge channel for discharge in accordance with the plant's
NPDES pennit.

Phase I will be initially operated as a wet pond, as subsequently described. It is
anticipated that operations will transition from a wet pond operation to a Rim Ditch
operation if the volume of material being disposed becomes significant. TVA may
construct the Phase II area at any time during the operation ofPhase I. It is anticipated
that TVA will review the timing for the implementation of Phase II once sufficient
operational experience has been gathered regarding the efficiency of gypsum byproduct
marketing activities. Other external factors such as market demand for gypsum
materials may also factor into the need for, and timing ofconstruction ofPhase II.

• GR37311GA060289.RPT.doc 13
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After completion ofinitial construction activities to prepare the Phase I area, gypsum
will be sluiced to the upper (northern) end ofthe Phase I wet pond. The wet pond will be
decanted at the lower end using a conventional pond decant structure (See Drawing No.
lOW427-19, Drainage System Details II) located adjacent to the stormwater pond, with
decant water being discharged into the stormwater pond. Temporary diversion berms
may be required to promote settling of the coarser gypsum particles. The number and
location of these berms (if used) will be field determined based on operational needs.
Coarser material will be removed from the pond area and used to progressively raise the
elevation ofthe outer dikes using a conventional wet cast operation.

•
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The outer dikes will be raised progressively during the operation of the wet pond.
The dike construction procedure is depicted on Drawing No. IOW427-16 (Operational
and Typical Details I). It is estimated that the disposal facility can be operated in this
manner for a period of approximately 2 years prior to transitioning to a Rim Ditch
-operation. However, the actual time period will be highly dependant upon the efficiency
of planned marketing operations. Transition to a Rim Ditch operation can occur once
sufficient pond capacity is provided to allow for efficient operations.

Once the disposal operation has transitioned to a Rim Ditch operation, gypsum will
be sluiced to a Rim Ditch located around the interior of the perimeter dikes rather than
directly to the wet-pond. The Rim Ditch would discharge to the central pond, with
coarser gypsum particles being deposited in the Rim Ditch. The general procedure for
raising the elevation of the dikes using a Rim Ditch operation is depicted on Drawing No.
10W427-17 (Operational and Typical Details II). As sufficient materials are deposited,
the outer dikes will be raised in elevation using the upstream method of construction.
Decant water will continue to be discharged from the central pond to the stormwater
pond. Stormwater and decant water collected in the stormwater pond will be pumped to
TVA's existing NPDES permitted discharge located at the plant discharge channel.

Once sufficient operational experience has been gained, TVA may elect to expand
into the Phase II area. This may be done at any point during the operation of Phase I.
The disposal footprint of Phase II is approximately 41 acres. If expansion into Phase II
occurs early in the operation of Phase I, it may be possible to operate Phases I and II
simultaneously. If expansion into Phase II occurs at a later time, the Phase II area would
lean into and "piggyback" the previously constructed sideslope ofPhase I that is common
to the two areas.

Phase II of the disposal area will be developed in a similar manner to Phase I, i.e.,
first as a wet pond operation, raising the dikes by a wet casting operation; then as a Rim
Ditch operation with a central pond.

GR373 I1GA060288/GA060289.RPT.doc 15
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The CCB disposal facility design has been developed assuming wet disposal up to an
approximate elevation of 900 ft. msl. Dry stack disposal can be performed above this
elevation. The estimated airspace available for disposal ofgypsum is as follows:•
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• Phase I - 6,513,000 cubic yards (cy) for wet stack operation (i.e., up to
approximate elevation 900 ft. msl);

• Phase I and II - 13,371,000 cy for combined wet stack (i.e., up to elevation 900
ft. msl); and an additional 2,634,000 cy capacity for dry stack operations.

3.3 Type and Volume ofWaste (ref. 1200-1-7-.04 (9) (c) 9)

Regulatory requirement:

9. Describes the types and anticipated volumes ofsolid wastes to be disposed of
and the sources which generate the waste, and for special wastes, the
physical and chemical characteristics ofthe wastes and any special handling
procedures to be utilized;

TVA is proposing to construct and operate a wet scrubber system to reduce sulfate
(S03) emissions from the flue gas emissions at the Kingston Plant. The system is
expected to become operational in FY2009. The only wastes that will be disposed of in
this facility will be gypsum resulting from the operation of the proposed FGD system.
Relatively small quantities of fly ash and/or bottom ash may be used from time to time as
construction materials (e.g., road base) during operation ofthe facility.

Wet gypsum will be pumped from the power generation area to the marketing area,
to be located just west of the proposed disposal facility (Figure 1). A by-pass valve will
be located at this location. Depending on market conditions, TVA maybe able to market
up to 90 percent or more of the gypsum generated at KIF to private companies involved
in the manufacture of various products. Since there are a variety of urtcertainties
associated with the actual percentage ofgypsum that can be marketed, all life projections
included in this Operations Manual have been developed based on worst case (i.e., no
marketing) projections.

The design has been developed assuming that gypsum will be wet sluiced or slurried
to the CCB disposal facility. Wet disposal operations will continue until approximate
elevation 900 feet above mean sea level (msl) has been attained. Above this elevation, it
is assumed that any further disposal will be performed as a dry stacking operation since
the footprint of the wet pond will be significantly reduced at this point. Drawing No.
IOW427-11 illustrates the grades upon completion of wet disposal operations and

GR373I1GA060289.RPT.doc 16
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Drawing No. 10W427-12 illustrates the final cover grades upon completion of both wet
disposal and dry stacking activities.•
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Gypsum is an inert, non-combustible material and does not decay biologically. It is
primarily utilized in the manufacture of gypsum wallboard, but can also be used as a soil
amendment and in other products. When slurried, the gypsum slurry will have a pH in
the range 6.7 to 7.8 (Law, 1995). Additional data regarding the typical characteristics of
gypsum and the typical chemical composition (based on data from TVA's Cumberland
Fossil Plant) is included in Appendix C.

Since wet sluicing of gypsum is integral to TVA's gypsum disposal practices, TVA
requests a waiver of Rule 1200-1-7-.04 (2), regarding disposal of bulk non-containerized
liquids in a landfill.

TVA estimates that approximately 547,500 cy of settled gypsum will be produced
each year. Under worst case conditions (i.e., no marketing), TVA has developed the
stage-storage capacity estimates presented in Table 2.

GR373I/GA060289.RPT.doc 17
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Description Disposal Volume Highest Minimum
(cy) Elevation (ft. Anticipated Life (1)

msl) (years)
Phase 1 - completion of / 6,513,000 900 12
wet stacking
Phase I and II combined 13,371,000 900 24.5
- completion of wet
stacking
Phase I and II combined 16,005,000 984 29.25
- completion of wet and
dry stacking

Notes:
(1) - assumes no marketing

3.4 Areas to be Filled and Permitted (ref. 1200-1-7-.04 (9) (e) 10)

• Regulatory requirement:

10. Identifies the number ofacres to be filled and the total number ofacres to be
permitted, including buffer zone acreage (Note: Ifthe site is to be developed
in accordance with a phased development plan, each parcel must be
separately addressed. If minimum closure areas are to be utilized such
proposal must be described here and delineated in the closure plans)

Table 3 provides a summary of the areas to be filled and permitted. The Phases of
work and major areas of the site are illustrated on Figure 1 and on Drawing No. lOW427
3 (Site Development Plan).

•
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Description Area to Limit ofWaste Area to Limit of
Disturbance

Phase I (including 51.24 83.36
Stonnwater Pond)
Phase I and II (including 92.7 153.74
Stonnwater Pond)

3.5 Waste Handling and Covering (ref. 1200-1-7-.04 (9) (c) 11)

Regulatory requirement:

•

11. Describes the waste handling and covering program, to include but not
necessarily be limited to, descriptions of

(i) Unloading, spreading, and compacting operations;
(ii) The frequencies and depths ofinitial, intermediate, andfinal cover;

and
(iii) The cover material(s) to be utilized, including the estimated volumes to

be needed (show initial, intermediate, andfinal earthwork calculations)
and their sources and availability.

3.5.1 Waste Handling Operations

•

Phase I will be ready to receive waste following completion of the construction
activities illustrated on Drawing No.1 OW427-4 (Phase I - Initial Grading Plan and Soil
Dikes) and Drawing No. IOW427-5 (Phase I - Top of Geologic Buffer). At this point,
the disposal area will be bounded around the perimeter with soil dikes; and a geologic
buffer consisting of a 3 ft. thick layer of compacted clay having a hydraulic conductivity
ofnot greater than 1 x 10-7 em/sec. The central internal drainage corridor will also be in
place consisting of a 150 ft. wide blanket drain running along the axis of the disposal
facility. The central drainage corridor will provide internal drainage to lower portions of
the disposal area during operation of the facility and throughout the post-closure period.
Drainage collected by the central drainage corridor will be discharged by gravity to the
underdrain lift station illustrated on Drawing No. IOW427-24. Further -details of the
design and operation ofthe central drainage corridor are provided in Appendix B.

GR373 JIGA060289.RPT.doc 19
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After completion of initial construction activities to prepare the Phase I area, gypsum
will be sluiced to the upper (northern) end of the Phase I wet pond. The discharge point
may be moved periodically to facilitate distribution of the gypsum materials. The wet
pond will be decanted at the lower end using a pond decant structure (see Drawing No.
lOW427-19) located adjacent to the stonnwater pond, with decant water being discharged
into the stonnwater pond. Temporary diversion berms may be required to promote
settling of the coarser gypsum particles. The number and location of these berms (if
used) will be field detennined based on operational needs.
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The outer dikes will be raised progressively using the upstream method of
construction, commencing at the downgradient end (west end) of the Phase I area. The
dikes will be raised using settled gypsum that will be excavated from the pond using a
long-reach backhoe, drag-line or other conventional earthmoving equipment. The stages
of construction are illustrated on Drawing No. IOW427-6 (Phase I Stage IA) and
Drawing No. IOW427-7 (Phase I Stage IB). Operational details are also illustrated on
Drawing No. lOW427-16 and 10W427-17 (Operational Details). Depending on the rate
of filling and other operational considerations, TVA may transition to a Rim Ditch
operation to facilitate raising of the outer dikes. Operational details for a Rim Ditch
operation are illustrated on Drawing No. 1OW427-17.

Once the disposal operation has transitioned to a Rim Ditch operation, gypsum will
be sluiced to a Rim Ditch located around the interior of the perimeter of the stack rather
than directly to the wet pond. The Rim Ditch will discharge to the central pond, with
coarser gypsum particles being deposited in the Rim Ditch. As sufficient materials are
deposited, the outer dikes will be raised in elevation using the upstream method of
construction. Decant water will continue to be discharged from the central pond to the
stonnwater pond. Stonnwater and decant water collected in the stonnwater pond will be
pumped to TVA's existing NPDES permitted discharge located at the plant discharge
channel.

Settled gypsum in the interior of the disposal facility will consolidate as a result of
the decanting operations and drainage of free liquids through the perimeter drains and
central drainage corridor. Coarse gypsum materials used for the construction of the outer
dikes ofthe disposal facility will be spread in uniform layers and compacted.

Internal drainage features and surface water conveyance ditches will be constructed
concurrently as the outer dikes are raised in elevation. Perimeter drains will be installed
each time the dike is raised by approximately lOft. in elevation. Details are indicated on
Drawing Nos. IOW427-18 and -19 (Drainage System Details) and Drawing Nos.
lOW427-21 through -23 (Surface Water Management system Details).
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An intermediate soil cover will be constructed progressively over the outer dikes as
they are raised in elevation. The intermediate .soil cover consists of one foot thickness of
soil capable of sustaining vegetation. Intennediate cover soils for Phase I will be
obtained from either the footprint ofPhase II or from the designated borrow area.
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Depending on operational needs, TVA may elect to expand the disposal area by
implementing Phase II. The decision to implement Phase II will be made based on
operational needs and the success of gypsum marketing activities. Prior to placement of
waste in Phase II, construction activities illustrated on Drawing Nos. lOW427-8 (Initial
Grading Plan and Soil Dikes) and Drawing No. IOW427-9 (Phase II - Top of Geologic
Buffer) will be implemented. W~te placement activities in Phase II will be essentially
similar to Phase I operations, i.e., the area will initially be operated as a wet pond; outer
dikes will be raised in elevation using wet-cast gypsum; and operations may transition to
a Rim Ditch operation once sufficient pond capacity has been developed. If TVA elects
to expand into Phase II early in the life of the facility, it will be possible to operate Phase
I and II as a single cell. However, ifPhase II lags Phase I, operations within Phase I may
be suspended temporarily until Phase II reaches a similar elevation to Phase I.

3.5.2 Daily and Intermediate Cover

• No daily or intermediate cover (other than intennediate cover soil placed on the outer
dikes) will be required for this facility. Since gypsum is inert, physically stable, does not
biodegrade, and does not attract animals, vector control is not needed. Intermediate soil
cover and vegetation will be established progressively on the outer sideslopes ~ the
disposal facility is developed. Water spraying or other dust suppression techniques will
be used as needed to control fugitive dust in periods ofdry weather.

Due to the physical properties of gypsum and the nature of the proposed operations,
TVA requests a waiver to the typical initial and intennediate cover requirements of Rule
1200-1-7-.04 (6) (b) since this requirement typically applies to municipal solid waste
facilities where vector control is required.

3.5.3 Final cover

•

Final closure of the CCB disposal facility will be undertaken as described in the
Closure Plan for this facility. Drawing Nos. 10W427-ll and lOW427-12 depict the final
closure contours (including the thickness of the final cover). Final cover grades shown
on Drawing No. lOW427-12 will be used in the event that TVA elects to use a dry
stacking process above elevation 900 ft. msI. If TVA elects to close the facility upon
completion of wet stacking operations, the grades shown on Drawing No. IOW427-11
will be the final cover grades.
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The final cover will be constructed once disposal activities have been completed.
Drawing No. IOW427-20 (Final Cover System Details) depicts details of two alternative
cover systems. Soils for the construction of the low penneability soil layer of the final
cover system will be obtained from the designated on-site borrow area. Soil balance
estimates indicate that sufficient materials will be available from on-site sources. The
vegetative soil layer will also be constructed using locally available soils from the KIF
reservation, or from off-reservation sources provided the soil meets the requirements
contained on the drawings and in the specifications. Following placement of the
vegetative soil layer, the soil will be prepared and seeded using appropriate methods
outlined in the specifications. Additional provisions for quality assurance and quality
control are also contairied in the Material Specifications and Quality Assurance and
Quality Control (QA/QC) plan for this facility included as Appendix F of this permit
application.
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The design ofthe final cover system meets or exceeds the requirements contained in
IDEC Policy Memorandum dated September 7,2001 item 4 for coal ash facilities (see
Appendix G).

3.6 Operating Equipment (ref. 1200-1-7-.04 (9) (e) 12)

• Regulatory requirement

12. Describes the operating equipment to be utilized (including back-up
equipment), and their source and availability

TVA will utilize equipment and resources of its Heavy Equipment Division (HED)
for the construction and operation of the CCB disposal facility. It is likely that the
following pieces ofequipment will be used at this facility:

• Long-reach track-hoes or draglines (hydraulic excavators);

• Bulldozers;

• Compactors;

• Scrapers;

• Water pumps;

• Solids handling pumps;

• • Water trucks; and
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TVA can provide additional equipment within 24 hours for construction or disposal
operations in the event of a breakdown.

3.7 Control and collection ofLitter (ref. 1200-1-7-.04 (9) (c) 13)

Regulatory requirement

13. Describes the structures and procedures to be used in controlling and
collecting litter

Litter control is not applicable to this facility. During normal operations, gypsum
will be slurried to the disposal facility as previously described.

3.8 Stormwater Run-on and Run-off Control (ref. 1200-1-7-.04 (9) (c) 14)

Regulatory requirement

14. Describes how run-on and run-offcollection and holding and erosion control
facilities will be managed, including the disposition ofcollected waters and
residues and a comparison ofbefore and afterflows in drainageways leaving
the site

Also Rule 1200-1-7-.04 (2) (i) Run-on, Run-off, and Erosion Control

1. The operator must design, construct, and maintain a run-on control system
capable ofplow onto the active portion ofthe facility for all flow up to and
including peak discharge from a 24-hour, 25-year storm.

Soil starter dikes will be used to fonn the initial footprint of both phases of
construction and effectively isolate the waste disposal areas from stonnwater run-on.
Run-on diversion ditches and associated culverts are provided to intercept and divert
stormwater from upgradient slopes along the north side of Phase I and Phase II. The
locations of drainage features are shown on Drawing Nos. IOW427-4 (Phase I Initial
Grading Plan and Soil Dikes) and IOW427-8 (Phase II Initial Grading Plan and Soil
Dikes).· Run-on conveyance structures have been designed to handle the peak discharge
from a 24-hour, 25-year storm event. Supporting calculations are presented in Appendix
B.

GR3731/GA060289.RPT.doc 23

TVA-00020745



2. The operator must design, construct, and maintain a run-off management
system to collect and control at least the peak flow volume resulting from a
24-hour, 25-year storm.•
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The run-off management system for the site includes stonnwater drainage control
structures and features designed to minimize erosion, minimize the conveyance of
sediment laden stonnwater, and minimize the potential for water pollution. The outer
slopes of the CCB disposal facility have been designed with terraces spaced every 90 ft.
of slope length (30 ft. vertical spacing) that will be constructed progressively as the
elevation of the disposal facility is raised. A network of conveyance channels and
downchutes will convey surface water run-off by gravity to a single stonnwater pond,
located at the west of the facility. The stormwater pond has been designed to collect and
control the peak flow volume resulting from a 24-hour, 25-year storm. A stonnwater lift
station is provided to convey stonnwater from the stormwater pond to KIF's plant
discharge channel where it will be discharged under the plants existing NPDES permit.
The surface water management system is depicted on Drawing No. IOW427-13 (Surface
Water Management Plan), and the lift station is depicted on Drawing No. IOW427-25
(Stonnwater Lift Station). Calculations supporting the design of the stormwater
management systems are presented in Appendix B.

3. Holding facilities (e.g., sediment basins) associated with run-on and run-off
control systems must be designed to detain at least the water volume
resulting from a 24-hour, 25-year storm and to divert through emergency
spillways at least the peakflow resultingfrom a 24-hour, lOO-year storm.

The stonnwater pond will accommodate a flow volume greater than that resulting
from a 24-hour, 25-year stonn event. The emergency overflow for the stonnwater pond
has been sized to convey at least the peak flow from a 24-hour, 1DO-year stonn event
without overtopping of the stormwater pond. Two alternative details of the emergency
overflow are presented on Drawing No. IOW427-23 (Surface Water Management Details
III). Calculations supporting the design of the holding facility and emergency overflow
are presented in Appendix B.

4. Collection and holding facilities associated with run-on and run-off control
systems must be emptied or otherwise managed expeditiously after storms to
maintain design capacity ofthe system

Three vertical turbine pumps will be installed to remove water from the stormwater
pond during and after a stonn event. The pumps have been sized such that the volume of
water resulting from a 24-hour, lO-year stonn event can be removed within a 24-hour
period. The stormwater lift station is depicted on Drawing No. lOW427-25 (Stormwater
Lift Station). Supporting calculations are presented in Appendix B.
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5. Run-on and run-off must be managed separately from leachate unless
otherwise approved by the Commissioner.•
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As described above, stonnwater run-on will be diverted around the footprint of the
disposal facility prior to discharge to the river. Leachate from this facility will consist of
consolidation water resulting from the self-weight consolidation of the gypsum material.
Consolidation water will be coIIected using the perimeter drains depicted on Drawing No.
lOW427-16 (Operational and Typical Details I) and the central drainage corridor
depicted on Drawing No. lOW427-18 (Drainage System Details I). Consolidation water
will be managed together with stonnwater run-off· and will be routed through the
storrnwater pond prior to being pumped (with stormwater) to the plant's discharge
channel for discharge under KIF's existing NPDES permit. In addition, decant water
from the sluicing operations will also be routed to the stormwater pond.

Both consolidation water and decant water will have been in contact with gypsum
due to the nature of the anticipated disposal operations. Contact water is expected to
contain trace levels of inorganic constituents and exhibit a pH value in the range 5.5 to
7.5. However, the anticipated levels are not considered problematic and should be within
allowable discharge limits.

Due to the nature ofthe disposal operations, TVA requests that TDEC issue a waiver
of the requirement to manage run-offseparately from leachate.

6. The operator must take other erosion control measures (e.g., temporary
mulching or seeding, silt barriers) as necessary to control erosion at the site.

Prior to any grubbing or land disturbance activities, silt fences (Filtrex ® SiltSoxx, or
equivalent), cut-off trenches, and other erosion control measures will be implemented.
Other erosion control measures may include temporary sedimentation ponds, surface
water ditches, and establishment of temporary and pennanent vegetation on exposed soil
slopes. If the length of exposed area ~xceeds 150 ft., a series ofbarriers at no more than
100 ft. spacing may be required. Erosion control measures will meet or exceed those
prescribed within the Tennessee Erosion and Sediment Control Handbook.

3.9 Leachate Collection and Management (ref. 1200-1-7-.04 (9) ee) 15)

Regulatory requirement

15. Describes how leachate collection and holding jQcilities will be managed,
including the disposition ofcollected leachate
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IDEC regulations require that the leachate collection system is designed,
constructed, operated, and maintained such that the leachate depth over the liner does not
exceed one foot as calculated referencing the infiltration volume of the 25-year, 24-hour
storm through the intermediate cover. Since this requirement is intended for solid waste
facilities and does not contemplate the operation of wet disposal (sluice) operation, TVA
requests a waiver of this requirement for this facility.

A mantle of predominantly residual soil of relatively low permeability is present
above bedrock at the location ofthe proposed CCB disposal facility. The soil thickness is
variable, but ranges from 8.5 to 120 ft. averaging 40.5 ft. based on available data. The
residuum primarily consists of clay and silt with variable chert gravel content. The base
of !he disp<;lsal facility 'Y!ll consist of a geologic buffer constructed of a three-foot thick
layer of re-compacted soil having a hydraulic permeability of not more than 1 x 10~7

cmlsec. A central drainage corridor consisting ofa 150 ft. wide drainage blanket running
along the axis of the facility will be constructed above the geologic buffer to collect and
remove free liquids from the base of the facility_ The floor of the disposal area will be
graded toward the central drainage corridor to promote removal of free liquids. The
drainage corridor will operate under gravity flow and will convey collected liquids to an
underdrain lift station, depicted on Drawing No. IOW427-24 (Underdrain Lift Station).
Calculations were performed to demonstrate that the drainage corridor would maintain
gravity flow conditions without grade reversal under anticipated post-settlement
conditions. These calculations are presented in Appendix B. Water collected in the
underdrain lift station will be pumped to the stormwater management pond and
subsequently discharged at the KIF discharge channel under an existing NPDES permit
as descnoed in Section 3.8.

•

•
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In support of this request, TVA has performed the following analyses (presented in
Appendix B):

• SEEP/w analyses have been performed to illustrate the effectiveness of the
central drainage corridor in terms ofreducing water levels in the stack during and
after of disposal operations. The analyses indicate that the rate at which water
levels within the stack will be lowered will be considerably enhanced through the
use of the central drainage corridor (when compared to no internal drainage).

• Slope stability analyses have been performed to demonstrate that the stack will
attain acceptable factors of safety with regard to slope s~ability under anticipated
short-term and long-term conditions. Stability analyses evaluated both static
stability and seismic stability.

TVA representatives met with Mr. Rick Brown of IDEC on March 7, 2006 to
• discuss this issue. TVA is requesting this waiver consistent with these discussions.
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•
Tennessee Valley Authority
Kingston Fossil Plant- CCB Disposal Facility
Operations Manual

3.10 Dust Control (ref. 1200-1-7-.04 (9) (e) 16)

Regulatory requirement

Revision 0

•

•

16. Describes the dust control measures to be taken and when they would be
implemented

During wet stacking operations a significant portion of the facility footprint will
consist of a wet pond, minimizing the need for dust suppression. Dust control measures
will consist of water spraying on access roads and exposed gypsum surfaces and will be
implemented on an as needed basis during periods of dry weather. Dust and erosion
control for the outer sideslopes will be addressed by the installation of the intennediate
cover described in Section 2.5.2.

3.11 Fire Safety (ref. 1200-1-7-.04 (9) (e) 17)

Regulatory requirement

17. Describes the fire safety precautions and procedures to be taken, the types
and availability of on-site fire suppression equipment, and/or the
arrangements made with the localfire protection agency.

Gypsum material is an inert material derived from limestone, is not combustible, and
therefore poses no threat as a potential fire hazard. However, properly maintained fire
suppression equipment will be provided for disposal equipment and vehicles. This will
consist of fire extinguishers ofthe appropriate size and type.

3.12 Personnel facilities and Services (ref. 1200-1-7-.04 (9) (c) 18)

Regulatory requirement

18. Describes the facilities and services available to facility personnel, including
shelter, drinking water, handwashing and toilet facilities, and
communications equipment

Facilities and services that are available and readily accessible to personnel at the
KIF plant site, include the following:

GR3731/GA060289.RPT.doc 27

TVA-00020749



• A utility building is on-site for equipment maintenance and yard operations
personnel that is accessible by any facility personnel and has adequate screening,
heating facilities, and lighting.•

Tennessee Valley Authority
Kingston Fossil Plant - CCB Disposal Facility
Operations Manual

Revision 0

•

•

..

• Safe drinking water.

• Sanitary hand-washing facilities.

• Toilet facilities.

• A two-way radio and/or telephone for communications.

• A first aid kit

3.13 Ouality Assurance Plan (ref. 1200-1-7-.04 (9) (c) 19)

Regulatory requirement

19. Describes in a construction quality assurance plan:

(i) How each new "as built" solid waste landfill unit(s) and/or lateral
expansion liner(s) and cover system(s) will be inspected and/or tested by
a registered engineer as required at rule 1200-1-7-.04(1)(c) during
construction or installation for uniformity, damage, and imperfections,
and

(ii) How each constructed section of the liner system or final cover system
will be certified by a registered engineer.

Procedures for the construction of components of the proposed disposal facility are
presented in QA/QC Plan included as Appendix F of this permit application. This
QA/QC plan also outlines procedures to verify that proper materials, construction
techniques, and installation procedures are used by the constructor and the design intent
is met.

3.14 Control of Gas Migration (ref. 1200-1-7-.04 (9) (el20)

Regulatory requirement

20. Describes how the migration of explosive gases will be controlled and
monitored
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Since gypsum is an inert, non-combustIble material and does not decay biologically,
no gas migration controls are needed. TVA requests a waiver to this requirement
consistent with DSWM Policy dated September 7, 2001, item 3 (presented as Appendix
G).

•
Tennessee Valley Allthority
Kingston Fossil Plant - CCB Disposal Facility
Operations Manllal

Revision 0

3.15 Groundwater Monitoring Program (ref. 1200-1-7-.04 (9) (c) 21)

Regulatory requirement:

21. Describes the planned ground water monitoring program, to include but
not necessarily be limited to, descriptions of:

(i) The number and location ofwells or other monitoringpoints;
(ii) Monitoring well construction;
(iii) The parameters to be monitored for and the frequency they will be

checked.
The Groundwater Monitoring Plan is included as Appendix D of this pennit

application.

• 3.16 Location in Floodplains (ref. 1200-1-7-.04 (9) (e) 22)

Regulatory requirement:

22. 1nclude an engineering statement of the site flood frequency exposure and
describesflood protection measures to be taken.

Filling operations will be required within the IOO-year floodplain. TVA will obtain
the appropriate permits required for this work (e.g., Aquatic Resource Alteration Pennit
(ARAP) under Section 404 ofthe Clean Water Act) and will provide mitigation measures
for impacts to wetland areas. The IDO-year flood elevation taken from TVA data is 747.6
ft. ms!' Once site preparation activities have been completed, waste limits will be above
the IOO-year flood elevation. The lower elevations of the soil starter dike in localized
areas will be slightly below the IOO-year flood elevation. However, these are minor and
the impact ofa flood event on the facility would be negligible.

3.17 Other Environmental Impacts (ref. 1200-1-7-.04 (9) (c) 23)

•
Regulatory requirement:

23. Describes the impact the facility will have on endangered or threatened
species ofplants, fish, or wildlife or their habitat.
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As part of the planning process for the FGD project, 1VA conducted an
Environmental Assessment (1VA, 2006). The EA concluded that the FGD project
(which includes the CCB disposal facility) will have no significant impacts on animals,
plants, or aquatic life. In addition, no state or federally protected species were identified
during the field investigations of the project area. These field investigations were
conducted in 2005.

•
Tennessee Va/ley Authority
Kingston Fossil Plant- CCB Disposal Facility
Operations Manual

Revision 0

•

•

3.18 Random Inspection Program

Regulatory requirement:

24. Describes the random inspection program required under rule
1200-1-7-.04-(2)(s)

A random inspection program for this facility is not required. This disposal facility
will only dispose ofgypsum from TVA facilities. In addition, minor quantities ofbottom
ash and fly ash (for use in construction) may be co-disposed. Therefore, a random
inspection program for unauthorized wastes is not required. See DSWM Policy,
September 7,2001 Item 5 (Appendix G).
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Tennessee Valley Authority
Kingston Fossil Plant- CCB Disposal Facility
Operations Manual

• 4 CLOSUREIPOST-CLOSURE PLAN

Revision 0

•

•

A Closure/Post-Closure (C/PC) Plan for this facility is presented as Appendix E.
The CIPC plan was prepared to meet the requirements ofRule 1200-1-7-.03 (2).
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Revision 0

•
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6MACTEC
-- engineering and constructing a better tomorrow

February 24, 2006

Mr. Ron Purkey
Tennessee Valley Authority
1101 Market Street, LP-2G
Chattanooga, TN 37402
repurkey@tva.gov

Subject: Report of Additional Geotechnical Exploration
Proposed Gypslllm Disposal Area
TVA Kingston Fossil Plant
Kingston, Tenm~ssee
MACTEC Project 3043051064,,01

Dear Mr. Purkey:

We at MACTEC Engineering and Consulting, Inc., (MACTEC) are pleased to submit this Report
of Additional Geotechnical Exploration for your project. Our services, as authorized through. TAO
No. MAC-0738-00096 were provided in general accordance with our proposal number
Prop05Knox/329, Revision 1 dated October 25,2005.

This report reviews the information provided to us, discusses the site and subsurface conditions,
and presents the results of ow· field and laboratory testing for the materials at the proposed gypsum
disposal area. The Appendices contain a brief description of the Field Exploratory Procedures, a
Key Sheet and Test Boring Records, Monitoring Well Installation Logs, the Laboratory Test
Procedures, and the Laboratory Test Results.

We anticipate further dialog and interaction with the designers as the design proceeds and will be
happy to provide any additional information or interpretation of the data presented here in which
may be necessary.

We will be pleased to discuss our data with you and would welcome the opportunity to provide the
engineering and material testing serVices needed to successfully complete your project.

www.mactec.com

ja-./~ I,!V't? .
Samuel D. Stone, P.E. J.~
Senior Principal Engineer .
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Sincerely,
MACTEC ENGINEERING AND CONSULTlNG, INC.

CTJ/SDS:sjm

Cc:

MAGEC Engineering and Consulting, Inc.
1725 Louisville Drive • Knoxville, TN 37921·5904 II Phone: 865.588.8544 • Fax: 865.588.8026
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EXECUTIVE SUMMARY

February 24. 2006

MACTEC was selected by the Tennessee Valley Authority (TVA) to perform an additional

geotechnical exploration for the proposed Gypsum Disposal Are~ at the Kingston Fossil Plant in

Kingston, Tennessee. The objectives of our additional exploration were to determine the general

subsurface conditions, to obtain data to evaluate the engineering characteristics of the on-site soils,

and to install monitoring wells.

The exploration consisted of drilling 26 soil test borings, 9 offset geotechnical borings for

undisturbed sampling, and installing 3 monitoring wells. Bedrock was cored in one of the

monitoring well locations. Tbe major findings of our geotechnical exploration are as follows:

• The test borings drilled in the proposed Gypsum Disposal Area typically
encountered residual soils and very minor amounts of alluvium and fill.
The bedrock encountered in the test borings typically was composed of
light gray to medium gray dolomite.

• Ground- water measurements were performed in all test borings at the time
of drilling. Ground-water measurements were also conducted in the test
borings at least 24 hours after completion of drilling. Long-term
measurements fbr the presence or absence of ground water were not
obtained during this exploration. Table 3 presents the ground-water data
obtained during the exploration.

• Three monitoring wells were installed to total depths ranging from about
25.5 feet (MW-N) to 60.5 feet (MW-P). Monitoring well MW-P was
installed in bedrock (i.e., bedrock well) and monitoring wells MW-M and
MW-N were installed within the overburden soils (i.e., overburden wells).
Each well consisted of a 2-inch diameter, schedule 40 PVC pipe with
double-density, O.OlO-inch, slotted screen. A summary of the monitoring
well installation i.s given in Section 7.0. The Monitoring Well Installation
Logs are presente:d in Appendix C.

• Laboratory tests were performed on selected bulk, undisturbed, and
standard penetration test (8PT) samples. A summary of the tests
performed and the test results is presented in Section 8.0. The test results
are presented in Appendix D.

This summary is only an overview and should not be used as a separate document or in place of

reading the entire report, including the appendices.

VI
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1.0 INTRODUCTION

February 24. 2006

This report presents the findings of our additional geotechnical exploration and laboratory testing

recently performed for the Proposed Gypsum Disposal Area at the TVA Kingston Fossil Plant.

Our services were authorized by Mr. Ron Purkey of TVA.

2..0 OBJECTIVES OF EXPLORATION

The objectives of our exploration were t? determine general subsurface conditions, to obtain data to

evaluate the engineering characteristics of the on-site soils, and to install monitoring wells. An

assessment of site environmental conditions, or an assessment for the presence or absence of

pollutants in the soil, bedrock, surface water, or ground water of the site was beyond the proposed

objectives of our exploration.

3.0 SCOPE OF EXPLORATION

The scope of our exploration was based on our proposal number Prop05K.nox/329 dated October

25,2005, and the geotechnical scope of work outlined in the project's scope of work prf:pared by

Parsons E&C. It includes the following:

• Reconnaissance of the immediate site.

• Drilling 26 soil test borings which ranged in depth from about 11.0 feet
(K-15) to 60.5 feet (MW-P).

• Drilling 9 offset gl~otechnical borings to obtain additional undisturbed
samples

• Installing 3 ground water monitoring wells to total depths ranging from
about 25.5 feet (MW-N) to 60.5 feet (MW-P).

• Conducting laboratory testing on SPT, bulk, and undisturbed samples from
the on-site soils.

• Preparing a geotechnical report summarizing the field and laboratory test
results

I
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The drilling and sampling were performed in general accordance with ASTM procedures included in

Appendix A. The drilling was performed during the period from November 9,. 2005 to

January 17,2006. The equipment used consisted of a CME Model 550 ATV (all-termin-vehicle)

mounted drill rig equipped with a manual hammer, a CME Model 55 ATV mounted drill rig

equipped with a manual hammer, and a CME Model 75 truck-mounted drill rig equippl~d with an

automatic hammer.

Standard penetration tests (SPTs) were performed in all of the test borings and within the borings

performed during the monitoring well installation. In addition to the SPT samples, bulk and

relatively undisturbed Shelby tube samples were obtained from selected test borings for laboratory

testing.

Ground-water levels were mc~asured during drilling in each boring. Ground-water measurements

were also made in the borings at approximately 24 hours or later after the completion of the borings.

Ground water monitoring wells were installed at locations MW-M, MW-N, and MW-P (se(~ Figure 2,

Boring Location Plan). The monitoring well installation program was completed on

January 17, 2006. The well de:velopment field work was completed on January 27,2006.

Upon completion of drilling, the test borings were plugged and abandoned by backfilling the full

depth with cement grout.

All samples were transported to our laboratories in Knoxville, Tennessee and Charlotte, North

Carolina. The testing progranl for this project consisted of the following:

• 35 Plasticity Index (Atterberg Limits) Tests
• 26 Grain Size Distribution Tests
• 21 Natural Moisture Content Tests
• 7 Standard Proctor Compaction Tests
• 26 Specific Gravity Tests
• 8 Unit Weight and Natural Moisture Content Tests for Undisturbed Samples
• 18 Consolidated Undrained Triaxial Compression (CD) Tests
• 9 Unconsolidated Undrained Triaxial Compression (UU) Tests
• 18 Permeability Tests

Subsurface conditions encountered in the borings are presented on the Test Boring Records in

Appendix B. The Monitoring Well Installation Logs are presented in Appendix C. The laboratory

'-"'" testing results are presented in Appendix D.

2
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February 24. 2006

Project information was provided to us by Mr. Daniel Smith with Parsons E&C in thc~ form of a

Geotechnical mvestigation Scope of Work and a proposed boring location plan. The site of the

proposed gypsum disposal area is located east of the Kingston Fossil Plant site. The ground

surface elevations varied by as much as about 115 feet (NB-77B to NB-K) in the areas explored.

The northern portion of the site is located within a wooded hillside. The remainder of the site is

covered with grass and some tree lines.

5.0 AREA AND SITE GEOLOGY

Kingston, Tennessee, is located in the Appalachian Valley and Ridge Physiographic: Province.

This province extends as a continuous belt from central Alabama, through Georgia and Tennessee,

northward into Pennsylvania. The formations that underlie this province consist pJimarily of

limestone, dolostone, shale, and sandstone, which have been folded and faulted in the geologic

past. These formations range in age from Cambrian to Pennsylvanian and have been subject to at

least one extensive period of erosion since their structural deformation. The erosion has produced

a series of subparallel, alternating ridges and valleys. The valleys are formed over more soluble

bedrock (interbedded limestone and limestone), whereas bedrock more resistant to solution

weathering forms ridges (sandstone, shale, and cherty dolostone).

In particular, the site is geologically mapped to be underlain by the Knox Group. The Knox Group

is mainly composed of light gray to dark gray and olive-gray, siliceous dolomite with a few

limestone layers in the upper part. The rock usually weathers to reddish orange residuum

containing chert fragments.

Dolostone and limestone, such as the strata underlying this site, are of great geologic age: and have

been subject to solution weathering for many years. Rainwater falling onto the surface and

percolating downward through the soil and into cracks and fissures gradually dissolves the rock,

producing insoluble impurities such as chert and clay. Since limestone and dolostone vary greatly

in their resistance to weathering, the soillbedrock contact may be extremely irregular. More

soluble bedrock develops a thicker soil cover and a more irregular bedrock surface, with pinnacles

and slots and less soluble bedrock usually develops a thinner soil cover and a less irregular soil

bedrock surface. Because of the geologic history of the area and the difference in weath~ring, it is

3
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not uncommon to encounter rock at depths varying by as much as 50 feet in borings as dose as 10

feet apart in some areas.

These large variations in bedmck depth are greatly enhanced by the presence of fractures, bedding

planes, and faults, which provide an increased opportunity for a greater influx of percolating water.

The weaknesses may fonn clay-filled cavities or enlarge into caves and may be conm:cted by a

network of passageways. If a cave forms close to the bedrock surface, its roof may collapse and

the overlying soils may erode into the cave. Once the weight of the overlying soil exceeds the

soil's arching strength, the soill::ollapses and an open hole or depression may appear at the ground

surface. Such a feature is termed a sinkhole.

6.0 SUBSURFACE CONDmONS

Subsurface conditions at the site of the proposed gypsum disposal area were explored with 26 soil

test borings (including the monitoring well locations) and 9 offset geotechnical borings. The offset

geotechnical borings were drilled in order to obtain additional undisturbed Shelby tube samples for

laboratory testing purposes. The locations for all the borings and monitoring wells were proposed

by Parsons E&C and TVA. The locations were established in the field by TVA. The boring

locations were surveyed and we were provided with the surveyed coordinate locations. Because of

access restrictions, some of the borings were offset from the originally proposed location. Offset

distances with bearing information were recorded in the field and noted on the field logs.

Subsurface conditions encowltered at each boring location are shown on the Soil Test Boring

Records in Appendix B. The: Test Boring Records represent our interpretation of the subsurface

conditions, based on the' fidd logs and visual examination of the samples by one of our

geotechnical engineers. The lines designating the interfaces between various strata on the Test

Boring Records represent the approximate interface locations. Ground surface elevations.were not

provided with the survey information, therefore the elevations listed on the Soil Test Boring

Records should be considered approximate.

The test borings performed at this site typically encountered residual soils and minor arnoWlts of

fill and alluvial materials. Residual soils are soils that have developed from the in-place

weathering of the underlying parent bedrock. Fill soils are soils which have been transported to

their current location by man. ,Alluvial soils are soils that have been transported to their present

4
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location by running water. Bc:::drock was cored in one of the test boring I monitoring well1ocations

(MW-P). A summary of the soil test boring depths is presented in Table 1.

Table 1

Soil Test Boring Summary

NE - 38.5 718.5

NE - 26.0 736.8

NE - 28.5 734.3

NE - 45.4 704.3

NE - 42.0 707.7

NE - 28.0 721.7

NE - 17.7 731.6

NE - 15.0 734.3

NE - 33.5 727.6

34.1 717.9 34.1 717.,9

38.9 720.6 38.9 720..6

24.0 736.0 24.0 736.0

40.1 823.9 40.1 823.9

NE - 35.5 726.5

NE - 25.5 729.5

35.0 757.0 60.5 731.5

NE - 15.5 740.5

NE - 15.5 739.5

NE - 15.5 776.5

NE - 15.5 734.5

NE - 15.5 736.5

NE - 15.5 750.5

NE - 15.5 751.5

NE - 15.5 748.5

NE - 15.5 740.5

NE - 15.5 740.5

NE - 15.5 734.0

NE - 15.5 746.5

I)

I)

I)

I)

1)

1)

1)

2)

2)

1)

2)

1)

2)

2)

2)

2)

2)

2)

Z)

2)

Z)

NB-21B* 757.0(

NB-47B* . 762.8(

NB-47BA* 762.8(

NB-73WB* 749.i

NB-73WBA* 749.1

NB-73WBB* 749.7'

NB-77B* 749.3(

NB-77BA* 749.3(

NB-85B* 761.1 (

NB-90 752.0(

NB-91 759.5(

NB-92 760.0c

NB-K 864.0(

MW-M 762.0(

MW-N 755.0(

MW-P 792.0(:

K-l 756.0(:

K-2 755.0(:

K-3 792.0(:

K-4 750.0(:

K-5 752.0(:

K-6 766.0(2

K-7 767.0(:l

K-8 764.0(:l

K-9 756.0(:l

K-IO 756.0(:l

K-ll 749.5(2

K-12 762.0(2
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Table 1

Soil Test Boring Summary

Febnwy 24. 2006

K-13 778J:P) NE 15.5 762.5

K-14 757.0(2) NE 15.5 741.5
-

K-15 775.1)(2) 11.0 764.0 11.0 764.0-
K-15A 775.0(2) 13.0 762.0 13.0 762.0

K-16 781.0(2]1 NE 15.5 76:5.5
-

K-17 787.0(2} NE 15.5 771.5

K-18 785.0(2) NE 17.0 768.0

NE - Not Encountered

* offset geotechnical boring drilled to obtain additional undisturbed Shelby tube samples

(I) _ Elevation determined from data provided from previous exploration survey

(2) _ Elevation estimated trom the contours of a topographic map of the site
PreparedIDate: cn 1/19/06
CheckedIDate: CDT 2/8/06

6.1 FILL

Fill soils were encountered underlying a thin veneer of topsoil in test borings NB-90 and KIO, and

at the ground surface in test borings K-I and K-18. The fill extended to depths of about 2.5 to 3.5

feet. The fill soils consisted primarily of brown, red brown, and reddish orange, silty clay with

gravel and a few chert fragments. The SPT resistance value in the fill interval varied from 8 to 32

blows per foot (bpf), indicating firm to hard consistency.

6.2 ALLUVIUM

Possible alluvial soils were c~ncountered in test borings NB-92 and K-ll. The possible alluvial

soils were encountered at ground surface or underlying topsoil near the ground surface and

extended to depths ranging from about 6.0 (NB-92) to 2.5 feet (K-ll). The soils consisted

primarily of dark brown siI~y day with sand and silt with chert fragments and roots. The SPT

resistance values in the alluvium ranged from 5 (K-Il) to 12 (NB-92) bpf, indicating firm to stiff

consistencies.

6
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6.3 RESIDUUM

Residual materials were encotmtered in all of the test borings. The residual soils were en<:ountered

below the fill, alluvium, or topsoil and extended to refusal. The residuum encounten~d in the

borings consisted of red-brown, reddish-orange, orange-brown, brown and tan, clay, silt, and sand

with varying amounts of chert: fragments. The SPT resistance values in the residuum ranged from

oto 33 bpf, indicating very soft to hard consistencies.

6.4 BEDROCK

Bedrock was cored approximaLtely 25.5 feet in test boring I monitoring well location MW-P. The

bedrock encountered in the test boring typically was composed of light gray to medium gray

dolomite. The recovered bedrock was observed to be bard to very hard. The core recovery ratio

for the various core runs ranged from about 80 to 100 percent. The rock quality designation (RQD)

values for the various rock core runs ranged from 8 to 100 percent The core recovery ratios and

RQD values for each individual. core run are shown on the Test Boring Records in Appendix B.

Detailed descriptions including structural and mineralogical features for the recovered rock core are

also presented on the Test Boring Records in Appendix B.

7.0 MONITORING WELL INSTALLATION

Three monitoring wells were installed at the site as part of our field exploration. One of the

monitoring wells was instaUed into bedrock, (Le., bedrock well) (MW-P). The remaining

monitoring wells were installed within the overburden soils, (i.e., overburden wells) (MW-M and

MW-N). Each monitoring well consisted of a 2-inch 1.0., schedule 40 PVC pipe with double

density, O.OIO-inch slotted 4.3-foot screens. A summary of the well installation is presented in

Table 2. The Monitoring Well Installation Logs are mc1uded in Appendix C.

730.1
732.1
727.6

734.4
736.4
731.9

MW-N 755.0 25.5 20.6 24.9
MW-P 792.0 60.5 55.6 59.9
MW-M 762.0 35.0 30.1 34.4
* - Elevations estimated from tbe contours of a topographic map ofthe site

PreparedlDate: cn 1/19/06
CheckedlDate: CDT 2/08/06
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8.0 LABORATORY TESTING AND DISCUSSION OF TEST RESULTS

This section describes the geotechnical laboratory testing program and summarizes the b:st results.

The laboratory testing procedures and laboratory test results are included in Appendix D. The

laboratory tests were perfomled on split-soon, undisturbed, and bulk soil samples obtained during

drilling and sampling. The following paragraphs provide a short discussion of the general types of

testing conducted and the test results.

8.1 INDEX PROPERTIES, SPECIFIC GRAVITY AND UNIT WEIGHTS

Natural moisture contents, liquid limit, plastic limit, and plasticity index tests (collectively referred

to herein as Atterberg limits); specific gravity tests; and grain size distnbutions with hydrometer

analyses were performed on sdected undisturbed, bulk, and SPT samples. These tests were used to

confirm our visual-manual classifications.

Liquid limits for the soil samples tested ranged from 26 to 81; plastic limits ranged from 16 to 42;

and plasticity indices ranged from 7 to 47. The tested soils were classified as MH, CL, CH, ML,

SM, SC, SC-SM, and GM soils in accordance with the Unified Soil Classification System (USCS).

The natural moisture content of the soils ranged from 14.6 percent (boring NB-92) to 46.8 percent

(boring NB-47BA).

Specific gravities of the soils t,ested ranged from 2.62 to 2.78.

8.2 MOISTURE-DENSITY RELATIONSHIP

Standard Proctor compaction tests were performed on seven soil samples obtained from auger

cuttings at boring locations K-3, K-6, K-7, K-8, K-16, K-17, and K-18. The results of the

compaction tests performed indicated that the maximum dry densities ranged from 91.1 to 109.6

pcf, and the optimum moisture: contents ranged from 29.5 to 16.0 percent, respectively. Table D-I

(located in Appendix D) lists the standard Proctor compaction test results. The standard Proctor

test data sheets are in Appendix D.

8
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8.3 STRENGm

8.3.1 Consolidated Undrained (CU) Triaxial

Undisturbed

February 24. 2006

A total of nineteen consolidated undrained (CD) triaxial compression tests were performed on

undisturbed and bulk soil samples obtained from the site.

Sixteen CU triaxial compression tests were performed on specimens obtained from undisturbed soil

samples. Two CU tests wen': performed on samples obtained from each of borings NB·-21A, NB

47A, NB-77, NB-85AJB, NB-85B; one CU test was perfonned on samples obtained from each of

borings NB-18, NB-21B, NB-44, NB-47B / NB-47BA, NB-73 WB / NB-73WBA, and NB-77B.

Results from ten of the sixteen CD triaxial compression tests performed on the undisturbed

samples were considered questionable. The Mohr's circles generated from these (ten) te,~ts did not

produce recognizable failure envelopes which made it impossible to accurately determine strength

parameters. As a result, the strength parameters for these ten triaxial tests were not determined.

The results of the CU tests perfoIDled on the undisturbed sample specimens indicated that the

tested samples had a total fiiction angle ranging from 5.9 to 19.9 degrees and a total cohesion

intercept from 760 to 2,347 pounds per square foot (ps£). The tests also indicated that the effective

friction angle ranged from 31.0 to 38.5 degrees and the effective cohesion intercept ranged from 0

to 455 ps(

Remolded

Three CD triaxial compression tests were performed on remolded bulk soil samples. Te:sting was

performed on representative CL, CR, and ML soils obtained from borings NB-22, NB-25, and NB

76, respectively.

The results of the CD tests p(~rfonned on the remolded sample specimens indicated that the tested

samples had a total friction angle ranging from 11.6 to 14.8 degrees and a total cohesion intercept

from 707 to 1,081 pounds per square foot (pst). The tests also indicated that the effective friction

9
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angle ranged from 24.6 to 33.6 degrees and the effective cohesion intercept ranged from 123 to 530

psf.

A summary of the test results obtained from the CU triaxial testing is found in Table D-2 (located

in Appendix D). The CU triaxial test reports are also found in Appendix D.

8.3.2 Unconsolidated Undrained (UU) Triaxial

Nine unconsolidated undrained (UU) triaxial compression tests were performed on undisturbed soil

samples. Two UU tests wem performed on samples obtained from each of borings NB-47A, NB

77, and NB-85 AJB; one UU test was performed on samples obtained from each ofborings NB-18,

NB-21A, and NB-44.

Results from seven of the nine CD triaxial compression tests performed on the undisturbed samples

were considered questionable. The Mohr's circles generated from these (seven) tests did not

produce recognizable failure envelopes which made it impossible to accurately determine strength

parameters. As a result, the strength parameters for these seven triaxial tests were not dett~nnined.

The results of the UU tests pe:rfc)rmed indicated that the tested samples had a friction angJle ranging

from 2.9 to 4.6 degrees and a cohesion intercept ranging from 1,500 to 2,200 psf.

A summary of the test results obtained from the UU triaxial testing is found in Table D-2 (located

in Appendix D). The UU triaxial test reports are found in Appendix D.

8.4 PERMEABILITY

Eleven constant head permeability tests were performed in the laboratory on undisturbed soil

samples obtained from the borings. The results of the permeability testing perfonm:d on the

undisturbed specimens indicated that the permeabilities ranged from 1.7 x 10-8 em/sec to 1.8 x 10-5

em/sec for the soil samples tested.

Seven constant head permeabiJity tests were performed on bulk samples obtained from tht~ borings.

The bulk samples were remolded to about 95 percent of the soils respective standard Proctor

maximum dry density and at moisture contetns2 percent greater than its optimum moisturl~ content. .

10
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The results of the permeability testing performed on the remolded bulk specimens indit;ated that

the penneabilities ranged from 1.3 x 10-8 em/sec to 2.7 x 10-6 em/sec for the soil samples tlested.

All of the permeability tests were performed on soil samples that had been consolidated at effective

confining pressures ofabout 12.5 to 13 pounds per square inch (psi).

9.0 GROUND-WATERCONDmONS

Ground-water levels were measured in all test borings at the time of drilling. Further, ground

water measurements were J>(:rformed approximately 24 hours or later after the completion of

drilling in the test borings. The recorded ground-water levels are presented in Table 3 .. Flor safety

reasons, the borings were backfilled promptly; consequently, long-term measurements for the

presence or absence of ground water were not obtained.

Fluctuations In the ground-'.vater level occur because of variation in rainfall, evaporation,

construction activity, surface run-off, and other site-specific factors such as fluctuation of water

levels in the adjacent Watts Bar Lake.

Table 3

Ground-Water Data

NB-21B 757.0(1) NE NE

NB-47B 762.8(1) 23.9 738.9 NM*

NB-47BA 762.8(1) NE NE

NB-73WB 749.i1
) 23.3 726.4 NM*

NB-73WBA 749.i1
) NE NE

NB-73WBB 749.i1
) NE NE

NB-77B 749.3(1) NE 10.7 738.6

NB-77BA 749.3(1) NE NE

NB-85B 761.1 (I) NE 20.8 740.3

NB-90 752.0 23.2 728.8 NM*

NB-91 759.5 25.0 734.5 24.5 735.0

11
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Table 3

, Ground-Water Data

February 24, 2006

NB-92 760.0 17.0 743.0 NM*

NB-K 864.0 NE NM

MW-M 762.0 24.9 737.1 NM

MW-N 755.0 18.8 736.2 NM

MW-P 792.0 NM NM

K-l 756.0 NE NE

K-2 755.0 NE NE

K-3 792.0 NE NE

K-4 750.0 15.0 735.0 NM*

K-5 752.0 NE NE

K-6 766.0 NE NE

K-7 767.0 NE NE

'Wf K-8 764.0 NE NE

K-9 756.0 NE NE

K-IO 756.0 NE NE

K-ll 749.5 NE NE

K-12 762.0 NE NE

K-13 778.0 NE NE

K-14 757.0 NE NE

K-15 775.0 NE NE

K-15A 775.0 NE NE

K-16 781.0 NE NE

K-17 787.0 NE NE

K-18 785.0 NE NE

NE - Not Encountered
NM - Not Measured

* - Borehole Colla sed
PreparedlDate: CTJ 01/24/06 CheckedlDate: eDT 02/8/06
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10.0 BASIS OF RESULTS

February 24, 2006

The results provided herein are based on the encountered subsurface conditions related to the

specific project and site discussed in this report.

Regardless of the thoroughm:ss of a field exploration, there is always a possibility that conditions

between test locations will differ from those at specific test locations, and that conditions may not

be anticipated. fu addition, interpretation of the data is critical to the intended desi.gn and/or

analysis. Therefore, experienced geotechnical engineers should interpret the field data and review

any site-specific analysis or design that incorporates the field data. We recommend that TVA

retain MACTEC to provide this service, based upon our familiarity with the subsurface conditions,

the field and laboratory data, and our geotechnical experience.

Our exploration services inc:lude storing the collected samples and making them available for

inspection for a period of30 days. The samples are then discarded unless you request otherwise.

13
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SOURCE: USGS TOPOGRAPHIC MAPS OF HARRIMAN AND ELVERTON, TN QUADRANGLES

2000'
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FIGURE 1: SITE LOCATION MAP
PROPOSED GYPSUM DISPOSAL AREA 
ADDITIONAL GEOTECHNICAL
KINGSTON, TENNESSEE
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FIELD EXPLORATORY PROCEDURES

Soil Test Boring (Hollow Stem)

FebruQlY 24, 2006

All boring and sampling 0p,~rations were conducted in general accordance with ASTM D 1586.

The borings were advanced by mechanically twisting continuous steel hollow-stem auger flights

into the ground. At regular intervals, soil samples were obtained with a standard lA··inch I.D.,

2-inch a.D., split-tube sampler. The sampler was first seated six inches to penetrate any loose

cuttings and then driven an additional foot with blows of a l40-pound hammer falling 30 inches.

The number of hammer blows required to drive the sampler the final foot of penetntion was

recorded and is designated the "standard penetration resistance (SPT)". Proper evaluation of the

penetration resistance provides an index to the soil's strength, density, and ability to support

foundations.

Representative portions of the soil samples obtained from the split-tube sampler were sealed in

glass jars and transported to our laboratory, where they were examined by our engineer to verify

the driller's field classifications. Test Boring Records are attached, graphically showing the soil

descriptions and penetration resistances.

Undisturbed Sampling

The relatively undisturbed samples were obtained by' pushing a section of 3-inch a.D., l6-gauge

steel tubing into the soil at the desired sampling level. The sampling was performed in general

accordance with ASTM D-1587. The tube, together with the encased soils, was carefully removed

from the ground, made airtight, and transported to our laboratory.

Boring Backidl

The borings were backfilled to the ground surface with cement grout. The owner is advised that,

even with this backfill technique, there is the possibility of future borehole subsidence depending

on actual subsurface conditions, surface drainage, etc. The property owner should monitor the

boring locations over time to discover subsidence and make the necessary repairs.

A-I
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Rock Coring

February 24, 2006

'.....,
Prior to coring, casing is set in the hole drilled through the overburden soils, if necessary, to keep the

hole from caving. Refusal materials are then cored according to ASTM D 2113, using a diamond

studded bit fastened to the end of a hollow, double-tube core barrel. This device is rotated at high

speeds, and the cuttings are brought to the surface by circulating water. Core samples of the material

penetrated are protected and retained in the swivel-mounted inner tube. Upon completion ofe:ach core

run, the core barrel is brought to the surface, the core recovery is measured, the samples are removed,

and the core is placed in boxes for transportation and storage.

The core samples are returned to the laboratory where the refusal material is identified, and thl~ percent

core recovery and rock quality designation are determined by a soils engineer or geologist. The

percent core recovery is the ratio of the sample length obtained to the depth drilled, expressed as a

percent. The rock quality designation (RQD) is obtained by summing up the length of core re:covered,

including only the pieces of core that are 4 inches or longer, and divided by the total length drilled.

The percent core recovery and RQD are related to the soundness and continuity of the refusal material.

Refusal material descriptions, recoveries, and the bit size used are shown on the "Test Boring

Records."

The NQ and HQ sizes designate bits that obtain rock cores 1-7/8 and 2-1/2 inches in diameter,

respectively.

A-2
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KEY TO SYMBOLS AND DESCRIPTIONS

SOIL TEST BORING RECORDS
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GROUP i-( TYPICAL NAMES
GROUP

TYPICAL" S
Undisturbed ~ample (

OC SYMBOL'" 1.5-2.0 = Recovered (ft) / Pushedift)

r~~\
.... ....

lvcSOIL ~"""'.'. CONCRETE Split Spoon Sample Auger Cuttings
. ""I":"i"'.

Rock Core
60-100 =RQD / Recovery Dilatometer

I=- ASPHALT ~ DOLOMITE No Sample t\ Crandall Sampler

"Rotary Drill "
.

Pressure Meter
"
.

F~I GRAVEL ~ LIMESTONE 'Sl Water Table at time of drilling 0 No Recovery

~ Water Table after 24 hours

t~'I~~ll FILL ~ SHALE

I I I

[II SUBSOIL ~
LIMESTONE/SHALE - Limestone with
shale interbeds

Correlation of Penetration Resistance

~i~ ALLUVIUM SANDSTONE with Relative Density and Consistency
, , ' SAND & GRAVEL SILT & CLAY

No. ofBlows Relative Density No. of Blows Consistency
0-4 Very Loose 0-2 Very Soft

~ \1\11111
COLLUVIUM SILTSTONE 5 -10 Loose 3-4 Soft

:=..,.'
11 - 20 Film 5-8 Firm
21- 30 Very Firm 9 - 15 Stiff

Ilj!Pil!1 I I 31- 50 Dense 16 - 30 Very Stiff,,~tffP ";
RESIDUUM· Soft to fum AUGER BORING Over 50 Very Dense 31 - 50 Hard~,~~~:~

Over 50 VervHard

lilf:~11 RESIDUUM - Stiff to very hard I I UNDISTURBED SAMPLE ATTEMPT~~~.~

BOUNDARY CLASSIFICATIONS: Soils possessing characteristics of two groups are designated by KEY TO SYMBOLS ANDcombinations of group symbols.

DESCRIPTIONS
,SAND GRAVEL

SILT OR CLAY Cobbles Boulders
Fine I Medium ICoarse Fine I Coar~e

6MACTECNo.200 No.40 No.IO No.4 3/4" 3" 12"
U.S. STANDARD SIEVE SIZE

MACTEC Engineering and Consulting of Georgia. Inc,

Reference: The Unified Soil Classification System, Corps of Engineers, U.S. Army Technical 1725 Louisville Drive
Knoxville. Tennessee 37921-5904Memorandum No. 3-357, Vol. 1, March, 1953 (Revised April, 1960) , 865-588-8544 . Fax: 865·588-8026
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~!d\.Y:-R£S1P1!lJ.~C_____________ - _I UD-I 1.7-2.0

f-- 20 - 737.0- 20

UD-2 2.0-2.0
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732.0- SPT-2- 25 - STIFF, ORANGE TO BROWN, WET. SILTY CLAY - 2-4-6 25

RESIDUUM
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RESIDUUM
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BORING TERMINATED I'.T 38.5'

.1- 40 - -717.0- 40
I

i- 45 712.0

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November I I, 2005 BORING NO.: NB-21B

MACTEC
PROJ. NO.: 3043051064/0001 PAGE 1 OF 1
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REMARKS: STANDARD PENETRATION RESISTANCE TESTING
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14 FEET S 75°W OF MW-47.

PROJECT: TVA Kingston

DRILLED: November 10,2005 BORING NO.: NB-47B

MACT}~C

1'-'
I
n-ns RECORD IS A REASONABLE INTERPRETATION OF
SUBSURFACE CONDITIONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDITIONS AT OTHER
LOCAnONS AND AT OTHER TIMES MA Y DlFFEF.
INTERFACES BEWEEN STRATA ARE APPROXIM,ITE
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL

Driller. Marshall

Prepared By: Justice

Checked By:.J~.J...

PROJ. NO.: 3043051064/0001 PAGE] OF 1

TVA-00020785



E SAMPLES PL(%) NM(%) LL(%)
L N-COUNT 0 0 0

E
I T0 ... FINES (%)

V E
y

N
P ~ ::0 \0 • SPT(bpf)

(ft) T E ~ "0 "E~ t:

762.8
- N

..., \0 20 30 40 50 60 70 80 90 100

o
E
P
T
H

i- 5 -

I- 10 -

SOIL CLASSIFICATION
AND REMARKS

SEE KEY SYMBOL SHEET FOR EXPLANATION OF
SYMBOLS AND ABBREVIATIONSBELOW.

AUGER BORING FROM GROUND SURFACE TO 20.0'.

L
E
G
E
N
o

'·1-757.8 

"

1-752.8 -

1--+--+-+-+--4-+-+---'-l-+---I5

I-+--+-+-+---\-+----+----jl-+--- 10

i- 15 -

I- 25 -

f- 30 -

I~

1-+-+-+-+--+-+---+---'-l-+----I15

742.8 - 20

UO-l 1.7-2.0

UD-2 0.7-2.0

737.8 - 25

UD-3 0.4-1.0

SPT-I 4-3-6 •
I- 732.8- 30

1-747.8 -

i-StiFF:-BROWN,VERYMOlSTTOWET,SIL1')'CLA'r'-
AND CHERT FRAGMENTS - RESIDUUM

BORING TERMINATED AT 28.5'

f~
~,.,
!O:lr

~
~f
~,
~I

~m
.;t,
.!Ii
(if.'.--+---------------- 0.i- 20

51- 35
o
o:i
III
G
~'
..J

~727.8 "- 1--+----+-+--1--+-+-1--+-+---135

~...
:31- 40 -
o...
'"9
on
~...:::

1-7228 - 1---I--+-+-+-j-+_--+----1f-+_~ 40

..Ja'" L- 45 -'- -...Jl.-_-L 7 17.8 -'-__.L--.L-- ~___='::__::!::__=':c_~____=L:__.l::__~___='::_-::':---:-!-_::_--l

o 10 20 30 40 50 60 70 80 90 100

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION. BORING NB-47BA WAS ORJLLED
APPROXIMATELY 14 FEET S200E OF MW-47.

PROJECT: TVA Kingston

DRILLED: November 10, 2005 BORING NO.: NB-47BA

IJ MACT}~C

I..,
I
TInS RECORD IS A REASONABLE INTERPRETATION OF
SUBSURFACE CONDlTlONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDITIONS AT OTHER
LOCATIONS AND ATOTl!ER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROX\MATE
TRANsmONS BE1WEEN STRATA MAY BE GRADUAL

Driller : Marshall

Preparl'd By: Justi ce

Chl:cke:=.d.=ByL..:C£:~o...J

PROJ. NO.: 3043051064/0001 PAGE OF I

TVA-00020786



o 10 20 30 40 50 60 70 80 90 100

ON L E SAMPLES PL(%) NM(%) LL(%)

E L I N-COUNT '" 0 0

G E 0 T • FINES(%)
E V E Y

'l.NATlONOF 1'1 1'1 P
'" :a '" II SPT (bpI)

,BELOW. 0 (ft) E "0 "ET '" <:

749.7
N r'l 10 20 30 40 50 60 70 &0 90 100

ICE TO 24.5' .r
¥~
-il;

".
~~

1;

i
,..;~ 1~744.7- 5
~ !
~~~

!i.'li.
:>..C
'l
&m:
r:

1-739.7 - 10

!

'-734.7 - 15

I·
1-729.7 - 20

I·

"Sl-

ET,CLAYEY 724.7 - 25
ITS - SPT-! 3-6-4

\_____ ...1

UD-I 0.9-2.0

UD-2 1.1-2.0 [\
------

~
719.7-

1\
30

'~~ 1\'.
~~,
i~: ~.~ 714.7- 35

~;
\

"':: \~r

._-----

UD-3 0-2.0 \
709.7- 40

UD-4 1.5-2.0 1\
UO-5 0.3-2.0

r\-SILTWIrn-
UUM 704.7 - SPT-2 7-8-50/0.4 5

699.7

SOIL CLASSIFICATl
AND REMARKS

SEE KEY SYMBOL SHEET FOR EXPL
SYMBOLS AND ABBREVIATIONS

AUGER BORING FROM GROUND SURf)

D
E
P
T
H

I- 20 -

~ 15 -

~ 10-

I- 5 -

1-----------------

I- 35 -

_ 25 - STIFF, REDDISH-ORANGE, MOIST TO W
SILT WITH SAND AND CHERT FRA.GME1'

~ ~~D.1!'=!...1\.L . _

....l

is'" I- 50 -L. _

l
e.o
<IiI- 40 
alo
;;::
~

0::
~ ~s'tifCBROWN, 'M6JST f.::fWE'r-:-CLAYEY
o,~ 45 - SAND AND CHERT FRAGMENTS - RESID
~ BORING TERMINATED AT 45.4'

'":2
~

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.

PROJECT: TVA Kingston

DRILLED: November 10, 2005 BORING NO.: NB-73WB

I/MACTEC
PROJ. NO.: 3043051064/0001 PAGE 1 OF

TVA-00020787



E SAMPLES PL(%) NM(%) LL(%)

L N-COUNT (OIl 0 0
I

E D T .... FlNES(%)
V E Y

N P '0 '0 ~ • SPT(bpf)
(ft) E t; "0 "2T Fj ,., 10 20 30 40 50 60 70 80 90 100

749.7

'''-'

'-'

D
E
P
T
H

I- 5 -

I- 10 -

I- 15 -

- 20 -

- 25 -

SOIL CLASSIFICATION
AND REMARKS

SEE KEY SYMBOL SHEET FOR EXPLANATION OF
SYMBOLS AND ABBREVIATIONS BELOW.

AUGER BORING FROM GROUND SURFACE TO 38.0'

L
E
G
E
N
D

.1-744.7-

-739.7-

1-7347 -

1-729.7-

1-724.7 -

1----+--+-1--I---!--+-+-!--+--I5

I-+-l-+--l-·-i--+-lc-+--l---IIO

1-+-f-----jf-+--+-I-+-+--f--l15

1--I---I-+--+-I-+--+-l-+---i20

1-+--+-t-+--+-t--+---+-t--;25

- 30 -

BORING TERMINATED AT 42.0'

709.7 -

UD-I

UD-2

0.0-2.0

07-2.0

I----+--+-I--+--+-+-+--+-t--; 30

f-+-+----j'----+-+-I-f-+--+-{35

1--I---I-+--!---+--+---11----+-!---I40

...Jo
en '- 45 ...-1- . .1..-_-'- 704.7 ...-I---.JL-L-----!.O:--f.

j
0:--:2~O-:l30~4-!.O:--,5!:0---:6l:-0~70:--c8!:O--::9l:-0-,1~00~---l

REMARKS: NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION. BORING NB-73WBA WAS DRILLED
APPROXIMATELY 8 FEET S300E OF NH-73WB. PROJECT: TVA Kingston

MACTEC
'-'I

T::m::s;:-RE=c::;::O::RD=JS~A:-:RE::::-A::::SO::::N7:A:::B~LE;:-I~NT;:;::E;:::R::PRET;:;:;::-AT::I:::O;;-N:::O::--F-r~=========l
SUBSURFACE CONDmONS AT THE EXPLORATION DJiller : Marshall

tg~~~g~s ~~~~';~~~~~~~~A;17~~R Prepared By: Justice

~~~fo~:i~~::T~~:~~~oB~~~0~L Checked By ..Jh(

DRILLED: November 10,2005

PROJ. NO.: 3043051064/0001

BORING NO.: NB-73WBA

PAGE 1 OF I

TVA-00020788



D
E
P
T
H

SOIL CLASSlFICATION
AND REMARKS

SEE KEY SYMBOL SHEET FOR EXPLANATION OF
SYMBOLS AND ABBREVIAnONS BELOW.

AUGER BORING FROM GROUND SURFACE TO 260'

L
E
G
E
N
o

E SAMPLES PL(%) NM(%) LL(%)
L I N-COUNT "" 0 ""E D T A FINES (%)
V E Y

N P \0 \0 \0 • SPT(bpf)
(ft) E "C "ET '" '"749.7

N ..., 10 20 30 40 50 60 70 80 90 100

f- 5 - '-744.7 - 1--t--t----f----1I-+--I-____I_-f--+----I5

f-- 10 - 1--739.7 - 1--+---1-+----4--1-----+-+--+---1----110

I- 15 - 1--734.7 - I--t--t----f--~-+--I-____I_-f--+----I J5

- 20 - f-729.7- f--+-+-+--+-+---+--~-+---+------j20

f- 25 -

~ ..

It
.>4 ~

'\~~

-l----------------------- i,\

1-724.7- l--+---t--1--1-·--I-+--+---if--+--J25

1'-
BORING TERMINATED AT 28.0'

UD-J 0.9-2.0

f- 30 - f-719.7- f--+--+-t--+-+-+--+--I-+--l30

l--+---1-+---+--+--+-l---+-+- 40

f--+--+-+-+-+-+--+--If-+----l35f-714.7-

1-709.7 -

15 '- 35 
t:1
III
III

;1
...,
0::
3f- 40 -

il

on
g...
o
'"...,
(5til '-- 45 .....L . . .L-_---l- 704.7 --L-__-'--..l- ~__::'::__:!:_-"J':_+.---l-..L._.L.__::'::_....,L-____!------J

o 10 20 30 40 50 60 70 80 90 100

REMARKS: NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November 1], 2005 BORING NO.: NB-73WBB

MACT:EC
PROJ. NO.: 3043051064/0001 PAGE 1 OF 1

TVA-00020789



o 10 20 30 40 ~)O 60 70 80 90 100

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT 0 0 0
P AND REMARKS G E

I TD .... F1NES(%)
T E V Y
H E

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N N P ~ \0 \0 • SPT(bpt)
SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E "tr "2T '" "I- (g) 749.3

N .., 10 20 30 40 50 60 70 80 90 100
AUGER BORING FROM GROUND SURFACE TO 9.5' iii I·,,,:

~! 1:'

~i,
13":
,it

>-744.3 -i- 5 - '.1' 5
,~~

':,~

. -:::~

I- 10 - STIFF, REDDISH BROWN, SLIGHTLY MOIST, CLAYEY 739.3 - 10

~~~tL~~~ BRO~IN~SDGHTLY M<5IsT,SiLT~
SPT-l 5-5-8 Ii

\SMJ..Q Yt'JI.H.lltJ'J..QS..I@.E. ffih..9ME...tlTIl.:...IU'-~DJN.M_ } UD-I 1.5-2.0

UD-2 1.4-2.0

>- 15 - 734.3 -

:j
15

~FIRM\VEr-WEATHEREDCHERT-=-iili~J5DITM- --=-- UD-3 1.2-1.2

FIRM: YELWWiSHBROWN-:-SL1GI-ifY~IDiST-TO -- SPT-2 8-2-3
"\~OIST, FAT CLAY WITH CHERT FRAGMENTS-

RESIDUUM
BORING TERMINATED AT 17.7'

I- 20 - >-729.3 - 20

I- 25 - >-724.3 - 25

I- 30 - 1-719.3 - 30

- 35 - -714.3 - 35

r

.1- 40 - 1-709.3 - 40

l- 45 704.3

I~

I~

flMACTEC

BORING NO.: NB-77B

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
GROUNDWATER MEASUREMENT WAS OBTAINED
FROM MW-77. BORING NB-77B WAS DRILLED
APPROXIMATELY J5 FEET N65°E OF MW-77.

~THI=S:-::RE=CO::RD:::-::IS:-A:-:RE==AS:::O::::N-:-:AB-:-LE:-=-:INTE::==R::PRET=A-::T~IO::::N:-::O:::F:---;==~====~
SUBSURFACE CONDmONS ATTflE EXPLORATION ~~Ier: Marshall
LOCATION SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT 0THEl\ TIMES MAY DIFFER ~ared By: Justice
INTERFACES BEWEEN STRATA ARE APPROXIMATE . •r Jl. r
TRANsmONSBETWEEN STRATA MAY BE GRADUAL ~:cked By:~ 41 "Q

PROJECT: TVA Kingston

DRILLED: November 9, 2005

PROJ. NO.: 3043051064/0001 PAGE OF 1

TVA-00020790



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)

E E L N-COUNT 0 0 0
AND REMARKS Jp G E D T ... FINES(%)

T E V E Y
H SEE KEY SYMBOL SHEET FOR EXPLANAnON OF N N

P \0 ~ \0 • SPT(bpf)

SYMBOLS AND ABBREVIATIONS BELOW, D (ft) E - "0 "ET ~ c

'- (g)
N "" 10 20 30 40 50 60 70 80 90 100

AUGER BORING FROM GROUND SURFACE TO 13.0' L~
7493

"~(
:.~
'''''i'

~~
.,.:~
.,.1

- 5 - c')'-744.3- 5
~:'

• c~~
~...

>/:
;..?
;.~.

,'00(.. ;;
',,~.

- 10 - ;-739.3- 10
:;;.

.•
);

UD-J 1.5-2.0

I- 15 BORING TERMINATED AT 15.0'
734.3 - 15

I- 20 - 1-729.3 - 20

- 25 - -724.3- 25

- 30 - -719.3- 30

i

- 35 -714.3 - 35

'1- 40 - -709.3- 40
I

~ 45 704.3

I~

REMARKS: NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION BORING NB-77BA WAS DRILLED
APPROXlMATELY 6 FEET N65°E OF NB-77B. PROJECT: TVA Kingston

DRILLED: November 9,2005 BORING NO.: NB-77BA

Driller:Marshall I!f MACTEC
Prepared By: Justice ~ . ~

Checked_B,<.Y_:-'-'-~-' I.!==============================:!.J

l-r='==:;-:-::======~---;==,===~l-F=P~R=O=J=.N:::O=o:=3=04=3=O=5I=O=6=4/=O=00==1=====:=~P~A~G~E~I=O~F~I~
THIS RECORD IS A REASONABLE INTERPRETAnON OF
SUBSURFACE CONDmONS AT TIlE EXPLORATION
LOCATION. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
IN'ffiRFACES BEWEEN SlRATA ARE APPROXIMATE
TRANsmONS BETWEEN STRATA MAYBE GRADUAL

TVA-00020791



f--+t-+-+--t-+---+-If--+--+--l20

l-:H--+-1e--+--+-I-1-+-+- 25

1-+-+-1-+-+-1-1-+-+--140

1-+-+-f--+--4-+-+-4-+--i 30

1-+-+-1-+--+-if--+-+-I--l35

736.1
SPT-3 3-3-4

UD-4 1.75-2.0

UD-5 19-2.0

731.1

UD-6 20-2.0

SPT-4 4-6-6

726.1

741 I

721.1

BORING TERMINATED AT 33.5'

F1Riv(REDDISHBROWNMomED,NIOJ:rr,SILTY-
eLAY WITH CHERT FRAGMENTS - RESIDUUM

STifF:-REDDisH1lROWN: WET,FATCIA)i"WfTH - -
CHERT FRAGMENTS - RESIDUUM

40

35

30

25

20

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT

""
0 0

P AND REMARK.S I
G E T ... FINES(%)

T E V
D y
EH SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P \0 ~~ • SPT(bpf}N

SYMBOLS AND ABBREVlAnONS BELOW. D (ft) T E
"'

"g"E
(S) 761.1

N .., 10 20 30 4·0 50 60 70 80 90 100
AUGER BORING FROM GROUND SURFACE TO 7.5'

IW'

5 756.1 5

VERY STIFF, ORANGE BROWN, DRY TO SLIGHTLY
MOIST, SILTY eLAY WITH CHERT FRAGMENTS - I SPT-I 9-12-13

\RJ;;SlPlITJ!YL ____________. _____ Jr

10 ",V.);RY ~TLFF~GMY ~CHE..BURAii~E:t!T.!i ,:-Rgs.!P11.ul!1} 75J.J UD-I 1.3-2.0 10

UD-2 1.3-2.0

UD-3 J.3-2.0

15 VERYSTIFF, ORANGEBROWN:SUG1iTI.YMOIST. - -
746.1 15

SILTY CLAY WITH CHERT FRAGMENTS .. RESIDUUM SPT-2 5-8-9
AUGER BORrNG-FROMT6S 'f024'3'- - - - - - --

..J

5
Vl

45 --L ~ _
-----.l..--~7J6.J --I---.l-.-'--------::0--,1;l;:0:--;2~0--;:3l::-0-:l41::-0·--}50=---,!60=--7:!:O:--:8:l;:0--:9l.:-0-:-:1O!-::0--.J

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.

PROJECT: TVA Kingston

II MACTEC

~
I
THIS RECORD IS A REASONABLE INTERPRETATION OF
SUBSURFACE CONDITIONS AT TIiE EXPLORATION
LOCATlON. SUBSURFACE CONDITIONS AT OTHER
LOCATlONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSITIONS BEnVEEN STRATA MAY BE GRADUAL ~

rill"r : Marshall

Prepared By: M.O.

Checked By:--;/~;,r

DRILLED: November 9. 2005

PROJ. NO.: 3043051064/0001

BORING NO.: NB-85B

PAGE 1 OF

TVA-00020792



f-+-+-+-+.--f--I--+-II-+---j 40

1-+-+-+--+-J-+--+-I1-+---135

5010.1SPT-9

712.0

-------'----'-707.0 -L._---l--l ~-:--'::---}::__::l:---L___::L....L---,l,-l--~.J---.J
o 10 20 30 40 50 60 70 80 90 100

vtRrHARD 'ORA YOOiJOMITE-FRAG1.1ENtS-- - -
RESIDUUM
AUGER REFUSAL AT 34.1'

40

45

35

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT '" 0 'I'
p AND REMARKS I

G E T 4 FINES(%)
T E V

D Y
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N

E P ~:a\o • SPT (bpf)N
SYMBOLS AND ABBREVIATIONS BELOW. D (ft) T E ~"C"C

(g)
~ '" ...

752.0
- N.., 10 20 30 4-0 50 60 70 80 90 100

TOPSOIL 0.5'
FIRM. DARK RED BRO'WN. MOIST. SILTY CLAY WITH 2-3-5

'~
CHERT FRAGMENTS - FILL
STIFF, DARK BROWN, CLAYEY SILT WITH SAND- 4-3-6
RESIDUUM I POSSIBLE FILL

§TiFfTOVERYSTIFF,SARK-REDCCAV':-RESIDUU-KC

5 7-6-8 5

5-8-9

10 1.9-2.0 10

FIRKi;REDBRoWN: M6fsT, SlLTYCI=AY WmBAND:-
RESIDUUM

15 3-4-3 15

STiFF:-REDBROWN, MCHsTTOWE'r-;-SANDYCLAYEF 2.0-2.0
SILT- RESIDUUM

20 4-7-6 20

soF'T;''REDBRoWN:" M'6fSTTOWET:l:::u,YEYSift- -:sz:
WITH SAND AND WEATHERED SANDSTONE --
FRAGMENTS - RESIDUUM

25 727.0 4-2-2 25

'~ sTiF'CDARKBROWN-:-MOISTTO WET,SILTY CLAY--
WITH SAND AND DOLO\AITE FRAGMENTS -
RESIDUUM

30 WOH-4-7 30

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.

PROJECT: TVA Kingston

DRILLED: November 29, 2005 BORING NO.: NB-90

TVA-00020793



f---<t--+---1-+-+-1-.j-+-+~ 20

re+--+-+---+---l-+--+-l'---+--l25

"+-f-+--1---i1-+-+-I1--+--l30

1---+--1I----!--I-+--+-+-+--1- 40

....+-+-f-+-+-f--+-+--+-l35

1-1-1

3-2-3

1-1-1

3-4-5

719.5

~ 30 -

f- 20 -

~VERVSOITTO FJRM-:-REI5-BROWNTO-SRb'WN,' - -
MOIST TO WET, SILTY CLAY WITH OCCASIONAL
CHERTY AND WEATHERED DOLOMITI~ZONES 

I-- 25 _ RESIDUUM

~

(3 AUGER REFUSAL AT 38.9'
~I-- 40 -

I-8- 35 -

'"tIl
6
~'
j

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-eOUNT III 0 III
P AND REMARKS I

G E T ... FINES (%)
T E V

D Y
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N

E p ~ • SPT(bpf)N ~ \0
SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E -0 1:

I-- (g)
T '" C

N M 10 20 30 40 50 60 70 gO 90 100

"'TOPSOIL 0.3'
759.5

STIFF, RED BROWN, SLIGHTLY MOIST, CLAYEY SILT SPT-l 7-5-6

'W'
WITH SAND AND AFEW CHERT FRAGMENTS AND
MANGANESE NODULES - RESIDUUM SPT-2 3-5-6

'--- 5 - 3-4-6 5

4-5-7

I-VERVSTIFF, RED BROWi\l~sDGHTLY i~6YST, FAT - -
CLAY WITH SAND AND A FEW CHERT FRAGMENTS -

I-- 10 - RESIDUUM 4-7-9 10

~----------------------STIFF, BROWN AND YELLOWISH BROWN, SLIGHTLY UD-I 2.0-2.0
MOIST, CLAYEY SILT WITH SAND AND A FEW CHERT
FRAGMENTS - RESIDUUM

f- 15 - 744.5 4-7-8 15

~

~
on
;;:...
;;:
...J

o
VJ '--- 45 -'- --'--_---''---714.5 -'---1-.L.-----!:-0---:1-'=0--,,2l:-0---'30l--.J40L--S.lO-6.l0-7.LO-gL.0-.J90L-I.lO-O----I

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING A\I AUTOMATIC HAMMER.

PROJECT: TVA Kingston Additional Geotech

DRILLED: January 12,2006 BORING NO.: NB-91

f/MACTEC
''-'I

mls RECORD IS A REASONABLE INTERPRETATION OF
SUBSURFACE CONDITJONS AT 11iE EXPLORATION
LOCATION SUBSURFACE CONDITIONS AT OTHER
LOCATJONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE
TRANSITIONS BElWEEN STRATA MAY BE GRADUAL ~

riller . Akins

Prepare.d By: Jusllce

Checke_d-=-By,--:~:><.::,.,.

PROJ. NO.: 3043051064/0001 PAGE 1 OF

TVA-00020794



SPT-8

PL(%) NM(%) LL(%)
0 0 0

• FINES(%)

• SPT(bpf)

10 20 30 40 50 60 70 80 90 100

I---f--ef--+--!----I--+--+---+-+--I 15

~f-\---I--+---ii--+---I---I--i-+----J 5

~::±--+-j-+--+-+-f-+--l----l20

I--HH-+--I----I-+--+---4-+-- 10

1--1---+-+--1---4-+--+---4-+--125

9-4-2

4-4-4

5-2-4

5-6-8

4-7-5

6-8-9

4-2-2

2.0-2.0

N-COUNT
T
Y
P \0\0\0
E t;~"E

N ..,

SAMPLES
J
D
E
N
T

E
L
E
V

735.0

L
E
G
E
N
D

AUGER REFUSAL AT 24.0'

SOIL CLASSIFICATION
AND REMARKS.

SEE KEY SYMBOL SHEET FOR EXPI.ANATION OF
SYMBOLS AND ABBREVIATIONS BELOW.

FIRM TO STIFF, DARK BROWN, SLIGHTLY MOIST,
CLAYEY SILT WITH SAND AND CHERT FRAGMENTS 
RESIDUUM f POSSIBLE ALLUVIUM

:¥
~ SOF'T;-DARK BROWN~MOiSTTOWET,~;Il~::rYa.A""Y-

AND CHERT FRAGMENTS - RESIDUUM

f- VERYSTIFF, RED BROmc-sDGHTLY~10ISTro - - 
MOIST, SILTY CLA Y WID] CHERT FRAGMENTS 
RESIDUUM

~----------------------STIFF, RED BROWN, MOIST, SANDY CiAYEY SILT -
RESIDUUM

D
E
P
T
H

~ 10 -

f- 15 -

~ 20 -

f- 25 -

I- 30 - 730.0 I-+--f-+--+-+-+-l-+--+--f 30

51- 35 
(;>

cO
c:l;,
<:
--'

725.0 I--t---t-+--+--l,.--+--+-I,.--+--! 35

0..

31- 40 -0,
~
~
ong...
~

720.0 1--+--,1--+--+-+--+-1--+--+--140

--'oVJ I- 45 -L . L.-_....L 715.0 --'-__.L.-.L...- ---!::,.--:-I::--:!::--=I:--'=-~,__..L~__::'=__,L_l----J

o 10 20 30 40 50 60 70 80 90 100

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.

PROJECT: TVA Kingston

DRILLED: November 29,2005 BORING NO.: NB-92

Driller. Warren .111 MACT~~C
Prep,ared By: Justice f;I .J.::..
Checked:..:B",Y..:..:C>..<.!!:"'w l!====================:========:::::!J

'W
I
THIS RECORD IS A REASONABLE INTERPRETATION OF
SUBSURFACE CONDITIONS AT THE EXPLORATION
LOCATION SUBSURFACE CONDITIONS AT OTHER
LOCATIONS AND AT ODlER TIMES MAY DIFFER
INTERFACES BEWEEN STRATA ARE APPROXIMATE
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL

PROJ. NO.: 304305]064/000] PAGE] OF ]

TVA-00020795



I-+--+I--l-+~-+--+---l-+--ll 0

f-+,"*-if--l--f---i'-+-+-t---{25

f-+-I\;--t-+·--1I--l--+-II-+--115

1-+--+-I-+-·+-I-+-+-+--{35

1-+t-+-l-+--f-+--+---l-+--f30

1-+-#-+--+-·-1-+--+-li-+--120

1-+-+-+-+--i-+--+-li---t-=""-e40

4-6-6

4-4-5

7-8-9

8-9-13

50/0.1

6-9-10

8-6-11

SPT-9

829.0

834.0

824.0

849.0

839.0

854.0

844.0

-----'---~819.0 -L----'---'----~0---:I.I;:-O--!20~3;:l;0c--4:l:0-:5l;,-0----,J601,,-~70:--;8;1;:O~9~0 -:1~00;:-----l

AUGER REFUSAL AT 40. I'

VERTHARD,SWWN, wE'AfHEI~ED-DC)LCIMrfE:- - 
RESIDUUM

30

25

10

15

20

I..,

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT ~ 0 ~

P AND REMARKS I
G E D 'I ... FINES(%)

'I E V YEH SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P

'"'
fo

'"' • SPT (bpI)N
SYMBOLS AND ABBREVIATIONS BELOW. D (ft) 'I E '0 "E<g) ~ C

N ,.., 10 20 30 40 50 60 70 80 90 100
TOPSOIL 0.2'

864.0

SOFT, RED, SUGHTLY MOIST TO MOIST, CLAYEY 3-1-3
SILT WITH A FEW FINE ROOTS - RESIDUUM

~ S'fiFFTOVERYSmF,"REDDISHBRO\}v'i(REDDISH- -
YELLOW TO BROWN, SLIGHTLY MOIST TO MOIST,
FAT CLAY WITH A FEW CHERT FRAGMENTS AND

5 BLACK MANGANESE STAINING - RE:SIDUUM 859.0

3-11·12

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF

EXPLORATION
PROJECT: TVA Kingston Additional Geotech

DRILLED: January 17, 2006 BORING NO.: NB-K

MACTEC

TVA-00020796



H.-+--li-+--+--+--+-I-+--f--1 15

f.-+--+-+--I---I-+--I---I-+--l20

'-+-+--+-f--+-+-+-f-+--l30

1-+--+-+--+--r-+-+-I-+--135

1--f--.-t-.J----t--I-+--+-I--l---l5

I--+-+--f-+--+-l-+-+-+------j 40

f--.>--t-f--+-ll-+--+-ll-+---IIO

..-I---I-4----f--+--+-4----+--1--125

4-5-7

1-2-1

1-1- I

2-1-1

3-}-4

6-7-10

I- 20 -

f-wnroF~~DmW~llO~&Em~Mrn~
TO MOIST, SANDY SILT WITH A TRACE OF BLACK
MANGANESE STAINING - RESIDUUM

f-n~sonBW~~E~MOI~TI~8~M~Y
SILT WITH CHERT FRAGMENTS - RESIDUUM

I- 25 -

STiFCREDOiSH-YE1L0W:SUGTlTI.YMCijs-r,CLAVEY
(ELASTIC) SILT WITH SAND· RESIDUUM

I- 5 -

f- 30 -

f- IS -

f- 10 -

f-
[31- 35 -
tIl hB"'O"'RIN~"G-;;TE=RM;-;;;1N7A"-;T;;;E"'D:-A7:T;;-3"'5;--'..5'"----
ttl

5,
~-.:
..J

§
c5f- 40 - 722.0

~----

D SOIL CLASSIFICATION L E SAMPLES PL(%} NM(%} LL (%)
E E L N-COUNT ~ 0 ~

P AND REMARKS G E
J T

T E V
D Y

... FINES(%)

H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N
E P <:0 ~ • SPT (bpf)N '"SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E ;;; -0 '2

f- (g)
T ..::i .., 10 20 30 40 50 60 70 80 90 100

TOPSOIL 0.2'
762.0

FIRM TO VERY STIFF, REDDISH BROVv'N TO REDDISH 2-3-5
ORANGE, SLIGHTLY MOIST, CLAYEY (ELASTIC SILT)

'-'
WITH A TRACE OF CHERT FRAGMENTS AND BLACK
MANGANESE NODULES - RESIDUUM

..J
is'" I- 45 .....L. , .....L__L 717.0 .....L.--'--.L-------:':---::'::--::!-::--=I:---:1:---....,l::--.,J,----::l.:----::'::-+---!~-..J

o 10 20 30 40 50 60 70 80 90 100

REMARKS: STANDARD PENETRAnON RESISTANCE TESTING
PERFORMED USING AN AUTOMAT1C HAMMER.

PROJECT: TVA Kingston Additional Geotech

DRILLED: January 16, 2006 BORING NO.: MW-M

MACT~EC

i~

I
TInS RECORD IS A REASONABLE INTERPRETATION OF
SUBSURFACE CONDITIONS AT TIlE EXPLORADON
LOCATION. SUBSURFACE CONDITIONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER
1NTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSmONS BETWEEN STRATA MAYBE GRADUAL ~

riller . Akins

Prepared By: Justice

Checked By: Jt//;)..!

PROJ. NO.: 3043051064/0001 PAGE 1 OF

TVA-00020797



I- 10 -

f- 5 -

Hf-j--+-t--j-+-\--+-+-+-J 15

t--+-+-t--t-+-\--+-+-+-J20

~"-1-+---~--I---+-+--+--I-/0

'--+---1-+--+--\--+-+-+-f---i 25

5-8-9

3-5-5

3-3-3

WOH

WOH

735.0

730.0 SPT-6

L E SAMPLES PL(%) NM(%) LL(%)
E L I N-COUNT 0 0 0

G E D T ... FINES(%)
E V E Y
N N P eo~~ • SPT [bpI)
D (ft) E _"0"0

T '" t: ~- N..., JO 20 30 40 50 60 70 80 90 100
7550

2--4-7

SOfL CLASSIFICA,TION
AND REMARKS

BORING TERMINATED AT 25 .. 5'

o
E
P
T
H

f-FfRMTO-S'fIFF, REOm,SH-ORANGETO-YEl.LOW,- -
SLIGHTLY MOIST TO MOIST, SANDY CLAYEY SILT
RESIDUUM

STIFF TO VERY STIFF, RED BROWN TO REDDISH
ORANGE, SLIGHTLY MOIST, CLAYEY SILT WITH
SAND - RESIDUUM

I- 25 
1-:::==:-=;~~:-==-7=-:::-;:-::;-----

f- 15 -I-VERVS6ITTOFiRM-:-BROWN,MOiSnO-WET~S1ifY
CLAY WITH OCCASIONAL CHERT AND GRAVEL
FRAGMENTS - RESIDUUM

SEE KEY SYMBOL :;HEET FOR EXPLANATION OF
SYMBOLS AND ABBREVIATIONS BELOW.

f- (g) -+-===-=~'"=---.------.-----
h.TOPSOIL 10.3'

I- 20 -

I- 30 - 725.0 1--+-I-+--+.--I---!--I-+--I---.4 30

720.0

715.0

I---+--+-+-+-+-+--+-II-+--j 35

1--+-I-+--+---I---!--I--+---+--.4 40

..J
5'" '- 45 -l- . . .L-_-'- 71 0.0 ....L--.L--'------70--:1:'::0~2':-0-='30':--4..J0:--5.,.L0-6..J,0:--:7J,0--.:8J,-0--.:9~0-1-:!07

0
---l

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER

PROJECT: TVA Kingston Additional Geotech

DRILLED: January 12,2006 BORING NO.: MW-N

MACT:EC
PROJ. NO.: 3043051064/0001 PAGE I OF I

TVA-00020798



45 -'---------------

I--+tl::::-t--l--t-.--Ii---+--+--II-+--j 30

o 10 20 30 40 50 60 70 80 90 100

1--l--I-+--+--+--+-+-+--+--=:~5

1-+--+-1.4--1--11--1-+-+-120

1--H1H--I1--j--I--I1--I-+-+-115

1--.....---11-+--1·_+--+-+--+-1---125

1---1--;'-+---+'--11--+--+---'1---+--140

6-6-7

8-6-5

3-8-7

54-80

6-20-1)

5-5010.4

8-100

PROJECT: TVA Kingston Additional Geotech

VERY-HARD,BROWNISH GRAY, DRY,D<)LOMITE -
FRAGMENTS WITH SAND - RESIDUUJ\1

H"XiID--;-WHlTECHERTFRAGMENfS:-RESIDUillr-

STiFF-;-BROWN TOyELCow BROWN~-STrGH1'LY - - 
MOIST TO MOIST, FAT CLAY WITH A FEW CHERT
FRAGMENTS AND BLACK MANGANESE STAINING
RESIDUUM

30

35 -+-A"-;U-;';G"'E~R::-"'"RE""F~U7.S:;-:A"-;L-A:-CT=35-;:-.""'a'---
BEGAN HQ CORING AT 35.0'

SLIGHTLY TO MODERATELY WEATHERED,
CLOSELYJOINTED, FINE GRAINED, GRA YTO DARK
GRA Y, HARD SILICEOUS DOLOMITE. SEVERAL
JOINTS SETS OBSERVEI), SOME OF WHICH GIVE THE
CORE AN APPEARANCE OF HIGHLY FRACTURED
]:Q.N£S~ . J
VERY SUGHTLY WEATHERED, FINE GRAINED,
LIGHT GRAY, HARD TO VERY HARD, DOLOMITE.
OPEN JOINT SETS DISAPPEAR, A FEW BEDDING
PLANE FRACTURES OBSERVED. BEDDING IS AT AN
APPARENT DIP OF 30°.

20

25

40

15

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMAllC HAMMER.
NO GROUND WATER ENCOUNTERED ATTlMEOF
EXPLORATION.

DRILLED: July 12, 2006 BORING NO.: MW-P

I/MACT:EC

TVA-00020799



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICAnON L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT liPJ 0 liPJ
P AND REMARKS G

I TE D ... FINES (%)
T E V E Y
H SEE KEY SYMBOL SHEET FOR EXF'LANATION OF N N

P io \0 io • SPT(bpf)
SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E "0 "E

f-W
T - r::i ,.., 10 20 30 40 50 60 70 80 90 100

VERY SUGHTLY WEATHERED, FINE GRAINED, ~
747.0

LIGHT GRA Y, HARD TO VERY HARD, DOLOMITE.
OPEN JOINT SETS DISAPPEAR, A FEW BEDDING RC-3 100-JOO
PLANE FRACTURES OBSERVED. BEDDING IS AT AN
APPARENT DIP OF 30°.

=:::::::::::: 742.0- 50- 50 -
~== ,

i 7370-
- 55 - 55

RC-4 98-98

II
I- 60 -

~ 732.0- 60I--

CORING TERMINATED 60S

I- 65 - 1-727.0 - 65

~ 70 - ,-722.0- 70

- 75 - 1-717.0- 75

-- 80 -7120- 80

I- 85 - 1-707.0 -
- 85

1

l- 90 702.0

..J

5
VJ

1-.,

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston Additional Geott:ch

MACTEC

.~

I
nn=s-=R--EC-O::"R--O--IS-A'"'RE=-=--A--SO:':'N:':'A--B:-:LE:':'I::"NT::"E--Rp::"R--ET=-A:-:::'n::o::-:N-=O--F---;~='======!
SUBSURFACE CONDITIONS AT THE EXPLORATION Driller: Akins

tg~~:gg~s~%~S~~;i-~~~~k~~~A~~F~ER Prepared By Justice
INTERFACES BEWEEN STRATA ARE APPROXIMATE -71,/171
TRANSITIONS BET'.I1EEN STRATA MAY BE GRADUAL Checked By: wi AJ"JC..

DRILLED: July 12, 2006

PROJ. NO.: 3043051064/000 I

BORING NO.: MW-P

PAGE 2 OF 2

TVA-00020800



o )0 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICAnON L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT 0 0 0
P AND REMARKS I

G E T ... FINES(%)
T D

E V E
y

H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N l' '" • SPT (bpi)N ~ '"SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E 1;;
"0 "E

I- (gl
T c

756.0 - N ,... 10 20 30 40 50 60 70 80 90 100

VERY STIFF, RED BROWN, SUGHrLY MOIST, SILTY
CLAY wrIT! GRA VEL - FILL SPT-I 4-9-7 IfFIRM, RED, SLIGHTLY MOIST, CLAY· RESIDUUM

I- 5 - 751.0- SPT-2 4-3-4 5

I-STiFF;-REr>,SLIGHTlY i\16fST, cLAY-:· RESii5uuM--

I- 10 - 746.0- SPT-3 4-7-7 10

Uo-I 2.0-2.0

I- 15 ~ 741.0- SPT-4 4-6-7 15

BORING TERMINATED AT 15.5'

I- 20 - 1-736.0- 20

-

I- 25 - 1-7310- 25

I- 30 - 1-726.0- 30

I- 35 - 1-721.0 - 35

I

-I- 40 - 1-716.0- 40

.... 45 711.0

..l
o
III

1'-

REMARKS: STANDARD PENETRATION RESISTANCE TESTlNG
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November 18, 2005 BORING NO.: K-1

PAGE 1 OF

IfMACTEC
PROJ. NO.: 3043051064/0001

~
riller : Marshall

PlCepared By: M.O.

Checked By: .M>d.

TInS RECORD IS A REASONABLE INTERPRETATION OF
SUBSURFACE CONDITIONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONomONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSI1l0NS BElWEEN STRATA MAY BE GR"'DUAL.

'-'I
=~~~:;;::;-;,-~=;;;:;:::;::-:;:;;;;:;-:::;:--.========j

TVA-0002080 1



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICA TION L E SAMPLES PL(%) NM(%) LL (%)
E E L N-COUNT "l 0 0
P AND REMARKS I

G E T J. FINES (%)
T E V

D Y
H E

SEE KEY SYMBOL SHEET FOR EXPLANATION OF N N P \o'o~ • SPT (bpI)
SYMBOLS AND ABBREVIATIONS BELOW 0 (ft) T E _""0-0

l-(gJ
~ c ~

755.0 I
- N '" 10 20 30 40 50 60 70 80 90 100

h. TOPSOIL 0.3'
FIRM, RED, SLIGHTLY MOiST, SILTY Cl.AY - SPT-I 3-3-4 ~RESIDUUM

I--VERYSTIfF, RED TOC)RANGE,SUGHfCY"MOiSf," --

1\SILTY CLAY WITH CHERT FRAGMENTS - RESIDUUM

'- 5 - 750.0- SPT-2 I 5-7-10
i 5

I-- vtRYSTIFF, ORANGETOTAN Mon'tEb-;-SLIGHT'LY -
MOIST, SILTY CLA Y - RESIDUUM

I-- 10 - 745.0 - SPT-3 8-11-13 10

~----------------------VERY STIFF, RED TO ORANGE TO BROWN MOTTLED, UD-I 1.8-2.0
SLIGHTLY MOIST, CLA YEY SILT WITH WEATHERED JCHERT FRAGMENTS AND SOME SAND LAYERS-

r- 15 - RESIDUUM 740.0- SPT-4 7-7-9 15

BORING TERMINATED AT 15.5'

I- 20 - '-735.0 - 20

I- 25 - 1--730.0- 25

'- 30 - '-725.0- 30

I- 35 - '-720.0 - 35

I- 40 - '-715.0 - 40

I

'- 45 7100

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November 23,2005 BORING NO.: K-2

TVA-00020802



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICAnON L E SAMPLES PL(%) NM(%) LL(%)
E E L N-eOUNT '" 0 '"P AND REMARKS G E

I T
T E V

D
Y

... FINES (%)

H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N
E p \0 • SPT(bpf)N \0 \0

SYMBOLS AND ABBREVIATIONS BELOW. D. (ft) E t::
"0 "E

f- <g) T <= 10 20
792.0 - N '" 30 40 50 60 70 80 90 100

KTOPSOIL 0.2' / ISTIFF, REDDISH TO ORANGE, SLIGHTLY MOIST, SPT-I 5-5-9 1\~~~_~J~~~~~~----------~
HARD, REDDISH ORANGE TO TAN MOTTLED, DRY

1\TO SLIGHTLY MOIST, SILTY CLAY WITH CHERT
FRAGMENTS - RESIDUUM

f- 5 - 787.0- SPT-2I 7-11-23
f\
11 5

f-mff~DA®BWWN,D~rosu@ftVMOOT,- 1/
SILTY eLAY WITH CHERT FR.....GMENTS - RESIDUUM

I /
f- 10 - 782.0- SPT-3 6-6-8 10

I-VERYSTIFF. REDDISH BROWNMOrrLEo. SLIGHTLY-
MOIST CIAYEY SILT WITH CHERT FRAGMENTS -
RESIDUUM II- 15 - 777.0- SPT-4 6-7-10 15

BORINGTERMINATEDt'.T 15.5'

~ 20 - 1-772.0- 20

-

I- 25 - f-767.0- 25

I- 30 - f-762.0 - 30

I- 35 1-7570 - 35

I

.f- 40 - 1-752.0 - 40
I

'- 45 747.0

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFOR.MED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November 15,2005 BORING NO.: K-3

MACTEC

TVA-00020803



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICAnON L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT 0 0 Q'J
P AND REMARKS G E

I T
T D .... FINES(%)

E v E Y
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF P '0 • SPT (bpI)N N '0 '0

SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E -0 10
f- cg) T ~ r:::

750.0

3PT-l}

N M 10 20 30 40 50 60 70 80 90 100
TOPSOIL 104'
FIRM. BROWN, MOIST, SILTY CLAY - RESIDUUM 3-2-3

:\I-STiFCRED-:-ORANGE-:-T~\NMOTI"LED,M6iST,SILTY-
CLAY WITH MANGANESE - RESIDUUM

I- 5 - 745.0- SPT-2 I 4-5-7 5

I- VERYsffff OkANGE, Si..iGHTLVlvioIST:SANDYSll.T
- RESIDUUM

I- 10- 740.0 - SPT-3I 6-7-9 10

1/
I- LOOsE, TAN,VERYWE1', SiLTvsANtI:- RESiDUUM- UD-I 1.7-2.0

I- 15 - 'Sl- 735.0 - SPT-4 2-2-3 J
15

BORING TERMlNATED.AT 15.5'

,... 20 - 1-730.0- 20

I- 25 - 1-725.0 - 25

-

I- 30 - 1-720.0 - 30

I- 35 - -715.0 - 35

I

'1- 40 - 1-710.0 - 40
I

l- 45 705.0

'...,

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER

PROJECT: TVA Kingston

DRILLED: November 22, 2005 BORING NO.: K-4

TVA-00020804



o JO 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICATlON L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT Ie 0 Ie
p AND REMARKS I TG E D A FINES(%)
T E V E Y
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N N P

'" '" '" • SPT(bpt)
SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E -0 "ET ~ c

I- (~)
N '" 10 20 30 4·0 50 60 70 80 90 100

TOPSOIL 06'
752.0 IFIRM, ORANGE TO BROWN, MOIST, SILTY CLAY- SPT-l 2-2-3 t\RESIDUUM

'-YERVSTIFF, ORANGEroBROWN~SLIGHTLYMOISf,- i\SILTY CLAY - RESIDUUM

II- 5 - 747.0- SPT-2 6-9-1 I 5

c- YERVSTIFF, BROWN-TO RED, SUGHTlYlYIOIST;- --
SILTY CLAY WITH CHERT FRAGMENTS - RESIDUUM

- 10 - 742.0- SPT-3 10-1 J-13 10

- S'fiFCBR"6wN TOREIYMOTfLED-:-sTIGHTI..Y MOIsT,- UD-I 1.5-2.0 /CLAYEY SILT WITH CHERT FRAGMENTS AND
MANGANESE STAINING - RESIDUUM

f- 15 - 737.0- SPT-4 7-5-6 15

BORING TERMINATED AT 15.5'

r- 20 - ,..... 732.0- 20

r- 25 - -727.0- 25

-

- 30 - -722.0 - 30

- 35 - -717.0- 35

I

'1- 40 - f-712.0 - 40

I

'- 45 707.0

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATlON

PROJECT: TVA Kingston

DRILLED: November 23, 2005 BORING NO.: K-5

!/MACTEC
PROJ. NO.: 3043051064/0001 PAGE 1 OF 1

TVA-00020805



o 10 20 30 40 50 60 70 80 90 100

ON L E SAMPLES PL(%) NM(%) LL(%)

E L N-COUNT ~ 0 ~
I

G E D T A FINES(%)
E V E Y

NATION OF N P = ~ io • SPT (bpf)N
~~SBELOW D (ft) T E "E

766.0 -
_ N .., 10 20 30 40 50 60 70 80 90 100

/
f----I,SILTY CLAY SPT-I 3-3-3 \

6fST, SILTY -

1\
761.0- SPT-2I 5-8-10

I
5

CfYCLAY---

J-.

756.0- SPT-3 7-9-11 10

AYEYSILT--

751.0 - SPT-4 8-10-12 15

-746.0- 20

1-741.0 - 25

... 736,0- 30

~731.0- 35

1-726.0- 40

721.0

SOIL CLASSIFICATI
AND REMARKS

BORING TERMINATED AT 15.5'

SEE KEY SYMBOL SHEET FOR EXPLA
SYMBOLS AND ABBREVIATION

" TOPSOICio.2')

I- 25 -

- 20 -

I- 30 -

f-- 5 -

I-YERYSTIFF, RED,SLIGHTLYMOiSrCL
WITH CHERT FRAGMENTS - RESIDUUM

f-- 10 -

I- YERYSTIFF, RED,SLTGHTLYMOiSi,-sf
RESIDUUM

FIRM, DARK BROWN, SLlGHTLY MOIST
WITH ROOTS - RESIDUUM

~ YERYSTIFF, RED,DR't"1'oSDGH1'LY M
CLAY - RESIDUUM

-'a
Vll- 45 ~--------------

til- 35 
\.:l

'"'"G
~
<:
-'

I~

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November] 5, 2005 BORING NO.: K-6

MACTEC

TVA-00020806



o 10 20 30 40 50 60 70 80 90 )00

ON L E SAMPLES PL(%) NM(%) LL(%)
E L N-COUNT ~ 0 ~

I
G E D T ... FINES(%)
E V E Y

NATION OF N N P ~ \0\0 ._< • SPT (bpf)
BELOW. D (ft) T E t; "g"E

767.0 I
- N ,... 10 20 30 40 50 60 70 80 90 100

)jSf,SIUY-~ SPT-I 3-3-3 •

7620- SPT-2I 3-2-3 5

E,""MOIST, - -

757.0 - 10

I
-

SPT-3 3-5-6

~752.0- SPT-4I 9-9-9 15

~747.0- 20

1-742.0- 25

1-737.0- 30

~ 732.0- 35

1-727.0- 40

722.0

SOIL CLASSIFICATI
AND REMARKS

D
E
P
T
H SEE KEY SYMBOL SHEET FOR EXPLA

SYMBOLS AND ABBREVIAnONS
f- (g) +-==-=-=---,-,--=----.----

NQP£OJ!.-i\l,~L__ - - - - - - .- 
FIRM, BROWN, SLIGHTLY MOIST TO Me
CLAY - RESIDUUM

I- 30 -

f- 25 -

I- 10 -

f- 15 -J--..,B""'O""'R,,",INO-=G"'T=E"'R-'-M"'"'IN""""'-A=T=EO=-A.-=T'""'I"'S-::.S::-'__

I-SfiFFTOVERYSTIFF,"REDDISH6RAi~G
SILTY CLAY- RESIDULM

f- 5 -

- 20 -

~...
31- 40 -

il

~
on
i"
~
-l
5"''- 45 ....L . _

i~

REMARKS: STANDARD PENETRAnON RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November 22, 2005 BORING NO.: K-7

PROJ. NO.: 3043051064/0001 PAGE OF 1

TInS RECORD IS A REASONABLE INTERPRETATION OF
SUBSURFACE CONDITIONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDITIONS AT OlliER
LOCATIONS AND AT OTHER TIMES MAY DIFFER
INTERFACES BEWEEN STRATA ARE APPROXIMATE
TRANSITIONS BFlWEEN STRATA MAY BE GRADUAL. ~

r;l1er : Marshall

Prepared By: M.O.

Checf(ed By: .J1U
MACTEC

TVA-00020807



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-eOUNT 0 0 lie
P AND REMARKS I

G E T • FINES (%)
T E V

D YE
H SEE KEY SYMBOL SHEET FOR EXPLANAnON OF N P io Vo io • SPT(bpf)N

SYMBOLS AND ABBREVIAnONS BELOW. D (ft) E "0 1:
I- (~)

T "' c

764.0

I
N ,., 10 20 30 40 50 60 70 80 90 100

TOPSOIL (0.8')
FIRM, RED,MOIST, SILTY CLA Y - RESIDUUM SPT-I 3-2-3 L\

-STIFF-;-ORANGETOTAN-MO'i'TLED,SLlGHTLV-MOisC
SILTY CLAY WITH WEATHERED CHERT FRAGMENTS-
RESIDUUM \

~ '. -

I- 5 - 759.0- SPT-2 3-8-6
"1

5

I----------~------------ \VERY STIFF, ORANGE, SLIGHTLY MOIST TO MOIST,
SILTY CLAY WITH CHERT FRAGMENTS - RESIDUUM

'- 10 - 754.0 - SPT-3 I 6-8-12 10

c----------------------- iisnFF, RED, SLIGHTLY MOIST, CLAY WITH CHERT
FRAGMENTS AND MANGANESE LAYERS -

IRESIDUUM

I- 15 - 749.0 - SPT-4 4-5-9 15

BORING TERMINATED AT 15.5'

- 20 - ~744.0- 20

I-- 25 - 1-739.0 - 25

-

I- 30 - '- 734.0- 30

I- 35 - -729.0- 35

I -

I- 40 - 1-724.0 - 40

I

'- 4"5 719.0

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION

PROJECT: TVA Kingston

DRILLED: November 22, 2005 BORING NO.: K-8

f/MACTEC

1-.,
I
THIS RECORD IS A REASONABLE INTERPRETAnON OF
SUBSURFACE CONDITIONS AT THE EXPLORATION
LOCATION SUBSURFACE CONDITIONS AT OTHER
LOCAnONS AND AT OTIlER TIMES MAY DIFFER
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSITIONS BETWEEN STRATA MAYBE GRADUAL. ~

riller : Marshall

Prepared By: M.O.

Checked By: ..fA..J

PROJ. NO.: 3043051064/0001 PAGE 1 OF 1

TVA-00020808



o 10 20 30 40 50 60 70 80 90 100

0 SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-eOUNT ilJ 0 ilJ
p AND REMARKS I

G E 0 T ... FINES (%)
T E V E Y
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P ~ • SPT (bpf)N '" '"SYMBOLS AND ABBREVIATIONS BELOW. D (ft) T E ti "0 "E

- (~) - .::; ...., 10 20 30 40 50 60 70 80 90 100

"\TOPSOIL 0.2'
756.0 IFIRM, RED, SLIGHTLY MOIST, SILTY etAY WITH SPT-J 3-3-4

~ROOTS - RESIDUUM

-sTiFF;Rfu-;-sIiG"HfLV M6IST, Siuvd::';;:Y-:- - - --
RESIDUUM

- 5 - 751.0- SPT-2 I 5-6-8 5

- STiFF;-REDDisHORiNGETo-TAN-:-SLIGHTLY "MmsT,-
SILTY eLAY - RESIDUUVl

- 10 - 746.0- SPT-3 5-6-5 10

- sriFF;-REbDisHC)RANGETOTAN-:-M'01sf,"cur-- UD-J 1.6-2.0
WITH WEATHERED CHERT FRAGMENTS·· RESIDUUM

I- 15 - 741.0- SPT-4 3-3-6 15

BORING TERMINATED AT 15.5'

- 20 - f-736.0- 20

Ie

- 25 - r-73LO- 25

-

- 30 -i -726.0 - 30

- 35 - -721.0- 35

I

- 40 - r-716.0- 40

- 45 711.0

I~

REMARKS: STANDARDPENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November J8, 2005 BORING NO.: K-9

'MACTEC
~l=~~=:-:-:::-=-====:---;=======l

TInS RECORD IS A REASONABLE INTERPRETAnON OF ~
SUBSURFACE CONDITIONS AT THE EXPLORAnON DJiller : Warren

tg~~ilg~s~~~%~~~~~S/rit~E7..ER Prepared By. M.O.
INTERFACES BEWEEN STRATA ARE APPROXIMATE -.fR J
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL Checked BY:A~

PROJ. NO.: 3043051064/0001 PAGE 1 OF J

TVA-00020809



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICAnON L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COlTNT ~ 0 ~

P AND REMARKS G E
I T

T E V
D Y

... FINES (%)

H SEE KEY SYMBOL SHEET FOR EXPLANAnON OF N
E P '"N '" '" • SPT (bpf)

SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E "0 'E
f- (~)

T c:

756.0

SPT-I _

- N ..., 10 20 30 40 50 60 70 80 90 100

k TOPSOIL 0.2'
1iJili~f2"\VERY STIFF, REDDISH ORANGE, SLIGHTLY MOIST, 5-11-12 ,

SILTY CLAY WITH GRAVEL - FILL
STIFF, REDDISH ORANGE, SLlGHTLY MOIST, CLAY -
RESIDUUM

/
SPT-21I- 5 - 751.0- 6-7-7 5

f-VERYSTIFF, REDI51SH CIRANGETO TAN MOTTi.Eb-:- - \MOIST, SILTY CLAY - RESIDUUM

SPT-3 _
e.- 10 - 746.0- 6-9-11 10

UD-I 1.7-20

f- 15 - 741.0- SPT-4 6-8-8
1

15-
BORlNG TERMINATED AT 15.5'

f- 20 - 1-736.0- 20

f- 25 - 1-731.0 - 25

f- 30 - 1-726.0 - 30

- 35 - -721.0- 35

.f- 40 - 1-716.0 - 40

I

- 45 7110

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November 22, 2005 BORING NO.: K-IO

MACTEC
PROJ. NO.: 3043051064/0001 PAGE 1 OF 1

TVA-0002081 0



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICAnON L E SAMPLES PL(%) 1'11.1(%) LL(%)
E E L N-COUNT 0 0 0
p AND REMARKS G E

1 T
T 0 4. FfNES (%)

H
E V E Y

SEE KEY SYMBOL SHEET FOR EXPL<\NAT10N OF 1'1 N P '0 '0 '0 • SPT (bpi)
SYMBOLS AND ABBREVIATIONS BELOW 0 (ft) E "" "E

- (gl
T '" !::

749.5

SPT-II

N .... 10 20 30 40 50 60 70 80 90 JOO

TOPSOIL oS'
FIRM, DARK BROWN, SILT WITIJ FINE ROOTS- 4-2-3

~\RESIDUUM / POSSIBLE ALLUVIUM

-----------------------STIFF, RED BROWN, SLlGHTLY MOIST, SILTY CL<\Y
WITH SAND - RESIDUUM

f-- 5 - 744.5 - SPT-21 4-6-4 5

f--S'TiFCREDBROWN, sLlGfrTLrMOIST1'OMOiST~--
SILTY CLAY- RESIDUUM

:- 10 - 739.5 - SPT-3 5-8-7 10

'--------- - ------ -_._-----
VERY STIFF, DARK BROWN AND BROWN, SANDY UO-I 1.45-2.0 '
CLAY - RESIDUUM

I-- 15 - 734.5 - SPT-4 7-8-9 15

BORING TERMINATED AT 15.5'

- 20 - 1-729.5 - 20

25 - -724.5- 25

"

f-- 30 - 1-719.5- 30

~ 35 - 1-714.5- 35

f-- 40 - 1-709.5 - 40
I

I

'- 45 704.5
I'::!o

'"

1/ MACTEC

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

TInS RECORD IS A REASONABLE INTERPRETATION OF Driller: WarrenSUBSURFACE CONDITIONS AT THE EX Pl.ORAT10N
LOCATION. SUBSURFACE CONDITIONS AT OTHER

~)ared By: JusticeLOCATIONS AND AT OTHER TIMES MAY DIFFER
INTERFACES BEWEEN STRATA ARE APPROXIMATE ~.cked By: ~JTRANsmONS BElWEEN STRATA MAY BE GRAnUAL

PROJECT: TVA Kingston

DRILLED: November 30, 2005

PROJ. NO.: 3043051064/0001

BORING NO.: K- J J

PAGE J OF J

TVA-00020811



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT ~ 0 ~

P AND REMARKS G E
I T

T E V
D Y

0\. FINES(%)

H SEE KEY SYMBOL SHEET FOR EXPLANATION OF 1'1
E p ~ ~ :0 • SPT (bpf)1'1

SYMBOLS AND ABBREVIATIONS BELOW. D (ft) T E ~ "U "E
(ft)

V> s::
- N

,., 10 20 30 40 50 60 70 80 90 100
f- 0

TOPSOIL OS
762.0

FIRM TO STIFF, RED, SLIGHTLY MOIST, SILTY CLAY - SPT-I 2·3-5 tI
RESIDUUM

f-VERYSfiFF, RED,SLTGHnYMOiSf-srr:fYcLA Y --

1\WITH CHERT FRAGMENTS - RESIDUUM

f- 5 - 757.0 - SPT-2 3-9-8 5

~~~sfiFF,REDfuT~MOTI~~~0ffi~---
MOIST. SILTY CLAY WITH CHERT FRAGMENTS -

.RESIDUUM

f- lO - 752.0- SPT-3 5·9-9 JO

I-sTiF"CORANGETOTAl\:'-SLIGHTLyt:;iOisT,SILTY-- UD-I 1.9-2.0 IICLAY - RESIDUUM

I- 15 - 747.0- SPT-4 3-4-6 15

BORING TERMINATED AT J55

- 20 - ~742.0- 20

I- 25 - ~737.0- 25

I- 30 - 1-732.0 - 30

I- 35 - 1-727.0- 35

.

.

-
'1- 40 - 1-722.0- 40

I

-
-
-

I- 45 717.0

1"-'

REMARKS: STANDARD PENETRAnON RESISTANCE TESTING
PERFORMED USING AN AUTOMKnc HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION

PROJECT: TVA Kingston

DRILLED: November 18, 2005 BORING NO.: K-12

IlMACTEC
PROJ. NO.: 3043051064/0001 PAGE OF 1

TVA-00020812



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICAnON L E SAMPLES PL(%) NM(%) LL(%)
E E L N-eOUNT 0 0 0
P AND REMARKS G E

I T
T E V

D Y
4. FINES{%)

H SEE KEY SYMBOL SHEET FOR EXPlANATION OF N
E P \0N \0 \0 • SPT{bpf)

SYMBOLS AND ABBREVIATIONS BELOW. D eft) T E ." 1:
I- (g) '" "778.0 -

N ..., 10 20 30 40 50 60 70 80 90 100
VER Y STIFF. RED. DRY TO SUGHLTY MOIST, CiAY
WITH CHERT FRAGMENTS - RESIDUUM SPT-I 10-9-10 ,

I- VERYSTIFF, RED TO-OR<\NGE;DRYTi)SLIGHTLY - -
MOIST, SILTY CLAY WITH CHERT FRAGMENTS-
RESIDUUM

I- 5 - 773.0- SPT-2 10-9-12 5

I- sTiFF:-RED:-SLIGHTLY MOIST, SiCfYCLAywiTH- -- II
CHERT FRAGMENTS - RESIDUUM

I- 10 - 768.0 - SPT-3 4-6-5 10

I-SfIF('REDTOORANGE,"SLIGHTLYMCliST,CLAYEY- UD-! 1.5-20
SILT WITH CHERT FRAGMENTS - RESIDUUM

I- 15 - 763.0 - SPT-4 4-5-5 15

BORING TERM1NATED AT 15.5'

I- 20 - 1-758.0 - 20

I- 25 - I- 753.0- 25

I- 30 - 1-748.0 - 30

- 35 - 1-743.0 - 35

I

I- 40 - 1-738.0 - 40
I

L- 45 733.0

MACTEC
PAGE 1 OF I

BORING NO.: K-13

PROJ. NO.: 3043051064/0001

DRILLED: November 1g, 2005

PROJECT: TVA -Kingston

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

TInS RECORD IS A REASONABLE INTERPRETATION OF Driller: WarrenSUBSURFACE CONDmONS AT THE EXPLORATION
LOCATION. SUBSURFACE CONDITIONS ATOTIlER Prepared By: M.O.LOCATIONS AND ATOlllER TIMES MAY DIFFER
INTERFACES BEWEEN STRATA ARE APPROXIMATE Checked By: ""OJTRANSITIONS BETWEEN STRATA MAY BE GRADUAL

TVA-00020813



o 10 20 30 40 50 60 70 80 90 100

0 SOIL CLASSIFICAnON L E SAMPLES PL(%) NM(%) LL(%)
E E L N~OUNT

QJ 0 ~

P AND REMARKS I
G E T .\. FINES(%)

T E V
D y

H E
SEE KEY SYMBOL SHEET FOR EXPLANATION OF N N P ~ ~ ~ • SPT (bpf)

SYMBOLS AND ABBREVIATIONS BELOW. 0 (ft) T E -;;; "0.",

- (8)
c ~

757.0 - q - N ...., 10 20 30 40 50 60 70 80 90 100

TOPSOIL (0.8')
STIFF TO VERY STIFF, RED,MOIST, SILTY CLAY- 4-5-5 4

RESIDUUM

I- 5 - 752.0- SPT-21 6-8-9
\

5

- 10- 747.0- SPT-3 I 6-10-1 J 10

'-- ------------------ -- --
VERY STIFF, RED TO TAN, SLIGHTLY MOIST, CLAYEY UD-I 2.0-2.0
SILT WITH MANGANESE STAINING· RESIDUUM

I- 15 - 742.0 - SPT-4 6-8-9 15

BORING TERMINATED AT 15.5'

..

I- 20 - -737.0- 20

- 25 - -732.0- 25

I- 30 - -727.0- 30

- 35 - -722.0- 35

I

.1- 40 - -717.0- 40

I

- 45 712.0

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMxnc HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November 22, 2005 BORING NO.: K-]4

II MACTEC
PROJ. NO.: 30430510641000] PAGE 1 OF ]

TVA-00020814



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT 0 0 0
P AND REMARKS 1

G E T ... FINES(%)
T E V

D YEH SEE KEY SYMBOL SHEET FOR EXPLANATION OF N P \o~fo • SPT (bpf)N
SYMBOLS AND ABBREVIATIONS BELOW. D (ft) T E -""'"",

I- (g)
~ c: ~

775.0 I
- "" ..... 10 20 30 40 50 60 70 80 90 100

TOPSOIL 0.5'
STIFF, RED, SLIGHTLY MOIST, SILTY CLAY WITH SPT-I 6-6-7 :"CHERT FRAGMENTS - RESIDUUM

>-H"Xiill-;-RED, DRy,SII-:'rTCLAVAND-:GR:,,-Y DOLOMITi 1\
FRAGMENTS - RESIDUUM

1\
>- 5 - 770.0 - SPT-2 14-26-14 5

~

~
~
~

I-VERY-HARD,GRAY,DC>LOMITEFRkGMENTS:-- --
SPT-31

~

"'">- 10 - RESIDUUM 765.0- 14-7-501.5 10

AUGER REFUSAL AT 11.0'

I- 15 - 1-760.0- 15

I- 20 - -7550- 20

.

I- 25 - >-750.0- 25

-

>- 30 - >-745.0 - 30

-

-

I- 35 - -740.0- 35

I

. >- 40 - >- 735.0- 40

I

'- 45 730.0

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November 22, 2005 BORING NO.: K-15

MACTEC
i~

I
TillS RECORD IS A REASONABLE INTERPRETATION OF
SUBSURFACE CONDITIONS ATlHE EXPLOR"TION
LOCATION. SUBSURFACE CONDITIONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER
INTERFACES BEWEEN STRATA ARE APPROXIMATE
TRANSITIONS BETWEEN STRATA MAY BE G,ADUAL !Jrill er : Marshall

Prepared By: M.O.

Checked By:

PROJ. NO.: 3043051064/000] PAGE] OF ]

TVA-00020815



o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT Q') 0 '"p AND REMARKS E

I
TG D ... FINES(%)

T E V E
y

H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N N P ~ '" ~ • SPT(bpt)
SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E 'in

"0 "ET c:
f- (3) 775.0 - N .., 10 20 30 40 50 60 70 80 90 100

AUGERED FROM GROUND SlJRFACE TO 8.0' 1r:L
§

~~1
W
m
tJ?:
~
~.:1
.q
d

.... "-770.0 -,- 5 - #~ 5
;;~
~\~ IfIII

Ii:
~ •i!;

UD-I 0.6-0.8'J
~!
1il

- ]0 - jg t -765.0- 10
~\

:"
,lI~

~:~ •!~~ UD-2 0.6-1.0
AUGER REFUSAL AT 13.0'

f- 15 - f-760.0 ~ 15

f- 20 - ,-755.0- 20

,-25- -750.0- 25

- 30 - -745.0- 30

- 35 - -740.0- 35

.f- 40 - '- 735.0- 40
1

"- 45 730.0

REMARKS: NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November 22, 2005 BORING NO.: K-1SA

MACTEC
'lllIIIf I

nn=s:-:RE=cO:":R=D=YS=-A-:REA:-::-:CSO:-N'"'AB:CLE:-::-:lN:C:TER=p=R=E=-rA-=n:":o=-N:C:o=F-'~'=======!
SUBSUflFACE CONOmONS AT THE EXPLORATION Driller: Marshall

tg~~i:g~s~~~o~~~~S:~l?=R Prepared By: M.o.
INTERFACES BEWEEN STRATA ARE APPROXIMATE. -. I AI I
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL Checked By: Jq"N.Af

PROJ. NO.: 3043051064/0001 PAGE I OF

TVA-00020816



I---HlH-+-+·-+--I--+-+--I--I155-6-8766.0
'- 15 -f--,B~O"'.R"'I"'N"'G:-::T;:;:E"'R:7M7.I""N""A-;;:T""E;:;D-j\''''T''"'I:-::S""'.5::-'---------

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT ~ ·0 ~

P AND REMARKS G E
I TD ~ FINES(%)

T E V Y
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N

E p ~ \0 :c • SPT (bpf)N
SYMBOLS AND ABBREYIATIONS BELOW. D (ft) T E

_ "0

"E
(tl)

~ l::

781.0
- N '" 10 20 30 40 50 60 70 80 90100

- 0 TOPSOIL 0.15'
STIFF, RED TO BROWN, SLIGHTLY MOIST, SILTY 3-6-4

"I ~L6LW!J1!RPQTd -3~lD!J.t,lliL _______ --1 .

'- STIFF, RED, SLIGHTLY MOIST, SILTY eu'.Y WITH
CHERT FRAGMENTS - RESIDUUM

- 5 - 776.0 4-6-8 5

- S'fiFFTOyERYSTIFF,RED. SLIGJiTLYMOIST:- - --
CLAYEY SILT WITH CHERT FRAGMENTS AND
MANGANESE - RESIDUUM

- 10 - 771.0 5-8-1 J 10

- 20 - 761.0 f---+--+-+-!--+--+--+-jr-+---120

- 25 - 756.0 f-----+--+---I-+--+--+-+-+-+---I25

'~

- 30 - 751.0 1---+--+-1---+-+--1--+-+--1---130

b - 35 
o
ai
<Xlo
~:s

7460 '---+--+-+--+---+--+--1--1--+---135

1-+-+-4-+---+--+-4-1-+--140741.0

~

3- 40 -
o

~
g
g
...l
(5
'" - 45 ~ L-_-'-736.0 -'----L-'-------,O~..,.1':-0~20':--~30:--4.,L0:--5~0--6,L.0----=7~O~80':--~90:--:-1~OO::-------l

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION

PROJECT: TVA Kingston

DRILLED: November 16,2005 BORING NO.: K-16

MACTEC
~"""I

11ll=S:":RE=CO=-=R:::D-:"IS=-A-'R=-=E=-=A"":"SO::7N":":A"":"B:-:LE=-=I:::NT=E:::R=PR:::ET=:A:::T:::IO:::N:-:O:::F-'~========1
SUBSURFACE CONDmONS AT THE EXPLORATION Driller: Marshall

tg21~:g~s~%~~~~~~~~~~I~I~Y~~~~ER Prepared By: M.,P
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o J0 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICATION L E SAMPLES PL(%) NM(%) LL(%)
E E L N-COUNT 'lJ 0 ~

P AND REMARKS I
G E T .... FINES (%)

T E V
D Y

H SEE KEY SYMBOL SHEET FOR EXPLANATION OF N
E P \0 ;0 • SPT (bpf)N \0

SYMBOLS AND ABBREVIATIONS BELOW. D (ft) T E t; "0 "E
I- (~)

c
787.0 - - N ..., 10 20 30 40 50 60 70 80 90 100

STIFF, REDDISH BROWN TO BROWN, SLIGHTLY
MOIST, SILTY CLAY WITH ROOTS AND CHERT SPT-I 3-4-8

~
FRAGMENTS - RESIDUUM

1-----------------------VERY STIFF, RED TO ORANGE, DRY TO SLIGHTLY
MOIST, CLAY TO SILTV CLAY WITH A WEATHERED
CHERT LAYER AT 5.2' - RESIDUUM

I- 5 - 7820- SPT-2 6-7-10 5

I-VERYSTIFF,REDTOORANGE;DRy"";rOSLIG"H"TLY--
MOIST, Cl:AY WITH CHERT FRAGMENTS - RESIDUUM

I- 10 - 777.0 - SPT-3 7-8-13 10

1-----------------------VERY STIFF, RED TO ORANGE, SLIGHTLY MOIST,
CLAYEY SILT WITH CHERT FRAGMENTS - RESIDUUM

I- 15 - 772.0 - SPT-4 6-9-12 15

BORING TERMINATED AT 15.5'

,- 20 - >-767.0 - 20

I- 25 - 1-762.0 - 25

I- 30 - 1-757.0- 30

I- 35 - 1-752.0 - 35

'1- 40 - 1-747.0 - 40

I- 45 742.0

-l
(5
til

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATEIt ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November 16, 2005 BORING NO.: K-17

MACTEC
PROJ. NO.: 3043051064/0001 PAGE 1 OF
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o 10 20 30 40 50 60 70 80 90 100

D SOIL CLASSIFICATION L E SAMPLES PL~%) NM(%) LL(%)
E - E L N-COUNT 0 ""P ANO REMARKS J

G E T ... FINES(%)
T D

E V Y
H SEE KEY SYMBOL SHEET FOR EXPLANATION OF

E P \0 • SPT (bpf)N 1'1 \0 \0

SYMBOLS AND ABBREVIATIONS BELOW. D (ft) E t; "" 'ET c:
f- (8) 785.0 - f'l .., 10 20 30 40 50 60 70 80 90 100

t\HARD, RED TO BROWN, DRY, SILTY CLAY WJTH
GRAVEL - FlLL SPT-I 10-18-14 la
HARD, RED, DRY TO SLIGHTLY MOIST. CLAY - 1/RESIDUUM

I-.!STIff TOVERV STifCREDDisHORAi~GE:SUGHf[y -
MOIST. CLAY WITH CHERT FRAGMENTS - RESIDUUM II

I- 5 - 780.0- SPT-2 3-4-5 5

f- 10 - 775.0- SPT-3 5-6-9 10

f- FIRM.REDDISHORANGE,MOIST:CU\.vtYSILT:- - - 1/
RESIDUUM

I- 15 - 770.0- SPT-4 5-3-5 15

-ISPT-5 3-2-3

BORING TERMINATED AT 17.0'

f- 20 - -765.0- 20

I- 25 - 1-760.0 - 25

I- 30 - 1-755.0 - 30

I- 35 - -750.0- 35

. I- 40 - 1-745.0- 40

I- 45 740.0

'~

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING AN AUTOMATIC HAMMER.
NO GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION.

PROJECT: TVA Kingston

DRILLED: November 16,2005 BORING NO.: K-18

MACTEC
\lliIIIlf

I
THIS RECORD IS A REASONABLE INTERPRETATION OF
SUBSURFACE CONDmONS AT THE EXPLORAnON
LOCATION SUBSURFACE CONDITIONS AT OTHER
LOCATIONS AND AT OTHER TIMES MAY DIFFER
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANSITIONS BETWEEN STRATA MAY BE GRADUA.L. !Jriller: Marshall

Prepared By: M.O.

Checked By Jlli.,/

PROJ. NO.: 3043051064/0001 PAGE 1 OF
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Proposed Gypsum Disposal Area, TVA Kingston Fossil Plant
MACTEC Project 3043051064.01

APPENDIXC

MONITORING WELL INSTALLATION LOGS

February 24, 2006
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OVERBURDEN MONITORING WELL INSTALLATION RECORD

TVA WELL NUMBER --,-M_W_-M,

~JOB NAME TVA KINGSTON GYPSUM DISPOSAL AREA

BOREHOLE DIAMETER 7_.2~5-"--(S-O-IL-)---

TOTAL DEPTH 3_5._0_'. _

JOB NUMBER 3043051064.01

INSTALLATION DATE 01/16/2006

DRILLED BY G. AKINS

RISER/SCREEN

MATERIAL SCHEDULE 40 PVC

DIAMETER 2.0·'

SLOT SIZE 0.010"

T. }USTICERELD REPRESENTATIVE

I~

34.S'

35.0'

--------lOCKABLE PLASTIC!
RUBBER PLUG

~~~~~~~- SOIL CUTI1NG BACKFILL

~~~-- RESIDUUM

I:L:~~~~~":"""'-- BENTONITE ANNULAR SEAL

"......,,~~~I---- No.1 SAND FILTER

==-=-~""""'~~~I---- 2" DIA. O.llIO"
SLOTTED SCREEN

------------IIMACTEC
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OVERBURDEN MONITORING WELL INSTALLATION RECORD

TVA WELL NUMBER M_W_-I\_, _

TOTAL DEPTH 2_5._5_'. _

I~"""OB NAME TVA KINGSTON GYPSUM DISPOSAL AREA JOB NUMBER 3043051064.01

INSTALLAnON DATE 01/12/2006

DRILLED BY G. AKINS

RISER/SCREEN

MATERIAL SCHEDULE 40 PVC

DIAMETER 2.0"

SLOT SIZE 0.010"

T. JUSnCE

7.25" (SOIL)BOREHOLE DIAMETER

FIELD REPRESENTAITVE

25.3'

25.5'

---'------- LOCKABLE PLASTIC!
RUBBER PLUG

~~~~~~r---- SOIL CUTI1NG BACKFILL

~~~~~~-- RESIDUUM

',4L;~~~~--- BENTONITE ANNULAR SEAL

..,.,;...f~~~l4---- No.1 SAND FILTER

~b~~~~--- 2WOIA. O.OlOW
SLOTIED SCREEN

------------lIMACTEC

TVA-00020822



BEDROCK MONITORING WELL INSTALLATION RECORD

BOREHOLE DIAMETER 7.25" (SOIL); 3.78" (BEDROCK)

i~B NAME 7VA KINGSTON GYPSUM DISPOSAL AREA

7VA WELL NUMBER M_W_-_P _

JOB NUMBER 3043051064.01

INSTALLAnON DATE 01/16/2006

DRIUED BY G. AKINS

RISER/SCREEN

MATERIAL SCHEDULE 40 PVC

DIAMETER 2.0 n

SLOT SIZE 0.010"

T. JUSTICE

TOTAL DEPTH 6_0._5_' _

FIELD REPRESENTAnvE

rrJ.l~g;l.,l~lr---DOLOMITE BEDROCK

-------- LOCKABLE PLASTIC/
RUBBER PLUG

~~~~~~:.4--- SOIL CUTTING BACKFILL

~~~--RESIDUUM

v",~~~~;.e"q..--- BENTONITE ANNULAR SEAL

~~:JrLT!'E:g;;l.,-~~l,fl---- 2" DIA. 0.010"
SLOTTED SCREEN

35.0'

55.3' J--=.======~~~~~~1

50.3' J----------\;~m~mwl__f
_~g,,1.,I..=A::.........'f'l_--- No.1 SAND FILTER

60.5'

-----------IIMACTEC

TVA-00020823



Proposed Gypsum Disposal Area, ~VA Kingston Fossil Plant
MACTEC Project 3043051064.01

APPENDIXD

LABORATORY TEST PROCEDURES

TABLES

LABORATORY TEST RESULTS

Februaty 24, 2006
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Proposed Gypsum Disposal Area, TVA Kingston Fossil Plant
MACTEC Project 3043051064.01

LABORATORY TEST PROCEDURES

Moisture Content

February 24, 2006

The moisture content in a given mass of soil is the ratio, expressed as a percentage, of the weight of

the water to the weight of the solid particles. This test was conducted in accordance with ASTM

D-2216.

Atterberg Limits (Plasticity Index)

Originally, the Atterberg Limits consisted of seven "limits of consistency" of fine-grained soils. In

current engineering usage, the term usually refers only to the liquid limit (LL) and plastic limit

(PL). The LL (between the liquid and plastic states) is the water content at which a trapezoidal

groove of specified shape, cut in moist soil held in a special cup, is closed after 25 taps on a hard

rubber plate. The PL (between plastic and semi-solid states) is the water content at which the soil

crumbles when rolled into threads of lI8-inch in diameter.

The LL has been found to be proportional to the compressibility of the normally consolidated soil.

The Plasticity Index (PI) is the calculated difference in water contents between the LL and PL.

Together the LL and PI arle used to classify silts and clays according to the Unified Soils

Classification System (ASTM D 2487). The PI is used to predict the potential for volume changes

in confined soils beneath foundations or grade slabs. The LL, PL, and PI are determined in

accordance with ASTM D 43 I8.

Triaxial Shear Tests

Triaxial shear tests are used to determine the strength characteristics (cohesion and friction angle)

of a given soil sample. Triaxial tests are also used to determine the elastic properties of the soil

specimen.

Triaxial shear tests are performed on several sections of a relatively undisturbed sample extruded

from the sampling tube or on remolded samples. The samples are trimmed into cylinders 1.4 to 2.8

inches in diameter and encased in rubber membranes. Each is then placed in a compression

1-...., chamber and confmed by all..around air pressure. The test results are presented in the: form of

D-l
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Proposed Gypsum DisposalArea, TVA Kingston Fossil Plant
MACTEC Project 3043051064.01

February 24,2006

stress-strain curves and Mohr envelopes, or p-q plots on the accompanying Triaxial Shear Test

Sheets.

One of three types of triaxial tests is normally performed, the most suitable type being determined

by the loading conditions imposed on the soil in the field and the soil characteristics.

1. Consolidated-Undrained (Designated as a CU or R Test)
2. Consolidated-Drained (designated as a CD or S Test)
3. Unconsolidated-Undrained (designated as a UU or QTest)

Grain Size Distribution

Grain size tests are performed to aid in detennining the soil classification and the grain size

distribution. The soil samples are prepared for testing according to ASTM D 421 (dry preparation) or

ASTM D 2217 (wet preparation). If only the grain size distribution of soils coarser than a number 200

sieve (O.074-rnm opening) is desired, the grain size distribution is determined by washing the sample

over a number 200 sieve and, after drying, passing the samples through a standard set ofnested sieves.

If the grain size distribution of the soils fmer than the number 200 sieve is also desired, the grain size

'~ distribution of the soils coarser than the number 10 sieve is determined by passing the sample through

a set ofnested sieves. Materials passing the number 10 sieve are dispersed with a dispersing agent and

suspended in water, and the grain size distribution calculated from the measured settlement rate of the

particles. These tests are conducted in accordance with ASTM D 422. The percentage of clay, silt,

sand, and gravel which are given on the individual particle size analysis sheets presented later in this

appendix, were obtained on particle size boundaries in accordance with AASHTO M 145-94 (1995).

Specific Gravity

The specific gravity of soil solids is the ratio of the mass of a unit volume of a soil solids to the

mass of the same volume of gas-free distilled water at 20C. The test method for determining the

specific gravity of soil solids that passes the 4.75-mm (No.4) sieve using a water pycnometer is

described in ASTM D 854, Method B, "Test Methods for Specific Gravity of Soil Solids by Water

Pycnometer".

D-2
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Proposed Gypsum Disposal Area, TVA Kingston Fossil Plant
MACTEC Project 3043051064.01

Compaction Tests (Moisture-Density Relationship)

FebrualY 24, 2006

Compaction tests are performed on representative soil samples to determine the maximum dry density

and optimum moisture content. The results of the tests are used in conjunction with other tests to

determine engineering propf:rties relating to settlement, bearing capacity, shear strength, and

permeability. The results may also be used as a standard to determine the percent compaction of any

soil embankment.

The two most commonly used! compaction tests are the standard Proctor test and the modified Proctor

. test. They are performed in accordance with ASTM D 698 and D 1557, respectively. Generally, the

standard Proctor compaction test is run on samples from building areas and areas where moderate

loads are anticipated. The modified Proctor compaction test is generally used for analyses ofhighways

and other areas where large building loads are expected. Both tests have three procedures, depending

upon soil particle size:

'~ Standard A 5.5 12 4 No.4 sieve 3 25
CD 698)

B 5.5 12 4 No. 3/8" sieve 3 25

C 5.5 12 6 3/4" sieve 3 56

Modified A 10 18 4 No.4 sieve 5 25
CD 1557)

10 18 4 No. 3/8" sieve 5 25B

C 10 18 6 3/4" sieve 5 56

Test results are presented as a curve depicting dry unit weight versus moisture content. The

compaction method used and any deviations from the recommended procedures are noted in the

report.

Unit Weights

The moist or dry unit weight of a given soil mass is obtained by dividing the weight of the soil mass

by the volume. Selected portions of the Shelby tube samples obtained during the exploration were

measured and weighed in our labomtory to determine sample unit weights.

D-3
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Proposed Gypsum Disposal Area, 11VA Kingston Fossil Plant
MACTEC Project 3043051064.01

Constant Head Permeability Test

February 24. 2006

The test was performed on undisturbed and remolded samples. The physical dimensions and weight

were obtained and the sample was encased in a rubber membrane and placed in a triaxial chamber.

The sample was then back-pressure saturated until a B value of 0.95 or greater was reached. After

saturation was obtained, the sample was consolidated under 10-psi confining stress, or, if requested,

another confining stress. Upon completion of consolidation, a constant head permeability test was

perfonned.

D-4
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TABLE 0-1
Index Property and Moisture-Density Test Results
TVA Kingston Gypsum Disposal Area -Additional Geotechnical
MACTEC Project 3043051064/01

( (

NB·18" 8.8·18.6 UD · I 81 I 42 I 39 96.6 I MH I 2.62

NB·21N 16·23 UD · 63 28 26 83.8 CH 2.66

NB-21A" 30·38 UD '. 36 21 16 84.8 I CL I 2.66

NB-21B 31·33 UD 30.0 120.6 34 22 12

NB..21S" '14 '1'1 UD · 27 16 I 11 I 73.9 I CL 2.69'" I .. \J~

NB·22 2 ·10 Bulk 30.7 · 40 22 18 81.1 CL 2.63 I 107.6 I 17.7

NB·26 2·10 Bulk 33.1 · 72 26 47 66.2 I CH 2.74 I 96.1 I 26.0
..

NB·44" 19·28.6 UD · 64 24 30

NB-47A" 9 ·17 UD · 61 30 21 I 79.2 I MH I 2.72

NB-47A" 18·27 UD - 68 34 24 I 62.8 I MH I 2.72

NB·47BA 20·22 UD 46.8 108.6 79 40 39

NB-47BA" 20·22 UD · 80 40 40 I 44,1 I GM I 2.72

NB·73WB 40·42 UD 32.8 120.0 61 24 27

NB·73WBA 40·42 UD 29.6 124.3 64 24 30

NB·73WB" 40·42 UD · 42 23 19 69.6 CL 2.74

NB-76 6 ·15 Bulk 26.3 · 48 28 20 70.0 ML 2.66 I 100.7 I 21.7

NB·77" 4 ·14 UD - 41 26 16 55.3 CL 2.66

NB·77" 16·26 UD · 63 29 24 57.6 MH 2.64

NB-77B 11 ·12.8 UD 28.7 118.8 60 24 26

NB·77B" 11 ·16 UD · 49 29 20 I 80.7 I ML I 2.76

NB·77B 13 ·16 UD 30,7 118.9 76 31 44

NB·U6AIB" 13·19 UD · 69 30 29 46.4 SC 2.66

NB·86A/B" 23·29 UD · 60 24 28 68.7 CH 2.84

NB·8BB" 28·32 UD · 66 28 38 I 54.6 I CH I 2.73

NB·8SB 28 - 30 UD 39.0 113.3 74 36 38

NB·86B 30·32 UD 30.0 120.2 63 27 26

NB-90 9 ·11 UD 27.7 · 44 22 22 I 77.3 I CL I 2.73
L--....,

-<>-I
0
0
0
tv
0
00
tv
\D
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TABLE D-1
Index Property and Moisture-Density Test Results
TVA KIngston Gypsum Disposal Area· Additional Geotechnical
MACTEC Project 3043051064/01

( (
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TABLE 0-2
Triaxial Compression Laboratory Test Results
TVA Kingston Gypsum Disposal Area - Additional Geotechnical
MACTEC Project 3043051064101

( (
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TABLE 0-3
Hydraulic Conductivity Laboratory Test Results
TVA Kingston Gypsum Disposal Area - Additional Geotechnical
MACTEC Project 3043051064/01

K-1 I 12 -14 I UD CH 29.0 92.3 13.0 8.4 x 10,7

K-2 I 12 - 14 I UD MH 27.9 95.9 13.0 1.4 x 10,7

K-3 I 10 = 15 I Bulk MH "" " 87.3 12.5 3.0 x 10-7
£::I.V

K-4 12 - 14 UD 8M 19.4 107.3 13.0 1.2x10,5

K-5 12·14 UD MH 26.6 96.5 13.0 1.5 x 10'7

K-6 10-15 Bulk ML 24.1 96.2 12.5 7.4 x 10'6

K-7 10 - 15 Bulk CL 17.7 104.3 12.5 1.4 x 10.7

K-8 10 - 15 Bulk CH 22.2 97.3 12.5 2.7 x 10'6

K-9 12 - 14 UD CH 26.9 93.8 13.0 1.8 x 10,5

K-10 12 -14 UD CL 26.1 98.1 13.0 9.1 x 10'6

K-11 12 - 14 UD 8M , 22.9 102.4 13.0 9.1 x 10'7

K-12 12 -14 UD CL 24.3 96.1 13.0 7.6 x 10'6

K-13 12 - 14 UD MH 29.9 87.4 13.0 1.6 x 10'6

K-14 12 - 14 UD MH 29.4 94.2 13.0 1.7 x 10'6

K-15A 12 -13 UD MH 37.3 80.3 13.0 2.2 x 10'6

K-16 10- 15 Bulk MH 24.6 95.7 12;5 2.6 x 10'6

K-17 10 - 15 Bulk MH 31.7 86.6 12.5 1.3 x 10.6

I K·1a I 10-15 I Bulk I MH I 31.6 I 87.1 I 12.5 I VxW6
I

UD = Undisturbed Shelby Tube Sample

Note: Bulk soil samples were remolded to approximately 95% of their respective standard Proctor maximum dry densities and
2% over optimum moisture content.

Prepared/Olio: CTJ 02/08108

ChockodlDlle: SOS 02/21108

(
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Proposed Gypsum DisposalArea. TVA Kingston Fossil Plant
MACTEC Project 3043051064.01

GRAIN SIZE ANALYSIS TEST RESULTS

February 24. 2006
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Particle Size Distribution Report ASTM D422/ASTM 01140
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

• .i" 1 IIA 11? 4 20 40 on inn 14

100 I I II I

~
I I II 0

t"....90

'\
10

80

I I I Irli20

I 1\

"~ 70

~ I
30 ~

Cl
[jj m

40 ~3: 60
1111 I I I I ">- I I I II I I I I I \ I ~CO

cr:
50 Gl~ 50

i\ mu:: ;0
.... m
iD 40

~
60 -<

U ~cr: i\
mw

70 ~a. 30
~

i'"'--
~ r----...

20
"""

80

10 90

0 100
500 100 10 1 0.1 0.01 0.001

GRAIN SIZE IN MILLIMETERS
% COBBLES % GRAVEL % SAND I %SILT - % CLAY

0 0.0 0.6 25.5 I 47.0 26.9

SOURCE SAMPLE # DEPTH/ELEV. DATE SAMPLED USGS MATERIAL DESCRIPTION NM% LL PL
0 NB-21B Comoosite "31- 33 1/5/06 CL Lean clav with sand 27 16

Client Mactec GeoTesting
o Tested by: HI Reviewed by 1W

Project TVA Kingston Proposed Gypsym Stack

Express Inc.Proiect No. OTX 00959 I Fiaure
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Particle Size Distribution Report ASTM D422/ASTM 01140
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

A _ 17 1 l/& 1n &1 An 1M 1.

100 I II I I I I I I I' 0

90 \ 10

\
80 20

1\ I I I I I I \ "U
I

~ 70 \
- - 30 ~

0 0
iIi ........

40 ~s: 60
.-- ....F:: III~ 111\ I I I I II I I I I f...Ir---1 I 0

n:: I I i'-oI--.. " .. ~
~ 50 -.---- - 50 ~

u::: m
;0

!z 40
...., OJ

w r---.: 60 -<
U

~
~

n:: IT!w :-0 ... Po..
70 ~n. 30 ro..

~
~

20 80

10 90

0 100
600 100 10 1 0.1 0.01 0.001

GRAIN SIZE IN MILLIMETERS
%COBBLES % GRAVEL % SAND I % SILT % CLAY

0 0.0 38.0 17,9 I 13.9 30.2

SOURCE SAMPLE # DEPTHIELEV. DATE SAMPLED USCS MATERIAL DESCRIPTION NM% LL PL
0 NB-47BA Comoosite 20-22 Ft. 1/5/06 GM Siltv gravel with sand 80 40

Client Mactec GeoTesting
o Tested by: HI Reviewed by: JW

Project TVA Kingston Proposed Gypsym Stack

Express Inc.Proiect No, GTX G0959 I Floure.....,
-<
~
o
o
o
tv
o
00
VJ
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Particle Size Distribution Report ASTM D422/ASTMD1140
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

8 ~ 1.1/2 .u On AI .n "'" 14
100 I I II ee, 1 r I II 0-""-90

""
10

80 20
\

I I "tl
~ 70

r\
30 gJ

(9 0
Ui 1\

m
S 60 40 ~
>-

1111 I I III I I I II II '\ I 0
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I1II I I I I 0
0:: I "- 50 ~~ 50

"iI
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~
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I- ttldi 40
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60 -<
(J

'Q", ~

ffi ~ .......... !!!
a. 30 10..

70 ~---.,
20 80

10 90

0 100
500 100 10 1 0.1 0.01 0.001

GRAIN SIZE IN MILLIMETERS
% COBBLES %GRAVEL % SAND % SILT % CLAY

0 0.0 1.6 28.9 34.9 I 34.6

SOURCE SAMPLE # DEPTH/ELEV. DATE SAMPLED USCS MATERIALDESCRIPTION NM 0/0 LL PL
0 NB-73WB 00-3 & 1 Comvosite 12/15/05 CL SANDY LEAN CL-AV 42 23

Client Mactec GeoTesting
o Tested by: U Reviewed by: HJ

Project TVA Kingston Provosed Gvpsvm Stack

Express Inc.Prolect No. GTX G0959 I Flaure....,
-<
~o
o
o
tv
o
00
VJ
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Particle Size Distribution Report ASTM D422/ASTM 01140
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

R .110 1 "6. M' 6. n ~ 6.n I\lI 100 1. 'Ill
100 I II II I

~
II I I I I 0

90
r-- 10---.

"'1'-0 .....
80

!"""'--. 20

"'- I Ii'o... "tJ

~ 70

1 ~
30 !II

(!) 0
ill m

~ 60 40 ~
>- I II I 1111 I I I I I If "

()

I~ I "- 0

""- 50 ~~ 50

~
mu:: r-.- ;;u

~ 40
OJ

60 -<

ffi ~:--
~

p....- m
a. 30 - 70 G5

--a =i
20 80

10 90

0 100
500 100 10 1 0.1 0.01 0.001

GRAIN SIZE IN MILLIMETERS
% COBBLES % GRAVEL % SAND I % SILT % CLAY

0 0.0 7.1 32.2 I 28.0 32.7

SOURCE SAMPLE # DEPTH/ElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL
0 NB-77B Ud 1&Ud COffioosite 12/15/05 ML SRNDY SlL'''' 49 29

2

Client Mactec GeoTesting
o Tested by: U Reviewed by: HI

Proiect TVA Kingston Proposed Gypsym Stack

Express Inc.Prolect No. GTX G0959 I Fiaure
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Particle Size Distribution Report ASTM D422/ASTMD1140
U,S. SIEVE OPENING IN INCHES U,S. STANDARD SIEVE NUMBERS HYDROMETER

~ .m· 1 1/4 if' 4 ·40 eo '00 14

100 I \11 I I I I I I I 0

90 10\

80 '- 20........

~Ht1
p-- -i'---- 1)

~ 70 - ...., 30 ~
(!)

\
-~ 0

ill i'-.
m

~ 60 40 ~
>-

I 1111 I I I II I I
-",

....~I I I gco I II I I I0: I I .....
50 ~~ 50 "- mIT: i'. ;0

I- ...... til
dj 40 ........ r---o.

60 -<
U ~
0:: m
w

70 ~a. 30
"""~-~~

20 80

10 90

0 100
500 100 10 1 0,1 0.01 0.001

GRAIN SIZE IN MILLIMETERS
% COBBLES % GRAVEL % SAND 0/0 SILT 0/0 CLAY

0 0.0 24.4 21.1 26.4 28.1

SOURCE SAMPLE # DEPTH/ELEV, DATE SAMPLED USCS MATERIALDESCRIPTION NM% LL PL
0 NB-85B 005&6 Comoosite 12/15/05 CH Gravellv fat clay with sand 66. 28
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o Tested by: HI Reviewed by: JW

Project TVA Kingston Proposed Gypsym Stack
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PARTICLE SIZE DISTRIBUTION TEST REPORT
,-
-- cO cc

C C N C
.- .- .-.

c " 0 0.- .- .- .... N ro ~
a 0 a .... a

I ...... ~. ;;~ .... '" .... rD ;;, '"100 '" I'") N - - I") - - "'" "'" - "'"

1\
:

90 ,
: :
:

80

70 :~
0:: i'w : ,
Z 60H
l.L ""-i'-:
t- ~Z 50 : -
W ~0 :
0::

40 """,W
Q. .... ......

: --......
30

:

20 :

10

:

0
200 100 10.0 1 .0 0.1 0.01 0.001

GRAIN SIZE - mm

Test % +3" % GRAVEL F% SAND % SILT % CLAY uses LL PI

• 18 0.0 0.0 22.7 35.6 41 .7 CL 44 22

~
SIEVE PERCENT FINER SIEVE PERCENT FINER Sample information:

inches number •size • size • Bar i ng NB-90,UO 9-11 '

20 100.0 Orange brown to yel low
40 99.9 tan leon cloy wi th sand
60 99.7

100 96.4
200 77.3

>< GRAIN SIZE

0 60 0.0359

°30
°10 Remarks:

>< COEFFICIENTS Methods: Po rt i c I e Size:

L
ASTM 0 422-63; Sieve

Cc Analysis: AASHTO T27-99;
Cu I Specific Grav i ty: 2.73

I ~ P,oject No .• 3043051064.0001

II

Project: TVA Kingston- Proposed Gypsum Stack

Date: January 23, 2006

TVA-00020839



================================================================:===============
GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 18

"' "'e: January 23, 2006
~ect No.: 3043051064.0001

W'Ject: TVA Kingston- Proposed Gypsum Stack
=========================================================~=====================

Sample Data

Location of Sample: Boring NB-90,UD 9-11'
Sample Description 1: Orange brown to yellow
3ample Description 2: tan lean clay with sand
JSCS Class: CL Liquid limit: 44 Plasticity index: 22

Notes

Remark~: Methods: Particle Size:
Analysis: AP"SHTO T27-99 i

? i g. No.: B90

ASTM D 422-63; Sieve
Specific Gravity: 2.73

Mechanical Analysis Data

Initial
Dry sample and tare= 885.1;8
Tare 0.00
Jry sample weight 885.68
S;::>mple split on number 40 sieve

it sample data:
i nple and tare = 73.57 Tare = 0 Sample weight = 73.57
~mulative weight retained tare= a

Tare for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer
# 20 0.16 100.0
# 40 0.54 99.9
# 60 0.16 99.7
# 100 2.60 96.4
# 200 16.64 77.3

Hydrometer Analysis Data

3eparation sieve is number 4:0
?ercent -# 40 based on complete sample= 99.9
Weight of hydrometer sample: 74.38
4ygroscopic moisture correction:

Moist weight & tare 52.92
Dry weight & tare 52.58
Tare 21.96
Hygroscopic moisture= 1.1 %

:alculated biased weight= 73.61
fable of composite correction values:

Temp, deg C: 20.0 20.5 21.0 21.5 22.0

TVA-00020840



Comp. corr: - 6. 7 - 6. 5 - 6. 4 - 6. 3 - 6. 1
Meniscus correction only= 0
Specific gravity of solids= 2.734
~~~cific gravity correction factor= 0.982

":"ometer type: 152H Effective depth L= 16.294964 - 0.164 x Rm

'-tlapsed Temp, Actual Corrected K Rm Eff. Diameter Percent
time, min deg C reading reading depth mm finer

2.0 20.5 48.5 42.0 0.0132 48.5 8.3 0.0270 56.0
6.0 20.5 45.0 38.5 0.0132 45.0 8.9 0.0161 51. 3

16.0 20.5 41.5 35.0 0.0132 41. 5 9.5 0.0102 46.7
30.0 21.0 4Cl.0 33.6 0.0131 40.0 9.7 0.0075 44.8
62.0 21.0 38.0 31. 6 0.0131 38.0 10.1 0.0053 42.1

250.0 21.5 35.0 28.7 0.0131 35.0 10.6 0.0027 38.3
1488.0 21.0 32.5 26.1 0.0131 32.5 11.0 0.0011 34.8

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
k + 3 in . = 0 . 0 % GRAVE:L = 0 . 0
~ SILT = 35.6 % ClAY = 41.7

% SAND = 22.7

)85=

\~

0.10 D60= 0.036 1050= 0.014

TVA-00020841



PARTICLE SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm

Test % +3" % GRAVEL % SAND % SILT % CLAY uses LL PI

• 19 0.0 0.0 46.0 28.5 25.5 CL 30 9

SIEVE PERCENT FINER SIEVE PERCENT FINER Sample information:
inches number •size • size .Boring NB-90,UD 17-19'

40 100.0 Orange tan sandy lean
60 99.6 clay

100 88.7
200 54.0

>< GRAIN SIZE

°60 0.0852

°30
°10 Remarks:

>< COEFFICIENTS Methods: Particle Size:
i ASTM 0 422-63; Sieve

Cc Analysis: AA.5HTO T27-99;
C Specific Gravity: 2.71u --

II

I' Project No. : 3043051064.0001

~
Project: TVA Kingston- Proposed Gypsum Stack

Date: January 23. 2006

TVA-00020842



===============================================================================
GRAIN SIZE DISTRIBUTION TEST DATA

'~e: January 23, 2006
:ect No.: 3043051064.0001

~ect: TVA Kingston- Proposed Gypsum Stack

Test No.: 19

===============================================================================

------------~---------------------------------------------------_._-------------

Sample Data

.Location of Sample: Boring NB-90,UD 17-19'
Sample Description 1: Orange tan sandy lean
~ample Description 2: clay
JSCS Class: CL Liquid limit: 30 Plasticity index: 9

Notes

Remarks: Methods: Particle Size:
Analysis: AASHTO 1'27-99;

~ig. No.: B90

ASTM D 422-63; Sieve
Specific Gravity: 2.71

Mechanical Analysis Data

Initial
Dry sample and tare= 963.32
Tare o. 00
)ry sample weight 963.32
S~mple split on number 40 sieve

't sample data:
ilple and tare = 70.56 Tare = 0 Sample weight
~mulative weight retained tare= 0

rare for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer
# 40 0.33 100.0
# 60 0.25 99.6
# 100 7.93 88.7
# 200 32.41 54.0

Hydrometer Analysis Data

3eparation sieve is number 40
?ercent -# 40 based on complete sample= 100.0
veight of hydrometer sample: 71.05
iygroscopic moisture correction:

Moist weight & tare 52.69
Dry weight & tare 52.48
Tare 22.24
Hygroscopic moisture= 0.7 %

;alculated biased weight= 70.58
:able of composite correction values:

Temp, deg C: 20.0 20.5 21.0 22.0 23.0
Compo corr: - 6.7 - 6.5 - 6.4 - 6.1 - 5.8

70.56

TVA-00020843



V1eniscus correction only= 0
Specific gravity of solids= 2.71
.specific gravity correction factor= 0.987
:J··':1.rometer type: 152H Effective depth L= 16.294964 - 0.164 x Rm

;~apsed Temp, Actual Corrected K Rm Eff. Diameter Percent
ime, min deg C reading reading depth mm finer

2.0 20.5 33.0 26.5 0.0133 33.0 10.9 0.0311 37.0
6.0 20.5 30.0 23.5 0.0133 30.0 11.4 0.0183 32.9

18.0 20.5 27.5 21.0 0.0133 27.5 11.8 0.0108 29.4
32.0 21. 0 2:;.5 19.1 0.0132 25.5 12.1 0.0081 26.7
62.0 21. 0 2:,.0 18.6 0.0132 25.0 12.2 0.0059 26.0

250.0 21. 0 22.5 16.1 0.0132 22.5 12.6 0.0030 22.5
1464.0 21. 0 20.5 14.1 0.0132 20.5 12.9 0.0012 19.7

Fractional Components

3ravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
% + 3 in. = 0 . 0 % GRAVEL.. = 0 . 0
1> SILT = 28.5 % CLAY = 2:).5

% SAND 46.0

085=
)30=

0.14 D60=
0.0114

0.085 D50= 0.067

TVA-00020844



PARTICLE SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm

Test % +3" % GRAVEL % SAND I % SILT % CLAY uses LL PI

• 20 0.0 26.9 46.3 I 11 .4 15.4 SC-SM 26 7

I
II

JI

Sample information:

eBaring NB-92,UD 11-13'
Red brown si Ity, clayey
sand with qravel

Remarks:
Methods: Particle Size:
ASTM D 422-63; Sieve
Analysis: AASHTO T27-99;
Specific Gravity: 2.71

I

Project No.: 3043051064. 000 1

Project: TVA Kingston- Proposed Gypsum Stock

Dote: January 23, 2006

SIEVE PERCENT FINER
number

esize

4 73.1
10 68.4
20 65.6
40 60.4
60 55.4

100 42.1
200 26.8

COEFFICIENTS

GRAIN SIZE

PERCENT FINER

•

0.398

100.0
97.2
88.9
80.0

1 .5
1

0.75
0.375

SIEVE
inches
size

~I
t=::::==============-==================-- -=:=i

TVA-00020845



===============================================================================
GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 20

)~~e: January 23, 2006
iect No.: j043051064.0001

~ect: TVA Kingston- Proposed Gypsum Stack
=--========================~====================================================

Sample Data

Location of Sample: Boring NB-92,UD 11-13 1

Sample Description 1: Red brown silty, clayey
,ample Description 2: sand with gravel
JSCS Class: se-SM Liquid limit: 26 Plasticity index: 7

Notes

Remarks: Methods: Particle size:
Analysis: AASHTO T:27-99;

:'ig. No.: B92

ASTM D 422-63; Sieve
Specific Gravity: 2.71

Mechanical Analysis Data

Initial
Dry sample and tare= 1089.139
Tare 0.00
Jry sample weight 1089.139
Sample split on number 40 sieve
: it sample data:
, nple and tare = 78.24 Tare 0 Sample weight = 78.24
~mulative weight retained tare= 0

Tare for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer
1.5 inches 0.00 100.0
1 inches 30.50 97.2
0.75 inches 121.10 88.9
0.375 inches 217.90 80.0
# 4 293.60 73.1
# 10 344.90 68.4
# 20 375.30 65.6
# 40 431.50 60.4
# 60 6.54 55.4
# 100 23.76 42.1
# 200 43.59 26.8

Hydrometer Analysis Data

separation sieve is number 40
?ercent -# 40 based on complete sample= 60.4
~eight of hydrometer sample: 78.79
Hygroscopic moisture correction:

Moist weight & tare = 53.58

TVA-00020846



Dry weight & tare 53.35
Tare 22.37
Hygroscopic moisture= 0.7 %

>lculated biased weight= 129.47
l.e of composite correction values:

I-....,.;mp, deg C: 20 . (I 21 . 0 21 . 5 22 . 0
~omp . corr: - 6. 7 .- 6.4 - 6. 3 - 6. 1
~eniscus correction only= 0
Specific gravity of solids= 2.71
Specific gravity correction factor= 0.987
iydrometer type: 152E Effective depth L=

23.0
- 5.8

16.294964 - 0.164 x ~n

Elapsed Temp, Actual Corrected K Rm Eff. Diameter Percent
time, min deg C reading readihg depth mm finer

2.0 21. 0 33.5 27.1 0.0132 33.5 10.8 0.0308 20.7
5.0 21.0 32.0 25.6 0.0132 32.0 11.0· 0.0197 19.5

15.0 21. 0 30.0 23.6 0.0132 30.0 11.4 0.0115 18.0
30.0 21. 0 28.0 21. 6 0.0132 28.0 11. 7 0.0083 16.5
60.0 21.0 27.0 20.6 0.0132 27.0 11. 9 0.0059 15.7

250.0 21.5 25.0 18.7 0.0132 25.0 12.2 0.0029 14.3
1443.0 21. 0 23.0 16.6 0.0132 23.0 12.5 0.0012 12.7

Fractional Components

3ravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
1> + 3 in. = 0.0 % GRAVElJ = 26.9
k SILT = 11.4 % CLAY = 15.4

% SAND 46.3

T

'~

15.85 D60= 0.398 D50=
0.0902 D15= 0.00407

0.197

TVA-00020847
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Particle Size Distribution Report
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GRAIN SIZE - mm

I 0;., COBBLES I % GRAVEL --:-3 0;., SAND

I
0;. SILT j % CLAY I0.0 0.0 3.6 39.0 57.4

SIEVE PERCENT SPEC." PASS? Material Description

SIZE FINER PERCENT (X=NO) Fat clay

#10 100.0
#20 100.0 I

#40 100.0
#60 99.9 Atterberg Limits

#140 98.4 PL= 24 LL= 54 PI= 30
#200 96.4

~ Coefficients
085= 0.0475 060= 0.0063 050= 0.0025
030= D15= D10=
Cu= Cc=

Classification
USCS= CH AASHTO=

Remarks

- .. (no specification provided)

Sample No.: Source of Sample: Date: 1·20-06

Location: K-l Elev./Depth: 12'-14'

MACTEC, INC.~
Client: TVA

Project TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Project No: 3043-05-1064 Fiaure

TVA-00020848



GRAIN SIZE DISTRIBUTION TEST DATA

Client: TVA
Project: TVA Kingston - Gypsum Disposal

,:oject Number: 3043-05-1064

Sample Data

Source:
Sample No. :
Elev.or Depth: 12 I -14 •
Location: K-l
Description: Fat clay
Date: 1-20-06 PL:: 24
USCS Classification: CH
Testing Remarks:

Sample Length (in./cm.) :

LL: 54 PI: 30
AASHTO Classification:·

Mechanical Analysis Data

Initial
Dry sample and tare= 396.76
Tare = 0.00
Dry sample weight = 396.76
Sample sPlit on number 10 sieve
Split s~ledata:

Sample and tare = 52.10 Tare = .00 Sample weight = 52.10
Cumulative weight retained tare= . 00

Tare for cumulative weight :retained= .00
Sieve Cumul.. Wt. Percent

retained finer
# 10 0.00 100.0

l~J 20 0.00 100.0
# 40 0.00 100.0
# 60 0.03 99.9
# 140 0.85 98.4
# 200 1.89 96.4

Hydrometer Analysis Data

Separation sieve is #10
Perc~t -flO based upon complete sample= 100.0
Weight of hydrometer sampl.e:: 52.86
Hygroscopic moisture correction:

Moist weight & tare = 40.07
Dry weight & tare = 39.65
Tare = 10.74

. Hygroscopic moisture= 1.5 %
Calculated biased weight= 52.10
Table of composite correcticm values:

Temp, deg C: 10.7 23.1 40.2
Camp. corr: -7.0 -4.0 0.0

Meniscus correction only: 1
Specific gravity of solids= 2. 728
Specific gravity correction factor= 0.983

ydrameter type: 152H
1!:ffective depth L= 16.294964 - 0.164 x Rm

~"-

MACTEC, INC.

TVA-00020849



Elapsed Temp, Actual. Corrected K Rm Eff. Diameter Percent
time, min deg C reading reading depth mm finer

0.50 22.5 50.0 45.9 0.0129 51.0 7.9 0.0515 86.5
1. 00 22.5 47.5 43.4 0.0129 48.5 8.3 0.0373 81.8
2.00 22.5 44.5 40.4 0.0129 45.5 8.8 0.0272 76.1
5.00 22.5 42.0 37.9 0.0129 43.0 9.2 0.0176 71. 4

'-' 15.00 22.5 39.0 34.9 0.0129 40.0 9.7 0.0104 65.8
30.00 22.5 37.0 32.9, 0.0129 38.0 10.1 0.0075 62.0
60.00 22.5 35.0 30.9 0.0129 36.0 10.4 0."0054 58.2

250.00 23.0 31. 0 27.0 0.0129 32.0 11. 0 0.0027 50.9
1440.00 22.6 27.0 ,22.9 0.0129 28.0 11. 7 0.0012 43.2

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL = % SAND = 3.6
% SIL!!;' =39.0 % CLAY = 57.4

D85= 0.05 D60= 0.01 °50= 0.00

I~

======================:============ MACTEC, INC.

TVA-00020850
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Particle Size Distribution Report
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GRAIN SIZE - mm

I 'Yo COBBLES E %G:VEL~ % SAND I "/0 SILT

=1
% CLAY I0.0 42.7 15.4 41.9

SIEVE P.ERCENT SPEC: PASS? Material Description

SIZE FINER PERCENT (X=NO) Sandy elastic silt

#10 100.0
#20 99.6
#40 98.7
#60 92.2 Atterberg Limits

#140 63.] Pl= 31 Ll= 50 PI= 19
#200 57.3

I Coefficients
.- 085= 0.198 060= 0.0905 °50= 0.0451

030= 015= 010=
Cu= Cc=

Classification
uses= MH AASHTO=

Remarks

.
(no specification provided)

Sample No.: Source of Sample: Date: ]·20-06

Location: K-2 ElevJDepth: 12'-14'

MACTEC, INC.~
Client TVA -,

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Project No: 3043-05-1064 Figure

TVA-00020851



GRAIN SIZE DISTRIBUTION TEST DATA---------------
Client: TVA
Project: TVA Kingston- GTI)sum Disposal
roject Number: 3043-05-1064

Sample Data

Source:
Sample No.:
Elev. or Depth: 12'-14'
Location: K-2
Description: Sandy elastic silt
Date: 1-20-06 PL: 31
USCS Classification: MH
Testing Remarks:

Sample Length(in./cm.):

LL: 50 PI: 19
AASHTO Classification:

Mechanical Analysis Data

55.92weight =

Initial
417.74

0.00
417.74
10 sieve

~ 10
20
40
60
140
200

Dry sample and tare=
Tare =
Dry sample weight =
S~le split on number
Split sample data:

Sample and tare = 55.92 T,are = .00 Sample
Cumulative weight retained tare= . 00

Tare for cumulative weight :retained= _.00
Sieve Cumul.. Wt. Percent

retained finer
0.00 100.0
0.24 99.6
0.73 98.7
4.36 92.2

20.65 63.1
23.88 57.3

'-'#
#
#
#

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 100.0
Weight of hydrometer sample: 56.98
Hygroscopic moisture correct~on:

Moist weight & tare = 51.34
Dry weight & tare = 50. 60
Tare = 10.80
Hygroscopic moisture= 1.9 %

Calculated biased weight= 55.94
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Camp. corr: -7.0 -4.0 0.0

.',
Meniscus correction only: 1
Specific gravity of solids= 2.673
Specific gravity correction ,factor: 0.995

-rdrom.eter type: 152H
~ffective depth L= 16.294964 - 0.164 x Rm

==================================== MACTEC, INC.

TVA-00020852



Elapsed Temp, Actual Corrected K RID. Eff. Diameter Percent
time, min degC reading reading_ depth mm finer

0.50 22.6 34.5 30.4 0.0131 35.5 10.5 0.0601 54.0
1. 00 22.6 32.0 27.9 0.0131 33.0 10.9 0.0433 49.6
2.00 22.6 31. 0 26.9 0.0131- 32.0 11. 0 0.030E: 47.8
5.00 22.6 30.0 25.9 0.0131 31. 0 11.2 0.0197 46.0

~
15.00 22.6 29.0 24.9 0.0131 30.0 11. 4 0.0114 44.3
30-.00 22.6 - 28.5 24.4 0,0131 29.5 11.5 0.0081 43.4
60.00 22.6 28.0 23.9 0.0131 29.0 11. 5 0.0058 42.5

250.00 22.6 26.0 21.9 0.0131 27.0 11. 9 0.0029 38.9
1440.00 21. 9 24.0 19.7 0.0132 25.0 12.2 0.0012 35.1

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL =
% SILT-= 15.4 % CLAY = 41.9

085= 0.20 060= 0.~9 050=-0.05

I....,

% SAND = 42.7

MACTEC 1 INC.

TVA-00020853
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Particle Size Distribution Report
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GRAIN SIZE - mm

I % COBBLES E %GRAVB_ =:3 % SAND

I
0;" SILT j 0;. CLAY I0.0 3.2 21.8 18.4 56.6 .

SIEVE PERCENT SPEC: PASS? Material Description

SIZE FINER PERCENT (X=NO) Elastic silt with sand

.375 in. 100.0
#4 96.8

#10 93.3
#20 90.5 Atterberg limits
#40 87.8 PL= 37 LL= 56 PI= 19
#60 85.4

#140 78.2 Coefficients
#200 75.0 D85= 0.234 060= 0.0067 050= 0.0027

D30= °15= °10'"
Cu= Ce=

Classification
uses= MH AASHTO=

Remarks

* (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06
. Location: K-3 Elev./Depth: 10'-15'

I MACTEC, INC. ~
Client: TVA
Project: TVA Kingston - Gypsum Disposal

II Charlotte, North Carolina Project No: 3043-05-1064 Figure

TVA-00020854



GRAIN SIZE DISTRIBUTION TEST DATA

Client: TVA
Project: TVA Kingston -.Gypsum Disposal
~oject Number: 3043-05-1064

Sample Data

Source:
Sample No.:.
Elev. or Depth: 10'-15'
Location: .K-3
Description: Elastic silt with sand
Date: 1-20-06 PL: 37
USCS Classification: MH
Testinq Remarks:

Sample Length (i.n . / em..) :

LL: 56 PI·: 19
AASBTO Classification:

Mechanical Analysis Data

49.64weight =

Initia.l
355.40

0.00
355.40
10 s:ieve

inch

Dry sample and tare=
Tare =
Dry sample weight =
Sample split on number
Split sample data:

Sample and tare = ·19. 64 Tare = . 00 Sample
Cumulative weight retained tare= .00

Tare for cumulative weight :retained= .00
Sieve Cumul.. Wt. Percent

retained finer
0.00 100.0

11.33 96.8
23.74 93.3
1.51 90.5
2.90 87.8
4.22 85.4
8.04 78.2
9.72 75.0

375

~# fo
# 20
# 40
# 60
# 140
# 200

Hydrometer Analysis Data

Separation sieve is *10
Percent -#10 based upon complete sample= 93.3
Weight of hydrometer sample:: 51.13
Hygroscopic moisture correction:

Moist weight & tare = 47.BI
Dry weight & tare = 46.73
Tare = 10. HI
Hygroscopic moisture= 3.0 %.

Calculated biased weight= 53.20
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Compo corr: -7.0 -4.0 0.0

Meniscus correction only: 1
~ecific gravity of solids= 2.686

~ific gravity correction factor: 0.992
'W ..:-ometer type: 152E

MACTEC, INC.

TVA-00020855



Effective depth L= 16.294964 - 0.164 x Rm

E~apsed Temp, Actua~ Corrected K Rm Eff. Di.ameter Percent
time, min degC reading reading depth mm finer

0.50 22.5 44.0 39.9 0.0131 45.0 8.9 0.0553 74.3
1. 00 22.5 43.0 38.9 0.0131 44.0 9.1 0.0394 72.5

~ 2.00 22.5 42.0 37.9 0.0131 43.0 . 9.2 0.0281 70.6
5.00 22.5 40.0 35.9 0.0131 41.0 9.6 0.0181 66.9

15.00 22.5 38.5 34.4 0.0131 39.5 9.8 0.0106 64.1
30.00 22.5 37.0 32.9 0.0131 38.0 10.1 0.0076 61. 3
60.00 22.6 35.0 30.9 0.0131 36.0 10.4 0.0054 57.6

250.00 22.6 31.0 26.9 0.0131 32.0 11. 0 0.0027 50.1
1440.00 22.2 29.0 24.8 0.0131 30.0 11. 4 0.0012 46.2

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL = 3.2 % SAND = 21.8
% SILT = 18.4 % CLAY = 56.6

DSS= 0.23 D60= 0.01 D50= 0.00

================================== MACTEC, INC.

TVA-00020856
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GRAIN SIZE - mm

I -/0 COBBLES I % GRAVEL

I
% SAND

I
% SILT j % CLAY I0.0 0.0 74.8 17.3 7.9

SIEVE PERCENT SPEC: PASS? Material Description
SIZE FINER PERCENT (X=ND) Silty sand
#10 100.0
#20 100.0
#40 98.5
#60 75.1 Atterberg Limits

#140 33.5 PL= NP LL= NY PI= NP#200 252

Coefficients
085= 0.309 060- 0.188 050= 0.155
030= 0.0937 015= 0.0207 D10= 0.0078
Cu= 24_11 Cc= 6.01

Classification
uses= SM AASHTO=

Remarks

I

* (no specification provid~)

Sample No.: Source of Sample: Date: 1-20-06
Location: K-4 Elev./Depth: 12'-14'

MACTEC, INC. Client: TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Proiect No: 3043-05-1064 Figure

TVA-00020857



GRAIN SIZE DISTRIBUTION TEST DATA

Client: TVA
Project: TVA Kingston - Gypsum Disposal

70ject Number: 3043-05-1064

Samp~e Data

Source:
Sample No.:
Elev. or Depth: 12'-14'
Location: K-4
Description: Silty sand
Date: 1-20-06 PL: NP
USCS C~assification: 8M
Testing Remarks:

Sample LengthCin./cm.) :

. LL: NV PI: NI?
AASBTO C~assification:

Mechanical Analysis Data

64.27weight =

Initial
497.37

0.00
497.37
10 sieve

10
20
40
60
140
200

Dry sample and tare=
Tare =
Dry sample weight =
Sample split on number
Split sample data:

Sample and tare = 64.27 Tare = .00 Sample
Cumulative weight retained tare= .00

Tare for cumuJ.ative wei.ght retained= . UO
Sieve Cumul. wt. Percent

retained finer
0.00 100.0
0.00 100.0
0.94 98.5

16.03 75.1
42.75 33.5
48.08 25.2

#
i~

#
#
#
#

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete samp1e= 100.0
Weight of hydrome:t:er sample: 64.52
Hygroscopic moisture correction:

Moist weight & tare = 63.05
Dry weight & tare = 62. E: 5
Tare = 11. :.6
Hygroscopic moisture= O. 4 %

Ca1cu~ated biased weight= 64.27
Table of composite correction values:

Temp 1 deg c: 10 . 7 23 . 1 40 . 2
Compo corr: -7.0 -4.0 0.0

Meniscus correction only: 1
Speci.fic gravity of solids= 2.669
Speci.fic gravity correction factor= 0.996

rdrameter type: 152H
~ffective depth L= 16.294964 - 0.164 x Rm

==================================== MACTEC 1 INC.

TVA-00020858



EJ.apsed Temp, Actual Corrected K Rm Eff. Diameter Percent·
time, min deg C reading reading depth mm finer

0.50 22.6 19.0 14.9 0.0131 20.0 13.0 0.0670 23.1
1. 00 22.6 1'7.0 12.9 0.0131 18.0 13.3 0.0480 20.0
2.00 22.6 1:5.5 11.4 0.0131 16.5 13.6 0.0343 17.6
5.00 22.6 14.0 9.9 0.0131 15.0 13.8 0.0219 15.31'" 15.00 22.6 12.0 7.9 0.0131 13.0 14.2 0.0128 12.2

30.00 22.6 11. 0 6.9 0.0131 12.0 14.3· 0.0091 10.7
60.00 22.6 10.0 5.9 0.0131 11.0 14.5 0.0065 9.1

250.00 22.6 8.0 3.9 0.0131 9.0 14.8 0.0032 6.0
1440.00 21. 9 7.0 2.7 0.0133 8.0 15.0 0.0014 4.2

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL = % SAND = 74.8
% SILT = 17.3 % CLAY = 7.9

DSS= 0.31
D30= 0.09
Cc = 6.0096

'~

D60= 0.19 DSO= 0.16
D1S= 0.02 D10= 0.01

Cu= 24.1J.06

============================:====== MACTEC f INC.
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Particle Size Distribution Report
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GRAIN SIZE - mm

I % COBBLES I % GRAVEL

I
% SAND

I
% SILT =j % CLAY I0.0 31.5 23.4 9.8 35.3

SIEVE PERCENT SPEC." PASS? Material Description
SIZE FINER PERCENT (X=NO) Silty gravel with sand
1 in. 100.0

.75 in. 93.0
'. . .375 in. 78.6

#4 68.5 Atterberg Limits
#10 59.8 PL= 39 LL= 65 PI= 26#20 55.1
#40 53.1 Coefficients#60 51.1

085= 133 060= 2.05 050= 0.194#140 47.1
#200 45.1 D30= 0.0014 D1S= 010=

Cu= Cc=

Classification
USCS= GM AASHTO=

Remarks

* (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06
Location: K-5 Etev.lDepth: 12'-14'

MACTEC, INC. Client TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Project No: 3043-05-1064 Figure

TVA-00020860



GRAIN SIZE DISTRIBUTION TEST DATA

Client: TVA
Project: TVA Kingston - Gypsum Disposal
'roject Number: 3043-05-1064

Sample Data

Source:
Sample No. :
Elev. or Depth: 12'-14'
Location: K-5
Description: Silty gravel with sand
Date: 1-20-06 PL: 39
USCS Classification: GM
Testing Remarks:

Sample LengthCin./cm.) :

LL: 65 PI: 26
AASRTO Classification:

Mechanical Analysis Data

Initial
Dry sampJ.e and tare= ,464 . 13
Tare = 0.00
Dry sampJ.e weight = 464.13
Sample split on number 10 sieve
Split sample data:

Sample and tare = 58.08 Tare = .00 Sample weight = 58.08
Cumulative weight retained tare= . 00

Tare for cumuJ.ative weight retained= .00
Sieve Cumul. Wt. Percent

retained finer
, inch 0.00 100.0
~ 75 inch 32.44 93.0

.375 inch 99.13 78.6
# 4 146.34 68.5
# 10 186.39 59.8
# 20 4.58 55.1
# 40 6.54 53.1
#.60 8.46 51.1
# 140 12.32 47.1
# 200 14.29 45.1

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 59.8
Weight of hydrometer sample: 59.64
Hygroscopic moisture correct:ion:

Moist weight & tare = 45.70
Dry weight & tare = 44.B1
Tare = 11.65
Hygroscopic moisture= 2.7 %

Calculated biased weight= 97.13
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Compo corr: -7.0 -4.0 0.0

scus correction only= 1
~ ~fic gravity'of solids= 2.706

MACTEC, INC.

TVA-00020861



Speci.fic gravity correction factor= 0.988
Hydrometer type: 152H

Effective depth L= 16.294964 - 0.164 x Rm

El.apsed Temp, Actual. Corrected K Rm Eff. Diameter Percent
time, min deg C reading reading depth mm. finer

W 0.50 22.6 46.0 41.9 0.0130 47.0 8.6 0.0539 42.6
1. 00 22.6 44.0 39.9 0.0130 45.0 8.9 0.0388 40.6
2.00 22.6 43.0 38.9 0.0130 44.0 9.1 0,0277 39.5
5.00 22.6 42.0 37.9 0.0130 43.0 9.2 0.0177 38.5

15.00 22.6 41. 0 36.9 0.0130 42.0 9.4 0.0103 37.5
30.00 22.6 40.0 35.9 0.0130 41. 0 9.6 0.0073 36.5
60.00 22.6 39.0 34.9 0.0130 40.0 9.7 0.0052 35.5

250.00 22.6 36.0 31. 9 0.0130 37.0 10.2 0.0026 32.4
1440.00 22.0 33.0 28.7 0.0131 34.0 10.7 0.0011 29.2

Fractional Components

Gravel./Sand based on #4
Sand/F~nes based on #200
% COBBLES = % GRAVEL = 31.5
% SILT = 9.8 % CLAY = 35.3

DSS= 13.30 D60= 2.05 DSO= 0.19
D30= 0.00

% SAND = 23.4

================================== MACTEC, INC.

TVA-00020862
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GRAIN SIZE - mm
'Yo COBBLES I % GRAVEL I % SAND I % SILT 0.4 CLAY

0.0 I 0.0 I 25.0 , 25.5 49.5

SIEVE PERCENT SPEC: PASS? Material Description
SIZE FINER PERCENT (X=NO) Silt with sand
#10 100.0
#20 99.8
#40 99.3 I

#60 96.7 Atterberg Limits
#140 80.8 PL= 29 LL- 43 PI= 14#200 75.0

Coefficients
085= 0.130 060= 0.Ql70 050= 0.0055
030= 015= 010=
Cu= Cc=

Classification
USCS= ML AASHTO=

Remarks

* (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06
Location: K-6 Elev./Depth: 10'-15'

MACTEC, INC.
Client: TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Proiect No: 3043-05-1064 FiQure

TVA-00020863



GRAIN SIZE DISTRIBUTION TEST DATA

Client: TVA
Project: TVA Kingston - Gypsum Disposal

roject Number: 3043-05-1064

Sample Data

Source:
Sample No.:
Elev. or Depth: 10'-15'
Location: K-6
Description: Silt with sand
Date: 1-20-06 PL: 29
USCS Classification: ML
Testing Remarks:

Sample Length (in. / em..) :

LL: 43 PI: 14
AASHTO Classification:

Mechanical Analysis Data

Initial
Dry sample and tare= 370.37
Tare = 0.00
Dry sample weight = 370.37
Sample split on number 10 sieve
Split sample ciata :

Sample and tare = 55.67 Tare = .00 Sample weight = 55.67
Cumulative wei.ght retained tare= .00

Tare for cumulative weight retained= .00
Sieve Cumul. Wt. . Percent

retained finer
~ 10 0.00 100.0

,...,J 20 0.12 99.8
# 40 0.40 99.3
# 60 1.82 96.7
# 140 10.67 80.8
# 200 13.92 75.0

Hydrometer Analysis Data

Separation sieve i.s #10
Percent -#10 based upon complete sample= 100.0
Weight of hydrometer sample: 56.56
Hygroscopic moisture correction:

Moist weight & tare = 46.46
Dry weight & tare = 45.90
Tare = 11.57
Hygroscopic moisture= 1.6 %

Calculated bi.ased weight= 55.65
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Compo corr: -7.0 -4.0 0.0

Meniscus correction only= 1
Specific gravity of solids= 2.648
Specifi.c gravi.ty correction factor= 1.000

ydrometer type: 152H
~f£ective depth L= 16.294964 - 0.164 x Rm

MACTEC, INC.

TVA-00020864



Elapsed Temp, Actual Corrected K RID. Eff. Diameter Percent
time, min degC reading reading depth mm finer

0.50 22.5 44.0 39.9 0.0132 45.0 8.9 0.0559 71. 6
1. 00 22.5 42.0 37.9 0.0132 43.0 9.2 0.0403 68.0
2.00 22.5 40.0 35.9 0.0132 41. 0 9.6 0.0290 64.4
5.00 22.5 38.0 33.9 0.0132 39.0 9.9 0.0186 60.8...,. 15.00 22.5 35.0 30.9 0.0132 36.0 10.4 0.0110 55.4

30.00 22.5 33.0 28.9 0.0132 34.0 10.7 0.0079 51.9
60.00 22.6 32.0 27.9 0.0132 33.0 10.9 0.0056 50.1

250.00 22.6 30.0 25.9 0:0132 31. 0 11.2 0.0028 46.5
1440.00 22.3 28.0 23.8 0.0133 29.0 11. 5 0.0012 42.8

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL =
% SILT = 25.5 % CLAY = 49.5

DSS= 0.13 D60= 0.02 DSO= 0.01

% SAND = 25.0

============================:======- MACTEC, INC.
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Particle Size Distribution Report
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GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND % SILT % CLAY

0.0 0.0 29.5 39.8 30.7

SIEVE PERCENT SPEC: PASS? Material Description
SIZE FINER PERCENT (X=NOj Lean clay with sand

#4 100.0
#10 94.8
#20 93.1
#40 91.5 Atterberg Limits
#60 88.1 Pl= 21 Ll= 31 PI= 10. #140 75.5

#200 70.5 Coefficients
D85= 0.194 060= 0.0287 D50= 0.0149
D30= 0.0046 D15= 010=
Cu= Cc=

Classification
uses= CL AASHTO=

Remarks

)

* (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06
Location: K-7 Elev.lDepth: 10'-15'

MACTEC, INC.~
Client: TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Project No: 3043-05-1064 FiQure

TVA-00020866



GRAIN SIZE DISTRIBUTION TEST DATA

Client: TVA
Project: TVA Kingston - Gypsum Disposal

';"oject Number: 3043-05-1064

Sample Data

Source:
Sample No.:
Elev. or Depth: 10'-15'
Location: K-7
Description: Lean clay with sand
Date: 1-20-06 PL: 21
USCS Classification: CL
Testing Remarks:

Sample Length(in./cm.):

LL: 31~ PI: 10
AASHTO Classificati·on:

Mechanical Analysis Data

56.79weight =

Initial
337.15

0 ..00
337.15
10 sieve

lL 4
10
20
40
60
140
200

Dry sample and tare=
Tare =
Dry sample weight =
Sample split on number
Split sample data:

Sample and tare = 56.79 Tare = .00 Sample
Cumulative weight retai.ned tare= .00

Tare for cumulative wei.ght retai.ned= .00
Sieve Cumul. Wt. Percent

retained finer
d.oO 100.0

17.66 94.8
0.99 93.1
1.96 91.5
4.04 88.1

li.56 75.5
14.56 70.5

....."
#
#
#
#
#

-Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 94.8
Weight of hydrometer sample: .58.15
Hygroscopic moisture correction:

Moist weight & tare = 48.03
Dry weight & tare = 47.61
Tare = 11.46
Hygroscopic moisture= 1.2 %

Calculated biased weight= 60. 64
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Camp. corr: -7.0 -4.0 0.0

Meniscus correction only: 1
Specific gravity of solids= 2.641
~ecific gravity correction factor= 1.002

~meter type: 152H
~~ffective depth L= 16.294964 - 0.164 x Rm

================================: MACTEC, INC.

TVA-00020867



Elapsed Temp, Actual. Corrected K Rm Eff. Di.ameter Percent
time, min degC readi.ng reading depth mm finer

0.50 22.5 45.0 40.9 0.0133 46.0 8.8 0.0555 67.5
1. 00 22.5 43.0 38.9 0.0133 44.0 9.1 0.0400 64.2
2.00 22.5 40.5 36.4 0.0133 41. 5 9.5 0.0289 60.1

'-' 5.00 22.5 37.0 32.9 0.0133 38.0 10.1 0.0188 54.3
15.00 22.5 31.0 26~9 0.0133 32.0 11. 0 0.0114 44.4
30.00 22.5 27.0 22.9 0.0133 28.0 11. 7 0.0083 37.8
60.00 22.6 24.0 19.9 0.0133 . 25.0 12.2 0.0060 32.8

250.00 22.9 20.0 16.0 0.0132 21. 0 12.9 0.0030 26.4
1440.00 22.5 17.0 12.9 0.0133 18.0 13.3 0.0013 21.2

Fracti.onal Components

Gravel/Sand based on *4
Sand/Fi.nes based on *200
% COBBLES = % GRAVEL =
% SILT = 39.8 % CLAY = 30.'7

DSS= 0.19 D60= 0.03 DSO= 0.01
D30= 0.00

% SAND = 29.5

==================================== MACTEC, INC.

TVA-00020868



Particle Size Distribution Report

.E £ £ .6 .E
0 0 0 0 g ~ ~:!: ~ ;; ;: ;; '" ~ ~ " ;; ;;

N - .. .. ..
100

,..~

~
I:1'.t-...

,

:
90 ........... :

~~~
80 il'\

,

~
70

\( Ic::::
W 60 I :

:~
z
u:
I-
Z 50 1""(

~w ,
~()

c::::
W 40

,
Q. ""'r--.~

: : '-..0
30 :

:

:
20
..

10

., I0
500 100 1 1 0.1 0.01 0.001

GRAIN SIZE - mm
"10 COBBLES OfoGRAVEL I "10 SAND % SILT "10 CLAY

0.0 4.4 I 42.6 14.1 38.9

SIEVE PERCENT SPEC: PASS? Material Description

SIZE FINER PERCENT (X=NO) Sandy fat clay

.75 in. 100.0
, .

.375 in. 98.9
#4 95.6

#10 90.7 Atterberg Limits
#20 86.3 PL= 27 LL= 51 PI:: 24
#40 81.7
#60 72.6 Coefficients

#140 57.0 085= 0.635 060= 0.128 050= 0.0440#200 53.0
°30= °15= °10=
CLF Cc=

Classification
uses= CH AASHTO=

Remarks

(no specification provided)

Sample No.: Source of Sample: Date: 1-20-06

Location: K-8 Elev.lDepth: 10'-15'

MACTEC, INC.:J Client: TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Proiect No: 3043-05-1064 FiQure

TVA-00020869



GRAIN SIZE DISTRIBUTION TEST DATA

Client: TVA
~roject: TVA Kingston - Gypsum Disposal

oject Number: 3043-05-1064

~f--------------------S-amp~-l-e-D-a-t-a-------------~-----

Source:
Sample No.:
Elev. or Depth: 10 T -15'
Location: K-8
Description: Sandy fat clay
Date: 1-20-06 PL: 27
USCS Classification: CH
Testing Remarks:

Sample Length(in./cm.):

LL: 51 PI:. 24
AASHTO Classification:

Mechanical Analys~s Data

Init~aJ.

Dry sample and tare= 355 . B4
Tare = 0.00
Dry sample weight = 355.84
Samp~e split on number 10 sieve
Split sample data:

Sample and tare = 52.23 Tare = .00 Sample weight = 52.23
Cumulative weight retainedtare= .00

Tare for cumulative weight retained= .00
Sieve Cumul. Wt. Percent

retained finer
75 inch 0.00 100.0

'~.375 inch 3.89 98.9
# 4 15.79. 95.6
# 10 33.07 90.7
# 20 2.51 86.3
# 40 5.21 81. 7
# 60 10.42 72.6
# 140 19.39 57.0
# 200 21.70 53.0

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 90.7
Weight of hydrometer sample: 52.87
Bygroscopic moisture correction:

Moist weight & tare = 38.47
Dry weight & tare = 38.13
Tare = 10.71
Hygroscopic moisture= 1.2 %

Calculated biased weight= 57.58
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Compo corr: -7.0 -4.0 0.0

-iscus correction only: 1
........,;ific gravity of solids= 2. 666
~cific gravity correction factor= 0.996

==============================:=======- MACTEC, INC.

TVA-00020870



-----

Hydrometer type: 152H
Effective depth L= 16.294964 - 0.164 x P.m

Elapsed Temp, Actua1 Corrected K RIll Eff. Diameter Percent
time, min deg C reading reading depth mm finer

0.50 22.5 34.0 29.9 0.0132 35.0 10.6 0.0605 51. 6
~ 1. 00 22.5 33.0 28.9 0.0132 34.0 10.7 0.0431 49.9

2.00 22.5 32.0 27.9 0.0132 33.0 10.9 0.0307 48.2
5.00 22.5 30.5 26.4 0.0132 31. 5 11.1 0.0196 45.6

15.00 22.5 29.0 24.9 0.0132 30.0 11. 4 0.0115 43.0
30.00 22.5 28.0 23.9 0.0132 29.0 11. 5 0.0082 41.3
60.00 22.6 27.0 22.9 0.0132 28.0 11. 7 0.0058 39.6

250.00 23.5 25.0 21.1 0.0130 26.0 12.0 0.0029 36.5
1440.00 22.8 23.0 18.9 0.0131 24.0 12.4 0.0012 32.7

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL = 4.4
% SILT = 14.1 % CLAY = 38.9

DBS= 0.63 DSO= 0.13 DSO= 0.04

% SAND = 42.6

==================================: MACTEC, INC.

TVA-00020871
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GRAIN SIZE - mm
I 'Y. COBBLES % GRAVEL % SAND I % SILT % CLAY

I 0.0 0.0 24.1 I 34.l 41.8

SIEVE PERCENT SPEC: PASS? Material Description

SIZE FINER PERCENT (X=NO) Fat clay with sand

#10 100.0
#20 99.9
#40 99.7
#60 99.0 Atterberg Limits

#140 83.7 PL= 28 LL= 50 PI=: 22
#200 75.9

Coefficients
085= 0.112 060= 0.0300 050= 0.0116
030= 015= D10=
Gu= Cc=

Classification
USGS= CH AASHTO=

- Remarks

• (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06

Location: K-9 Elev./Depth: 12'-14'

MACTEC, INC.
Glient TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Project No: 3043-05-J064 Fiaure

TVA-00020872



GRAIN SIZE DISTRIBUTION TEST DATA

Client: TVA
'l?roject: TVA Kingston - Gypsum Disposal

'oject Number: 3043-05-1064

Sample Data

Source:
Sample No.:
Elev. or Depth: 12'-14'
Location: K-9
Description: Fat clay with sand
Date: 1-20-06 PL: 28
USCS Classification: CH
Testing Remarks:

Sample Length(in./cm.):

LL: 5 a PI: 2 2
AASHTO Classification:

Mechanical Analysis Data

Initial
Dry sample and tare= 419.97
Tare = 0.00
Dry sample weight = 419.97
Sample split on number' 10 sieve
Split sample ciata :

Sample and tare = 61.91 Tare = .00 Sample weight = 61.91
Cumulative weight retained tare= .00

Tare for cumulative weight retained= .00
Sieve Cumul.. Wt. Percent

retained finer
10 0.00 100.0

'~,r 20 0 . 08 99 . 9
# 40 0.21 99.7
# 60 0.65 99.0
# 140 10.11 83.7
# 200 14.95 75.9

Hydrometer Analysis Data
-------------------=--

Separation sieve is #10
Percent -#10 based upon complete sample=
Weight of hydrometer sample: 63.07
Hygroscopic moisture correction:

Moist weight & tare = 39.12
Dry weight & tare = 38.60
Tare = 10.80
Hygroscopic moisture= 1.9 %

Calculated biased weight= 61.91
Table of composite correction values:

Temp, deg C: 1 a. 7 2::: . 1 4a. 2
Comp. corr : - 7 . a - 4.. 0 0 . 0

Meniscus correction only: 1
Specific gravity of solids= 2.706
Specific gravity correction factor: 0.988

drometer type: 152H
'-' 'ffective depth L= 16.294964 - 0.164 x

100.0

================================================.. MACTEC , INC.

TVA-00020873



---- -- --------

Elapsed Temp, Actual Corrected K Rm Eff. Diameter Percent
time, min deg C reading reading depth mm finer

0.50 22.6 48.5 44.4 0.0130 49.5 8.2 0.0526 70.8
1. 00 22.6 45.0 40.9 0.0130 46.0 8.8 0.0385 65.2
2.00 22.6 41.0 36.9 0.0130 42.0 9.4 0.0282 58.9
5.00 22.6 38.0 33.9 0.0130 39.0 9.9 0.0183 54.1

~ 15.00 22.6 35.0 30.9 0.0130 36.0 10.4 0.0108 49.3
30.00 22.6 33.0 28.9 0.0130 34.0 10.7 0.0078 46.1
60.00 22.6 3:.0 26.9 0.0130 32.0 11. 0 0.0056 42.9

250.00 22.6 27.0 22.9 0.0130 28.0 11. 7 0.0028 36.5
1440.00 21.9 24.0 19.7 0.0131 25 .. 0 12.2 0.0012 31. 5

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL =
% SILT = 34.1 % CLAY = 41.8

D8S= 0.11 D60= 0.03 DSO= 0.01

% SAND = 24.1

================================== MACTEC I INC.

TVA-00020874
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GRAIN SIZE - mm
% COBBLES "10 GRAVEL % SAND % SILT 1 "10 CLAY

0.0 0.0 37.3 25.1 I 37.6 ,
SIEVE PERCENT SPEC." PASS? Material Description

SiZE FINER PERCENT (X=NO) Sandy lean clay

#10 100.0
#20 100.0
#40 99.9
#60 99.3 Atterberg Umits

#140 71.2 PL= 26 LL= 47 PI= 21
#200 62.7 -

Coefficients
D85::: 0.165 DSO::: 0.0647 DSO= 0.0311
D30= D15= D10=
Cu= Cc=

Classification
uses= CL AASHTO=

Remarks

" (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06

Location: K-10 Elev.lDepth: 12'-14'

MACTEC, INC.
Client: TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Project No: 3043-05-1064 Fiaure

TVA-00020875



GRAIN SIZE DISTRIBUTION TEST DATA

Client: TVA
oject: TVA Kingston - Gypsum Disposal

~Jject Number: 3043-05-1064

Sample Data

Source:
Sample No.:
Elev. or Depth: 12'-14'
Location: K-10
Description: Sandy lean clay
Date: 1-20-06 PL: 26
OSCS Classification: CL
Testing Remarks:

Sample Length(in.jcm.):

LL: 47 PI: 21
AASHTO Classification:

Mechanical Analysis Data

Initial
Dry sample and tare= 496.31
Tare = 0.00
Dry sample weight = 496.31
Sample split on number 10 si.eve
Split sample d.ata :
Samp~e and tare = 56.85 Tare = .00 Samp~e weight = 56.85
Cumulative weight retained tare= .00

Tare for cumulative weight J:'etained= .00
Sieve Cumul. Wt. Percent

retained finer
'~ 10 0.00 100.0

# 20 0.01 100.0
# 40 0.03 99.9
# 600.37 99.3
# 140 16.37 71.2
# 200 21.19 62.7

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 100.0
Weight of hydrameter sample: 58.15
Hygroscopic moisture correction:

Moist weight "& tare = 47.46
Dry weight & tare = 46.65
Tare = 11.18
Hygroscopic moisture= 2.3 %

Calculated biased weight= 56.85
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Compo corr: -7.0 -4.0 0.0

Meniscus correcti.on only: 1
Specific gravi.ty of solids= 20"664

ecific gravity correction factor: 0.997
ometer type: 152H

,.,~ffective depth L= 16.294964 - 0.164 x RIll.

MACTEC, INC.

TVA-00020876



Elapsed Temp, Actual Corrected K Rm Eff. Di.ameter Percent
time, min deg C reading reading depth mm fi.ner

0.50 22.6 37.5 33.4 0.0132 38.5 10.0 0.0588 58.5
1. 00 22.6 35.0 30.9 0.0132 36.0 10.4 0.0424 54.2
2.00 22.6 32.5 28.4 0.0132 33.5 10.8 0.0306 49.8

~ 5.00 22.6 30.0 25.9 0.0132 31. 0 11.2 0.0197 45.4
15.00 22.6 28.0 23.9 0.0132 29.0 11. 5 0.0115 41. 9
30.00 22.6 27.0 22.9 0.0132 28.0 11. 7 0.0082 40.1
60.00 22.6 26.0 21. 9 0.0132 27.0 11. 9 0.0059 38.4

250.00 22.6 24.0 19.9 0.0132 25.0 12.2 0.0029 34.9
1440.00 21.9' 22.0 17.7 0.0133 23.0 12.5 0.0012 31.1

Fractional Components

Gravel/Sand based on #4
Sand/Fi.nes based on #200
% COBBLES = . % GRAVEL =
% SILT = 25.1 % CLAY = 37.6

DBS= 0.16 D60= 0.06 DSO= 0.03

% SAND = 37.3

MACTEC, mc.

TVA-00020877



Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES I % GRAVEL % SAND % SILT "/0 CLAY I

0.0 I 0.0 74.3 10.3 15.4 I

SIEVE PERCENT SPEC: PASS? Material Description

SIZE FINER PERCENT (X=NO) Silty sand
#10 100.0
#20 96.5
#40 922
#60 71.2 Atterberg Limits

#140 29.6 PL= NP LL= NY PI= NP
#200 25.7

Coefficients
D8S= 0.347 060= 0.203 050= 0.170
D30= 0.108 015= 0.0031 D10=
Cu= Cc=

Classification
- USCS= SM AASHTO=

Remarks

* (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06

Location: K-11 Elev.JDepth: 12'-14'

MACTEC·, INC.
Client: TVA

Project TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Project No: 3043-05-1064 Fiaure

TVA-00020878



GRAIN SIZE DISTRIBUTION TEST DATA

""ient: TVA
ject: TVA Kingston - Gypsum Disposal

'~ject Number: 3043-05-1064

Sample Data

Source:
Sample No.:
Elev. or Depth: 12'-14'
Location: K-11
Description: Silty sand
Date: 1-20-06 PL: NP
USCS Classification: SM

Testing Remarks.:

Sample Length{in./cm.):

LL: NV PI: NP
AASHTO Classification:

Mechanical Analysis Data

Initial
Dry sample and tare= 546.12
Tare = 0.00
Dry sample weight = 546.12
Sample split on number 10 sieve
Split sample data:

Sample and tare = 55.24 Tare = .00 Samp~e weight = 55.24
Cumulative weight retained tare= .00

Tare for cumulative wei.ght retai.ned= .00
~ieve Cumul. Wt. Percent

retained finer
'~# 10 0 • 00 100 . a

# 20 1.93 96.5
# 40 4.30 92.2
#60 ·15.92 71.2
# 140 38.88 29.6
# 200 41.03 25.7

Hydrometer Analysis Data

Separation sieve is #10
Percent -*10 based upon complete sample= 100.0
Weight of hydrometer sample: 57.31
Hygroscopic moisture correction:

Moist weight & tare = 52.91
Dry weight & tare = 51.39
Tare = 10.78
Hygroscopic moisture= 3.7 %

Calculated biased weight= 55.24
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Compo corr: -7.0 -4.0 0.0

Meniscus correction only= 1
~'Pecific gravity of solids= 2.711

cific gravity correction factor= 0.987
.~ rometer type: 152H

Effective depth L= 16.294964 - 0.164 x Rm

MACTEC I INC.

TVA-00020879



El.apsed Temp 1 Actual. Corrected K Rm Eff. Diameter Percent
time min deg C reading reading depth mm finerf

0.50 22.5 18.0 13.9 0.0130 19.0 13.2 0.0667 24.8
1. 00 22.5 17.0 12.9 0.0130 18.0 13.3 0.0475 23.0..,. 2.00 22.5 16.0 11. 9 0.0130 17.0 13.5 0.0338 21.2
5.00 22.5 15.0 10.9 0.0130 16.0 13.7 0.0215 19.4

15.00 22.5 14.0 9.9 0.0130 15.0 13.8 0.0125 17.6
30.00 22.5 13.5 9.4 0.0130 14.5 13.9 0.0089 16.7
60.00 22.5 13.0 8.9 0.0130 14.0 14.0 0.0063 15.8

250.00 22.7 12.5 8.4 0.0130 13.5 14.1 0.0031 15.0
1440.00 22.2 12.0 7.8 0.0130 13.0 14.2 0.0013 13.9

Fractional Components

Gravel./Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL =
% SILT = 10.3 % CLAY = 15.4

% SAND = 74.3

DS5= 0.35
D30= 0.11

D60= 0.20
D15= 0.00

DSO= 0.17

=======. MACTEC 1 INC.

TVA-00020880



Particle Size Distribution Report
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GRAIN SIZE - mm

% COBBLES I % GRAVEL % SAND % SILT I % CLAY

0.0 I 0.0 36.2 33.0 I 30.8

SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FINER PERCENT (X=NO) Sandy lean clay
#10 100.0
#20 99.9
#40 99.9
#60 96.2 Atterberg Limits

#140 68.3 PL= 26 LL= 48 PI= 22#200 63.8
Coefficients

085= 0.187 060= 0.0624 D50= 0.0448
030= 0.0045 015= D10=
Cu= Cc=

Classification
uses= CL AASHTO=

Remarks

.

* (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06
Location: K-12 Elev./Oepth: 12'-14'

MACTEC, INC. Client TVA

Project TVA Kingston - Gypsum Disposal

Charlotte, North Carolina ProiectNo: 3043-05-1064 Figure

TVA-00020881



GRAIN SIZE DISTRIBUTION TEST DATA

"'lient: TVA
~ject: TVA Kingston - Gypsum Disposal

~oject Number: 3043-05-1064

Sample Data

Source:
Sample No. :
Elev. or Depth: 12'-14'
Locati.on: K-12
Descri.pti.on: Sandy lean clay
Date: 1-20-06 PL: 26
USCS Classification: CL
Testing Remarks:

Sample Length(in./cm.) :

LL: 48 PI: 22
AASHTO Classification:

Mechanical Analysis Data

Initial
Dry sample and tare= 438.64
Tare = 0.00
Dry sample weight = 438.64
Sample split on number 10 sieve
Split sample data:
Samp~e and tare = 58.67 Tare = .00 Samp~e weight = 58.67
Cumulative weight retained tare= .00

Tare for cumulative weight retained= .00
Sieve Cumul. Wt. Percent

retained finer
'~;f 10 0 . 00 . 100 . 0

# 20 0.04 99.9
# 40 0.07 99.9
# 60 2.24 96.2
# 140 18.57 68.3
# 200 21.26 63.8

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 100.0
Wei.ght of hydrometer sample: 59.59
Hygroscopic moisture correction:

Moist weight & tare = 47.14
Dry weight & tare = 46.58
Tare = 11.00
Hygroscopic moisture= 1. 6 %

Calculated biased weight= 58.67
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Comp. corr: -7.0 -4.0 0.0

Meni.scus correction only: 1
C:oecific gravity of solids= 2.708

-cific gravity correction factor= 0.987
, :ometer type: 152H
'W Effective depth L= 16.294964 - 0.164 x RID.

MACTEC, INC.

TVA-00020882



Elapsed Temp, Actual Corrected K Rm Eff. Di.ameter Percent
time, min deg C reading reading depth mm fi.ner·

0.50 22.6 38.5 34.4 0.0130 39.5 9.8 0.0576 57.8
1. 00 22.6 33.0 28.9 0.0130 34.0 10.7 0.0425 48.6
2.00 22.6 30.0 25.9 0.0130 31. 0 11.2 0.0308 43.5

'w 5.00 22.6 27.0 22.9 0.0130 28.0 11.7 0.0199 38.5
15.00 22.6 25.0 20.9 0.0130 26.0 12.0 0.0116 35.1
30.00 22.6 -24.0 19.9 0.0130 25.0 12.2 0.0083 33.4
60.00 22.6 23.0 18.9 0.0130 24.0 12.4 0.0059 31. 8

250.00 22.6 20.0 15.9 0.0130 21.0 12.9 0.0029 26.7
1440.00 21.9 17.0 12.7 0.0131 18.0 13.3 0.0013 21.4

Fractional Components

Gravel./Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL =
% SILT = 33.0 % CLAY = 30.8

DSS= 0.19 D60= 0.06 DSO= 0.04
D30= 0.00

% SAND = 36.2

================================== ~CTEC, INC.

TVA-00020883



Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL I % SAND % SILT I % CLAY

0.0 0.0 I 12.2 11.9 75.9

SIEVE PERCENT SPEC." PASS? Material Description
SIZE FINER PERCENT (X=NO) Elastic sih
#]0 100.0
#20 98.4
#40 97.5
#60 96.6 Atterberg Limits

#140 90.9 PL= 37 LL- 69 PI= 32
#200 87.8

Coefficients
DBS= 0.0457 D60- °50=
D30= D15= °10=cu= Cc=

Classification
USCS= MH AASHTO=

Remarks

* (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06
Location: K-13 ElevJDepth: 12'-14'

MACTEC, INC. Client TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina ProiectNo: 3043-05-]064 Figure

TVA-00020884



GRAIN SIZE DISTRIBOTION TEST DATA

r'ient: TVA
ject:TVA Kingston - Gypsum Disposal

,.,ject Number: 3043-05-1064

Sample Data

Source:
Samp1.e No.:
Elev. or Depth: 12'-14'
Location: K-13
Description: Elastic silt
Date: 1-20-06 PL: 37
USCS C1.assification: MH
Testing Remarks:

Sample Length{in./cm.):

LL: 69 PI: 32
AASHTO Classification:

Mechanical Analysis Data

Initial
Dry sample and tare= 379.50
Tare = 0.00
Dry sample weight = 379. 50·
Samp1.e split on number 10 sieve
Split samp1.e ~ta:

Samp1.e and tare = 56.10 Tare = .00 Samp1.e weight = 56.10
Cumulative weight retained tare= .00

Tare for cumulative weight retai.ned= .00
Sieve Cumul. wt. Percent

retained finer
~ 10 0.00 100.0

# 20 0.87 98.4
# 40 1.39 97.5
# 60 1.90 96.6
# 140 5.08 90.9
# 200 6.86 87.8

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 100.0
Weight of hydrometer sample: 58.36
Hygroscopic moisture correction:

Moist weight & tare = 50.72
Dry weight & tare = 49.19
Tare = 11.20
Hygroscopic moisture= 4.0 %

Calculated biased weight= 56.10
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Compo corr: -7.0 -4.0 0.0

Meniscus correction only: 1
~oecific gravity of solids= 2.687

~ci.fic gravity correction factor= 0.992
:ometer type: 152H

~Effective depth L= 16.294964 - 0.164 x Rm

MACTEC, INC.

TVA-00020885



Elapsed Temp, Actual Corrected K Rm Eff. Diameter Percent
time, min deg C reading reading depth mm fuer

0.50 22.6 52.5 48.4 0.0131 53.5 7.5 0.0507 85.5
1. 00 22.6 51.5 47.4 0.0131 52.5 7.7 0.0362 83.8
2.00 22.6 50.5 46.4 0.0131 51.5 7.8 0.0259 82.0

~ 5.00 22.6 50.0 45.9 0.0131 51. 0 7.9 0.0165 81.1
15.00 22.6 49.0 44.9 0.0131 50.0 8.1 0.0096 79.4
30.00 22.6 48.0 43.9 0.0131 49.0 8.3 0.0069 77.6
60.00 22.6 47.0 42.9 0.0131 48.0 8.4 0.0049 75.8

250.00 22.6 44.0 39.9 0.0131 45.0 8.9 0.0025 70.5
1440.00 22.0 42.0 37.7 0.0132 43.0 9.2 0.0011 66.7

Fractional Components L
Gravel/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL =
% SILT = 11.9 % CLAY = 75.9

D8S= 0.05

% SAND = 12.2

================================== MACTEC, INC.

TVA-00020886
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Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL I % SAND % SILT % CLAY

0,0 0.0 I 4.9 34.9 60.2

SIEVE PERCENT SPEC: PASS? Material Description
SIZE FINER PERCENT (X=NO) . Elastic silt
#10 100.0
#20 99.9
#40 99.8
#60 99.5 Atterberg Limits

#140 97.4 PL"" 41 LL- 65 PI= 24#200 95.1 .
Coefficients

°85= 0.0344 °60= 0.0049 050= 0.0021
°30= °15= °10=
Cu"" Cc""

Classification
uses"" MH AASHTO=

Remarks

• (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06
Location: K-14 ElevJDepth: 12'-14'

MACTEC, INC. Client: TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Project No: 3043-05-1064 Figure

TVA-00020887



GRAIN SIZE DISTRIBUTION TEST DATA

~'lient: TVA
lject: TVA Kingston - Gypsum Disposal

.~ject Number: 3043-05-1064

Sample Data

Source:
Sample No.:
Elev. or Depth: 12'-14'
Location: K-14
Description: Elastic silt
Date: 1-20-06 PL: 41
USCS Classification: MH
Testing Remarks:

Sample Length(in./cm.) :

LL: 65 PI: 24
AASHTO Classification:

Mechanical Analysis Data

Initial
Dry sample and tare: 411.09
Tare = 0.00
Dry sample weig~t = 411.09
Sample split on number 10 sieve
Split sample data:

Sample and tare = 56. 30 Tare = . 00 Sample weight = 56. 30
Cumulative weight retained tare= .00

Tare' for cumul.ative weight retained= .. 00
Sieve Cumul. wt. Fercent

retained finer'-'# 10 0.00 100.0
# 20 0.03 99.9
# 40 0.10 99.8
# 60 0.27 99.5
# 140 1.46 97.4
# 200 2.75 95.1

Hydrometer Analysis Data

Separation sieve is #1 0
Percent -#10 based upon complete sample= 100.0
Weight of hydrometer sample: 58.24
Hygroscopic moisture correction:

Moist weight & tare = 52.43
Dry weight & tare = 51.07
Tare = 11.53
Hygroscopic moisture= 3.4'%

Calculated biased weight= 56.30
Table of composite correction values:

Temp, deg C: 10.7 '23.1 40.2
Compo corr: -7.0 -4.0 0.0

Meniscus correction only: 1
~pecific gravity of solids= 2.733

'cific gravity correction factor= 0.982
\ rometer type: 152H
-- Effective depth L= 16.294964 - 0.1.64 x Rm

======- MACTEC, INC.
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E~apsed Temp, Actual. Corrected K Rm Eff. Diameter Percent
time, min degC readi.ng reading depth mm fi.ner

0.50 22.6 56.0 51. 9 0.0129 57.0 6.9 0.0481 90.5
1. 00 22.6 53.0 48.9 0.0129 54.0 7.4 0.0352 85.3
2.00 22.6 51.0 46.9 0.0129 52.0 7.8 0.0254 81.8

'- 5.00 22.6 48.5 44.4 0.0129 49.5 8.2 0.0165 77.4
15.00 22.6 44.5 40.4 0.0129 45.5 8.8 0.0099 70.4
30.00 22.6 42.0 37.9 0.0129 43.0 9.2 0.0072 66.1
60.00 .22.6 39.0 34.9 0.0129 40.0 9.7 0.0052 60.8

250.00 22.6 34.0 29.9 0.0129 35.0 10.6 0.0027 52.1
1440.00 22.4 30.0 25.8 0.0129 31.0 11. 2 0.0011 . 45.1

Fractional Components

Gravel./Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL =
% SILT = 34.9 % CLAY = 60.2

DBS= 0.03 D60= 0.00 DSO= 0.00

% SAND = 4.9

================================== MACTEC, INC.

TVA-00020889



Particle Size Distribution Report
- ~ Ii Ii

0 0 0 0
0 0 0

.E
~ ~ ~ ~

0 0 ... 0

N ;{ .. ~ :;/ or i .. .. ~

100 :'K' I

,

90 I

1
;1 I """'l

". I:80
1'00 ...

,

~~ '.l""70
i"¢

,
c::: , I'-'"

~
W 60
Z

,

u:: i

f- , I "Z 50

"'W
~0

"'-....0c:::
W 40
[l.

I
I

30

:
20

[
I

:

10 :

0
500 100 1 1 0.1 0.01 0.001

GRAIN SIZE - mm
% COBBLES I % GRAVEL "/0 SAND % SilT 0/0 CLAY I

0.0 I 10.6 23.4 12.4 53.6 I

SIEVE PERCENT SPEC: PASS? Material Description
SIZE FINER PERCENT (X=NO) Sandy elastic silt

1 in. 100.0
.75 in. 97.8

.375 in. 923
#4 89.4 Atterberq Limits

#10 87.7 PL= 42 LL= 60 PI= 18#20 80.3
#40 75.6 Coefficients
#60 72.4

D8S= 1.40 060= 0.0096 D50= 0.0037#140 67.3
#200 66.0 D30= D15= D10=

Cu= Cc=

Classification
uses= MH AASHTO=

Remarks

* (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06
Location: K-15A Elev./Depth: 12'-13'

MACTEC, INC. Client: TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Project No: 3043-05-1064 FiQure

TVA-00020890



GRAIN SIZE DISTRIBUTION TEST DATA

"'lient: TVA
~ject: TVA Kingston - Gypsum Disposal

~oject Number: 3043-05-1064

Sampl.e Data

Source:
Sample No.:
Elev. or Depth: 12'-13'
Location: K-15A
Description: Sandy e~astic silt
Date: 1-20-06 PL: 42
USCS Classification: MH
Testing Remarks:

Sample Length (in. /em.) :

LL: 6a PI :. 1 8
AASHTO Cl.assification:

Mechanical Anal.ysis Data

Initial.
Dry sample and tare= 397.13
Tare = 0.00
Dry sampl.e weight = 397.13
Sample split on number 10 sieve
Split sample data:

Sample and tare = 55.76 Tare = .00 Sample we~ght = 55.76
Cumul.ative weight retained tare= .00

Tare for cumulative weight retained= .00
c;i.eve Cumul. Wt. Percent

retained finer
~l inch 0.00 100.0

.75 inch 8.62 97.8

.375 inch 30.57 92.3
# 4 41.99 89.4
# 10 49.01 87.7
# 20 4.69 80~3

# 40 7.71 75.6
# 60 9.71 72.4
# 140 12.97 67.3
# 200 13.82 66.0

Hydrometer Analysi.s Data

Separation sieve is #10
Percent -#10 based upon compl.ete sampl.e= 87.7
Weight of hydrometer sample: 59.02
Hygroscopic moisture correction:

Moist weight & tare = 51.43
Dry weight & tare = 4 9 • 23
Tare = 11.65
Hygroscopic moisture= 5.9 %

Cal.cul.ated biased weight= 63.58
Tabl.e of composite correction val.ues:

Temp, deg C: 10.7 23.1 40.2
~. corr: -7.0 -4.0 0.0

~iscus correction only: 1
Specific gravity of sol.ids= 2.711

========================:========== MACTEC, INC.
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Speci£ic gravity correction £actor= 0.987
Hydrometer t~e: 152H

Ef£ective depth L= 16.294964 - 0.164 x Rm

.apsed Temp, Actual. Corrected K Rm Eff. Diameter Percent
~e, min deg C reading reading depth mm finer

0.50 22.6 46.0 41.9 0.0130 47.0 8.6 0.0538 65.0
1. 00 22.6 45.5 41.4 0.0130 46.5 8.7 0.0382 64.2
2.00 22.6 45.0 40.9 0.0130 46.0 8.8 0.0272 63.5
5.00 22.6 44.5 40.4 0.0130 45.5 8.8 0.0173 62.7

15.00 22.6 43.0 38.9 0.0130 44.0 9.1 0.0101 60.4
30.00 22.6 41. 0 36.9 0.0130 42.0 9.4 .0.0073 57.3
60.00 22.6 39.0 34.9 0.0130 40.0 9.7 0.0052 54.1

250.00 22.6 34.0 ~~9. 9 0.0130 35.0 10.6 0.0027 46.4
1440.00 22.6 31. 0 26.9 0.0130 32.0 11. 0 0.0011 41.7

Fractiona~ Components

Gravel/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL = 10.6
% SILT = 12.4 % CLAY = 53.6

DSS= 1. 40 D60= 0.01 D·50= 0.00

1-.,

% SAND = 23.4

================================= MACTEC, INC.
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Particle Size Distribution Report
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GRAIN SIZE - mm -

I % COBBLES 0/0 GRAVEL % SAND % SILT % CLAY

0.0 1.3 19.8 22.0 56.9

SIEVE PERCENT SPEC: PASS? Material Description

SIZE FINER PERCENT (X=NO) Elastic silt with sand
.375 in. 100.0

#4 98.7
#10 95.9
#20 92.5 Atterberg Limits
#40 89.5 PL= 29 LL= 52 PI= 23
#60 872

#140 81.7 Coefficients
#200 78.9 085= 0.169 060= 0.0067 050= 0.0026

°30= - 015= 010=
Cu= Cc=

Classification
uses= MH MSHTO=

Remarks

* (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06
Location: K-16 Elev./Depth: 10'-lS

MACTEC, INC.
Client: TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Proiect No: 3043-05-1064 Figure

TVA-00020893



GRAIN SIZE DISTRIBUTION TEST DATA

f"'ient: TVA
"ject: TVA Kingston - Gypsum Disposal

~ject Number: 3043-05-1064

Sample Data

Source:
Sample No. :
Elev. or Depth: 10'-15'
Location: K-16
Description: Elastic silt with sand
Date: 1-20-06 'PL: 29
USCS C1ass~fication: MH
Testing Remarks:

Sample Length(in./em.}:

LL: 52 PI: 23
AASHTO C1assif~cation:

Mechanical Ana1ysis Data-------------------
I~ti.a1

Dry sample and tare= 265.46
Tare = 0.00
Dry sample weight = 265.46
Sample spl~t on number 10 sieve
Split sample data:

Sample and tare = 52.09 Tare = .00 Sample wei.ght = 52.09
Cumulative weight reta~ned tare= .00

Tare for cumulative weight retained= .00
'~eve Cumu1. wt. Percent

ret~ed finer
''''375 inch 0 ..00 100. a

# 4 3.36 98.7
# 10 10.82 95.9
# 20 1.86 92.5
# 40 3.45 89.5
# 60 4.74 87.2
# 140 7.73 81.7
# 200 9.25 78.9

Hydrometer Analysis Data

Separation s~eve ~s #10
Percent -#10 based upon complete sample= 95.9
Weight of hydrometer sample: 52.72
Hygroscop~c moisture correction:

Moist weight & tare = 46.63
Dry we~ght & tare = 46.20
Tare = 10.91
Hygroscopic moisture= 1.2 %

Calculated bi.ased weight= 54.31
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Compo corr: -7.0 -4.0 0.0

scus correction only: 1
~Lf~c grav~ty of solicis=
S~cifi.c qrav~ty correct~on

Hydrometer type: 152H

2.748
factor: 0.979

MACTEC, INC.

TVA-00020894



Effective depth L= 16.294964 - 0.164 x Rm

Elapsed Temp, Actual Corrected K Rm Eff. Diameter Percent
t:ime, min ciegC reading reading depth mm finer

0.50 22.5 46.5 42.4 0.0129 47.5 8.5 0.0530 76.3
~.....,

1. 00 22.5 45.5 41.4 0.0129 46.5 8.7 0.0379 74.5
2.00 22.5 44.5 40.4 0.0129 45.5 8.8 0.0270 72.7
5.00 22.5 43.0 38.9 0.0129 44.0 9.1 0.0173 70.0

15.00 22.5 40.0 35.9 0.0129 41.0 9.6 0.0103 64'.6
30.00 22.5 38.0 33.9 0.0129 39.0 9.9 0.0074 61. 0
60.00 22.6 36.0 31. 9 0.0128 37.0 10.2 0.0053 57.5

250.00 22.6 32.0 27.9 0.0128 33.0 10.9 0.0027 50.3
1440.00 22.3 30.0 25.8 0.0129 31. 0 11.2 0.0011 46.5

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL = 1.3
% SILT = 22.0% CLAY = 56.9

DBS= 0.17 D60= 0.01 DSO= 0.00

% SAND = 19.8

==================================== MACTEC, INC.
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Particle -Size Distribution Report
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GRAIN SIZE - mm
0/. COBBLES I % GRAVEL I % SAND I % SILT % CLAY

0.0 I 0.0 I 11.0 \ 14.6 74.4

SIEVE PERCENT SPEC: PASS? Material Description
SIZE FINER PERCENT (X=NO) Elastic silt

#4 100.0
#10 993
#20 98.1
#40 %.6 Atterberg Limits
#60 952 PL= 40 U= 75 PI= 35#140 91.3

#200 89.0 Coefficients
085=0.0314 060= D50=
D30= D15= D10=
Cu= Cc=

Classification
USCS= MH AASHTO=

Remarks

* (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06
Location: K-17 Elev.lDepth: 10'-15'

MACTEC, INC. Client: TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Project No: 3043-05-1064 Figure

TVA-00020896



GRAIN SIZE DISTRIBUTION TEST DATA

"'lient: TVA·
oject: TVA Kingston - Gypsum Disposal

lwoject Number: 3043-05-1064

Sample Data

Source:
Sample No.:
Elev. or Depth: 10'-15'
Location: K-17
Description: Elastic silt
Date: 1-20-06 PL: 40
uses elass~f~cation: MH
Testing Remarks:

Sample Length(in./cm.):

LL: 75 PI: 35
AASHTO Class~fication:

Mechan~cal Analys~s Data

ID.i.tial
Dry sample and tare= 285.36
Tare = 0.00
Dry sample we~g'ht = 285.36
Sample split on number 10 s~eve

Split sample data:
Sample and tare = 51.22 Tare = .00 Sample weight = 51.22
Cumulative weight reta:ined tare= .00

Tare for cumulative weight retained= .00
Sieve Cumul. Wt. Percent

reta~ned f~ner

'W# 4 ·0.00 100.0
# 10 1.90 99.3
# 20 0.£4 98.1
# 40 1.37 96.6
# 60 2.10 95.2
# 140 4.12 91.3
# 200 5.29 89.0

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 99.3
Weight of hydrometer sample: 52.33
Hygroscop~c moisture correction:
Mo~st weight & tare = 47.75
Dry we~ght & tare = 46.97
Tare = 10.89
Hygroscopi.c moisture= 2.2 %

Calculated b~ased weight= 51.58
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Compo corr: -7.0 -4.0 0.0

"'~niscus correction only: 1
-~~f~c gravity of sol~ds= 2.699

~., ;ific gravity correction factor= o. 989
HYdrometer type: 152H

Effective depth L= 16.294964 - 0.164 x Rm

=================================== MACTEC, INC.
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E~apsed Temp, Actual Corrected K Rm Eff. Di.ameter Percent
time, min deg C reading reading depth mm finer·

0.50 22.5 50.0 45.9 0.0130 51. 0 7.9 0.0519 87.9

l-.,. 1. 00 22.5 49.0 44.9 0.0130 50.0 8.1 0.0371 86.0
2.00 22.5 48.0 43.9 0.0130 49.0 8.3 0.0265 84.1
5.00 22.5 47.0 42.9 0.0130 48.0 8.4 0.0169 82.2

15.00 22.5 45.5 41.4 0.0130 46.5 8.7 0.0099 79.3
30.00 22.5 44.0 39.9 0.0130 45.0 8.9 0.0071 76.4
60.00 22.6 43.0 38.9 0.0130 44.0 9.1 0.0051 74.5

250.00 22.6 41.0 36.9 0.0130 42.0 9.4 0.0025 70.7
1440.00 22.2 40.0 35.8 0.0131 41. a 9.6 0.0011 68.6

Fractional Components

Grave~/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL =
% SILT = 14.6 % CLAY = 74.4

D8S= 0.03

% SAND = 11.0

================================= MACTEC, INC.
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Particle Size Distribution Report
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GRAIN SIZE - mm

I % COBBLES % GRAVEL % SAND 1 % SILT % CLAY

0.0 8.4 12.2 I 16.7 62.7

SIEVE PERCENT SPEC: PASS? Material Description

SIZE FINER PERCENT (X=NO) Elastic silt with sand
375 in. 100.0

#4 91.6
#10 83.9
#20 83.7 Atterberg Limits
#40 83.3 PL= 37 LL= 71 PI= 34
#60 82.5

#140 81.1 Coefficients
#200 79.4 085= 2.44 060= 0.0031 D50=

D30= 015= D10=
Cu= Cc=

Classification
uses= MH MSHTO=

Remarks

* (no specification provided)

Sample No.: Source of Sample: Date: 1-20-06
Location: K-18 Elev.lDepth: 10'-15'

MACTEC, INC.
Client: TVA

Project: TVA Kingston - Gypsum Disposal

Charlotte, North Carolina Proiect No: 3043-05-1064 FiQure

TVA-00020899



GRAIN SIZE DISTRIBUTION TEST DATA

~ - ient: TVA
ject: TVA Kingston - Gypsum Disposal

~ject Number: 3043-05-1064

Sample Data

Source:
Sample No. :
Elev. or Depth: 10'-15'
Location: K-18
Description: Elastic silt with sand
Date: 1-20-06 PL: 37
USCS Classification: MH
Testing Remarks:

Sample Length(in./cm.):

LL: 71 PI: 34
AASHTO Classification:

Mechanical. Analysis Data

Initial.
Dry sample and tare= 304.28
Tare = 0.00
Dry sample weight = 304.28
Sample split on number 10 sieve
Split sample data:

Sample and tare = 56.68 Tare = .00 Sample weight = 56.68
Cumulative weight retained tare= .00

"'are for cumulative weight retained= .00
C:;ieve Cumul.. wt. Percent

retained finer
~.375 inch 0.00 100.0

# 4 25.63 91.6
# 10 49.03 83.9
# 20 0.14 83.7
# 40 0.43 83.3
# 60 0.92 82.5
# 140 1.87 81.1
# 200 3.06 79.4

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete samp1e= 83.9
Weight of hydrometer sample: 57.16
Hygroscopic moisture correction:

Moist weight & tare = 43. 1 7
Dry weight & tare = 42.90
Tare = 11.33
Hygroscopic moisture= O. 9 %

Calculated biased weight= 67.55
Table of composite correction values:

Temp, deg C: 10.7 23.1 40.2
Compo corr: -7.0 -4.0 0.0

iscus correction only: 1
I~ .=ific gravity of solids=
~ecific gravity correction
Hydrometer type: 152H

2.781
factor= 0.972

================:::=:==================- :t-:tACTEC, INC.
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Effective depth L= 16.294964 - 0.164 x Rm

E1.apsed Temp, Actual. Corrected K Rm Eff. Di.ameter Percent
time, min deg C reading reading depth mm fi.ner

0.50 22.5 57.0 52.9 0.0127 58.0 6.8 0.0469 76.1
'....." 1. 00 22.5 55.5 51. 4 0.0127 56.5 7.0 0.0338 73.9

2.00 22.5 54.0 49.9 0.0127 55.0 7.3 0.0243 71.7
5.00 22.5 52.0 47.9 0.0127 53.0 7.6 0.0157 68.9

15.00 22.5 50.0 45.9 0.0127 51. 0 7.9 0.0093 66.0
30.00 22.5 49.0 44.9 0.0127 50.0 8.1 0.0066 64.5
60.00 22.6 47.5 43.4 0.0127 48.5 8.3 0.0047 62.4

250.00 22.9 45.0 41. 0 0.0127 46.0 8.8 0.0024 58.9
1440.00 22.4 44.0 39.8 0.0128 45.0 8.9 0.0010 57.3

Fractional. Components

Grave1./Sand based on #4
Sand/Fi.nes based on #200
% COBBLES = % GRAVEL = 8. 4
% SILT = 16.7 % CLAY = 62.7

D8S= 2.44 D60= 0.00

% SAND = 12.2

================================== MACTEC, INC.

TVA-0002090 1
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Proposed Gypsum Disposal Area, TVA Kingston Fossil Plant
MACTEC Project 3043051064.01

February 24, 2006

MOISTURE-DENSITY RELATIONSHIP TEST RESULTS

TVA-00020902
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COMPACTION TEST REPORT
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Water content, %

Test specification: ASTM D 698-91 Procedure A Standard

Elevl Classification Nat. %> %<
Sp.G. LL PI

Depth USCS AASHTO Moist. NO.4 No.200

IO'-IS' MH 34.7% 2.69 56 19 3.2 75.0

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density =92.] pef Red Brown Elastic Silt with SAND

Optimum moisture =27.8 %

Project No. 3043051064- Client: Remarks:

Project: TV A Kingston Gypsum Disposal

~• Location: K-3 10'-15'

COMPACTION TEST REPORT

MACTEC, INC. Figure
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COMPACTION TEST REPORT
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Test specification: ASTM 0 698-91 Procedure A Standard

Elevl Classification Nat %> %<
Sp.G. LL PI

Depth USCS AASHTO Moist. No.4 No.200

10'-15' ML 25.6% 2.65 43 14 0.0 75.0

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 101.3 pef Red Brown Silt with SAND

Optimum moisture = 22.1 %

Project No. 3043051064- Client: Rem..kt-rtProject: TVA Kingston Gypsum Disposal
-

• Location: K-610'-15'

COMPACTION TEST REPORT

MACTEC, INC. Figure
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COMPACTION TEST REPORT
120

~
..

. ..

115 ~

""
110 ~

.......'+-

v ~ ~
u
a.

~ .. .
'00

.. .

c

""
Ql
"0

C /0 ZAV for
105 " ..

Sp.G. =
2.7

..

100

... - .

95
10 12 14 16 18 20 22

Water content, %

Test specification: ASTM 0 698-91 Procedure A Standard

Elevl Classification Nat. %> %<
Sp.G. LL PI

Depth USCS AASHTO Moist NO.4 No.200

10'-1 S' CL 22.3% 2.64 31 10 0.0 70.5

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density =, )09.6 pef Dark Brown Lean Clay with SAND

Optimum moisture = )6.0 %

Project No. 3043051064- Client: Remarks:

Project: TVA Kingston Gypsum Disposal e:r• Location: K-7 10'-15'

COMPACTION TEST REPORT

MACTEC, INC. Figure
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COMPACTION TEST REPORT
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Test specification: ASTM D 698-91 Procedure A Standard

Elevl Classification Nat %> %<
Sp.G. LL PI

Depth USCS AASHTO Moist. No.4 No.200

10'-15' .cH 22.4% 2.67 51 24 4.4 53.0

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 102.6 pef Red Brown Sandy Fat eLl'.Y

Optimum moisture = 20.6 %

Project No. 3043051064- Client: Remarks:
Project: TVA Kingston Gypsum Disposal

C1Jc• Location: K-8 10'-15'

COMPACTION TEST REPORT

MACTEC, INC. Figure
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COMPACTION TEST REPORT
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Water content, %

Test specification: ASTM D 698-91 Procedure A Standard

Elevl Classification Nat %> %<
Sp.G. LL PI

Depth USCS AASHTO Moist No.4 NO.200
-

10'-15' MH. 28.3% 2.75 52 23 1.3 78.9

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 100.8 pef Dark Red Brown Elastic Silt with SAND

Optimum moisture = 22.8 %

Project No. 3043051064- Client: Remarks:

~~Project: TVA Kingston Gypsum Disposal

• Location: K-16 10'-15'

COMPACTION TEST REPORT

MACTEC, INC. Figure

TVA-00020907



COMPACTION TEST REPORT
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Water content, %

Test specification: ASTM D 698-91 Procedure A Standard

Elevl Classification Nat. %> %<
Sp.G. LL PI

Depth USCS AASHTO Moist. No.4 No.200

10'-15' MH 30.6 % 2.70 75 35 0.0 89.0

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density =91.1 pef Red Brown Elastic SILT

Optimum moisture = 29.5 %

Project No. 3043051064- Client: Remarks:

Project: TV A Kingston Gypsum Disposal C1!
• Location: K-17 10'-15'

COMPACTION TEST REPORT

MACTEC, INC. Figure

TVA-00020908
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COMPACTION TEST REPORT
94

92

~\
90

/ \,
u

V
0-

;:;. . . ...;;;
c
II)
"0

C
0 /88

/ \'-
ZAVfor

. Sp.G.=
2.7

86

84
19.5 22.0 24.5 27.0 29.5 32.0 34.5

Water content, %

Test specification: ASTM D 69&-91 Procedure A Standard

Elevf Classification Nat. %> %<

Moist.
Sp.G. LL PI

Depth USCS AASHTO No.4 No.200

10'·15' MH 31.3% 2.78 71 34 8.4 79.4

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density =91.4 pef
Red Brown Elastic Silt with SAND

Optimum moisture =29.2 %

Project No. 3043051064· Client:
Remarl<s' <::t

Project: TVA Kingston Gypsum Disposal

• Location: K-18 10'·15'

COMPACTION TEST REPORT

MACTEC, INC. Figure

TVA-00020909



Proposed Gypsum DisposalArea, TVA Kingston Fossil Plant
MACTECProject 3043051064.01

UNIT WEIGHT TEST RESULTS

February 24, 2006

TVA-00020910



GeoTesting Express

GTX TECHNICAL PROCEDURE T..,03
UNIT WEIGHT OF SAMPLE

Project No.: GTX G0959
Lab No: 13775------------Project Name: Kingston Proposed Gypsum Stack

Tested By: HJ---------------Date: 12/14/05

Boring No.: NB-21B
~---..:..-_---

Depth: 31-33 Ft.
Sample ill:· Ud-=:-=---------Reviewed By: JW---------Date: 02/02/06

Total Sample Inside Diameter I Moisture Content ,
Height, inches of Cut Tube, inch.es

·1 22.62 Tare No. A-16
2 22.6 Top 2.870 Tare Weight 16.41 grams
3 22.58 Bottom 2.870 Wet Weight + Tare 130.22 grams

Average 22.60 Average 2.870 Dry Weight + Tare 103.98 grams
Moisture Content 30.0 %

Total Weight of Soil + Tube Section 6338.00 grams-------
Weight of Clean, Dry Tube Section 1713.80 grams
Wet Weight of Soil 10.19 lbs

ft
3

Volume of Sample 0.085

RESULT SUMMARY

Remarks:

Moisture Content
Wet Density
Dry Density

30.0 %-------
120.5 pc£_____~ :J

92.7 pc£_______ :J

TVA-00020911



GeoTesting Express

GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX G0959

Lab No: 13774------------
Project Name: Kingston Proposed Gypsum Stack

Tested By: HJ------'--------Date: 12/22/05

Boring No.: NB-47BA---------
Depth: 20-22 Ft.

Sample ID:_U_d _

Reviewed By: JW
~--------.,..-

Date: 02/02/06

Total Sample Inside Diameter Moisture Content
Height, inches of Cut Tube, inches

1 19.65 Tare No. A-I

2 19.65 Top 2.870 Tare Weight 16.96 grams
3 19.65 Bottom 2.870 Wet Weight + Tare 210.10 grams

Average 19.65 Average 2.870 Dry Weight + Tare 148.50 grams
Moisture Content 46.8 %

Total Weight of Soil + Tube Section __.;;,..5.;:..:11;.;;1..;.;.0;..:.0__grams
Weight ofClean, Dry Tube Section 1490.10 grams

et Weight of Soil 7.98 lbs

olume of Sample 0.074 ft3

RESULT SUMMARY

Remarks:

Moisture Content
Wet Density
Dry Density

46~8 %-------
___1_O_8._5__pcf

73.9 pci'______ :J

TVA-00020912



GeoTesting Express

GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX G0959
Lab No: 13767 _

--~------'-----:-
Project Name: Kingston Proposed Gypsum Stack

Tested By: HJ------------Date: 12/12/05

Boring No.:..;..NB......:--_73_WB--..;. _
Depth: 40-42 Ft

Sample ID:....;;U....;;d _
Reviewed By: JW---------

Date: 02/02/06

Total Sample Inside Diameter I Moisture Content

JHeight, inches of Cut Tube, inches
1 20.5 Tare No. M-3
2 20.5 Top 2.870 Tare Weight 77.96 grams
3 20.5 Bottom 2.870 Wet Weight + Tare 208.77 grams

Average 20.50 Average 2.870 Dry Weight + Tare 176.43 grams
Moisture Content 32.8 %

Total Weight of Soil + Tube Section __5_7_90_.0_0__grams
eight of Clean, Dry Tube Section 1611.40 grams
et Weight of Soil 9.21 lbs

olume of Sample 0.077 ft3

RESULT SUMMARY

Remarks:

Moisture Content
Wet Density
Dry Density

32.8 %-------
120.0 pc~______ :J

90.4 pef------

TVA-00020913



GeoTesting Express

GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX G0959
Lab No: 13768

...;;.;;..;...:..~---------
Project Name: Kingston Proposed Gypsum Stack

Tested By: HJ------------Date: 12114/05

Boring No.: NB-73WBA
Depth: 40-42 Ft.

Sample ID:_U_d _

Reviewed By: JW---------Date: 02/02/06

Total Sample Inside Diameter

I
Moisture Content

IHeight, inches of Cut Tube, inches
1 5.57 Tare No. B-29

2 5.57 Top 2.848 Tare Weight 57.99 grams
3 5.57 Bottom 2.848 Wet Weight + Tare 1216.14 grams

Average 5.57 Average 2.848 Dry Weight + Tare 951.73 grams
Moisture Content 29.6 %

ota! Weight of Soil + Tube Section 1l_5_8_.1_5__grams

Weight ofClean, Dry Tube Section 0.00 grams
Wet Weight of Soil . 2.55 lbs

Volume of Sample 0.021 fl3

RESULT SUMMARY

Remarks:

Moisture Content
Wet Density

Dry Density

29.6 %-------
124.3 pet------'
96.0 per______ :J

TVA-00020914



GeoTesting Express

GTX TECHNICAL PROCEDURE T...03
UNIT WEIGHT OF SAMPLE

Project No.: GTX 00959
Lab No: 13765------------Project Name: Kingston Proposed Gypsum Stack

Tested By: ...;.H;....J _

Date: 12/12/05

Boring No.: NB-77B---------Depth: 11-12.8 Ft.
Sample ID: Ud---------Reviewed By: JW---------Date: 02/02/06

Total Sample Inside Diameter Moisture Content

Height, inches of Cut Tube, inches

1 15.13 Tare No. M-8

2 15.09 Top . 2.870 Tare Weight 75.28 grams
3 15.11 Bottom 2.870 Wet Weight + Tare 178.70 grams

Average 15.11 Average 2.870 Dry Weight + Tare 155.63 grams
Moisture Content 28.7 %

Total Weight ofSoi! + Tube Section __4...;.1...:...9;....5•...:...00__grams
Weight of Clean, Dry Tube Section 1145.80 grams

et Weight of Soil 6.12 lbs

ft 3
Volume of Sample 0.057

RESULT SUMMARY

Remarks:

Moisture Content
Wet Density

Dry Density

28.7 %
--~~--

118.8 pcf----:-----
___9_2_.3 pcf

TVA-00020915



GeoTesting Express

GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX G0959
Lab No: 13766

...:.::...:..:..;~---------
Project Name: Kingston Proposed Gypsum Stack

Tested By: HJ------------Date: 12112105

BoringNo.:..::.NB~-....:...7..:....:7B=-- _
Depth: 13-15 Ft.

Sample ID:...:U:-::d::- _
Reviewed By:.;;..JW....:...;... _

Date: 02/02/06

Total Sample Inside Diameter Moisture Content
Height, inches of Cut Tube, inches

1 15.1 Tare No. M-5

2 15.05 Top 2.870 Tare Weight 74.98 grams
3 15.15 Bottom 2.870 Wet Weight + Tare 155.41 grams

Average 15.10 Average 2.870 Dry Weight + Tare 136.50 grams
Moisture Content 30.7 %

Total Weight of Soil + Tube Section __4_1...;...94_.0_0:-....-_grams
Weight of Clean, Dry Tube Section 1145.00 grams.

et Weight of Soil 6.72 /bs

f ft 3
oIume 0 Sample 0.057

RESULT SUMMARY

Remarks:

Moisture Content
Wet Density
Dry Density

30.7 %
-_.....::...~--

118.9 per______ :I

90.9 pcf
---~--

TVA-00020916



GeoTesting Express

GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX G0959
Lab No: 13771...:...=...:....:....=-----------

Project Narne: Kingston Proposed Gypsum Stack
Tested By:...:.;H:.:,J-'-- _

Date: 12/14/05

BoringNo.:.:.NB~-..:8.:..5=B _
Depth: 28-30 Ft.

.Sample ID:..:U:..:d~ ~

Reviewed By:.:..JW~ _
Date: 02102/06

Total Sample I Inside Diameter Moisture Content
Height, inches I of Cut Tube, inches

1 15.45 Tare No. A-33

2 15.45 Top 2.848 Tare Weight 17.16 grams
3 15.45 Bottom 2.848 Wet Weight + Tare 104.12 grams

Average 15.45 Average 2.848 Dry Weight + Tare 79.70 grams
Moisture Content 39.0 %

Total Weight of Soil + Tube Section __....:.4.::.,:13:.-4;,;..O:....;0__grams
eight ofClean,.Dry Tube Section 1205.70 grams
et Weight of Soil 6.46 Ibs

Volume ofSample 0.057 ft3

RESULT SUMMARy

Remarks:

Moisture Content
Wet Density
Dry Density

39.0 %-------
113.3 pef------

___8_1_.5 pcf

TVA-00020917



GeoTesting Express

GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX G0959
Lab No: 13772------------

Project Name: Kingston Proposed Gypsum Stack
Tested By:_H_J _

Date: 12/14/05

Boring No.:..:.NB-=--~8;;..;5B=------_
Depth: 30-32 Ft.

Sample ID:..:U:..::d=--,..- _
Reviewed By:..:.JW...:..:.... _

Date: 02/02/06

Total Sample Inside Diameter Moisture Content

Height, inches of Cut Tube, inches
1 9.03 Tare No. A-46

2 9.05 Top 2.870 Tare Weight 16.65 grams
3 9 Bottom 2.870 Wet Weight + Tare 123.74 grams

Average 9.03 Average 2.870 DrY Weight + Tare 99.01 grams
Moisture Content 30.0 %

Total Weight of Soil + Tube Section __.::.25;;..;3;...;;0.....;.0.....;O__grams

eight ofClean, Dry Tube Section 687.00 grams

Wet Weight of Soil 4.06 lbs

olume of Sample 0.034 ft3

RESULT SUMMARY

Remarks:

Moisture Content
Wet Density
Dry Density

30.0 %-------
__....:1:::;2..::..0.:::;2__pcf
___92_.5'--__pcf

TVA-00020918



Proposed Gypsum Disposal Area, TVA Kingston Fossil Plant
MACTEC Project 3043051064.01

February 24,2006

UNCONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST RESULTS

TVA-00020919
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Project: TVA Kingston - Proposed Gypsum Stack

Sample No. 1 2 3

Water Content, 39.4 37.1 38.6
Dry Density, pef 79.9 82.3 77.4

~ Saturation, 98.6 98.3 90.9
2 :£ Void Ratio 1.0459 0.9880 1.1127

Diameter, in. 2.82 2.81 2.80
Height, in. 6.11 6.09 6.08
Water Content, 39.9 37.7 42.5

iii Dry Density, pet 79.9 82.3 77.4
Q) Saturation, 100.0 100.0 100.0t-

~
Void Ratio 1.0459 0.9880 1.1127

3 Diameter, in. 2.82 2.81 2.80
Height, in. 6.11 6.09 6.08

Strain rate, in./min. 0.02 0.02 0.02

Back Pressure, ksf 2.9 2.9 2.9

Cell Pressure, ksf 5.8 8.6 14.4
1

20 Fail. Stress, ksf 0.7 4.5 2.8

Ult. Stress, ksf

0"1 Failure, ksf 3.6 102 143

0"3 Failure, ksf 2.9 5.8 11.5

Client TVA

o'::-'---J...-'--'''--;:-...J..::..J.-l.--J...':'';:-.L.....J.--J...-'-::':=-'---J...-'-'::=!o 5 10 15

Axial Strain, %

Type of Test
Unconsolidated Undrained

Sample Type: Wldisturbed sample

Description:

6

5

"- I v,In 4
~ ./

ui ./

'W rn
~

Ci5 3... ......"" I.9
tll
.S;
Q) 20

Assumed Specific Gravity= 2.62

Remarks:

Location: NB-18

Sample Number: UD-2, 3 & 4 (UU) Depth: 9'-18.5'

Proj. No.: 3043051021 Date:

¥ Figure

TRIAXIAL SHEAR TEST REPORT

MACTEC INC.

Tested By: '---A=le=x=an=d=e'-'-r Checked By: "'-'H""'a:..:.m:..:..:le::.:tt.:...- _

TVA-00020920
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Sample Number: UDr=--..::;2l..:'3:....;&:.:.r--.;4....l.(UU~~} -:-:=-==- -1
Figure I MACTEC, INC.

Client: TVA

Project: TVA Kingston - Proposed Gypsum Stack

Location: NB-18 Depth: 9'-18.5'
Project No.: 3043051021

Tested By: '-'A=le=x=a"-.:n=de=r'--- _ Checked By: '-'H""a"-.'.m-"'Ie"-'tt"-- _

TVA-00020921



TRIAXIAL COMPRESSION TEST
Unconsolidated Undrained

9/13/2005
9:03 PM

UD-2, 3 & 4 (UU)

PI=

Sample Number:

PL=

TVA

TVA Kingston - Proposed Gypsum Stack

3043051021
NB-18

9'-18.5'

Date:

Client:

Project:
Project No.:

Location:

Depth:

Description:
Remarks:

Type ot Sample: undisturbed sample

Specific Gravity=2.62 LL=

Test Method: COE unifonn strain

lilA
79.9

1.0459
98.6

Specimen Parameter Initial

Moisture content: Moist soil+tare, gms. 1118..300

Moisture content: Dry soil+tare, gms. 802.500

Moisture content: Tare, gms. 0,,000

Moisture, % 39.4
Moist specimen weight, gms. 1118.3
Diameter, in. 2.82

Area, in.2 6.25
Height, in. 6.11
Net decrease in height, in.

Wet Density, pct

Dry density, pet

Void ratio
Saturation, %

Saturated

39.9

2.82

6.25
6.11
0.00

111.9

79.9

1.0459
100.0

Final

642.950

447.100

14.010

45.2

Load ring constant =0.72 1bs. per input unit

Cell pressure =40.00 psi (5.76 ks£)

Back pressure =20.00 psi (2.88 ksf)
'Effective confining stress = 2.88 ksf

Strain rate, inJmin. =0.02

Fail. Stress =0.72 ksf at reading no. 7

~1 ________
. MACTEC, INC. --'

TVA-00020922



Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q,- No. in. Dial Ibs. "10 Jest Jesf lest Ratio lest Jesf

0 0.0000 0.0 0.0 0.0 0.00 2.88 2.88 1.00 2.88

I 0.0100 31.0 22.3 0.2 0.51 2.88 3.39 1.18 3.14

2 0.0200 36.0 25.9 0.3 0.59 2.88 3.47 1.21 3.18

3 0.0300 39.0 28.1 0.5 0.64 2.88 3.52 1.22 3.20

4 0.0400 41.0 29.5 0.7 0.68 2.88 3.56 1.23 3.22

5 0.0500 42.0 30.2 0.8 0.69 2.88 3.57 1.24 3.23

6 0.0600 43.0 31.0 1.0 0.71 2.88 3.59· 1.25 3.23

7 0.0700 44.0 31.7 1.1 0.72 2.88 3.60 1.25 3.24

8 0.0800 44.0 31.7 1.3 0.72 2.88 3.60 1.25 3.24

9 0.0900 44.0 31.7 1.5 0.72 2.88 3.60 1.25 3.24

10 0.1000 44.0 31.7 1.6 0.72 2.88 3.60 1.25 3.24

II 0.2000 40.0 28.8 3.3 0.64 2.88 3.52 1.22 3.20

12 0.3000 20.0 14.4 4.9 0.32 2.88 3.20 1.11 3.04

13 0.4000 3.0 2.2 6.5 0.05 2.88 2.93 1.02 2.90

Specimen Parameter Initial Saturated Final

Moisture content: Moist soil+tare, gms. 1119.600 646.220

Moisture content: Dry soil+tare, gms. 816.900 468.140
Moisture content: Tare, gms. 0.000 13.530

Moisture, % 37.1 37.7 39.2

Moist specimen weight, gms. 1119.6

Diameter, in. 2.81 2.81

'--' Area, in! 6.21 6.21

Height, in. 6.09 6.09

Net decrease in height, in. 0.00

Wet Density, pcf 112.8 113.3
Dry.·density, pef 82.3 82.3

Void ratio 0.9880 0.9880

Saturation, % 9&.3 100.0

Load ring constant =0.72 lbs. per input unit

Cell pressure =60.00 psi (8.64 ksf)

Back pressure =20.00 psi (2.88 lest)
Effective confining stress =5.76 ksf

Strain rate, in.lmin. =0.02

Fail. Stress =4.47 ksf at reading no. 19

Det. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. "10 Jesf Jest lest Ratio ksf lest

0 0.0000 0.0 0.0 0.0 0.00 5.76 5.76 1.00 5.76

I 0.0100 31.0 22.3 0.2 0.52 5.76 6.28 1.09 6.02

2 0.0200 39.0 28.1 0.3 0.65 5.76 6.41 1.11 6.08

3 0.0300 43.0 31.0 0.5 0.71 5.76 6.47 1.12 6.12

4 0.0400 48.0 34.6 0.7 0.80 5.76 6.56 1.14 6.16

5 0.0500 52.0 37.4 0.8 0.86 5.76 6.62 1.15 6.19

6 0.0600 57.0 41.0 1.0 0.94 5.76 6.70 1.16 6.23

7 0.0700 61.0 43.9 1.1 1.01 5.76 6.77 1.17 6.26

MACTEC, INC.

TVA-00020923



De!. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

'''- No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

8 0.0800 67.0 48.2 1.3 UO 5.76 6.86 I.l9 6.31

9 0.0900 73.0 52.6 1.5 1.20 5.76 6.96 121 6.36
10 0.1000 79.0 56.9 1.6 1.30 5.76 7.06 1.23 6.41

11 0.2000 150.0 108.0 3.3 2.42 5.76 8.18 1.42 6.97

12 0.3000 197.0 141.8 4.9 3.13 5.76 .8.89 1.54 7.32

13 0.4000 222.0 159.8 6.6 3.47 5.76 9.23 1.60 7.49
14 0.5000 237.0 170.6 8.2 3.63 5.76 9.39 1.63 7.58

15 0.6000 261.0 187.9 9.8 3.93 5.76 9.69 1.68 7.73

16 0.7000 269.0 193.7 11.5 3.98 5.76 9.74 1.69 7.75

17 0.8000 279.0 200.9 13.1 4.05 5.76 9.81 1.70 7.78

18 0.9000 297.0 213.8 14.8 4.23 5.76 9.99 1.73 7.87
19 1.0000 320.0 230.4 16.4 4.47 5.76 10.23 1.78 7.99

20 1.1000 326.0 234.7 18.0 4.46 5.76 10.22 1.77 7.99

21 1.2000 328.0 236.2 19.7 4.40 5.76 10.16 1.76 7.96

Specimen Parameter Initial Saturated Final

Moisture content: Moist soil+tare, grns. 1055.500 550.410

Moisture content: Dry soil+tare, gms. 761.600 388.030
Moisture content: Tare, gms. 0.000 14.010

Moisture, % 38.6 42.5 43.4

Moist specimen weight, grns. 1055.5
Diameter, in. 2.80 2.80

,~ Area, in.2 6.16 6.16

Height, in. 6.08 6.08

Net decrease in height, in. 0.00

Wet Density, pct 107.3 110.3

Dry density, pct 77.4 77.4

Void ratio 1.1127 1.1127

Saturation, % 90.9 100.0

Load ring constant =0.72 Ibs. per input unit

Cell pressure =100.00 psi (14.40 ksf)
Back pressure =20.00 psi (2.88 ksf)

Effective confining stress =11.52 ksf
Strain rate, in.lmin. =0.02

Fail. Stress =2.75 ksfat reading no. 16

Det. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 11.52 11.52 1.00 11.52

I 0.0100 57.0 41.0 02 0.96 11.52 12.48 1.08 12.00

2 0.0200 72.0 51.8 0.3 121 11.52 12.73 UO 12.12

3 0.0300 82.0 59.0 0.5 1.37 11.52 12.89 1.12 12.21
4 0.0400 85.0 61.2 0.7 1.42 11.52 12.94 1.12 12.23

5 0.0500 89.0 64.1 0.8 1.49 11.52 13.01 1.13 1226

'"'I
6 0.0600 91.0 65.5 1.0 1.52 11.52 13.04 1.13 1228

7 0.0700 93.0 67.0 12 1.55 11.52 13.07 1.13 1229

MACTEC, INC.

TVA-00020924



Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress f?tress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

8 0.0800 95.0 68.4 13 1.58 11.52 13.10 1.14 12.31

9 0.0900 97.0 69.8 1.5 . 1.61 11.52 13.13 1.14 12.32

10 0.1000 98.0 70.6 1.6 1.62 11.52 13.14 1.14 12.33

11 0.2000 125.0 90.0 3.3 2.03 11.52 13.55 1.18 12.54

12 0.3000 131.0 94.3 4.9 2.10 11.52 13.62 1.18 12.57

13 0.4000 158.0 113.8 6.6 2.48 11.52 14.00 1.22 12.76

14 0.5000 169.0 121.7 82 2.61 11.52 14.13 123 12.82

15 0.6000 173.0 124.6 9.9 2.62 11.52 14.]4 ]23 12.83

16 0.7000 185.0 133.2 11.5 2.75 11.52 14.27 1.24 12.90

17 0.8000 163.0 117.4 132 2.38 11.52 13.90 1.21 12.7]

18 0.9000 149.0 107.3 14.8 2.14 11.52 13.66 1.19 12.59

'...,.,-------------. MACTEC, INC. .....
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Normal Stress, ksf

6 Sample No. 1 2 3

" -..... 2 Water Content, 282 24.9 342
5 Dry Density, pef 94.4 93.5 86.8

-~ Saturation, 99.3 85.7 100.0
"E Void Ratio 0.7519 0.7700 0.9067- , Diameter, in. 2.82 2.85 2.85CIl 4

-""
rn ! Height, in. 5.88 6.05 6.09.., CIl

~
J

Water Content, 28.4 29.1 34.2
Ci5 3 , iii Dry Density, pcf 94.4 93.5 86.8
0 I ell Saturation, 100.0 100.0 100.0
iii ~
.s; « Void Ratio 0.7519 0.7700 0.9067
Q)

2
I Diameter, in. 2.82 2.85 2.850 I :, Height, in. 5.88 6.05 6.09

Strain rate, in.lmin. 0.02 0.02
1

Back Pressure, ksf 4.3 4.3 4.3

Cell Pressure, ksf 6.5 8.6 13.0
0

0 10 20 30 40 Fail. Stress, ksf 32 5.5 32
Axial Strain, % Ult. Stress, ksf

CSt Failure, ksf 5.4 9.8 11.8
Type of Test

CS3 Failure, ksf 2.2 4.3 8.6
Unconsolidated Undrained

Sample Type: undisturbed Client: TVA

Description:
Project: TVA Kingston - Proposed Gypsum Stack

Assumed Specific Gravity= 2.65 Location: NB-2IA

Remarks: Sample Number: 00-1, 2 & 3 (UD) Depth: 15'-23'

Proj. No.: 3043051021 Date:
TRIAXIAL SHEAR TEST REPORT

Figure MACTEC, INC.

Tested By: ,--,A"-,=Ie~x",,-an,-,,d,,-,e,,-,-r Checked By: 1.--H""'a"-'-ffi=le=.=tt"--- _
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Sample Number: rUD..:::-;-I::.z.,.::.2..:;;:&:....:3:....:(~UU)~:_:_=~------_t
Figure I MACTEC, INC.
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Client: TVA
Project: TVA Kingston - Proposed Gypsum Stack

Location: NB-21A Depth: 15'-23'
Project No.: 3043051021
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TRIAXIAL COMPRESSION TEST

Unconsolidated Undrained
9/13/2005

9:15 PM

UD-1, 2 & 3 (UU)

PI=

Sample Number:

PL=

TVA
TVA Kingston - Proposed Gypsum Stack
3043051021
NB-21A
15'-23'

Date:

Client:

Project:

Project No.:

Location:

Depth:

Description:

Remarks:

Type of Sample: undisturbed

. Specific Gravity=2.65 LL=

Test Method: COE uniform strain

121.0
94.4

0.7519
99.3

Specimen Parameter Initial

Moisture content Moistsoil+tare, gms. 1170.100
Moisture content: Dry soil+tare, gms, 912.940
Moisture content: Tare, gms. 0.000

Moisture, % 28.2
Moist specimen weight, gms. 1170.1
Diameter, in. 2.82
Area, in.2 6.26

Height, in. 5.88
Net decrease in height, in.
Wet Density, pet

Dry density, pet
Void ratio

Saturation, %

Saturated

28.4

2.82
6.26

5.88
0.00

121.2
94.4

0.7519

100.0

Final

637.780
492.750

14.200

30.3

Load ring constant =0.72 Ibs. per input unit

Cell pressure =45.00 psi (6.48 kst)
Back pressure = 30.00 psi (4.32 kst)
Effective confining stress = 2.16 ksf
Strain rate, in.lmin. =0.02

Fail. Stress = 3.20 lesfat reading no. 20

'--'1 _. MACTEC, INC. ....
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Def. Deviator Minor Prine. Major Prine.

Dial Load Load Strain stress stress stress 1:3 P Q

No. in. Dial· Ibs. % ksf ksf ksf Ratio Iesf ksf

0 0.0000 0.0 0.0 0.0 0.00 2.16 2.16 1.00 02.16

1 0.0100· 49.0 35.3 02 0.81 2.16 2.97 137 2.56

2 0.0200 67.0 48.2 0.3 1.11 2.16 3.27 . 1.51 2.71

3 0.0300 75.0 54.0 0.5 124 2.16 3.40 1.57 2.78

4 0.0400 84.0 60.5 0.7 1.38 2.16 3.54 1.64 2;85

5 0.0500 92.0 66.2 0.9 1.51 2.16 3.67 1.70 2.91

6 0.0600 101.0 72.7 1.0 1.65 2.16 3.8] 1.77 2.99

7 0.0700 109.0 78.5 1.2 1.78 2.16 3.94 1.83 3.05

8 0.0800 118.0 85.0 1.4 1.93 2.16 4.09 1.89 3.12

9 0.0900 125.0 90.0 1.5 2.04 2.16 4.20 1.94 3.18

]0 O.lOOO 132.0 95.0 1.7 2.15 2.16 4.31 1.99 323

11 0.2000 ]66.0 119.5 3.4 2.65 2.16 4.81 2.23 3.49

12 0.3000 184.0 132.5 5.1 2.89 2.16 5.05 2.34 3.61

13 0.4000 195.0 140.4 6.8 3.01 2.16 5.17 2.39 3.66

14 0.5000 200.0 144.0 &.5 3.03 2.16 5.19 2.40 3.67

15 0.6000 205.0 147.6 102 3.05 2.16 521 2.41 3.68

]6 0.7000 210.0 151.2 11.9 3.06 o 2.16 522 2.42 3.69

17 0.8000 220.0 158.4 13.6 3.15 2.16 5.31 2.46 3.73

18 0.9000 226.0 162.7 15.3 3.17 -2.]6 5.33 2.47 3.74

19 1.0000 228.0 164.2 17.0 3.13 2.16 5.29 2.45 3.73

20 1.1000 238.0 171.4 18.7 320 2.16 536 2.48 3.76

,~ 21 1.2000 236.0 169.9 20.4 3.11 2.16 527 2.44 3.71

~ol,--------__
_ MACTEC, INC. ~
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Specimen Parameter Initial Saturated Final

Moisture content: Moist soil+tare, gms. 1183.200 695.390

Moisture content: Dry soil+tare, gms. 947.400 564.140

Moisture content: Tare, gms. 0.000 110.760

Moisture, % 24.9 29:1 28.9

Moist specimen weight, gms. 1183.2

Diameter, in. 2.85 . 2.85

Area, in.2 6.38 6.38

Height, in. 6.05 6.05

Net decrease in height, in. 0.00

Wet Density. pct 116.7 120.6

Dry density, pct 93.5 93.5

Void ratio 0.7700 0.7700

-Saturation, % 85.7 100.0

Load ring constant =0.72 Ibs. per input unit

Cell pressure =60.00 psi (8.64 ksf)

Back pressure =30.00 psi (432 ksf)

Effective confining stress =4.32 ksf
Fail. Stress =5.48 lesf at reading no. 19

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 4.32 4.32 1.00 432

1 0.0100 74.0 533 02 1.20 4.32 5.52 128 4.92

2 0.0200 107.0 77.0 0.3 1.73 432 6.05 1.40 5.19

3 0.0300 132.0 95.0 0.5 2.13 4.32 6.45 1.49 5.39

4 0.0400 151.0 10&.7 0.7 2.44 4.32 6.76 1.56 5.54

5 0.0500 167.0 1202 0.8 2.69 4.32 7.01 1.62 5.67

6 0.0600 184.0 132.5 1.0 2.96 4.32 7.28 1.69 5.80

7 0.0700 197.0 141.8 1.2 3.16 4.32 7.48 1.73 5.90

8 0.0800 211.0 151.9 1.3 3.38 4.32 7.70 1.78 6.01

9 0.0900 222.0 159.8 1.5 3.55 432 7.87 1.82 6.10

10 0.1000 232.0 167.0 1.7 3.71 4.32 8.03 1.86 6.17

11 02000 283.0 203.8 3.3 4.45 4.32 8.77 2.03 6.54

12 03000 312.0 224.6 5.0 4.82 432 9.14 2.12 6.13

13 0.4000 330.0 237.6 6.6 5Jll 4.32 933 2.16 6.82

14 0.5000 346.0 249.1 83 5.16 4.32 9.48 2.19 6.90

15 0.6000 355.0 255.6 9.9 520 4.32 9.52 2.20 6.92

16 0.7000 371.0 267.1 11.6 5.33 4.32 9.65 2.23 6.99

17 0.8000 377.0 271.4 132 5.32 432 9.64 2.23 6.98

18 0.9000 389.0 280.1 14.9 5.38 4.32 9.70 225 7.01

19 1.0000 404.0 290.9 16.5 5.48 4.32 9.80 2.27 7.06

20 1.1000 403.0 290.2 18.2 5.36 4.32 9.68 2.24 7.00

21 1.2000 402.0 289.4 19.8 524 4.32 9.56 2.21 6.94

..... MACTEC, INC. ......1
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Specimen Parameter Initial Saturated Final

Moisture content: Moist soil+tare,gms. 1183.800 682.010

Moisture content Dry soll+tare, gms. 882.000 507.430

Moisture content: Tare, gms. 0.000 13.630

Moisture, % 34.2 34.2 35.4

Moist specimen weight, gms. 1183.8

Diameter, in. 2.85 2.85

Area, in.2 6.36 6.36

Height, in. 6.09 6.09

Net decrease in height, in. 0.00

Wet Density, pcf 116S 116.4

Dry density, pct 86.8 86.8

Void ratio 0.9067 0.9067

Saturation, % 100.0 100.0

Load ring constant =V.72Ibs. per input unit

Cell pressure =90.00 psi (12.96 ksf)

Back pressure =30.00 psj.(432 ksf)

Effective confining stress =8.64 ksf

Strain rate, in./min. =0.02

Fail. Stress =3.19 ksfat reading no. 12

Def. Deviatal' Minor Prine. M~jor Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

'w a 0.0000 0.0 0.0 0.0 0.00 8.64 8.64 1.00 8.64

1 0.0100 38.0 27.4 02 0.62 8.64 926 1.07 8.95

2 0.0200 59.0 42.5 0.3 0.96 8.64 9.60 1.11 9.12

3 0.0300 69.0 49.7 0.5 1.12 8.64 9.76 1.13 9.20

4 0.0400 82.0 59.0 0.7 1.33 &.64 9.97 1.15 9.30

5 0.0500 90.0 64.& 0.8 1.46 8.64 10.10 1.17 9.37

6 0.0600 100.0 72.0 1.0 1.61 8.64 1025 1.19 9.45

7 0.0700 109.0 78.5 1.1 1.76 8.64 lOAD 1.20 9.52

8 0.0800 118.0 85.0 1.3 1.90 8.64 10.54 1.22 9.59

9 0.0900 127.0 91.4 1.5 2.04 &.64 10.68 1.24 9.66

10 0.1000 136.0 97.9 1.6 2.18 8.64 10.82 1.25 9.73

11 0.2000 201.0 144.7 3.3 3.17 8.64 11.81 1.37 1023

12 0.3000 206.0 148.3 4.9 3.19 8.64 11.83 1.37 1024

13 0.4000 194.0 139.7 6.6 2.96 8.64 11.60, 1.34 10.12
14 0.5000 197.0 141.& 82 2.95 8.64 11.59 1.34 10.11

15 0.6000 202.0 145.4 9.8 2.97 8.64 11.61 1.34 10.13

16 0.7000 204.0 146.9 U.5 2.94 8.64 11.58 1.34 10.11

17 0.&000 215.0 154.8 13.1 3.05 8.64 11.69 1.35 10.16

18 0.9000 220.0 158.4 14.8 3.06 8.64 11.70 1.35 10.17

19 1.0000 226.0 162.7 16.4 3.08 8.64 11.72 1.36 10.18

20 1.1000 228.0 1642 18.1 3.05 8.64 11.69 1.35 10.16

21 1.2000 236.0 169.9 19.7 3.09 8.64 11.73 1.36 10.19

s.- MACTEC, INC. .....
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Normal Stress, ksf

6 sample No. 1 2 3

Water Content, 422 23.4 39.4
5 ! Dry Density, pcf 79.2 89.9 79.6,

£ Saturation, 100.0 71.5 94.4- ......
'c Void Ratio 1.1530 0.8947 1.1398- 2 Diameter, in. 2.84 2.98 2.82Ul 4~

vi Height, in. 6.15 5.84 6.01
Ul
~ Water Content, 422 32.8 41.8en 3 Dry Density, pet 792 89.9 79.6Ui0 III Saturation, 100.0 100.0 100.0co l-

'5O 3 « Void Ratio 1.1530 0.8947 1.1398
(1)

2
v Diameter, in. 2.84 2.98 2.820 , 1

./ Height, in. 6.15 5.84 6.01
Strain rate, in./min. 0.02 0.02 0.02

1
Back Pressure, ksf 2.9 2.9 2.9

Cell Pressure, ksf 7.5 12.1 21.3
0

0 10 20 30 40 Fail. Stress, ksf 2.0 4.7 22

Axial Strain, % Ult. Stress, ksf

cr1 Failure, ksf 6.6 13.9 20.6
Type of Test:

cr3 Failure, ksf 4.6 9.2 18.4
Unconsolidated Undrained

Sample Type: undisturbed Client: TVA

Description:
Project: TVA Kingston - Proposed Gypsum Stack

Assumed Specific Gravity= 2.73 Location: NB-44

Remarks: Sample Number: 00-3,4 & 5 (UU) Depth: 19'-28.5'

Proj. No.: 3043051021 Date:

TRIAXIAL SHEAR TEST REPORT

Figure MACTEC, INC.

Tested By: :....A1=.,:e=.:.x=a::..:n=d.=,er=-- Checked By: .:...:H'-=a"-'m..::;le:::.:tt~ _
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TRIAXIAL COMPRESSION TEST
Unconsolidated Undrained

9/1312005
6:44 PM

UD-3,4 & 5 (UU)

PI=

Sample Number:

PL=

TVA
TVA Kingst01i - Proposed Gypsum Stack
3043051021

NB-44
19'-28.5'

Date:

Client:
Project:

Project No.:

Location:

Depth:

Description:

Remarks:

Type of Sample: undisturbed
Specific Gravity=2.73 LL=

Test Method: COE uniform strain

Specimen Parameter Initial Saturated Final

Moisture content: Moist soil+tare, gms. 1142.890 556.460

Moisture content: Dry soil+tare, gms. 803.600 391.870

Moisture content: Tare, gms. 0.000 14.060

Moisture, % 42.2 42.2 43.6

Moist specimen weight, gms. 1154.0
Diameter, in. 2.84 2.84

Area, in.2 635 635

Height, in. 6.15 6.15

Net decrease in height, in. 0.00
,~ Wet Density, pet 112.6 112.6

. Dry density, pet 79.2 79.2

Void ratio 1.1530 1.1530

Saturation, % 100.0 100.0

Load ring constant =0.72 Ibs. per input unit
Cell pressure = 52.00 psi (7.49 ksf)
Back pressure =20.00 psi (2.88 lest)

Effective confining stress =4.61 ksf
Strain rate, inJmin. =0.02

Fail. Stress =1.99 ksf at reading no. 15

..... MACTEC, INC. .....
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Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

'~
No. in. Dial Ibs. % Iesf Itsf ksf Ratio Iesf Itsf

0 0.0000 0.0 0.0 0.0 0.00 4.61 4.61 1.00 4.61
1 0.0100 9.0 6.5 0.2 0.15 4.61 4.75 1.03 4.68
2 0.0200 12.0 8.6 0.3 0.20 4.61 4.80 1.04 4.71
3 0.0300 14.0 10.1 0.5 0.23 4.61 4.84 1.05 4.72
4 0.0400 45.0 32.4 0.7 0.73 4.61 5.34 1.16 4.97
5 0.0500 56.0 40.3 0.8 0.91 4.61 5.51 1.20 5.06

. 6 0.0600 59.0 42.5 1.0 0.95 4.61 5.56 1.21 5.08
7 0.0700 62.0 44.6 1.1 1.00 4.61 5.61 1.22 5.11
8 0.0800 65.0 46.8 1.3 1.05 4.61 5.66 1.23 5.13
9 0.0900 68.0 49.0 1.5 1.09 4.61 5.70 1.24 5.15

10 0.1000 71.0 51.1 1.6 1.14 4.61 5.75 1.25 5.1 8
11 0.2000 93.0 67.0 3.3 1.47 4.61 6.08 1.32 5.34
12 0.3000 115.0 82.8 4.9 1.79 4.61 6.39 1.39 5.50
13 004000 125.0 90.0 6.5 1.91 4.61 6.52 1.41 5.56
14 0.5000 128.0 92.2 8.1 1.92 4.61 6.53 1.42 5.57
15 0.6000 135.0 97.2 9.8 1.99 4.61 6.60 1.43 5.60
16 0.7000 134.0 96.5 11.4 1.94 4.61 6.55 1.42 5.58
17 0.8000 138.0 99.4 13.0 1.96 4.61 6.57 1.43 5.59
18 0.9000 142.0 102.2 14.6 1.98 4.61 6.59 1.43 5.60
19 1.0000 142.0 102.2 16.3 1.94 4.61 6.55 1.42 5.58
20 1.1000 145.0 104.4 17.9 1.94 4.61 6.55 1.42 5.58
21 1.2000 145.0 104.4 19.5 1.90 . 4.61 6.51 1.41 5.56

'W

_________________ MACTEC, INC. ..1
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Specimen Parameter Initial Saturated Final

Moisture content: Moist soil+tare, gins. 1136.380 604.190

I~
Moisture content: Dry soil+tare. gms. 920.700 472.980

Moisture content: Tare, gms. 0.000 14.100

Moisture, % 23.4 32.8 28.6

Moist specimen weight, gms. 1184.0

Diameter, in. 2.98 2.98

Area, in! 6.96 6.96

Height, in. 5.84 5.84

Net decrease in height, in. 0.00

Wet Density, pet 111.0 119.4
Dry density, pcf 89.9 89.9

Void ratio 0.8947 0.8947

Saturation, % 71.5 100.0

Load ring constant = 0.72 Ibs. per input unit

Cell pressure = 84.00 psi (12.10 lest)
Back pressure = 20.00 psi (2.88 lest)
Effective confining stress = 9.22 ksf

Strain rate, inJmin. = 0.02

Fail. Stress =4.71 ksfat reading no. ]4

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain stress Stress Stress 1:3 P Q

No. in. Dial· Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0' 0.0 0.00 922 9.22 1.00 9.22
~.., I 0.0100 109.0 78.5 0.2 1.62 9.22 10.84 l.l8 10.03

2 0.0200 161.0 115.9 0.3 2.39 9.22 11.61 1.26 10.41

3 0.0300 193.0 139.0 0.5 2.86 9.22 12.08 1.31 10.65

4 0.0400 207.0 149.0 0.7 3.06 9.22 12.28 1.33 10.75

5 0.0500 236.0 169.9 0.9 3.49 9.22 12.70 1.3& 10.96

6 0.0700 263.0 189.4 1.2 3.87 922 13.09 1.42 11.15

7 0.0800 27J.0 195.1 1.4 3.98 9.22 13.20 1.43 11.21

8 0.0900 278.0 200.2 1.5 4.08 9.22 13.30 1.44 11.26

9 0.1000 285.0 205.2 1.7 4.18 922 13.39 1045 11.30

10 0.2000 308.0 221.8 3.4 4.43 9.22 13.65 1.4& 11.43

11 0.3000 322.0 231.8 5.1 4.55 9.22 13.77 1.49 11.49

12 004000 323.0 232.6 6.8 4.48 9.22 13.70 1.49 11.46

13 0.5000 333.0 239.8 8.6 4.54 922 13.75 1.49 11.49

14 0.6000 352.0 253.4 ]0.3 4.71 922 13.92 1.51 1157

15 0.7000 352.0 253.4 12.0 4.62 9.22 13.83 1.50 11.52

16 0.8000 358.0 257.8 13.7 4.61 9.22 13.82 1.50 11.52

17 0.9000 356.0 256.3 15.4 4.49 9.22 13.10 1.49 11.46

18 1.0000 356.0 . 256.3 17.1 4.40 9.22 13.61 1.48 lIAI
19 LlOOO 355.0 255.6 18.8 4.29 9.22 13.51 1.47 ] 1.36

20 1.2000 349.0 251.3 205 4.13 9.22 13.35 1.45 11.28

.... MACTEC, INC. ~
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Specimen Parameter Initial Saturated Final

Moisture content:· Moist soil+tare, gms. 1096.380 503.560

~W
Moisture content: Dry soil+tare. gms. 186.500 365.160
Moisture content: Tare, gms. 0.000 8.120

Moisture, % 39.4 41.8 38.8

Moist specimen weight, gms. 1091.7

Diameter, in. 2.82 2.82
Area, in.2 6.24 6.24

Height, in. 6.01 6.01

Net decrease in height, in. 0.00

Wet Density, pcf 111.0 112.9

Dry density, pcf 79.6 19.6

Void ratio 1.1398 1.1398

Saturation, % 94.4 100.0

Load ring constant =0.12 Ibs. per input unit

Cell pressure =I48.00 psi (21.3I lesf)
Back pressure =20.00 psi (2.88 lest)
Effective confining stress =I8A3 lesf
Strain rate, in.lmin. =0.02

Fail. Stress =2.20 ksf at reading no. 17

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 18.43 18.43 1.00 18.43
1 0.0100 56.0 40.3 0.2 0.93 18.43 19.36 1.05 18.90
2 0.0200 71.0 51.1 0.3 1.18 18.43 19.61 1.06 19.02
3 0.0300 76.0 54.7 0.5 1.26 18.43 19.69 1.07 19.06
4 0.0400 78.0 56.2 0.7 1.29 18.43 19.72 1.07 19.08
5 0.0500 19.0 56.9 0.8 1.30 18.43 19.73 1.07 19.08
6 0.0600 84.0 60.5 1.0 1.38 18.43 19.81 1.08 19.12
7 0.0700 90.0 64.8 1.2 1.48 18.43 19.91 1.08 19.17

8 0.0800 94.0 67.7 1.3 1.54 18.43 19.97 1.08 19.20

9 0.0900 99.0 71.3 1.5 1.62 18.43 20.05 1.09 19.24
10 0.1000 101.0 72.7 1.1 1.65 18.43 20.08 1.09 19.26

11 0.3000 116.0 83.5 5.0 1.83 18.43 20.26 1.10 19.35
12 0.4000 129.0 92.9 6.7 2.00 18.43 20.43 1.11 19.43
13 0.5000 136.0 97.9 8.3 2.07 18.43 20.50 1.11 19.47
14 0.6000 146.0 105.1 10.0 2.18 18.43 20.62 1.12 19.52
15 0.7000 147.0 105.8 11.7 2.I6 18.43 20.59 1.12 19.5I
16 0.8000 152.0 109.4 13.3 2.19 18.43 20.62 1.12 19.53
17 0.9000 156.0 112.3 15.0 2.20 18.43 20.64 1.12 19.53

1.- MACTEC, INC. ...
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Normal Stress, ksf

6 Sample No. 1 2 3
~f-

Water Content, 25.4 25.6 20.5
5 Dry Density, pcf 97.3 99.4 100.9

"iii Saturation, 92.8 98.3 81.8:;

I l.- 2 '2: Void Ratio 0.7445 0.7080 0.6830- ," Diameter, in. 2.88 2.83 2.79til 4
"'".,j Height, in. 6.05 5.93 5.67

-...'J
til

~ Water Content, 27.4 26.0 25.1
Ci5 3 (j) Dry Density, pet 97.3 99.4 100.9...
.9 Q) Saturation, 100.0 100.0 100.0I-m Void Ratio 0.7445 0.7080 0.6830"5 :<Q) Diameter, in. 2.88 2.83 2.790 2

Height, in. 6.05 5.93 5.67
Strain rate, in.lmin. 0.02 0.02 0.02

1
Back Pressure, ksf 5.8 5.8 5.8

Cell Pressure, ksf 7.9 IO.l 14.4
0

0 10 20 30 40 Fail. Stress, ksf 5.5 4.4 5.8

Axial Strain, % Ult. Stress, ksf

0"1 Failure, ksf 7.6 8.7 14.4
Type of Test

0"3 Failure, ksf 2.2 4.3 8.6
Unconsolidated Undrained

Sample Type: undisturbed Client: TVA

Descripti~n:

Project TVA Kingston - Proposed Gypsum Stack

Assumed Specific Gravity: 2.72 Location: NB-47A

Remarks: Sample Number: UD-l, 2 & 3 (UU) Depth: 9'-17'

Proj. No.: 3043051021 Date:

TRIAXIAL SHEAR TEST REPORT

Figure MACTEC, INC.

Tested By: !....A~le~x~a~n~d~e!.....r Checked By: !....H""a:.:...:m..:.:le:::;ttoo...... _
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Client: TVA

Project: TVA Kingston - Proposed Gypsum Stack

Location: NB-47A Depth: 9'-17' Sample Number: UD-l, 2 & 3 (UU)
Project No.: 304305]021 Figure I MACTEC, INC.
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TRIAXIAL COMPRESSION TEST
Unconsolidated Undrained

9/1312005
6:55 PM

UD-1, 2 & 3 CUU)

PI=

Sample Number:

PL=

TVA

TVA Kingston - Proposed Gypsum Stack

3043051021

NB-47A

9'-17'

Date:

Client

Project:
Project No.:

Location:

Depth:

Description:

Remarks:

Type of Sample: undisturbed

Specific Gravity=2.72 LL=
Test Method: COE unifonn strain

Specimen Parameter Initial Saturated Final

Moisture content: Moist soil+tare, gms. 1235.900 649.520

Moisture content: Dry soil+tare, gms. 985.650 511.890

Moisture content: Tare, gms. 0.000 14.190

Moisture, % 25.4 27.4 27.7

Moist specimen weight, gms. 1258.7
Diameter, in. 2.88 2.88

Area, in.2 6.49 6.49

Height, in. 6.05 6.05

Net decrease in height, in. 0.00

'''''' Wet Density, pet 122.0 124.0

Dry density, pcf 973 973

Void ratio 0.7445 0.7445

Saturation, % 92.8 100.0

Load ring constant =O.72 Ibs. per input unit

Cell pressure = 55.00 psi (7.92 ksf)

Back pressure =40.00 psi (5.76 ksf)
Effective confining stress = 2.16 ksf

Strain rate, in./min. =0.02

Fail. Stress = 5.49 ksf at reading no. 20

'-- MACTEC, INC. --J
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Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q,- No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 2.16 2.16 1.00 2.16

1 0.0100 48.0 34.6 02 0.77 2.16 2.93 1.35 2.54

2 0.0200 65.0 46.8 0.3 1.03 2.16 3.19 1.48 2.68

3 0.0300 75.0 54.0 0.5 1.19 2.16 3.35 1.55 2.76

4 0.0400 85.0 61.2 0.7 1.35 2.16 3.51 1.62 2.83

5 0.0500 92.0 66.2 0.8 1.46 2.16 3.62 1.67 2.89

6 0.0600 103.0 742 1.0 1.63 2.16 3.79 1.75 2.97

7 0.0700 114.0 82.1 1.2 1.80 2.16 3.96 1.83 3.06

8 0.0800 126.0 90.7 1.3 1.99 2.16 4.15 1.92 3.15

9 0.0900 137.0 98.6 1.5 2.16 2.16 4.32 2.00 3.24

10 0.1000 147.0 105.8 1.7 2.31 2.16 4.47 2.07 3.31

11 0.2000 232.0 167.0 33 3.58 2.16 5.74 2.66 3.95

12 0.3000 269.0 193.7 5.0 4.08 2.16 6.24 2.89 4.20

13 0.4000 305.0 219.6 6.6 4.55 2.16 6.71 3.11 4.43

14 0.5000 316.0 227.5 8.3 4.63 2.16 6.79 3.14 4.47

15 0.6000 337.0 242.6 9.9 4.85 2.16 7.01 3.24 4.58

16 0.7000 359.0 258.5 11.6 5.07 2.16 7.23 3.35 4.70

17 0.8000 363.0 261.4 13.2 5.03 2.16 7.19 3.33 4.68
18 0.9000 394.0 283.7 14.9 5.36 2.16 7.52 3.48 4.84

19 1.0000 382.0 275.0 16.5 5.09 2.16 725 336 4.71

20 1.1000 420.0 302.4 18.2 5.49 2.16 7.65 3.54 4.90

21 1.2000 427.0 307.4 19.8 5.47 2.16 7.63 3.53 4.89

'W

_______________ MACTEC, INC. ---'
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Specimen Parameter Initial .Saturated Final

Moisture content Moist soil+tare, gms. 1182.300 674310

~.., Moisture content: Dry soil+tare, gms. 941.500 523.170

Moisture content Tare, gms. 0.000 14.380

Moisture, % 25.6 26.0 29.7

Moist specimen weight, gms. 1221.1

Diameter, in. 2.83 2.83

Area, in.2 6.29 6.29

Height, in. 5.93 5.93

Net decrease in height, in. 0.00

Wet Density. pct 124.8 1253
Dry density, pct 99.4 99.4

Void ratio 0.7080 0.7080

Saturation, % 98.3 100.0

Load ring constant = 0.72 Ibs. per input unit
Cell pressure = 70.00 psi (10.08 lest)

Back pressure = 40.00 psi (5.76 lest)

Effective confining stress =4.32 ksf
Strain rate, in.Imin. =0.02

FaiL Stress =4.40 lesf at reading no. 17

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 432 4.32 1.00 4.32

'W 1 0.0]00 53.0 382 02 0.87 4.32 5.19 1.20 4.76
2 0.0200 66.0 47.5 0.3 1.08 4.32 5.40 125 4.86
3 0.0300 76.0 54.7 0.5 1.25 4.32 5.57 1.29 4.94

4 0.0400 83.0 59.8 0.7 1.36 4.32 5.68 1.3] 5.00

5 0.0500 90.0 64.8 0.8 1.47 4.32 5.79 134 5.06
6 0.0600 98.0 70.6 1.0 1.60 4.32 5.92 1.37 5.12
7 0.0700 107.0 77.0 1.2 1.74 4.32 6.06 1.40 5.19

8 0.0800 115.0 82.8 1.3 1.87 4.32 6.19 1.43 526

9 0.0900 121.0 87.1 1.5 1.97 4.32 6.29 "1.45 5.30
10 0.1000 128.0 92.2 1.7 2.08 4.32 6.40 1.48 5.36
11 02000 181.0 130.3 3.4 2.88 4.32 720 1.67 5.76
12 0.3000 225.0 ]62.0 5.] 3.52 4.32 7.84 1.82 6.08
13 0.4000 245.0 ]76.4 6.7 3.77 4.32 8.09 1.87 6.20
]4 0.5000 266.0 191.5 8.4 4.02 4.32 8.34 1.93 6.33
15 0.6000 287.0 206.6 10.1 425 4.32 8.57 1.98 6.45
16 0.7000 297.0 213.8 It.8 4.32 4.32 8.64 2.00 6.48
17 0.8760 313.0 225.4 ]4.8 4.40 4.32 8.72 2.02 6.52
18 0.9000 313.0 225.4 15.2 438 4.32 8.70 2.0] 6.51
19 1.0000 317.0 228.2 ]6.9 4.35 4.32 8.67 2.01 6.49
20 1.1000 324.0 233.3 18.6 4.35 4.32 8.67 2.Ql 6.50
2] 12000 327.0 235.4 20.2 4.30 4.32 8.62 2.00 6.47

~.".

MACTEC, INC.
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Specimen Parameter Initial Saturated Final

Moisture content Moist soil+tare, gms. 1054.000 558.820,_
Moisture content: Dry soil+tare, gms. 874.400 444.260
Moisture content: Tare, gms. 0.000 14.300

Moisture, % 20.5 25.1 26.6
Moist specimen weight, gms. 1107.0
Diameter, in. 2.79 2.79

Area, in.2 6.11 6.11
Height, in. 5.67 5.67

Net decrease in height, in. 0.00

Wet Density, pcf 121.6 126.2

Dry density, pcf 100.9 100.9

Void ratio 0.6830 0.6830

Saturation, % 81.8 100.0

Load ring constant = 0.72 Ibs. per input unit
Cell pressure = 100.00 psi (14.40 ksf)

Back pressure =40.00 psi (5.76 ksf)

Effective confining stress = 8.64 ksf

Strain rate, in./min. =0.02
Fail. Stress =5.81 ksfat reading no. 20

Oef. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 8.64 8.64 1.00 8.64

'''''- 1 0.0100 63.0 45.4 0.2 1.07 8.64 9.71 1.12 9.17
2 0.0200 85.0 61.2 0.4 1.44 8.64 10.08 L17 9.36

3 0.0300 107.0 77.0 0.5 1.81 8.64 10.45 121 9.54

4 0.0400 126.0 90.7 0.7 2.12 8.64 10.76 1.25 9.70

5 0.0500 140.0 100.8 0.9 2.35 8.64 10.99 1.27 9.82

6 0.0600 158.0 113.8 1.1 2.65 8.64 11.29 1.31 9.97

7 0.0700 175.0 126.0 1.2 2.93 8.64 11.57 1.34 10.11

8 0.0800 188.0 135.4 1.4 3.14 8.64 11.78 1.36 1021

9 0.0900 198.0 J42.6 1.6 3.30 8.64 11.94 1.38 10.29

10 0.1000 208.0 149.8 1.8 3.47 8.64 12.11 lAO 10.37

11 0.2000 269.0 193.7 3.5 4.40 8.64 13.04 1.51 10.84

12 0.3000 310.0 223.2 5.3 4.98 8.64 13.62 1.58 11.13

13 004000 330.0 237.6 7.1 5.20 8.64 13.84 1.60 1124
14 0.5000 340.0 244.8 8.8 5.26 8.64 13.90 1.61 1127

15 0.6000 375.0 270.0 10.6 5.69 8.64 14.33 1.66 11048

16 0.7000 385.0 277.2 12.3 5.72 8.64 1436 1.66 11.50

17 0.8000 392.0 282.2 14.1 5.71 8.64 1435 1.66 11.50

18 0.9000 395.0 284.4 15.9 5.64 8.64 1428 1.65 11.46

19 1.0000 408.0 293.8 17.6 5.70 8.64 14.34 1.66 11.49

20 1.1000 425.0 306.0 19.4 5.81 8.64 14.45 1.67 11.54

21 1.2000 420.0 302.4 21.2 5.62 8.64 1426 1.65 11.45

~-

MACTEC, INC.
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Normal Stress, ksf

6 Sample No. 1 2 3

I I-' 3 Water Content, 25.8 31.3 27.5
5

I
Dry Density, pet 94.4 87.2 91.7

"iii Saturation, 87.7 90.0 87.8;:;
'E Void Ratio 0.7995 0.9468 0.8508- Diameter, in. 2.82 2.86 2.83rJ) 4.><:

ui Height, in. 6.05 5.90 5.92
I/) I I ; I
~ Water Content, 29.4 34.8 313

U5 3 1ii Dry Density, pet 94.4 87.2 91.7...
0 Ql Saturation, 100.0 100.0 100.0iii I-
'> ~

Void Ratio 0.7995 0.9468 0.8508
Q)

2 Diameter, in. 1'.82 2.86 2.830 - 1 Height, in. 6.05 5.90 5.92-
./ 2 Strain rate, in.Jmin. 0.02 0.02 0.02

1
./ --I I Back Pressure, ksf 2.9 2.9 2.9

Cell Pressure, ksf 5.8 8.6 14.4
0 I

0 10 20 30 40 Fail. Stress, ksf 1.8 1.4 5.5

Axial Strain, % Ult. Stress, ksf

(J1 Failure, ksf 4.6 7.1 17.0
Type of Test

(J3 Failure, ksf 2.9 5.8 ll.s
Unconsolidated Undrained

Sample Type: undisturbed Client: TVA

Description:
Project: TVA Kingston - Proposed Gypsum Stack

Assumed Specific Gravity: 2.72 Location: NB-47A

Remarks: Sample Number: UD-4, 5 & 6 (UU) Depth: 18'-27'

Proj. No.: 3043051021 Date:

TRIAXIAL SHEAR TEST REPORT

, Figure MACTEC. INC.

Tested By: ,--A::.,:le:o=.x:.=a:.:.,:n.=d.=.e,--r Checked By: .:...H=a::..:.;m""'l.=.ett=.::- _
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Client: TVA

Project: TVA Kingston - Proposed Gypsum Stack

Location: NB-47A Depth: lS'·27' Sample Number: 00-4, 5 & 6 (UU)

Project No.: 3043051021 Figure I MACTEC, INC.

Tested By: :...;A"-,Ie~x",,a,,-,n-,,=-de,,",r,--- Checked By: ;...H=a=m..:.:,le=tt:.:....- _
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TRIAXIAL COMPRESSION TEST
Unconsolidated Undrained

9/1312005
7:46 PM

UD-4, 5 & 6 (UU)

PI=24

Sample Number:

PL=34

TVA
TVA Kingston - Proposed Gypsum Stack

3043051021

NB-47A
18'-27'

Date:

Client:

Project:
Project No.:

Location:
Depth:

Description:
Remarks:
Type of Sample: undisturbed

Specific Gravity=2.72 LL=58
Test Method: COE uniform strain

Specimen Parameter Initial Saturated Final
Moisture content: Moistsoil+tare, gms. 1194.000 623.320

Moisture content: Dry soil+tare, gms. 949.200 502.460

Moisture content: Tare, gms. 0.000 14.190

Moisture, % 25.8 29.4 24.8

Moist specimen weight, gms. 1177.9
Diameter, in. 2.82 2.82

Area, in.z 6.25 6.25

Height, in. 6.05 6.05

Net decrease in height, in. 0.00
~W Wet Density, pet 118.7 122.1

Dry density, pet 94.4 94.4

Void ratio 0.7995 0.7995

Saturation, % 87.7 100.0

Load ring constant = 0.72 Ibs. per input unit
Cell pressure = 40.00 psi (5.76 ksf)
Back pressure = 20.00 psi (2.88 ksf)
Effective confining stress = 2.88 ksf
Strain rate, inJmin. = 0.02
Fail. Stress = 1.75 ksfat reading no. 20

"- MACTEC, INC. .....
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Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

~W
No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 2.88 2.&8 1.00 2.88

1 0.0100 40.0 28.8 0.2 0.66 2.88 3.54 123 321

2 0.0200 53.0 38.2 0.3 0.88 2.88 3.76 1.30 3.32

3 0.0300 55.0 39.6 0.5 0.91 2.88 3.79 1.32 333

4 0.0400 57.0 41.0 0.7 0.94 2.88 3.82 1.33 3.35

5 0.0500 58.0 41.8 0.8 0.95 2.88 3.83 1.33 3.36

6 0.0600 60.0 43.2 1.0 0.99 2.88 3.87 1.34 3.37

7 0.0700 62.0 44.6 1.2 1.02 2.88 3.90 1.35 3.39

8 0.0800 63.0 45.4 1.3 1.03 2.88 3.91 1.36 3.40

9 0.0900 64.0 46.1 1.5 1.05 2.88 3.93 1.36 3.40

10 0.1000 64.0 46.1 1.7 1.04 2.88 3.92 1.36 3.40

11 02000 70.0 50.4 3.3 1.12 2.88 4.00 1.39 3.44

12 0.3000 79.0 56.9 5.0 1.25 2.88 4.13 1.43 3.50

13 0.4000 -S4.0 60.5 6.6 1.30 2.88 4.18 1.45 3.53

14 0.5000 94.0 67.7 8.3 1.43 2.88 4.31 1.50 3.60

15 0.6000 100.0 72.0 9.9 1.50 2.88 438 1.52 3.63

16 0.7000 103.0 74.2 11.6 1.51 2.88 4.39 1.53 3.64

17 0.8000 115.0 82.8 13.2 1.66 2.88 4.54 1.58 3.71
18 0.9000 116.0 83.5 14.9 1.64 2.88 4.52 1.57 3.70

19 1.0000 123:0 88.6 16.5 1.70 2.88 4.58 1.59 3.73

20 1.1000 129.0 92.9 182 1.75 2.88 4.63 1.61 3.76

~W

~ MACTEC, INC. ......
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Final

1151.350

897.910

13.610

28.734.8

2.86

6.42

5.90
0.00

117.6
87.2

0.9468

100.0

Saturated

114.6
87.2

0.9468

90.0

Specimen Parameter Initial

Moisture content: Moist soil+tare, gms. 1166.800
Moisture content: Dry soil+tare, gms. &&8.400

Moisture content: Tare, gms. 0.000

Moisture, % 31.3

Moist specimen weight, gms. 1138.9
Diameter, in. 2.86

Area, in.' 6.42

5.90H.eight, in.
Net decrease in height, in.

Wet Density, pcf

Dry density, pcf

Void ratio

Saturation, %

Load ring constant =O.72lbs. per input unit

Cell pressure =60.00 psi (8.64 kst)

Back pressure =20.00 psi (2.88 lest)

Effective confining stress =5.76 ksf
Strain rate, in./min. =0.02

Fail. Stress =1.35 lesfat reading no. 21

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

a 0.0000 0.0 0.0 0.0 0.00 5.76 5.76 1.00 5.76

''-'' 1 0.0100 24.0 17.3 0.2 0.39 5.76 6.15 . 1.07 5.95
2 0.0200 25.0 18.0 0.3 0040 5.76 6.16 1.07 5.96

3 0.0300 27.0 19.4 0.5 0.43 5.76 6.19 1.08 5.98

4 0.0400 28.0 20.2 0.7 0.45 5.76 6.21 1.08 5.98

5 0.0500 29.0 20.9 0.8 0.46 5.76 6.22 1.08 5.99
6 0.0600 30.0 21.6 1.0 0.48 5.76 6.24 1.08 6.00

7 0.0700 32.0 23.0 1.2 0.51 5.76 6.27 1.09 6.02

8 0.0800 33.0 23.& 1.4 0.53 5.76 6.29 1.09 6.02

9 0.0900 34.0 24.5 1.5 0.54 5.76 630 1.09 6.03

10 0.\000 34.0 24.5 1.7 0.54 5.76 630 1.09 6.03

11 0.2000 44.0 31.7 3.4 0.69 5.76 6.45 1.12 6.10

12 0.3000 52.0 37.4 5.1 0.80 5.76 6.56 1.14 6.16

13 0.4000 59.0 42.5 6.8 0.89 5.76 6.65 1.15 620
14 0.5000 63.0 45.4 8.5 0.93 5.76 6.69 1.16 623

15 0.6000 68.0 49.0 102 0.99 5.76 6.75 1.17 625

16 0.7000 75.0 54.0 11.9 1.07 5.76 6.83 1.19 629

17 0.8000 81.0 58.3 13.6 1.13 5.76 6.89 1.20 6.33
18 0.9000 84.0 60.5 152 1.15 5.76 6.91 1.20 634

19 1.0000 88.0 63.4 16.9 U8 5.76 6.94 121 635
20 1.1000 96.0 69.1 18.6 126 5.76 7.02 122 6.39

21 1.2000 105.0 75.6 20.3 1.35 5.76 7.11 1.23 6.44

________________ MACTEC, INC. ....

TVA-00020948



Specimen Parameter Initial Saturated Final

Moisture content: Moist soil+tare, gms. 1110.000 629.880
Moisture content: Dry soil+tare, gms. 870.900 478.800l-,,,,,,
Moisture content: Tare, grns. 0.000 13.550
Moisture, % 27.5 31.3 32.5
Moist specimen weight, gms. 1146.1

Diameter, in. 2.83 2.83
Area, in.2 6.31 6.31
Height, in. 5.92 5.92

Net decrease in height, in. 0.00

Wet Density, pet 116.9 120.4
Dry density, pet 91.7 91.7
Void ratio 0.8508 0.8508

Saturation, % 87.8 ]00.0

Load ring constant = O.72lbs. per input unit

Cell pressure = 100.00 psi (14.40 ksf)

Back pressure = 20.00 psi (2.88 ksf)
Effective confining stress =I 1.52 ksf

Strain rate, inJmin. =0.02

Fail. Stress =5.50 ksfat reading no. 20

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 11.52 11.52 1.00 11.52

~W 1 0.0100 98.0 70.6 02 1.6] 11.52 13.13 1.14 1232
2 0.0200 128.0 92.2 0.3 2.10 11.52 13.62 1.18 12.57
3 0.0300 158.0 113.8 0.5 2.58 11.52 14.1 0 122 12.81
4 0.0400 172.0 123.8 0.7 2.81 11.52 14.33 1.24 12.92
5 0.0500 186.0 133.9 0.8 3.03 11.52 14.55 126 13.03
6 0.0600 197.0 141.8 1.0 320 11.52 14.72 1.28 13.12
7 0.0700 204.0 146.9 12 3.31 11.52 14.83 1.29 13.18
8 0.0800 210.0 151.2 1.4 3.40 11.52 14.92 1.30 13.22
9 0.0900 216.0 155.5 1.5 3.49 1152 15.01 1.30 13.27

10 0.1000 220.0 158.4 1.7 3.55 11.52 15.07 1.31 13.30
II 0.2000 241.0 173.5 3.4 3.82 11.52 15.34 1.33 13.43
12 0.3000 278.0 200.2 5.1 4.33 11.52 15.85 1.38 13.69
13 0.4000 29].0 209.5 6.8 4.46 11.52 15.98 1.39 13.75
14 0.5000 320.0 230.4 8.5 4.81 11.52 16.33 1.42 13.93
15 0.6000 331.0 238.3 10.1 4.89 11.52 16.41 1.42 13.96
16 0.7000 342.0 246.2 11.8 4.95 11.52 16.47 1.43 14.00
17 0.8000 375.0 270.0 13.5 5.33 11.52 16.85 1.46 14.18
18 0.9000 385.0 277.2 15.2 5.36 11.52 16.88 1.47 14.20
19 1.0000 389.0 280.1 16.9 5.31 11.52 16.83 1.46 14.17
20 1.1000 411.0 295.9 18.6 5.50 11.52 l7.02 1.48 14.27
21 1.2000 405.0 291.6 20.3 5.3.0 11.52 ]6.82 1.46 1417

"- MACTEC, INC. ......

TVA-00020949
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9 Sample No. 1 2 3
2 Water Content, 26.0 19.5 31.2

7.5 Dry Density, pet 92.7 105.1 87.3
iii Saturation, 87.6 89.6 92.1:;;:i

:E Void Ratio 0.7905 0.5&05 0.9011- I Diameter, in. 2.85 2.86 2.83rJl 6 1.><:
tn- Height, in. 6.03 6.12 6.17
tn I

~ ~ Water Content, 29.7 21.8 33.9
Ci5 1/

Dry Density, pet 92.74.5 , 3 ii) 105.1 87.3
0 J.- G.l Saturation, 100.0 100.0 100.0en f-
"> L.- , < Void Ratio 0.7905 0.5&05 0.9011
(I) 1 Diameter, in. 2.85 2.86 2.830 3 ,

Height, in. 6.03 6.12 6.17
1/

Strain rate, in.lmin. 0.02 0.02 0.02
1.5 I Back Pressure, ksf 5.8 5.8 5.8

! Cell Pressure, ksf 7.9 10.1 14.4
0

0 5 10 15 20 Fail. Stress, ksf 3.1 8.2 4.4
Axial Strain, % Ult. Stress, ksf

Gf Failure, ksf 53 12.5 13.0
Type of Test

G3 Failure, ksf 22 4.3 8.6
Unconsolidated Undrained

Sample Type: tmdisturbed Client TVA

Description:
Project TVA Kingston - Proposed Gypsum Stack

Assumed Specific Gravity: 2.66 Location: NB-77A

Remarks: Sample Number: UD-1. 2 & 3 (00) Depth: 4'-14'

Proj. No.: 3043051021 Date:

TRIAXIAL SHEAR TEST REPORT

I"""; '9ure MACTEC, INC.

Tested By: Alexander Checked By: -'--'H""a.:.-'.m-"-"e"-'tl"-- _

TVA-00020950
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Client: TVA

Project: TVA Kingston - Proposed Gypsum Stack

Location: NB-77 Depth: 4'-14' Sample Number: UD-l,2 & 3 (UU)

Project No.: 3043051021 Figure I MACTEC, INC.

Tested By: ;...;A;:.;:le:.:.;x=a::..:n=de=r'-- _ . Checked By: "-'H""a"-"m""'le"-'tt:o...-__~ _
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TRIAXIAL COMPRESSION TEST
Unconsolidated Undrained

9/13/2005

8:23 PM

UD-l, 2 & 3 (UU)

PI=16

Sample Number:

PL=25

TVA
TVA Kingston - Proposed Gypsum Stack

3043051021
NB-77
4'-14'

Date:
Client:
Project:
Project No.:
Location:

, Depth:
Description:
Remarks:
Type of Sample: undisturbed
Specific Gravity=2.66 LL=41
Test Method: COE lllliform strain

Specimen Parameter Initial Saturated Final
Moisture content: Moist soil+tare, gms. 1158.400 557.770
Moisture content: Dry soil+tare, gms. 919.200 435.970
Moisture content: Tare, gms. 0.000 13.420
Moisture, % 26.0 29.7 28.8

Moist specimen weight, gms. 1184.0
Diameter, in. 2.85 2.85

Area, in.2 6.40 6.40
Height, in. 6.03 6.03
Net decrease in height, in. 0.00

'W Wet Density, pcf 116.9 120.3
Dry density, pcf 92.7 92.7
Void ratio 0.7905 0.7905
Saturation, % 87.6 100.0

Load ring constant =0.721bs. per input unit
Cell pressure = 55.00 psi (7.92 lesf)
Back pressure = 40.00 psi (5.76 ksf)
Effective confining stress = 2.16 ksf

Strain rate, in./min. =0.02
Fan. Stress =3.13 ksfat reading no. 21

'- MACTEC, INC. .......

TVA-00020952



Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q'.- No. in. Dial Ibs. % ksf Iesf Iesf Ratio lest ksf

0 0.0000 0.0 0.0 0.0 0.00 2.16 2.16 1.00 2.16

1 0.0100 56.0 40.3 02 0.91 2.16 3.07 1.42 2.61

2 0.0200 80.0 57.6 0.3 1.29 2.16 3.45 1.60 2.81

3 0.0300 94.0 67.7 0.5 1.51 2.16 3.67 1.70 2.92

4 0.0400 107.0 77.0 0.7 1.72 2.16 3.88 1.80 3.02

5 0.0500 117.0 84.2 0.8 1.88 2.16 4.04 1.87 3.10

6 0.0600 125.0 90~0 1.0 2.00 2.16 4.16 1.93 3.16

7 0.0700 132.0 95.0 1.2 2.11 2.16 4.27 1.98 3.22

8 0.0800 136.0 97.9 1.3 2.17 2.16 4.33 2.01 3.25

9 0.0900 140.0 100.8 1.5 2.23 2.16 4.39 2.03 3.28

10 0.1000 143.0 103.0 1.7 2.28 2.16 4.44 2.05 3.30

11 0.2000 167.0 120.2 3.3 2.61 2.16 4.77 2.21 3.47

12 0;3000 185.0 133.2 5.0 2.85 2.16 5.01 2.32 3.58

13 0.4000 190.0 136.8 6.6 2.87 2.16 5.03 2.33 3.60

14 0.5000 196.0 141.1 8.3 2.91 2.16 5.07 2.35 3.62

15 0.6000 206.0 148.3 10.0 3.00 2.16 5.16 2.39 3.66

16 0.7000 208.0 149.8 11.6 2.98 2.16 5.14 2.38 3.65

17 0.8000 218.0 157.0 13.3 3.06 2.16 5.22 2.42 3.69

18 0.9000 219.0 157.7 14.9 3.02 2.16 5.18 2.40 3.67

19 1.0000 226.0 162.7 16.6 3.05 2.16 . 5.21 2.41 3.69

20 1.1000 236.0 169.9 18.2 3.12 2.16 5.28 2.45 3.72

21 1.2000 241.0 173.5 19.9 3.13 2.16 529 2.45 3.72

'W

L..- MACTEC, INC. .....

TVA-00020953



125.6

105.1

0.5805

89.6

Specimen Parameter Initial

Moisture content: Moist soil+tare, gms. 1282.400
Moisture content: Dry soil+tare, gms. 1072.700

Moisture content: Tare, gms. 0.000

Moisture, % 19.5

Moist specimen weight, gms. 1299.0
Diameter, in. 2.86
Area, in.> 6.44

Height, in. 6.12
Net decrease in height, in.
Wet Density, pet
Dry density, pet

Void ratio
Saturation, %

Load ring constant = 0.72 lbs. per input unit
Cell pressure =70.00 psi (l0.08 ksf)

Back pressure =40.00 psi (5.76 lesf)
Effective confining stress =4.32 lesf

Strain rate, in./min. =0.02
Fail. Stress =8.16 ksf at reading no. 18

Saturated

21.8

2.86

6.44

6.12

0.00

128.0

105.1
0.5805

100.0

Final

670.280

555.710

13.530

21.1

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 4.32 4.32 1.00 432

'w' 1 0.0100 88.0 63.4 0.2 1.41 4.32 5.73 1.33 5.03
2 0.0200 121.0 87.1 0.3 1.94 4.32 6.26 1.45 529

3 0.0300 148.0 106.6 0.5 2.37 4.32 6.69 1.55 5.51
4 0.0400 168.0 121.0 0.7 2.69 4.32 7.01 1.62 5.66

5 0.0500 189.0 136.1 0.8 3.02 4.32 7.34 1.70 5.83
6 0.0600 204.0 146.9 1.0 3.25 4.32 7.57 1.75 5.95

7 0.0700 218.0 157.0 1.1 3.47 21.32 7.79 1.80 6.06

8 0.0800 232.0 167.0 1.3 3.69 4.32 8.01 1.85 6.16

9 0.0900 244.0 175.7 1.5 3.87 4.32 8.19 1.90 6.26

10 0.1000 257.0 185.0 1.6 4.07 4.32 8.39 1.94 6.36

11 0.2000 331.0 238.3 3.3 5.16 4.32 9048 2.19 6.90

12 0.3000 374.0 269.3 4.9 5.73 4.32 10.05 2.33 7.18

13 004000 433.0 311.8 6.5 6.52 4.32 10.84 2.51 7.58
14 0.5000 462.0 332.6 8.2 6.83 4.32 11.15 2.58 7.74
15 0.6000 498.0 358.6 9.8 7.23 4.32 11.55 2.67 7.94
16 0.7000 532.0 383.0 11.4 7.59 4.32 11.91 2.76 8.11
17 0.8000 560.0 403.2 13.1 7.84 4.32 12.16 2.81 8.24

18 0.9000 594.0 427.7 14.7 8.16 4.32 12.48 2.89 8.40
19 1.0000 590.0 424.8 16.3 7.95 4.32 12.27 2.84 8.29
20 LlOOO 608.0 437.8 18.0 8.03 4.32 12.35 2.86 8.34

21 12000 627.0 451.4 19.6 8.12 4.32 12.44 2.88 8.38

..... MACTEC, INC. ..1

TVA-00020954



Specimen Parameter Initial Saturated Final

Moisture content Moist soil+tare, gms. 1142.300 567310

,- Moisture content Dry soil+tare, gms. 870.700 427.450

Moisture content Tare, gms. 0.000 13.570

Moisture, % 31.2 33.9 33.8
Moist specimen weight, gms. 1165.0
Diameter, in. 2.83 2.83

Area, in.z 628 6.28

Height, in. 6.17 6.17

Net decrease in height, in. 0.00

Wet Density, pet 114.6 116.9

Dry density, pef 873 87.3

Void ratio 0.9011 0.9011
Saturation, ok 92.1 100.0

Load ring constant =o.nIbs. per input unit
Cell pressure =100.00 psi (14.40 ksf)
Back pressure =40.00 psi (5.76 ksf)

Effective confining stress =8.64 ksf

Strain rate, in./min. =0.02
Fail. Stress =4.39 ksf at reading no. 20

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 8.64 8.64 1.00 8.64

~W 1 0.0100 54.0 38.9 02 0.89 8.64 9.53 1.10 9.08
2 0.0200 90.0 64.8 0.3 1.48 8.64 10.12 1.17 9.38
3 0.0300 125.0 90.0 0.5 2.05 8.64 10.69 124 9.67
4 0.0400 151.0 108.7 0.6 2.48 8.64 11.12 1.29 9.88
5 0.0500 168.0 121.0 0.8 2.75 8.64 11.39 1.32 10.02
6 0.0600 180.0 129.6 1.0 2.94 8.64 11.58 1.34 10.11
7 0.0700 187.0 134.6 1.1 3.05 8.64 11.69 1.35 ]0.17

8 0.0800 ]94.0 139.7 1.3 3.16 8.64 11.80 1.37 10.22
9 0.0900 199.0 143.3 1.5 324 8.64 11.88 1.37 10.26

10 0.1000 203.0 146.2 1.6 3.30 8.64 11.94 1.38 10.29
11 0.2000 220.0 158.4 3.2 3.51 8.64 12.15 1.41 10040
12 0.3000 246.0 177.1 4.9 3.86 8.64 12.50 1.45 10.57
13 0.4000 251.0 180.7 6.5 3.87 8.64 12.51 1.45 10.58
14 0.5000 262.0 188.6 8.1 3.97 8.64 12.61 1.46 10.63

15 0.6000 281.0 202.3 9.7 4.19 8.64 12.83 1.48 10.73
16 0.7000 288.0 207.4 11.4 421 8.64 12.85 1.49 10.75
17 0.8000 300.0 216.0 13.0 4.31 8.64 12.95 1.50 10.79
18 0.9000 307.0 221.0 14.6 4.33 8.64 12.97 1.50 10.80

19 1.0000 309.0 222.5 16.2 4.27 8.64 12.91 1.49 10.78
20 1.1000 324.0 233.3 17.8 4.39 8.64 13.03 1.51 10.84
21 1.2000 327.0 235.4 19.5 4.35 8.64 12.99 1.50 10.81

~W'

MACTEC, INC.
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15 Sample No. 1 2 3

Water Content, 21.2 21.1 39.8,
Dry Density, pet 92.4 96.8 79.912.5

;m Saturation, 71.5 79.3 98.8
L-- 1 'c Void Ratio 0.7838 0.7029 1.0625- 1/ i Diameter, in. 2.87 2.87 2.83If) 10..>:: I

<Ii Height, in. 5.73 5.82 6.09
til

~ Water Content, 29.7 26.6 40.2en 7.5 I
Dry Density, pcf 92.4 96.8 79.9I ! I ;;;.... 2

0 ;- I m Saturation, 100.0 100.0 100.0iii I.--'" I f-
'> « Void Ratio 0.7838 0.7029 1.0625
(I) Diameter, in. 2.87 2.87 2.83Cl 5 i

3 Height, in. 5.73 5.82 6.09
Strain rate, in.lmin. 0.02 0.02 0.02

2.5
Back Pressure, ksf 2.9 2.9 2.9

Cell Pressure, ksf 5.8 8.6 14.4
0

0 10 20 30 40 Fail. Stress, ksf 11.2 7.0 4.4
Axial Strain, % Ult. Stress, ksf

cr, Failure, ksf 14.1 12.8 15.9
Type of Test

cr3 Failure, ksf 2.9 5.8 ll.s
Unconsolidated Undrained

Sample Type: undisturbed Client: TVA

Description:
Project TVA Kingston - Proposed Gypsum Stack

Assumed Specific Gravity= 2.64 Location: NB-77A

Remarks: Sample Number: 00-4,6& 7 (UU) Depth: 15'-26'

Proj. No.: 3043051021 Date:

TRIAXIAL SHEAR TEST REPORT

rigure MACTEC, INC.

Tested By: !.-'A~le~x~a~nd~e,,-,-r _ Checked By: .:....H:.:ea""m.o.:,le"'-'tl"-- _

TVA-00020956
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Client: TVA

Project: TVA Kingston - Proposed Gypsum Stack

Location: NB-77A Depth: 15'-26' Sample Number: UD-4, 6 & 7 (UU)

" Project No.: 3043051021 Figure I MACTEC, INC.

Tested By: :....;A::..::le~x=a;.:..nd:.;e::.:r Checked By: .:....H=-=a:.:..:m~l.=.ett=- _

TVA-00020957



TRIAXIAL COMPRESSION TEST
Unconsolidated Undrained

Date:

Client: TVA

Project: TVA Kingston· Proposed Gypsum Stack

Project No.: 3043051021

Location: NB-77A

Depth: 15'-26' Sample Number: UD-4,6 & 7 (UU)
Description:
Remarks:

Type of Sample: undisturbed

Assumed Specific Gravity=2.64 LL= PL= PI=

Test Method: COE unifonn strain

9/1912005
1:38 PM

Specimen Parameter Initial

Moisture content Moist soil+tare, gms. ] 078.860

Moisture-content: Dry soit+tare, gms.
Moisture content: Tare, gms.

Moisture, %

Moist specimen weight, gms.
Diameter, in.
Area, in.2

Height, in.
Net decrease in height, in.

Wet Density, pct
Dry density, pct
Void ratio
Saturation, %

890.040

0000

21.2

1090.3

2.87

6.47

5.73

112.0

92.4

0.7838

71.5

Saturated

29.7

2.87

6.47

5.73

0.00

119.8

92.4

0.7838

100.0

Final
460.990

376.420

14.130

23.3

Load ring constant = O.72lbs. per input unit

Cell pressure =40.00 psi (5.76 ksf)

Back pressure = 20.00 psi (2.88 kst)

Effective confining stress = 2.88 ksf

Strain rate, inJmin. = 0.02

Fail. Stress =]1.19 ksf at reading no. 20

'1111'---- __ MACTEC, INC. ...1

TVA-00020958



Def. Deviator Minor Prine. Major Prine.

Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. "10 ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 2.88 2.88 1.00 2.88

1 0.0100 90.0 64.8 0.2 1.44 2.88 4.32 1.50 ·3.60

2 0.0200 118.0 85.0 0.3 1.88 2.88 4.76 1.65 3.82

3 0.0300 143.0 103.0 0.5 228 2.88 5.16 1.79 4.02

4 0.0400 163.0 11704 n.7 2.59 2.88 5.47 1.90 4.18

5 0.0500 184.0 132.5 0.9 2.92 2.88 5.80 2.01 4.34

6 0.0600 203.0 146.2 1.0 3.22 2.88 6.10 2.12 4.49

7 0.0700 219.0 157.7 1.2 3.47 2.88 6.35 2.20 4.61

8 0.0800 236.0 169.9 1.4 3.73 2.88 6.61 2.29 4.74

9 0.0900 252.0 181.4 1.6 3.98 2.88 6.86 2.38 4.87

10 0.1000 267.0 192.2 1.7 4.20 2.88 7.08 2.46 4.98

11 0.2000 403.0 290.2 3.5 623 2.88 9.11 3.16 6.00

12 0.3000 508.0 365.8 5.2 7.72 2.88 10.60 3.68 6.74

13 004000 582.0 419.0 7.0 8.68 2.88 11.56 4.01 7.22

14 0.5000 652.0 469.4 8.7 9.54 2.88 12.42 431 7.65

IS 0.6000 706.0 508.3 10.5 10.13 2.88 13.01 4.52 7.95

16 0.7000 747.0 537.8 12.2 10.51 2.88 13.39 4.65 8.14

17 0.8000 789.0 568.1 14.0 10.88 2.88 13.76 4.78 8.32

18 0.9000 814.0 586.1 15.7 11.00 2.88 13.88 4.82 8.38

19 1.0000 843.0 607.0 17.4 11.15 2.88 14.03 4.87 8.46

20 1.1000 864.0 622.1 19.2 11.19 2.88 14.07 4.89 8.48

~W
21 1.2000 883.0 635.8 20.9 11.19 2.88 14.07 4.89 8.47

''-''11-.- __ MACTEC, INC. ~

TVA-00020959



1172
96.8

0.7029
79.3

Specimen Parameter Initial

Moisture content Moist soil+tare, gms. 1154.900

Moisture content: Dry soil+tare, gms. 953.580
Moisture content Tare, gms. 0.000

Moisture, % 21.1
Moist specimen weight, gms. 1161.5
Diameter, in. 2.87

Area, in.2 6.48

Height, in. 5.82

Net decrease in height, in.

Wet Density, pef

Dry density, pef

Void ratio

Saturation, %

Saturated

26.6

2.87

6.48

5.82
0.00

122.5

96.8

0.7029
100.0

Final

634.320

520.590

11.220
223
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ll1.7

79.9

].0625

98.8

Specimen Parameter Initial

Moisture content: Moist soil+tare, gms. 1114.200

Moisture content: Dry soil+tare, gms. 797.260

Moisture content: Tare, gms. 0.000

Moisture,·% 39.8

Moist specimen weight, gms. 1124.1

Diameter, in. 2.83

Area, in! 6.30

Height, in. 6.09

Net decrease in height, in.

Wet Density. pcf

Dry density, pcf

Void ratio
Saturation, %

Load ring constant =0.721bs. per input unit

Cell pressure = 100.00 psi (14.40 lesf)
Back pressure =20.00 psi (2.88 lest)
Effective confining stress =11.52 lesf
Strain rate, in./min. =0.02

Fail Stress =4.41 ksf at reading no. 16

Saturated

40.2

2.83

6.30

6.09

0.00

1I2.1

79.9

1.0625

]00.0

Final

526.400

373.280

8.080

41.9

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf Itsf Itsf Ratio Itsf Itsf

0 0.0000 0.0 0.0 0.0 0.00 11.52 11.52 1.00 11.52
'W I 0.0100 117.0 84.2 0.2 1.92 11.52 13.44 1.17 12.4&

2 0.0200 166.0 119.5 0.3 2.72 11.52 14.24 1.24 12.&8

3 0.0300 190.0 136.8 0.5 3.11 11.52 14.63 1.27 13.08

4 0.0400 205.0 147.6 0.7 3.35 ]1.52 14.87 1.29 1320

5 0.0500 210.0 151.2 0.8 3.43 .11.52 14.95 130 13.23

6 0.0600 215.0 154.8 1.0 3.50 11.52 15.02 1.30 1327

7 0.0700 221.0 159.1 1.1 3.60 11.52 15.12 1.31 13.32

8 0.0800 225.0 162.0 13 3.65 11.52 15.17 1.32 13.35

9 0.0900 230.0 165.6 1.5 3.73 11.52 15.25 1.32 13.38

10 0.1000 233.0 167.8 1.6 3.77 11.52 15.29 1.33 13.41

II 0.2000 254.0 182.9 3.3 4.04 11.52 15.56 1.35 13.54

12 0.3000 267.0 192.2 4.9 4.18 11.52 15.70 1.36 13.61

13 004000 285.0 205.2 6.6 4.38 11.52 15.90 1.38 13.71

14 0.5000 285.0 205.2 8.2 4.31 11.52 15.83 1.37 13.67

15 0.6000 296.0 213.1 9.9 439 11.52 15.1}! 1.38 13.72

16 0.7000 303.0 218.2 11.5 4.41 11.52 15.93 138 13.73

17 0.8000 303.0 218.2 13.1 4.33 11.52 15.85 1.38 13.69

18 0.9000 310.0 223.2 14.8 435 11.52 15.87 1.38 13.69

19 1.0000 315.0 226.8 16.4 4.33 11.52 15.85 1.38 13.69

20 1.1000 321.0 231.I 18. I 4.33 11.52 15.85 1.38 13.68

21 1.2000 327.0 235.4 19.7 432 11.52 15.84 1.38 13.68

~l
MACTEC, INC.
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Normal Stress, ksf

6H-+-+-H-+-+-H-+-+-H++--1-+-+-t---I Sample No. 2 3

21-+-+++-+-+-+-+-+-+-+---+-+-1-+-+-+-1-+--+-+-1

Water Content, 25.0 25.0 25.0
5 Dry Density, pet 96.5 98.5 99.8

1-+-t--t--f-+-+-+-+-+r'j-:-++-H--+-+-t--t-l 3 ~ Saturation, 922 96.8 100.0
- "E Void Ratio 0.7215 0.6855 0.6647

4H-+--+-+-+I.--¥-+-+..,.....=+-I-+---+-+-1-+--+-+--i-+-l Diameter, in. 2.84 2.86 2.91
1-+-t--t--If+I/~H-l::-r---fO-1H-+-H--+-+-t-H ~ ~-+-H_e-=ig::...ht....;,_in_. 6_.0_9__5_.7_5__6_._1_1 -I

Water Content, 27.1 25.8 25.0
Ii) Dry Density, pet 96.5 98.5 99.8
~ Saturation, 100.0 100.0 JOO.O
~ Void Ratio 0.7215 0.6855 0.6647

Diameter, in. 2.84 2.86 2.91
Height, in. 6.09 5.75 6.11

8.6

13.38.3

4.3

5.8

22

Client: TVA

Strain rate, in.lmin. 0.02 0.02 0.02

5.8 5.8 5.8

7.9 10.1 14.4

3.6 4.0 4.7
Axial Strain, %

Type of Test
Unconsolidated Undrained

Sample Type: undisturbed

Description:

Back Pressure, ksf

Cell Pressure, ksf

FaiL Stress, ksf

Uit. Stress, ksf

1--------------------10"1 Failure, ksf

0"3 Failure, ksf

Project: TVA Kingston - Proposed Gypsum Stack

Assumed Specific Gravity= 2.66

Remarks:

Location: NB-85A and NB-85B

Sample Number: UD-1,2&3 (UU) Depth: 13'-19'

Proj. No.: 3043051021 Date:

III .Igure

TRIAXIAL SHEAR TEST REPORT

MACTEC INC.

Tested By: :...A~le~x::::a:..:.;n:.=d_"'e'__r Checked By: :...H:..=a:..:..:m:..:..;l=.ett:.=.- _

TVA-00020962
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Client TVA

Project: TVA Kingston - Proposed Gypsum Stack

Location: NB-85A and NB-85B Depth: 13'-19' Sample Number: UD-l, 2 & 3 (UU}

", Project No.: 3043051021 Figure I MACTEC, INC.

Tested By: ~A1~e~x=a-,-,n=.de=.:r Checked By: ~H~a.'-'.m!:.:le~tt,,--- _
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I TRIAXIAL COMPRESSION TEST
Unconsolidated Undrained

9/13/2005
9:41 PM I

00-1,2 & 3 (UU)

PI=

Sample Number:

PL=

TVA
TVA Kingston - Proposed Gypsum Stack
3043051021
NB-85A and NB-85B
13'-19'

Date:

Client:

Project:

Project No.:

l-ocation:

Depth:

Description:

Remarks:

Type ot Sample: undisturbed
Specific Gravity=2.66 LL=

TestMethod~ COE uniform strain

Specimen Parameter Initial

Moisture content: Moist soil+tare, gms. 1220.400
Moisture content Dry soil+tare, gms.
Moisture content: Tare, gms.

Moisture, %
Moist specimen weight, gms.
Diameter, in.

Area, in.2

Height, in.
Net decrease in height, in.

Wet Density, pcf

Dry density..pet
Void ratio
Saturation, %

976.200
0.000

25.0
1220.4

2.84

6.33
6.09

120.6
96.5

0.7215
92.2

Saturated

27.1

2.84

6.33
6.09
0.00

122.6
96.5

0.7215
100.0

Final
1336.600
1068.970

93.350
27.4

Load ring constant = 0.72 Ibs. per input unit
Cell pressure = 55.00 psi (7.92 ksf)
Back pressure = 40.00 psi (5.76 ksf)
Effective confining stress =2.16 ksf

. Strain rate, in./min. = 0.02

Fail. Stress =3.60 ksfat reading no. 18

''''' 1 _, MACTEC, INC. ~
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Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 2.16 2.16 1.00 2.16

I 0.0100 40.0 28.8 0.2 0.65 2.16 2.81 1.30 2.49

2 0.0200 55.0 39.6 03 a.90 2.16 3.06 1.42 2.61

3 0.0300 62.0 44.6 0.5 1.01 2.16 3.17 1.47 2.66

4 0.0400 68.0 49.0 0.7 1.11 2.16 3.27 1.51 2.71

5 0.0500 73.0 52.6 0.& 1.18 2.16 3.34 1.55 2.75

6 0.0600 78.0 56.2 1.0 1.26 2.16 3.42 1.59 2.79

7 0.0700 82.0 59.0 12 1.33 2.16 3.49 1.61 2.82

8 0.0800 87.0 62.6 1.3 1.41 2.16 3.57 1.65 2.86

9 0.0900 92.0 66.2 1.5 1.48 2.16 3.64 1.69 2.90

10 0.1000 97.0 69.8 1.6 1.56 2.16 3.72 1.72 2.94

11 0.2000 141.0 101.5 33 2.23 2.16 4.39 2.03 3.28

12 0.3000 170.0 122.4 4.9 2.65 2.16 4.81 222 3.48

13 0.4000 187.0 134.6 6.6 2.86 2.16 5.02 2.32 3.59

14 0.5000 211.0 151.9 82 3.17 2.16 5.33 2.47 3.74

IS 0.6000 224.0 161.3 9.9 3.30 2.16 5.46 2.53 3.81

16 0.7000 236.0 169.9 11.5 3.42 2.16 5.58 2.58 3.87

17 0.8000 253.0 182.2 13.1 3.60 2.16 5.76 2.67 3.96

18 0.9000 258.0 1&5.8 14.8 3.60 2.16 5.76 2.67 3.96

19 1.0000 261.0 1&7.9 16.4 3.57 2.16 5.73 2.65 3.94

20 1.1000 265.0 190.8 18.1 3.55 2.16 5.71 2.65 3.94

21 1.2000 264.0 190.1 19.7 3.47 2.16 5.63 2.61 3.89
,~

'-'1 MACTEC, INC. ---'
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123.1

98.5

0.6855

96.8

Specimen Parameter Initial

Moisture content: Moist soil+tare, gms. 1192.400

Moisture content: Dry soil+tare, gms. 954.290

Moisture content: Tare, gms. 0.000

Moisture, % 25.0

Moist specimen weight, gms. 1192.4

Diameter, in. 2.86

Area, in.2 6.42

Height, in. 5.75

Net decrease in height, in.

Wet Density, pct

Dry density, pet

Void ratio

Saturation, %

Saturated

25.8

2.86

6.42

5.75

0.00

123.9

98.5

0.6855

100.0

Final

1305.860

1061.280

91.170

25.2

Load ring constant =0.72 Ibs. per input unit
Cell pressure =70.00 psi (10.08 lest)

Back pressure =40.00 psi (5.76 ksf)
Effective confining stress =4.32 ksf
Strain rate, in./min. =0.02

Fail. Stress =3.95 lesfat reading no. 19

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio ksf itsf

0 0.0000 0.0 0.0 0.0 0.00 4.32 4.32 1.00 432
~... 1 0.0100 48.0 34.6 0.2 0.77 4.32 5.09 1.18 4.71

2 0.0200 67.0 48.2 0.3 1.08 4.32 5.40 1.25 4.86

3 0.0300 75.0 54.0 0.5 1.21 4.32 5.53 128 4.92

4 0.0400 79.0 56.9 0.7 1.27 4.32 5.59 1.29 4.95

5 0.0500 82.0 59.0 0.9 1.31 4.32 5.63 1.30 4.98

6 0.0600 84.0 60.5 1.0 1.34 4.32 5.66 1.31 4.99

7 0.0700 87.0 62.6 1.2 1.39 4.32 5.71 1.32 5.01

8 0.0800 89.0 64.1 1.4 1.42 432 5.74 1.33 5.03

9 0.0900 92.0 66.2 1.6 1.46 4.32 5.78 1.34 5.05

10 0.1000 99.0 713 1.7 1.57 432 5.89 1.36 5.1I

II 0.2000 152.0 109.4 3.5 2.37 432 6.69 1.55 5.51

12 0.3000 188.0 135.4 5.2 2.88 432 7.20 1.67 5.76

13 0.4000 199.0 143.3 7.0 2.99 4.32 7.31 1.69 5.82

14 0.5000 224.0 161.3 8.7 3.31 432 7.63 1.77 5.97

15 0.6000 238.0 171.4 10.4 3.45 4.32 7.77 1.80 6.04

16 0.7000 250.0 180.0 12.2 3.55 4.32 7.87 1.82 6.09

17 0.8000 269.0 193.7 13.9 3..74 4.32 8.06 1.87 6.19

18 0.9000 282.0 203.0 15.6 3,,84 4.32 8.16 1.89 6.24

19 1.0000 296.0 213.1 17.4 3.95 4.32 8.27 1.91 6.30

20 1.1000 288.0 207.4 19.1 3 ..76 4.32 8.08 1.87 6.20

21 1.2000 285.0 205.2 20.9 3.65 4.32 7.97 1.84 6.14

'~

MACTEC, INC.
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Specimen Parameter Initial Saturated Final

Moisture content Moistsoil+tare, gms. 1326.900 1440.860

'W Moisture content: Dry soil+tare, gms. 1061.520 1221.470

Moisture content: Tare, gms. 0.000 87.240

Moisture, % 25.0 2S.0 19.3

Moist specimen weight, gms. 1326.9

Diameter, in. 2.91 2.91

Area, in.2 6.64 6.64

Height, in. 6.11 6.11

Net decrease in height, in. 0.00

Wet Density, pet 124.7 124.7

Dry density, pcf 99.8 99.8

Void ratio 0.6647 0.6647

Saturation, % 100.0 100.0

Load ring constant =0.72 Ibs. per input unit
Cell pressure =100.00 psi (14.40 ksf)

Back pressure =40.00 psi (5.76 ksf)
Effective confining stress =8.64 ksf

Strain rate, in./min. =0.02

Fail. Stress = 4.68 ksf at reading no. 21

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf kst Ratio kst ksf

0 0.0000 0.0 0.0 0.0 0.00 8.64 8.64 1.00 8.64

''''''' 1 0.0100 72.0 51.8 0.2 1.12 8.64 9.76 1.13 9.20

2 0.0200 89.0 64.1 0.3 1.39 8.64 10.03 1.16 9.33

3 0.0300 102.0 73.4 0.5 1.59 8.64 10.23 1.18 9.43

4 0.0400 1I4.0 82.1 0.7 1.77 8.64 10041 1.20 9.52

5 {).OSOO 124.0 89.3 0.8. 1.92 8.64 10.56 1.22 9.60

6 0.0600 133.0 95.8 1.0 2.06 8.64 10.70 1.24 9.67

7 0.0700 140.0 100.8 J.l 2.16 8.64 10.80 1.25 9.72

8 0.0800 147.0 105.8 1.3 2.27 8.64 10.91 1.26 9.77

9 0.0900 150.0 ]08.0 1.5 2.31 8.64 10.95 127 9.79
]0 0.1000 156.0 112.3 1.6 2.40 8.64 11.04 1.28 9.84

11 0.2000 178.0 1282 3.3 2.69 8.64 11.33 1.31 9.98

12 0.3000 206.0 148.3 4.9 3.06 8.64 11.70 1.35 10.17

13 004000 226.0 162.7 6.5 3.30 8.64 11.94 1.38 10.29

14 0.5000 244.0 175.7 8.2 3.50 8.64 12.14 1.41 10.39

15 0.6000 274.0 197.3 9.8 3.86 8.64 12.50 1.45 10.57

16 0.7000 282.0 203.0 11.5 3.90 8.64 12.54 1.45 10.59

17 0.8000 304.0 218.9 13.1 4.13 8.64 12.77 1.48 10.70

18 0.9000 . 328.0 236.2 14.7 4.37 8.64 13.01 1.51 10.82

19 1.0000 342.0 246.2 16.4 4.47 8.64 13.II 1.52 10.87

20 1.1000 352.0 253.4 18.0 4.51 8.64 13.15 1.52 10.89

21 1.2000 373.0 268,.6 19.6 4.68 8.64 13.32 1.54 ]0.98

'~...."

MACTEC, INC.
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Normal Stress, ksf

6 Sample No. 1 2 3

Water Content, 23.9 29.4 32.8
5 Dry Density, pcf 99.7 .92.8 88.4

1 ~ Saturation, 96.7 100.0 100.0;..-
..... 2 E Void Ratio 0.6526 0.7754 0.8651- i Diameter, in. 2.83 2.83 2.84Ul 4

~ "'"ui Height, in. 6.13 6.14 6.13
II)
Q) Water Content, 24.7 29.4 32.8"-en :3 I' Dry Density, pcf 99.7 92.8 88.4.... ii.i
0 Q) Saturation, 100.0 100.0 100.0iii 1...-

3
r-

Void Ratio 0.6526 0.7754 0.8651'> 1./ «Q) Diameter, in. 2.83 2.83 2.840 2 ,
Height, in. 6.13 6.14 6.13

strain rate, in.lmin. 0.02 0.02 0.02
1

Back Pressure, ksf 2.9 2.9 2.9

. Cell Pressure, ksf 5.8 8.6 14.4
0

0 5 10 15 20 Fail. Stress, ksf 4.7 4.4 2.6
Axial strain, % Ult. Stress, ksf

0"1 Failure, ksf 7.5 10.2 14.1
Type of Test:

CS3 Failure, ksf -2.9 5.8 11.5
Unconsolidated Undrained

Sample Type: undisturbed Client TVA

Description:
Project: TVA Kingston - Proposed Gypsum Stack

Assumed Specific Gravity: 2.64 Location: NB-85B

Remarks: Sample Number: UD-6, 7 & 8 (UU) Depth: 23'-29'

Proj. No.: 3043051021 Date:

TRIAXIAL SHEAR TEST REPORT

IFigure MACTEC, INC.

Tested By: !..:A~le~x~a~n~d~e~r _ CheckedBy:~H=a=m~le=tt=- ___
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Client: TVA

Project: TVA Kingston - Proposed Gypsum Stack

Location: NB-85B Depth: 23'-29' Sample Number: UD-6, 7 & 8 (UU)

I Project No.: 3043051021 Figure I MACTEC, INC.

Tested By: :....;A::;:le:;.:x:=8c:..:.nd::::.e:;o:r'--- Checked By: !...H"'8"-'mc.c:I""-etl"'-- _
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Date:

Client:

Project:

Project No.:

Location:

TRIAXIAL COMPRESSION TEST
Unconsolidated Undrained

TVA

TVA Kingston - Proposed Gypsum Stack

3043051021

NB-85B

911312005
10:00 PM

Depth: 23'-29'

Description:

Remarks:

Type ot Sample: undisturbed

Specific Gravity=2.64 LL=

Test Method: COE unifonn strain

Sample Number:

PL= PI=

UD-6, 7 & 8 (UU)

Specimen Parameter Initial

Moisture content: Moist soil+tare, gms. 1254.700

Moisture content: Dry soil+tare, gms.

Moisture content: Tare, gms.

Moisture, %

Moist specimen weight, gms.

Diameter, in.

Area, in!

Height, in.

Net decrease in height, in.

Wet Density, pet

Dry density, pet

Void ratio

Saturation, %

1012.600

0.000

23.9

1254.7
2.83

6.31

6.13

123.6

99.7
0.6526

96.7

Saturated

24.7

2.83
6.31

6.13
0.00

124.4

99.7
0.6526

100.0

Final

1366.730

1105.290

93.360

25.8

Load ring constant = O.72lbs. per input unit

Cell pressure = 40.00 psi (5.76 ksf)

Back pressure = 20.00 psi (2.88 ksf)

Effective confining stress =2.88 ksf

Strain rate, inJmin. = 0.02

Fail. Stress = 4.65 lesf at reading no. 21

'-' 1=--- __ MACTEC, INC. .1
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Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio kst -lest

0 0.0000 0.0 0.0 0.0 0.00 2.88 2.88 1.00 2.88

I 0.0100 46.0 33.1 0.2 0.75 2.88 3.63 126 3.26

2 0.0200 62.0 44.6 0.3 1.02 2.88 3.90 1.35 3.39

3 0.0300 69.0 49.7 0.5 1.13 2.88 4.01 1.39 3.44

4 0.0400 74.0 53.3 0.7 1.21 2.88 4.09 1.42 3048
5 0.0500 79.0 56.9 0.8 1.29 2.88 4.17 1.45 3.52

6 0.0600 84.0 60.5 1.0 1.37 2.88 4.25 1.47 3.56

7 0.0700 89.0 64.1 I.l 1.45 2.88 4.33 1.50 3.60

8 0.0800 96.0 69.1 1.3 1.56 2.88 4.44 1.54 3.66

9 0.0900 103.0 74.2 1.5 1.67 2.88 4.55 . 1.58 3.71

10 0.1000 11 1.0 79.9 1.6 1.79 2.88 4.67 1.62 3.78

II 0.2000 170.0 122.4 3.3 2.70 2.88 5.58 1.94 4.23

12 0.3000 209.0 150.5 4.9 327 2.88 6.15 2.13 4.51

13 004000 233.0 167.8 6.5 3.58 2.88 6.46 224 4.67

14 0.5000 257.0 185.0 8.2 3.88 2.88 6.76 2.35 4.82

IS 0.6000 278.0 200.2 9.8 4.12 2.88 7.00 . 2.43 4.94

16 0.7000 289.0 208.1 11.4 421 2.88 7.09 2.46 4.98

17 0.8000 303.0 218.2 13.0 4.33 2.88 721 2.50 5.05
18 0.9000 317.0 2282 14.7 4.45 2.88 7.33 2.54 5.10

19 1.0000 332.0 239.0 16.3 4.57 2.88 7.45 2.59 5.-16

20 1.1000 341.0 245.5 17.9 4.60 2.88 7.48 2.60 5.18

21 12000 352.0 253.4 19.6 4.65 2.88 7.53 2.62 5.21

1 MACTEC, INC. ......
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120.1

92.8

0.7754

100.0

Specimen Parameter Initial

Moisture content: Moist soil+tare. gms. 1216.300

Moisture content: Dry soil+tare, gms. 940.100

Moisture content: Tare, gms. 0.000

Moisture, % 29.4

Moist specimen -weight, gms. 1216.3

Diameter, in. 2.83

Area, in.2 6.28

Height, in. 6.] 4
Net decrease in height, in.

Wet Density, pet

Dry density, pcf
Void ratio

Saturation, %

Saturated

29.4

2.83

6.28

6.14

0.00

120.1

92.8

0.7754

100.0

Final

650.000

500.550

13.930

30.7

Load ring constant =0.72 Ibs. per input unit

Cell pressure =60.00 psi (8.64 ksf)
Back pressure = 20.00 psi (2.88 ksf)

Effective confining stress = 5.76 ksf
Strain rate, in./min. = 0.02

Fail. Stress =4.43 ksf at reading no. 20

Det. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. % Iesf ksf ksf Ratio ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 5.76 5.76 1.00 5.76
'lIiIIII' 1 0.0100 39.0 28.1 02 0.64 5.76 6.40 1.11 6.08

2 0.0200 65.0 46.8 03 1.07 5.76 6.83 1.19 6.29

3 0.0300 82.0 59.0 0.5 1.35 5.76 7.11 1.23 6.43

4 0.0400 91.0 65.5 0.7 1.49 5.76 725 1.26 6.51

5 0.0500 98.0 70.6 0.8 1.60 5.76 7.36 128 6.56

6 0.0600 103.0 74.2 1.0 1.68 5.76 7.44 1.29 6.60

7 0.0700 110.0 79.2 1.1 1.79 5.76 7.55 I.31 6.66

8 0.0800 115.0 82.8 1.3 1.87 5.76 7.63 1.33 6.70

9 0.0900 120.0 86.4 1.5 1.95 5.76 7.71 1.34 6.74

10 0.1000 126.0 90.7 1.6 2.05 5.76 7.81 1.36 6.78

11 0.2000 172.0 123.8 33 2.75 5.76 8.51 1.48 7.13

12 0.3000 204.0 146.9 4.9 3.20 5.76 8.96 1.56 7.36

13 0.4000 229.0 ]64.9 6.5 3.53 5.76 929 1.61 7.53

14 0.5000 254.0 182.9 8.1 3.85 5.76 9.61 1.67 7.69

15 0.6000 272.0 ]95.8 9.8 4.05 5.76 9.81 1.70 7.79
]6 0.7000 289.0 208.1 11.4 4.23 5.76 9.99 ·1.73 7.87

17 0.8000 303.0 218.2 13.0 4.35 5.76 10.11 1.76 7.93

18 0.9000 311.0 223,9 14.7 4.38 5.76 ]0.14 1-76 7.95

19 1.0000 319.0 229.7 16.3 4.41 5.76 10.17 1.77 7.96

20 1.1000 327.0 235.4 17.9 4.43 5.76 ]0.19 1.77 7.98

21 1.2000 331.0 238.3 19.5 4.40 5.76 10.16 1.76 7.96

'lllw'
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117.3
88.4

0.8651

100.0

Specimen Parameter Initial

Moisture content: Moist soil+tare, gms. 1192.600

Moisture content: Dry soil+tare, gms. 898-200

Moisture content: Tare, gms. 0.000

Moisture, % 32.8

Moist specimen weight, gms. 1192.6

Diameter, in. 2.84

Area, in.2 6.32
Height, in. 6.13

Net decrease in height, in.

Wet Density, pcf

Dry density, pcf

Void ratio

Saturation, %

Saturated

32.8

2.84

6.32

6.13

0.00

117.3
88.4

0.8651

100.0

Final

565.110

423.480

13360

34.5

Load ring constant =0.72 Ibs. per input unit

Cell pressure =100.00 psi (14.40 ksf)
Back pressure =20.00 psi (2.88 ksf)
Effective confining stress =11.52 ksf

Strain rate, in./min. = 0.02
Fail. Stress =2.61 ksfat reading no. 15

Def. Deviator Minor Prine. Major Prine.
Dial Load Load Strain Stress Stress Stress 1:3 P Q

No. in. Dial Ibs. 0/. Itsf ksf ksf Ratio ksf Itsf

0 0.0000 0.0 0.0 0.0 0.00 11.52 11.52 1.00 11.52
~....., 1 0.0100 48.0 34.6 0.2 0.79 11.52 1231 1.07 11.91

2 0.0200 65.0 46.8 03 1.06 11.52 12.58 1.09 12.05

3 0.0300 78.0 562 0.5 1.27 11.52 12.79 1.11 12.16

4 0.0400 103.0 742 0.7 1.68 11.52 13.20 US 12.36

5 0.0500 110.0 79.2 0.8 1.79 11.52 1331 1.16 12.42
6 0.0600 117.0 842 1.0 1.90 11.52 13.42 1.17 12.47

7 0.0700 121.0 87.1 1.1 1.96 11.52 13.48 1.17 12.50

8 0.0800 124.0 893 1.3 2.01 11.52 13.53 1.17 12.52

9 0.0900 128.0 922 1.5 2.07 11.52 13.59 1.18 12.56
10 0.1000 129.0 92.9 1.6 2.08 11.52 n.60 1.18 12.56

11 02000 142.0 102.2 3.3 225 11.52 13.77 120 12.(}5

12 0.3000 165.0 118.8 4.9 2.58 11.52 14.10 1.22 12.81

13 0.4000 168.0 121.0 6.5 2.58 11.52 14.10 1.22 12.81
14 0.5000 172.0 123.8 8.2 2.59 11.52 14.11 1.23 12.82

15 0.6000 176.0 126.7 9.8 2.61 11.52 14.13 1.23 12.82

16 0.7000 169.0 121.7 11.4 2.46 11.52 13.98 . 1.21 12.75

17 0.8000 165.0 118.8 13.1 2.35 11.52 13.87 120 12.70

"- MACTEC, INC. ....
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Proposed Gypsum Disposal Area, TVA Kingston Fossil Plant
MACTECProject 3043051064.01

February 24, 2006

CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST RESULTS
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Total Nonnal Stress, ksf --_.
Effective Nannal Stress, ksf - - -

Client TVA

Sample No. 1 2 3

Water Content, 29.2 26.7 32.3
Dry Density, pet 89.0 90.1 83.7

~ Saturation, 91.2 85.8 88.8
"E Void Ratio 0.8376 0.8153 0.9535

3 Diameter, in. 2.84 2.84 2.81
Height, in. 6.02 5.85 6.07

Water Content, 31.4 28.0 30.7
.... Dry Density, pet 89.8 94.4 90.7
II)

CD Saturation, ]00.0 ]00.0 100.0
~
~

Void Ratio 0.822] 0.7325 0.8037;{
Diameter, in. 2.84 2.80 2.74
Height, in. 6.00 5.76 5.91

Strain rate, in.Jmin. 0.02 0.02 0.02
Back Pressure, ksf 2.9 2.9 2.9
Cell Pressure, ksf 5.8 8.6 14.4
Fail. Stress, ksf 6.2 6.2 10.8

40 Total Pore Pr., ksf 3.4 5.1 7.7
UIt. Stress, ksf

Total Pore Pr., ksf
a, Failure, ksf 8.5 9.8 17.4
G3 Failure, ksf 23 3.5 6.7

I I

101--+.....j..,.'I-I-I-+-i-l--+::F-+4-+--+-+-+--+-+-+-I

7.5 J-I.-+-+-f-+-+-i-l--+--+-+-J-+-+-+--+-+-+-I

0l,.-l-...l.-.L...J."*..l-...1--J-~1:c-'--+-'---'--==-"--'-...l.-~o 10 20 30

Axial Strain, %

Type of Test:
CO with Pore Pressures

·Sample Type: undisturbed

Description: Brown to red brown elastic silt

12.5 H-I-+-J-I-+-Ir-f--+-H-+-H-+-+-+-I-+-l

'"
,~ -:

en
~en....
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til

"58 51-1-1-K-+-i-l-+-i-+-f-J-+-+-+--+--+-+-f--f-+-i

Project TVA Kingston - Proposed Gypsum Stack

LL= 8] PL= 42
Specific Gravity: 2.62

Remarks: MH

PI=39
Location: NB-] 8

Sample Number: 00-1, 3 & 4 (CU) Depth: 6.5'-185'

Proj. No.: 304305102] Date:

'w
Figure

TRIAXIAL SHEAR TEST REPORT

MACTEC INC.

Tested By: ~A~le~x~a:=.=.n.:.::d~e~r Checked By: ~H:::a~m,-"I~e""tt,-- _
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Client TVA

Project: TVA Kingston - Propc>sed Gypsum Stack

ocation: NB-18 Depth: 6.5'-J 8.5' Sample Number: UD-I. 3 & 4 (CD)

• Project No.: 3043051021 Figure I MACTEC, INC.
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TRIAXIAL COMPRESSION TEST
CU with Pore Pressures

9/1312005

9:04 PM

UD-1.3 & 4 (Cll)

PI=39

..

Sample Number:

PL=42

TVA
TVA Kingston - Proposed Gypsum Stack

3043051021
NB-18

6.5'-18.5'

Date:

Client:

Project:

Project No.:

Location:

Depth:

Description:

Remarks:

Type of Sample: undisturbed

Specific Grav1ty=2.62 LL=81
Test Method: COE uniform strain

Specimen Parameter Initial Saturated Consolidated Final

Moisture content: Moistsoil+tare, gms. 1153.600 1184.710
Moisture content: Dry soit+tare, gms. 893200 907.100
Moisture content: Tare, gms. 0.000 14.150
Moisture, % 29.2 32.0 31.4 31.1
Moist specimen weight. gms. 1153.6

Diameter, in. 2.84 2.84 2.84

Area, in.2 635 635 6.32

Height, in. 6.02 6.02 6.00
,~ Net decrease in height, in. 0.00 0.02

Wet Density, pet 115.0 117.5 lJ7.9
Dry density, pet 89.0 89.0 89.8

Void ratio 0.8376 0.8376 0.8221

Saturation, % 91.2 100.0 100.0

Load ring constant =0.72 Ibs. per input Wlit
Consolidation cell pressure =40.00 psi (5.76 ksf)
Consolidation back pressure =20.00 psi (2.88 kst)
Consolidation effective confining stress =2.88 ksf
Strain rate, inlmin. =0.02
Fail. Stress =6.15 ksf at reading no. 14

1 MACTEC, INC. ....
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Def. Deviator MinorEff. MajorEff. PDre
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. ·in. Dial Ibs. % ksf ksf ksf Ratio psi ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 2.88 2.88 1.00 20.00 2.88 0.00

1 0.0100 97.0 69.8 0.2 1.59 2.65 4.24 1.60 2].60 3.44 0.79
2 0.0200 132,0 95.0 03 2.16 2.55· 4.7] U5 2230 3.63 1.08

3 0.0300 ]56.0 1]2.3 0.5 2.55 2.45 5.00 2.04 23.00 3.72 127
4 0.0400 174.0 ]253 0.7 2.84 2.38 521 2.]9 23.50 3.79 1.42

5 0.0500 192.0 1382 0.8 3.13 229 5.41 2.36 24.10 3.85 1.56
6 0.0600 206.0 148.3 1.0 3.35 222 5.57 2.51 24.60 3.89 1.67

7 0.0700 219.0 157.7 12 3.55 2.15 5.70 2.66 25.10 3.92 1.78
g 0.0800 232.0 167.0 1.3 3.76 2.09 5.85 2.80 25.50 3.97 1.88

9 0.0900 243.0 ]75.0 1.5 3.93 2.03 5.96 2.93 25.90 3.99 1.96

10 0.1000 255.0 183.6 1.7 4.]2 1.99 . 6.10 3.07 2620 4.05 2.06

11 02000 327.0 235.4 33 5.19 1.79 6.97 3.91 27.60 4.38 2.59
12 0.3000 375.0 270.0 5.0 5.85 1.92 7.76 4.05 26.70 4.84 2.92

13 0.4000 398.0 286.6 6.7 6.10 2.13 823 3.86 2520 5.18 3.05

14 0.5000 409.0 '294.5 83 6.15 233 8.49 3.64 23.80 5.4] 3.08
]5 0.6000 414.0 298.1 10.0 6.12 2.53 8.65 3.41 22.40 5.59 3.06
16 0.7000 416.0 2995 11.7 6.03 2.69 8.72 3.24 2130 5.71 3.02
17 0.8000 421.0 303.1 13.3 5.99 2.85 8.84 3.10 20.20 5.85 2.99

18 0.9070 426.0 306.7 ]5.1 5.94 3.01 8.95 2.97 19.10 5.98 2.97

19 1.0000 433.0 311.8 16.7 5.92 3.11 9.03 2.90 18.40 6.07 2.96
20 I.l46O 435.0 3132 19.1 5.78 327 9.05 2.77 1730 6.16 2.89

'......,.. 21 12017 437.0 314.6 20.0 5.74 3.34 9.08 2.72 16.80 6.21 2.87

,~

1 MACTEC, INC. _
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Specimen Parameter Initial Saturated Consolidated Final

Moisture content: Moist soil+tare, gms. 1113.500 1136.000
Moisture content: Dry soil+tare, gms. 878.900 892.950
Moisture content: Tare, gms. 0.000 13.930
Moisture, % 26.7 31.l 28.0 27.7
Moist specimen weight, gms. 1113.5

Diameter, in. 2.84 2.84 i 2.80
Area, in.2 6.35 6.35 6.15

Height, in. 5.85 5.85 5.76
Net decrease in height, in. 0.00 0.09

Wet Density, pef 114.1 ll8.I 120.8
Dry density, pef 90.1 90.1 94.4

Void ratio 0.8153 0.8153 0.7325

Saturation, % 85.8 100.0 100.0

Load ring constant =0.72 Ibs. per input unit

Consolidation cell pressure =60.00 psi (8.64 ksf)

Consolidation back pressure =20.00 psi (2.g8 ksf)

Consolidation effective confining stress =5.76 ksf

Strain rate, inJrnin. =0.02
Fail. Stress =6.24 ksf at reading no. 19

Def. Deviator MinorEff. MajorEff. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio psi Itsf ksf
~.....,

0 0.0000 0.0 0.0 0.0 0.00 5.76 5.76 1.00 20.00 5.76 0.00
1 0.0100 ] 15.0 82.8 02 1.93 5.54 7.48 1.35 21.50 6.51 0.97
2 0.0200 ]55.0 111.6 03 2.60 539 7.99 1.48 22.60 6.69 1.30

3 0.0300 186.0 133.9 0.5 3.12 5.23 835 1.60 23.70 6.79 1.56
4 0.0400 209.0 1505 0.7 3.50 5.08 8.58 1.69 24.70 6.83 1.75
5 0.0500 222.0 159.8 0.9 3.71 4.95 8.66 1.75 25.60 6.8] 1.85
6 0.0600 235.0 ]692 1.0 3.92 4.84 8.76 1.81 26.40 6.80 1.96
7 0.0700 245.0 176.4 12 4.08 4.75 8.83 1.86 27.00 6.79 2.04
8 0.0800 252.0 181.4 104 4.19 4.68 8.87 1.89 27.50 6.77 2.09

9 0.0900 259.0 J86.5 1.6 4.30 4.61 8.90 1.93 28.00 6.76 2.15
10 0.1000 266.0 ]91.5 1.7 4.40 4.54 8.94 1.97 28.50 6.74 220

II 02000 309.0 222.5 3.5 5.03 3.97 9.00 226 32.40 6049 2.5]

12 03000 336.0 241.9 52 5.37 3.61 8.98 2048 34.90 630 2.68

13 004000 360.0 2592 6.9 5.65 3.44 9.09 2.64 36.10 626 2.82
J4 0.5000 384.0 276.5 8.7 5.91 334 925 2.77 36.80 6.30 2.95
]5 0.6000 400.0 288.0 lOA 6.04 333 937 2.82 36.90 6.35 3.02
16 0.7000 415.0 298.8 12.1 6.]4 3.34 9.48 2.84 36.80 6.41 3.07

17 0.8000 427.0 307.4 13.9 6.20 3.40 9.59 2.82 36.40 6.50 3.10

18 0.9000 438.0 315.4 15.6 623 3.41 9.10 2.79 35.90 6.58 3.11

19 1.0000 448.0 322.6 173 6.24 3.54 9.78 2.76 35.40 6.66 3.12

20 1.1000 453.0 326.2 19.1 6.18 3.61 9.79 2.71 34.90 6.70 3.09
21 12000 460.0 331.2 20.8 6.]4 3.72 9.85 2.65 3420 6.78 3.07

'''''''''

I MACTEC, INC.
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Specimen Parameter Initial Saturated Consolidated Final
Moisture content Moist soil+tare, gms. 1095.000 1095.900
Moisture content: Dry soil+tare. gms. 827.600 841350
Moisture content Tare, gms. 0.000 13.570
Moisture, % 323 36.4 30.7 30.8
Moist specimen weight, gms. 1095.0

Diameter, in. 2..81 2.BI 2.74

Area, in.2 6.20 6.20 .5.88

Height, in. 6.07 6.07 5.91
lItet decrease in height, in. 0.00 0.16
Wet Density. pef 110.8 1142 118.5

Dry density, pet 83.7 83.7 90.7
Void ratio 0.9535 0.9535 0.8037
Saturation, % 88.8 100.0 100.0.

Load ring constant = O.72lbs. per input unit

Consolidation cell pressure =100.00 psi (14.40 ksf)
Consolidation back pressure =20.00 psi (2.88ksf)

Consolidation effective confining stress =11.52 lesf
Strain rate, inJmin. = 0.02
Fail. Stress =]0.76 ksf at reading no. ] 6

Def. Deviator MinorEff. Major Eff. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q'

No. in. Dial Ibs. % kst ksf kst Ratio psi ksf ksf

'......,.. 0 0.0000 0.0 0.0 0.0 0.00 ]1.52 11.52 1.00 20.00 11.52 0.00
I 0.0100 52.0 37.4 02 0.92 HAO 1232 1.08 20.80 . 11.86 0.46
2 0.0200 59.0 42.5 03 1.04 11.39 12.43 1.09 20.90 11.91 0.52
3 0.0300 69.0 49.7 0.5 121 11.36 12.57 1.11 2UO 11.97 0.61
4 0.0400 75.0 54.0 0.7 131 11.33 12.65 1.12 2130 11.99 0.66

5 0.0500 86.0 61.9 0.8 1.50 1129 12.79 1.13 21.60 12.04 0.75

6 0.0600 ]68.0 121.0 1.0 2.93 11.16 14.09 126 22.50 12.63 l.47

7 0.0700 289.0 208.1 12 5.04 10.93 15.97 1.46 24.10 13.45 2.52

8 0.080a 342.0 2462 1.4 5.95 W.77 16.72 1.55 2520 13.75 2.97

9 a.0900 376.0 270.7 1.5 6.53 10.63 17.]6 1.61 26.20 13.89 327
]0 0.1000 401.0 288.7 1.7 6.95 10.5] 17.46 1.66 27.00 13.99 3.48
1] 02000 548.0 394.6 3.4 9.34 9.26 ]8.60 2.01 35.70 13.93 4.67
]2 03000 596.0 429.1 5.1 9.98 835 1833 2.19 42.00 13.34 4.99
13 004000 641.0 461.5 6.8 ]0.54 7.72 1826 2.37 46.40 12.99 527
14 0.5000 652.0 469.4 8.5 ]0.53 727 ]7.80 2.45 49.50 12.54 526
IS 0.6000 664.0 478.1 10.1 10.52 6.93 17045 2.52 51.90 12.19 5.26

16 0.7000 692.0 4982 11.8 10.76 6.68 17.44 2.61 53.60 12.06 5.38

17 0.8000 678.0 4882 13.5 10.34 6.49 16.83 2.59 54.90 ] 1.66 5.]7

]8 0.9000 706.0 508.3 152 10.56 6.39 16.95 2.65 55.60 ] 1.67· 5.28

19 1.0000 711.0 511.9 16.9 10.42 6.32 16.74 2.65 56.10 11.53 5.21

20 LlOoo 713.0 513.4 18.6 10.24 626 16.50 2.63 56.50 IU8 5.12

21 1.2000 727.0 523.4 20.3 1022 624 16.46 2.64 56.70 IU5 5.1l

~......,..

I MACTEC. INC.
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Total Normal Stress, ksf --

C: 0.76 I<sl C= O./fJ ksf' Effective Normal Stress, ksf - - -

15 Sample No. t 2 3

Water Content, 27.5 29.6 29.4
12.5 Dry Density, pet 93.0 89.& 92.7

;

~ Saturation, 93.8 93.1 99.6
'E Void Ratio 0.7787 0.8428 0.7837- Diameter, in. 2.85 2.84 2.&3rI) 10... '.><:

.,; 3 Height, in. 5.98 6.08 6.1l
co I
Gl Water Content, 26.5 27.5 25.0...

en 7.5 I Dry Density, pet 97.2 95.6 99.5I j;)
0 CD Saturation, 100.0 100.0 100.0;a l-
'> 2 < Void Ratio 0.7027 0.7299 0.6629
Gl 5

! ! Diameter, in. 2.81 2.78 2.760 . I I

1 Height, in. 5.89 5.96 5.97

Strain rate, in.Jmin. 0.02 0.02 0.02
2.5 Back Pressure. ksf 43 43 43

Cell Pressure, ksf 6.5 8.6 13.0
Fail. Stress, ksf 4.2 6.7 10.80

0 10 20 30 40 Total Pore Pr., ksf 5.1 6.4 92
Axial Strain. % . U/t Stress, ksf,

Total Pore Pr., ksf

Type otTest:
a, Failure, ksf 5.6 9.0 14.6

CD with Pore Pressures
a3 Failure, ksf 1.4 2.2 3.8

Sample Type: undisturbed Client TVA

Description: Brown fat clay with sand
Project TVA Kingston - Proposed Gypsum Stack

LL=S3 PL=28 PI=25

Specific Gravity= 2.65 Location: NB-21A

Remarks: CH Sample Number: UD-I. 2 & 3 (Cll) Depth: J5'-23'

Proj. No.: 3043051021 Date:

,~
TRIAXIAL SHEAR TEST REPORT

I Figure MACTEC. INC.

Tested By: ,-A:.:.::le:::;x:::a~n=de::::;r,-- Checked By: -,-H,-=a::.:mc=:.le~tto:...- _

TVA-00020981
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TRIAXIAL COMPRESSION TEST
CU with Pore Pressures

9/1312005
9:21 PM

TVA
TVA Kingston - Proposed Gypsum Stack
304305102]

NB-21A
]5'-23'

Date:

Client:
Project:
Project No.:
location:
Depth:
Description:

"Remarks:
Type of Sample: tmdisturbed

Specific Gravity=2.65 Ll=53
Test Method: COE unifoTlTl strain

Pl=28

Sample Number:

PI=25

lID-I, 2 & 3 (CU)

Specimen Parameter Initial Saturated Consolidated Final
Moisture content: Moist soil+tare, gms. 1190.700 ]289.490
Moisture content Dry soil+tare, gms. 933.520 1021.630
Moisture content Tare, gms. 0.000 88.110
Moisture, % 27.5 29.4 26.5 2&.7
Moist specimen weight, gms. 1190.7
Diameter, in. 2.85 2.85 2.81
Area, in.z 6.39 6.39 6.21

'''''''
Height, in. 5.98 5.98 5.89
Net decrease in height, in. 0.00 0.09
Wet Density, pcf 118.6 120.3 122.9
Dry density, pet 93.0 93.0 972
Void ratio 0.7787 0.7787 0.7027
Saturation, % 93.8 100.0 100.0

Load ring constant = 0.72 lbs. per input unit
Consolidation cell pressure =45.00 psi (6.48 !<sf)

.Consolidation back pressure =30:00 psi (4.32 ksf)
Consolidation effective confining stress = 2.} 6 ksf

Strain rate, in1min. = 0.02
Fail. Stress =420 ksfat reading no. 14

1 MACTEC, INC. ------- --8
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Def. Deviator MinorEff. MajorEff. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. % ksf ksf !<sf Ratio psi ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 2.16 2.16 1.00 30.00 2.]6 0.00

I O.OJOO 74.0 53.3 0.2 123 1.74 2.98 1.71 3290 2.36 0.62

2 0.0200 98.0 70.6 03 1.63 1.54 3.17 2.06 3430 2.36 0.82
3 0.0300 120.0 86.4 05 1.99 137 3.36 2.46 35.50 2.36 1.00
4 0.0400 138.0 99.4 0.7 229 127 3.56 2.81 3620 2.41 1.l4
5 0.0500 153.0 1102 0.8 2.53 120 3.73 3.12 36.70 2.46 L27
6 0.0600 . ]66.0 119.5 1.0 2.74 1.14 3.88 3.41 37.10 2.51 L37
7 0.0700 179.0 128.9 ]2 2.95 1.08 4.03 3.73 37.50 2.56 1.48
8 - 0.0800 .187.0 134.6 1.4 - 3.08 1.05 4.13 3.93 37.70 2.59 1.54

9 0.0900 194.0 139.7 1.5 3.19 1.0] 420 4.16 38.00 2.60 1.60
10 0.1000 201.0 ]44.7 1.7 3.30 0.98 4.28 4.37 38.20 2.63 1.65
11 02000 229.0 164.9 3.4 3.69 1.05 4.75 4.51 37.70 2.90 1.85
]2 03000 256.0 ]843 5.1 4.06 1.18 5.24 4.44 36.80 321 2.03

13 0.4000 265.0 ]90.8 6.8 4.12 128 5.41 4.22 36.10 334 2.06
]4 0.5000 275.0 ]98.0 85 4.20 135 5.56 4.10 35.60 3.45 2.10

15 0.6000 269.0 ]93.7 102 4.03 1.41 5.45 3.86 35.20 3.43 2.02
16 0.7000 279.0 200.9 11.9 4.11- 1.47 5.57 3.80 34.80 3.52 2.05
17 0.8000 283.0 203.8 13.6 4.08 1.53 5.61 3.68 34.40 3.57 2.04
18 0.9000 279.0 200.9 153 3.95 1.57 5.52 3.52 34.10 354 1.97
19 1.0000 294.0 211.7 - 17.0 4.08 1.63 5.70 3.51 33.70 3;67 2.04
20 1.1000 295.0 212.4 18.7 4.01 1.66 5.66 3.42 33.50 3.66 2.00

,~
21 12000 305.0 219.6 20.4 4.06 1.70 5.76 3.39 3320 3.73 2.03

1 MACTEC, INC. ..1
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Specimen Parameter Initial Saturated Consolidated Final
Moisture content Moist soil+tare, grns. 1178.700 1201.320
Moisture content: Dry soil+tare, gms. 909500 923.300
Moisture content Tare, gms. 0.000 13.570
Moisture, % 29.6 31.8 27.5 30.6
Moist specimen weight, gms. 1178.7
Diameter, in. 2.84 2.84 2.78

Area, in.2 6.34 6.34 6.08
Height, in. 6.08 6.08 5.96
Net decrease in height, in. 0.00 0.13

Wet Density, pet 1163 118.3 122.0

Dry density, pet 89.8 89.8 95.6
Void ratio 0.8428 0.8428 0.7299
Saturation, % 93.1 100.0 100.0

Load ring constant =O.72lbs. per input unit
Consolidation cell pressure = 60.00 psi (8.64 ksi)
Consolidation back pressure = 30.00 psi (4.32 !<sf) .
Consolidation effective confining stress = 4.32 ksf
-Strain rate, inJrnin. = 0.02
Fail. Stress = 6.73 lesfat reading no. 13

Def. Deviator MinorEff. Major Elf. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio psi ksf ksf
,~

0 0.0000 0.0 0.0 0.0 0.00 4.32 432 l.00 30.00 432 0.00
1 0.0100 114.0 82.1 0.2 1.94 3.83 5.77 1.51 33.40 4.80 0.97
2 0.0200 149.0 107.3 0.3 2.53 3.54 6.07 1.71 35.40 4.81 1.27
3 0.0300 173.0 124.6 05 2.93 330 623 1.89 37.10 4.77 1.47
4 0.0400 194.0 139.7 0.7 3.29 3.10 638 2.06 38.50 4.74 1.64
5 0.0500 211.0 151.9 0.8 357 2.92 6.49 222 39.70 4.71 1.78
6 0.0600 229.0 164.9 1.0 3.87 2.75 6.62 2.41 40.90 4.68 1.93
7 0.0700 246.0 177.1 12 4.15 2.62 6.77 2.58 41.80 4.69 2.07
8 0.0800 261.0 187.9 13 4.39 2.51 6.90 2.75 42.60 4.70 2.20
9 0.0900 277.0 199.4 15 4.65 2.40 7.06 2.93 43.30 4.73. 2.33

10 0.1000 292.0 210.2 1.7 4.90 2.30 720 3.12 44.00 4.75 2.45
II 02000 376.0 270.7 3.4 6.20 1.97 8.17 4.14 46.30 5.07 3.10
12 0.3000 403.0 290.2 5.0 6.53 2.03 8.56 4.21 45.90 529 3.26
I3 0.4000 423.0 304.6 6.7 6.73 2.25 8.97 4.00 44.40 5.61 3.36
14 0.5000 399.0 287.3 8.4 623 2.42 8.65 3.58 4320 5.54 3.]2

15 0.6000 380.0 273.6 10J 5.83 2.56 8.39 3.27 42.20 5.48 2.91
16 0.7000 370.0 266.4 11.7 557 2.71 8.27 3.06 4].20 5.49 2_7&

1 MACTEC.INC. .....
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Specimen Parameter Initial Saturated Consolidated Final
.~ Moisture content Moist soil+tare, gms. 1208.200 1209.1!0

Moisture content: Dry soil+tare, gms. 933.400 946.980
Moisture content: Tare, gms. 0.000 13.380
Moisture, % 29.4 29.6 25.0 28.1
Moist specimen weight, gms. 1208.2

Diameter, in. 2.83 2.83 2.76

Area, in.l 628 6.28 5.99

Height, in. 6.11 6.11 5.97
Net decrease in height, in. 0.00 0.14

Wet Density, pet 120.1 1202 124.4

Dry density, pcf 92.7 92.7 99.5

Void ratio 0.7837 0.7837 0.6629

Saturation, % 99.6 100.0 100.0

Load ring constant =Q.72 Ibs. per input unit

Consolidation cell pressure = 90.00 psi (12.96 kst)

Consolidation back pressure = 30.00 psi (4.32 ks:f)
Consolidation effective confining stress =8.64 ksf
Strain rate, inJmin. =0.02 .

Fail. Stress =10.82 ksfat reading no. 12

Def. Deviator Minor Eft. Major Eff. Pore
Dial Load Load Strain Stress Stress stress 1:3 Press. P Q

No. in. Dia' Ibs. %. ksf ksf Itsf Ratio psi ksf ksf
~...... 0 0.0000 0.0 0.0 0.0 0.00 8.64 8.64 1.00 30.00 8.64 0.00

] 0.0]00 197.0 ]41.8 02 3.40 827 ] 1.67 1.4] 32.60 9.97 1.70
2 0.0200 249.0 ]793 03 430 7.96 ]2.26 1.54 34.70 10.11 2.15

3 0.0300 285.0 2052 0.5 4.9] 7.70 12.61 1.64 36.50 10.16 2.45

4 0.0400 312.0 224.6 0.7 5.36 7.46 12.82 1.72 3820 1O.J4 2.68

5 0.0500 336.0 241.9 0.8 5.77 721 12.98 1.80 39.90 10.10 2.88

6 0.0600 359.0 258.5 1.0 6.15 6.97 13.12 1.88 . 41.60 10.05 3.08
7 0.0700 383.0 275.8 12 6.55 6.74 1329 197 4320 ]0.02 3.28
8 0.0800 402.0 289.4 1.3 6.87 6.51 1337 2.05 44.80 9.94 3.43

9 0.0900 421.0 303.1 1.5 7.18 628 13.46 2.14 46.40 9.87 3.59
]0 0.1000 439.0 3]6.1 1.7 7.47 6.11 13.58 222 47.60 9.84 3.74
]] 0.2000 570.0 410.4 3.4 9.54 4.48 14.02 3.13 58.90 9.25 4.77

12 0.3000 658.0 473.8 5.0 10.82 3.80 ]4.62 3.85 63.60 9.21 5.4]

13 0.4000 660.0 475.2 6.7 10.66 3.80 14.46 3.80 63.60 9.13 5.33
14 0.5000 655.0 471.6 8.4 10.39 4.03 14.42 3.58 62.00 9.23 5.19

15 0.6000 635.0 457.2 ]0.1 9.89 429 ]4.1 8 3.30 60.20 9.23 4.94

16 0.7000 655.0 471.6 11.7 10.01 4.46 ]4.47 3.24 59.00 9.47 5.00

17 0.8000 638.0 459.4 13.4 9.56 4.58 14.14 3.09 5820 9.36 4.78

18 0.9000 623.0 448.6 ]5.1 9.16 4.64 13.80 2.98 57.80 9.22 4.58

1 MACTEC, INC. .....A
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Total Normal Stress, ksf --
Effective Normal Stress, ksf - - -

15 Sample No. 1 2 3

Water Content, 24.5 29.9 26.5
12.5 Dry Density, pet 973 90.8 90.0

~ Saturation, 92.4 95.8 83.5
"E Void Ratio 0.7062 0.8288 0.8444- Diameter, in. 2.85 2.84 2.89en 10

~

ui 3 Height, in. 5.98 6.09 5.88
rn I

~ Water Content, 21.5 24.4 24.8en 7.5 Dry Density, pet 105.7 100.6 100.1iiil5 Q) Saturation, 100.0 100.0 100.0iii t-
Void Ratio 0.5717 0.6499 0.6587"> «Q) 5 Diameter, in. 2.78 2.75 2.790

I- 2 Height, in. 5.82 5.88 5.68
Strain rate, inJmin. 0.02 0.02 0.02

2.5 Back Pressure, ksf 2.9 2.9 2.9
Cell Pressure, ksf 7.5 12.1 213

0 Fail. Stress, ksf 4.9 4.7 10.4
0 10 20 30 40 TotalPore Pr., ksf 4.9 6.4 142

Axial Strain. % Ull Stress, ksf
Total Pore Pr., ksf

Type of Test:
CJ1 Failure, ksf 7.6 10.4 17.5
G3 Failure, ksf 2.6 5.7 7.1

CU with Pore Pressures

Sample Type: undisturbed Client: TVA

Description: Dark gray lean clay with sand
Project TVA Kingston - Proposed Gypsum Stack

LL=36 PL=21 PI= 15

Specific Gravity: 2.66 Location: NB-21A

Remarks: CL Sample Number: UD-4, 5 & 6 (CU) Depth: 30'-38'

Proj. No.: 3043051021 Date:

TRIAXIAL SHEAR TEST REPORT

1Figure MACTEC, INC.

Tested By: !....A~le~x~a~nd~e~r Checked By: ",-H~a"-,m-,,,Ie~tt~ _
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TRJAXIAL COMPRESSION TEST
CU with Pore Pressures

9/1312005
9:27PM

UD-4,5 & 6 (CU)

PI=15

Sample Number:

PL=21

TVA
TVA Kingston - Proposed Gypsmn Stack
3043051021
NB-21A
30'-38'

Date:

Client:

Project:

Project No.:

Location:

Depth:

Description:

Remarks:
Type of Sample: undisturbed
Specific Gravity=2.66 U=36

Test Method: COE unifonn strain

Specimen Parameter Initial Saturated Consolidated Final
Moisture content: Moist soil+tare, gms. 1220.600 649530
Moisture content: Dry soil+tare, gms. 980.100 526.180

Moisture content: Tare. gms. 0.000 13.780
Moisture. % 24.5 26.5 21.5 24.1
Moist specimen weight, gms. 12163

Diameter. in. 2.85 2.85 2.78

Area.ln.2 6.39 6.39 6.05

'-.."
Height, in. 5.98 5.98 5.82
Net decrease in height, in. 0.00 0.16
Wet Density, pet 121.2 123.2 128.4
Dry density, pet 97.3 973 105.7
Void ratio 0.7062 0.7062 0.5717

Saturation. % 92.4 100.0 100.0

Load ring constant =0.72 Ibs. per input unit
COnsolidation cell pressure =52.00 psi (7.49 ksf)

Consolidation back pressure =20.00 psi (2.88 ksf)
Consolidation effective confining stress =4.61 ksf
Strain rate. in./min. = 0.02

Fail. Stress =4.92 ksf at reading no. J4

1 MACTEC,INC. .....
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Def. Deviator Minor Eft. Major Eft. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio psi ksf ksf

0 0;0000 0.0 0.0 0.0 0:00 4.61 4.61 1.00 20.00 4.61 0.00
I 0.0100 96.0 69.1 0.2 1.64 4.49 6.13 1.37 20.80 531 0.82
2 0.0200 121.0 &7.1 03 2.07 439 6.46 1.47 21.50 5.43 1.03
3 0.0300 142.0 102.2 0.5 2A2 433 6.76 1.56 21.90 5.54 1.21
4 0.0400 156.0 1123 0.7 2.65 425 6.90 1.62 22.50 5.58 1.33
5 0.0500 168.0 121.0 0.9 2.&5 4.18 7.03 1.68 23.00 5.60- 1.43
6 0.0600 n 1&0.0 129.6 1.0 3.05 4.10 7.16 1."74 23.50 5.63 1.53
7 0.0700 189.0 136.1 1.2 320 4.03 723 1.79 24.00 5.63 1.60
8 0.0&00 198.0 142.6 1.4 335 3.96 731 1.84 24.50· 5.63- 1.67
9 0.0900 204.0 ]46.9 1.5 3.44 3.90 7.34 1.88 24.90 5.62 1.72

10 0.1000 211.0 151.9 1.7 3.55 3.84 7.40 1.92 2530 5.62 1.78

11 02000 254.0 1&2.9 3.4 420 3.31 7.51 227 29.00 5.41 2.10

12 0.3000 287.0 206.6 52 4.66 2.92 7.59 2.60 31.70 526 2.33
13 0.4000 301.0 216.7 6.9, 4.80 2.72 7.52 2.76 33.10 5.12 2.40
14 0.5000 314.0 226.1 8.6 4.92 2.64 7.55 2.87 33.70 5.09 2.46

15 0.6000 303.0 218.2 103 4.66 2.55 721 2.83 3430 4.88 2.33
16 0.7000 298.0 214.6 12.0 4.49 2.56 7.06 2.75 3420 4.81 225

'1 MACTEC, INC. --1
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Specimen Parameter Initial Saturated Consolidated Final
Moisture content Moist soil+tare, gms. 1228.800 600.630

Moisture content Dry soil+tare. gms. 946.300 478.1 ]0

Moisture content Tare, gms. 0.000 14.160

Moisture, % 29.9 31.2 24.4 26.4

Moist specimen weight, gms. 1196.2

Diameter, in. 2.84 2.84 2.75

Area, in.2 6.35 6.35 5.92

Height, in. 6.09 6.09 5.88

Net decrease in height, in. 0.00 0.20

Wet Density, pcf 117.9 119.1 . 125.2

Dry density. pet 90.8 90.8 100.6

Void ratio 0.8288 0.8288 0.6499

satUration, % 95.8 100.0 100.0

Load ring constant =0.72 Ibs. per input writ
Consolidation cell pressure =84.00 psi (12.10 ksf)
Consolidation back pressure = 20.00 psi (2.88 ksf)
Consolidation effective confining stress =9.22 ksf
Strain rate. inJmin. =0.02
Fail. Stress = 4.71 ksfat reading no. 14

Def. Deviator Minor Eff. Major Eff•. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial 1bs. % ksf ksf ksf Ratio psi ksf ksf
'.....,,- 0 0.0000 0.0 0.0 0.0 0.00 922 922 1.00 20.00 922 0.00

1 0.0100 51.0 36.7 02 0.89 9.04 9.93 1.10 2120 9.49 0,45

2 0.0200 70.0 50.4 0.3 122 8.97 10.19 1.14 21.70 9.58 0.61

3 0.0300 87.0 62.6 0.5 1.51 8.91 IOA3 1.17 22.10 9.67 0.76

4 0.0400 105.0 75.6 0.7 1.82 8.84 10.67 121 22.60 9.75 0.91

5 0.0500 122.0 87.8 0.8 2.12 8.76 10.87 1.24 2320 9.81 1.06

6 0.0600 139.0 IOO.! 1.0 2.41 8.68 11.09 128 23.70 9.89 120

7 0.0700 154.0 110.9 12 2.66 8.61 1127 1.31 24.20 9.94 1.33

8 0.0800 167.0 1202· 1.4 2.88 8.52 11041 1.34 24.80 9.97 1.44

9 0.0900 179.0 128.9 1.5 3.08 8.44 11.52 137 25.40 9.98 1.54

10 0.1000 190.0 136.8 1.7 327 8.34 11.61 1.39 26,10 9.97 1.63

II ·02000 255.0 183.6 3.4 431 7.46 11.77 1.58 3220 9.61 2.16

12 03000 278.0 2002 5.1 4.62 6.75 11.37 1.68 37.10 9.06 2.31

13 004000 288.0 207.4 6.8 4.70 6.16 10.&6 1.76 4120 8.51 2.35

14 0.5000 294.0 211.7 8.5 4.71 5.69 10.40 1.83 44.50 8.04 2.35

IS 0.6000 297.0 213.8 10.2 4.67 5.30 9.97 1.88 47.20 7.63 2.33

16 0.7000 299.0 2153 11.9 4.61 4.97 9.58 1.93 49.50 727 2.30

17 0.8000 301.0 216.7 13.6 4.55 4.71 926 1.97 5130 6.98 228

18 0.9000 302.0 217.4 15.3 4.48 4.49 ·8.97 2.00 52.80 6.73 2.24

19 1.0000 301.0 216.7 17.0 4.37 4.33 8.71 2.01 53.90 6.52 2.19

20 1.1000 302.0 217.4 18.7 4.30 4.19 8.49 2.03 54.90 634 2.15

21 12000 303.0 2182 2004 4.22 4.08 8.30 2.04 55.70 6.19 2.11

'......

I MACTEC, INC.
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Specimen Parameter Initial Saturated Consolidated Final

Moisture content Moistsoil+tare, gms. 1196.100 534.570

Moisture content Dry soil+tare,gms. 945.400 438.140

Moisture content Tare, gms. 0.000 8~O80

Moisture, % 26.5 31.1 24.8 22.4
Moist specimen weight, gms. 1l57.1

Diameter, in. 2.89 2.89 2.79

Area. in.2 6.58 658 6.13

Height, in. 5.88 5.88 5.68
Net decrease in height, in. 0.00 0.20

Wet Density, pet 113.9 118.6 124.9

Dry density, pef 90.0 90.0 100.1

Void ratio 0.8444 .0.8444 0.6587

Saturation, % 83.5 100.0 100.0

Load ring constant =0.72 Ibs. per input unit

Consolidation cell pressure =148.00 psi (21.31 ksf)

Consolidation back pressure =20.00 psi (2.88 ksf)

Consolidation effective confining stress =18.43 ksf
Strain rate, in./min. =0.02

Fail. Stress =10.40 ksf at reading no. 14

Del. Deviator MinorEff. Major Elf. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

''-l'
No. in. Dial Ibs. % ksf ksf ksf Ratio psi ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 18.43 18.43 1.00 20.00 18.43 0.00

1 0.0]00 59.0 42.5 0.2 1.00 18.40 19.40 1.05 20.20 18.90 0.50

2 0.0200 65.0 46.8 0.4 UO 1832 19-41 1.06 20.80 18.86 0.55

3 0.0300 65.0 46.8 05 1.09 1823 1932 1.06 21.40 18.78 0.55

4 0.0400 88.0 63.4 0.7 1.48 ] 8.]3 19.61 1.08 22.]0 ]8.87 0.74

5 0.0500 104.0 74.9 0.9 1.74 18.01 19.76 1.10 22.90 18.89 0.87

6 0.0600 151.0 108.7 1.I 253 17.86 2038 1.14 24.00 19.12 1.26

7 0.0700 252.0 181.4 12 421 1752 21.74 124 26.30 19.63 2.11

8 0.0800 313.0 225.4 1.4 522 ] 7.19 22.42 1.30 28.60 19.80 2.61

9 0.0900 351.0 252.7 1.6 5.85 16.91 22.75 135 30.60 19.83 ·2.92

10 0.1000 383.0 275.8 1.8 6.37 16.63 23.00 138 32.50 19.82 3.18

11 02000 528.0 380.2 3.5 8.62 13.18 21.80 1.65 56.50 17.49 4.31

12 0.3000 610.0 4392 5.3 9.78 9.73 19.51 2.00 80040 14.62 4.89

13 0.4000 645.0 464.4 7.0 10.15 831 18.46 2.22 90.30 1338 5.07

14 0.5000 674.0 485.3 8.8 10.40 7.10 17.50 2.41 98.70 12.30 5.20

15 0.6000 674.0 485.3 10.6 1020 3.72 13.92 3.75 122.20 8.82 5.10

16 0.7000 668.0 481.0 123 9.91 328 1320 4.02 12520 824 4.96

17 0.8000 694.0 499.7 14.1 10.09 328 1337 4.07 12520 8.33 5.05

18 0.9000 702.0 505.4 15.8 10.00 3.63 13.63 3.76 122:80 8.63 5.00

19 1.0000 712.0 512.6 17.6 9.93 3.66 13.59 3.71 122.60 8.62 4.96

20 1.1000 706.0 508.3 19.4 9.63 3.93 13.57 3.45 120.70 8.75 4.82

21 12000 682.0 491.0 21.l 9.10 4.05 13.15 3.25 119.90 8.60 4.55

'1
MACTEC, INC.

TVA-00020992
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CONSOLIDATED UNDRAJNED TRIAXIAL TEST
I I I I I I I I I

Max. Shear

c' = 2-21 psi

rf;' = 31.0

tan ¢' = 0.60

50

100

200 250 300

C) !:> I::l
UD-4 UD-4- UD-4

13775.1 13775.2 13775.3
-31-33 Ft. 31-3~ ft 31-33 ft

2.85 2.828 2.87

5.57 5.57 5.57

27.4 26.7 26.4

95.63 96.16 97.38

97.6 96.1 98.0

0.756 0.746 0.724

24.7 24.3 21.0

100.9 101.4 107.4

100.0 99.7 100.0

0.665 0.656 0.564

59.99 72.03 20

32 63.97 128

20.33 29.8 53.19

16.5 5.83 16

0.022 0.022 0.022

0.95 0.95 0.95

2.69 2.69 2.69

34 34 34

22 22 .22

r--J r--J r--t r--r
I I I r 1 I , 1
! I I I J I f I
r I I I I I I I
r I I I I I I I--- --- --- ---

150

p', psi

Symbol

Sample Na.

Test No.

~ Saturotion•• %

2 Void Ratio
~ 1-

8
-.a-c-k-P-re-s-s-.,-P-s-j---+----'-t----f----+----l

Diameter, in

Depth

Height, in

-0 Water Content, %

'c Dry Density, pet

Saturotion, %

Void Retio

... Water Content. %
o
., Dry Density, pcf
6i1--=----=--=-----:-i--'---+----+----+----{

Shear Strength, psi

Ver. Eff. Cons. Stress, psi

Strain ot Failure, %

Strain Rate, %/min

B-Volue

Measured Specific Gravity

Plastic Umit

Liquid Limit

100

20

50a

o

Project: TVA Kingston Gypsym Stock

Location: NB-21 B

140 -t--.1---+-'---L--t:---'----.'--'--t-'
I I I
t I I

120 - '- - - 1.. - - -t - - ...J - - --
I J I

.~ 100--1-~--e
l/l I I
l/l 80 -~ .. - - - - ...1 - - - - - -
~ I I I I:n I I I

!r 'I I
~ 60- -~---

~ /: : I
40- 1/-_~~ _

~ ; ;
20 - V· - I- - - T - - -+ - -- - .

I I I
I I I
I ,o -+-""""'-+-,--'---+,--.---ll--,--f-
5 10 15

VERTICAL STRAIN, %

GeoTesting t-P_r_o_je_c_t_N_o._:_G_TX_G_0_9_59 ---1

express Boring No.: NB-21B

........ !he gICundworldor..,..-= Sample Type: Shelby Tube
t--------'----------------~---..........-----JL.-----'---__;
Description:

Remarks:

Thu.02-FEB-2DD6 15:38:14
Phose calculations based on start and end of test.

* Soturotion is set to 100% for phose calculotions.

TVA-00020993



CONSOLIDATED UNDRAINED TRIAXIAL TEST

150 -t--.L---'-_...I--4--'-_L.--'--t---'--+ 150 +---J'--...l---l._+---l.._.L.---l.._f---L_f-

255 10 15 20

VERTICAL STRAIN, %

r I
I I
r I
I I

I I I I

- - .!.- - - ~ - - -' - - ~I- - -
I I I I .

I ---J1L.-_--.l'-= Io : 18 :
I

r I
1 I I I

- - - 1- - - ,- - - r - - r - -
f ,

I I

I I
I I
I I

o

'iii
Q. 100
W
c:::
::J
Ul
Ul
W
oc
0-
Il)
II)
w
~ 50
w

255 10 15 20
VERTICAL STRAIN, %

o
a +-r---t--.,...---,--r---t--r---.,...-r---+-

'iii
a. lOa
vi
VI
w
c:::
I
l/I

c:::
o
I
~

~ 50
.0

I

J ./
) ..-

Max. Shear

c' = 2.21 psi

rf/ = 31.0

ton rf>' = 0.50

/ I
..-~

I
I

I
/,,'" J

I ". I I

_ - - - - - - - - - - -1·- - - - - - !- ~.:: - - - --l - - - - - _1- _
! I 1/ ,

I ~". /1 I
I / I I

1./ I I

.' r I I

------:-~-./~ -'-- ---~ '__ - --~--
--.... I

I ,. i "",- I I I
J \ t I I

\1 1 I

\ I I
II l I

o -t-......--r'-T'-r-+,....,.....,.'-1-T'-h-rri"r-.,...,...."..,...,,....,..'""-,-,.,.-+",....,....,.....,rr...,.,...,,....,...........,....,,-r-,....,..-T'""i-r-T"'"'"T...,....T-r....,....,....,..+-

50

100

o 50 100 150

p', psi
200 250 300

Sample No. Test No. Depth Tested By Test Dote Checked By 'Check Date Test File

e> UD-4 13775.1 31-33 Ft. JW 12/12/05 HJ 13775.1_2054.dat

6. UD-5 13775.2 31-33 tt JW 12/12/05 HJ 13775.2_ 1057.dat

[!J UO-4 13775.3 31-33 tt JW 12/12/05 HJ 13775.30_ 1062.dat

GeoTesting Project: TVA Kingston Gypsym ShidJocotion: NB-21B IProject No.: GTX G0959

express Boring No.: NB-218 Sample Type: Shelby Tube I I
the groundwori: fo,. sua:ess Description:

!Remarks:

Thu. 02-FEB-2006 15:38:14

TVA-00020994



CONSOLIDATED UNDRAINED TRIAXIAL TEST

I
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I
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I
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I

I
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I

I

I
I
I

- - - -I-

I
I

I
I

Max. Shear

c = 7.44 psi

¢ = 14.8

ton <p = 0.26

I
I

I
I
I

I
- - - - - -1- ~ - - -- -

I
I
I

r
r
1,
I

-l
I

I
I
I
j.

__-,z:r-_......~ _
f "_,

I ' ,
I "\
I \

\
: \

O-l-.--r"",-,--:-H-......-f-..-¥--.--.'-r-.--r.-r-.-".-'r--,--'!"-r-T-I-,,-r-T-r-r-r.-r-r-,,....-r--.-r'r...,-f-..,.......,-,.--r-r....,-+

50

150 +.J..-[--'--.J..-[--'--..L..J.-'-J-l,...L-L...L.-'-~...L-.J+.J..-[--'--.J..-[--'--.LJ.-'-.L1-L...J~-L....I--'--.J..-[--'--r--'--..L..l--'---'-'--'--.J..-[-'-.J..-[--'---'-'--'---'-'-t-

I
I
I
I

I
I

----------
r,
I

I
I
r

----::I-.- -- /(;...

// I

/
I

100

o 50 100 150
p, psi

200 250 300

Symbol (!) ~ rJ

I I I
Sample No. UD-4 UD-4- UD-4

140 I Test No. 13775.1 13775.2 13775.3
I I I
I I Depth 31-33 Ft. 31-33 ft 31-33 ft

I
120 -

___ .L __ ~ __ -1 ___._ Diameter, in 2.85 2.828 2.87
I I I Height, in 5.57 5.57 5.57
I I '::;

~ Water Content, :t 27.4 25.7 25.4

-~--100 - - 'c Dry Density: pcf 95.63 96.16 97.38·w
0- Saturation, % 97.6 96.1 98.0
vi rt-t--;---;--- Void Ratio 0.756 0.746 0.724II) 80- .
w
rr Water Content, :t 24.7 24.3 21.0I- "-II) 0

rr ~ I I I
II) Dry Density, pc! 100.9 101.4 107.4
~

0 50-
~--

Lfl
I- Saturation., % 100.0 99.7 100.0«

i r I
II)

:> "-
w E Void Ratio 0.665 0.656 0.564
0

i-~--~ I

II)

'"
[IJ

Back Press., psi 59.99 72.03 2040- .~ -

~"
Ver. Eft. Cons. Stress, psi 32 63.97 128

-~--~--~---
Shear Strength. psi 20.33 29.8 53.19

20-
Strain at Failure, % 16.5 6.83 16

I I I - Strain Rate, %/min 0.022 0.022 0.022I I I

0
I I B-Value 0.95 0.95 0.95
I I I

0 5 10 15 20 Measured Specific Gravity 2.69 2.69 2.69
VERTICAL STRAIN, % Liquid Limit 34 .34 34

Plastic Limit 22 22 22

Project: TVA Kingston Gypsym Stack r--, r---l r--, r---l
Location: NB-21B I I I I I I , I I

Project No.: GTX G0959
,

J I I i ~ r I
GeoTesting I I I , I , I I
express Boring No.: NB-218

I I I , I I I I
1he~fcr suc= Sample Type: Shelby Tube --~ --- --- ---

Description:

Remarks:

Thu. 02-FEB-2006 15:38:25
Phase calculations based on stort ond end af test.

• Saturation is set to 100% for phase calculations.

TVA-00020995



CONSOLIDATED UNDRAINED TRIAXIAL TEST

255 10 T5 20
VERTICAL STRAJN, 7.
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o
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150 _t_-J.-.....J.._-'----f--'---L.--.1.._+---'-_+

o iii
Co 100

l.LJ
a::
::::>
Vl
Vl
l.LJ
a::
Q..

Vl
Vl
l.LJ
~ 50
w

255 TO 15 20

VERTICAL STRAIN, 7.
o

150 -+-_J.---'--~--f--'---'---L-t---L--f-

O_t_-r---+-r----,--r--_t_-r---r-,..--_t_

·iii
c. 100
vi
V)
I.&.J
n:::
l
V)

n:::
o
I
<I(

~ 50
o

Max. Shear

c = 7.44 psi

r/J = 14.8

ton t/J = 0.25

I I
, I

I J

1 I
I I I I

- - - - - - - - - - -- -1- - - - - - !.. - - - - - -l - - - - - -'- - - - - -
I , I I I -

I I ' , '
I , I I '
, I I 1-
I I I j. __ I

I I I ~--I I
- - - - - -1- - - - - - - -- - _. - - "j ~~,E:'~,- - - - - - r - - - - -

I _-/ "
r _. __ -- - //1 I" I

.-,..,-..-./ _. / I ,.'\ I

"', / I \ I
! I \ I

f '\ I
O_t_.-.-.....-......-A,..,....o+-r-'h--h-r-r-r,.-,;-r-..,..,-'r-rr..,....,,..,....+-r.....-........,....,,..,......,.-,-,,......,,..,.....,-1.....rl-..,....,r-r-..,....,.-,,..-r+

50

100

o SO 100 150
p, psi

200 250 300

Sample Noo Test No. Depth Tested By Test Dote Checked By Check Dote Test File

C!> lJD-4 13775.1 31-33 Ft. JW 12/12/05 HJ 13775.1_2054.dot

t::. lJD-5 13775.2 31-33 ft JW 12/12/05 HJ T3775.2_1057.dot

!!J lJD-4 13775.3 31-33 ft. JW 12/12/05 HJ 13775.30_ 1062.dot

GeoTesting Project: TVA Kingston Gypsym 5t dJocation: NB -21 B IProject No.: GTX G09S9

express Boring No.: NB-21 B Sample Type: Shelby Tube I
I~~~~ Description:

Remarks:

Thu, 02-FEB-2006 15:36:26

TVA-00020996



CONSOLIDATED UNDRAINED TRIAXIAL TEST

1201008060
p', psi

/'
J/ I

./ J
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..... "" I t
...... I I

--~~ ----4------,--- _
..... I 1 I

/"
I I.

~ I
I " I

I ~ I
, I

- - -\- - r --
\ I

\ I\ ., I
\ I
\ I

4020

Max. Shear

c' = 1.8 psi

rf>' = 32.3

tan ¢' = 0.63

o

I

J
I
I
1

- - - - - -1·- - -
I

I /--/

l//
1 ...../:'I I

- - - - --:~~;~ - - --

d·~. "

/~' !" I \,..... '/ ! I / '\ f\
"" / I I \1 J \

[ Y i
O-l-T""'T".,.....,-r'-T""'T"-Hr+T""'T"--r""""r-r-..-r.,-,.-+--i-r-,-,-,--r-r....,....,r-+--h--r-,....,..-07--r-r-1"',..,......,..,...T'"'T.....r'+--r-r--r-,....,....,......--r-r--I-

40

20

'iii
Q.

a

Symbol C> l:. (!J

I I I
Sample No. Bog Bog Bog

140 I Test No. 13923.3 13923.2 13923.1
I I I

I I Depth 2-10 ft 2-10 ft 2-10 ft
I

120---- 1._-,.-_-1_-- - Diometer, In 2.B7 2.87 2.87
I I I Height, in 6 6 6
I , I

19.7 19.6 19.7___ L... __ +.. __ l __._ 0 Water Content, 70
100 - -

~ Dry Density, pcf 101-9 101.9 lD2.I I I
'iii
0- r I I Saturation, 70 84.5 84.4 85.0
vi ___ .!.. __ J. __ ...! ___ Void Ratio 0.612 0.612 0.609VI 80- '-w I I Ic::. Water Content, 7- 20.1 21.8 22.9l- I I ...
If) I 0

I II> Dry Density, pcf 107.5 104..3 102.5c::. I ..c:
0 60-- - r - - - - - I - - -- If)
I- Saturation., 7- 100.0 100.0 100.0« I 1I>
5 f I I

...
w .2 Void Ratio 0.527 0.574 0.501
0

~--~---1-
1I>

lD
Bock Press., psi 59.99 89.99 89.9940~

~I
Ver. Eff. Cons. Stress, psi 80.01 40.32 20

--~--~--~
Shear Strength, psi 35.34 23.1 '14.61

20- - ---
Strain at Failure. 7- 18.5 19 19.9

J I I

I r Strain R'ote, 7-/min 0.022 0.022 0.022
I

0
,

I B-Value 0.95 0.95 0.95

,'0
I I I

0 20 30 40 Meosured Specific Gravity 2.63 2.63 2.53
VERTICAL STRAIN. 70 Liquid Limit 40 40 40

Plastic Limit 22 22 22

Project: TVA Kingston Gypsym Stock r---t r-I r--t r---l
Location: NB-22 f I r I I I , I

Project No.: GTX-G0959 f , , I I I I I
GeoTesting I J I I ! I I I
"xpress Boring No.: NB-22 , I I I I I r I
!~br~ Sample Type: Remolded --- --- --- ---

I
Description: Reddish Orange Leon Cloy with Sand

Remorks: Remolded to 957- of Standard Proctor mox. dry density ond .. 2% over opt.

Thu. 02-FEB-2006 16:00:19
Phose colculotions based on start and end of test.

• Soturation is set to 1007- for phose calculations.

TVA-00020997



CONSOLIDATED UNDRAINED TRIAXIAL TEST

5 10 15 20
VERTiCAl STRAIN, 7.
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VERTICAl.. STRAIN, %
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50
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25
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W
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I
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I 0::
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I [/)
II)

I w
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I xw
I
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'..., 150
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f
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iii I
0. 100
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I
III I
w
n:: I
l-
V> I
n:: I0
I-
<:
5 50w
0

Mox. Sheor

c' = 1.8 psi

rp' = 32..3

tan rfJ = 0.63

40 - - - -

20 - - --

I "" I
./

J,/ I
...- I

I
/'

I I
,-

."" f
I

-I
I- - -- --------

I
r

./
,/ I

I
I

'1'-"
I

I
r "",,-

I
I J

I I " I'\
~------ -..- - r- - - --

1
,
\.I (

r

I \\ I

r / \ I
" I

:/ \1

o 20 40 60
p', psi

80 100 120

Sample No. Test No. Depth Tested By Test Dote Checked By Check Dote Test File

<:) Bog 1.3923.3 2-10 ft JW 1/13/06 HJ 13923.30_ 1062.dot

6- Bog 1.3923.2 2-10 ft JW 1/13/05 HJ 13923.20_1057.dot

[!J Bog 13923.1 2-10 fl HJ 1/13/06 JW 13923.1_2054.dat

'ieoTesting Project: TVA Kingston Gypsym StqcUocolion: NB-22 IProject No.: GTX- GD959

~xpress Boring No.: NB-22 Sample Type: Remolded IIlhe ground>ooork lor= Description: Reddish Orange Leon Cloy with Sand

Remarks: Remolded 10 95% of Standard Praetor max. dry density and "'2% over opt.

'hu.02-I'"E8-2006 16:00:19

TVA-00020998
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Max. Shear

c = 6.19 psi

r/J = 14.8

ton r/J = 0.26

50

CONSOLIDATED UNDRAINED TRIAXIAL TEST
150 -+-'--'-...........................I-L....r-o.~-'-'--'-.L...L...~.....l....>-'-'-'- ..............J.....l--'-'-....l.....L.....l....>-'-'-'-~ .........................l.....L.....l....>-'-'--'--.L...L~....L-L-'-+-

J 1 I

I I I
I I I
I I I

1 I I
_. -1- - - - - - I ~

I I I
I J I

I I I
r 1 I
I J .L

I I _ I ~ _ I
- - - - - -1- - - - - - - .- - - - - "i ::-- - - - - - - - - -

_ 1.-- I
J I __ .- I 1

I ._ :?r-r--.......... I I

I ..-- /)/ '" I_~~ './ \ I I
i\ 1'. I \~ I
j '. ! \ I I

O-+-.....rl.....,-,.-n-h......,...-rl.,...:,...."...-T""T"-.--r...........-+.,.....,.....T""T"-.--r...""T"T.,.--,.-,.-r-rT'O-h.....T""T""'T""'T..........-I-

100

o 50 100 150
p. psi

200 250 300

Symbol (!) ~ ~

I I I
Sample No. Bog Bog Bog

140 I Test No. 13923.3 13923.2 13923.1
I I I
I I Depth 2-10 ft 2-10 ft 2-10 tt

I
120-

___ L_
--t

__ --1_ - - - Diameter, in 2.87 2.87 2.87
I I I Height, in 6 6 6
r I I

___ ~ __ +- __ J. ___ "0 Water Content, % 19.7 19.6 19.7
100- r- E Dry Oensity. pcf 101.9 101.9 102.I I I

'in
0- 1 1 I Saturation, % 84.5 84.4 85.0

v} ___ ~ __ .l __ .-! ___
Void Ratio 0.612 0.612 0.609VI 80- -w I t Ic:: Water Content, % 20.1 21.8 22.9f-

%~~-~-~+
"-VI 0

c::
II) Dry Density, pcf 107.5 104.3 102.5.c.

0 60- III
f- Saturation>, -% 100.0 100.0 100.0< . I II)

:> i I I I ~ Void Rolio 0.527 0.574w 0.601
0

~--~-
..

II)
Bock Press.• psi 59.99 89.99 89.9940- - -I-

~I
Ver. Eft. _Cons. Stress, psi 80.01 40.32 20

I I Shear Strength. psi 35.34 23.1 14.61
20-F--~--r---+-- --

Strain at Failure, % 18.5 19 19.9
J I I
J I I Strain Rate, %/min 0.022 0.022 0.022

a I I B-Vafue 0.95 0.95 0.95
I I I

0 10 20 30 40 Measured Specific Gravity 2.63 2.63 2.53
VERTICAl STRAIN, % liquid Limit 40 40 40

Plastic Limit 22 22 22

Project: TVA Kingston Gypsym Stack r--J r--J r--l ~
Location: NB-22 I I r I I I I r

GeeTesting Project No.: GTX-G0959 I I I I I I I I
I I I I I I I I

-"press Boring No.: NB-22
I I I I I I I I

.~ grovn.dwork for a'CCeSS Sample Type: Remolded --- --- --- ---
Description: Reddish Orange Lean Cloy with Sond

Remarks: Remolded to 95'; of Standard Proctor max. dry density and ..2% over opt.

Thu, 02-FEB-2006 16:00:36
Phose calculations based on sicr·t and end of test.

* Saturation is set to 100:70 for phose calculations.

TVA-00020999



CONSOLIDATED UNDRAINED TRIAXIAL· TEST
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- - -J- - - 1- - - t-

I I I
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I r I
I I I
I I I

a

o

50

-50 -t--...,~+--r--r---r-+--,--..--~-I-

255 10 15 20

VERTICAl STRAIN. %
o

0-f--r--+-...-'-......-r--1--,---,...-..---+-

or;; -iii

c. 100 c.

ui W
t:rVl ::>ILl

t:r VI
~ VI
Vl w

t:r
t:r Q.
0 VI!;( VI
:;; ILl
W 50 u
0 x

w

100

50·

Max. Shear

c = 6,19 psi

r/J = 14.8

ton ¢ = 0.26

I

J

I
I

I I I

!... ~ -'- - - - - -
I I I
r I I
I I I
I I ,-
I I, _L ...- I___ I

I ----j::::---..,---,------t------
I - _..- r r I

..-' ;~(~'''''''', I I I
---// / "'" I I

'I \1 I I
i \ 'IJ I
i I I

o 50 100 150
p. psi

200 250 300

Sample No. Test No. Depth Tested By Test Dote Cheeked By Check Dote Test File

c:> Bog 13923.3 2-10 ft JW 1/13/06 HJ 13923.30_ 1062.dat

6 Bog 13923.2 2-10 ft JW 1/1.3/05 HJ 13923.20_ 1057.dat

~ Bog 13923.1 2-10 ft HJ 1/13/06 JW 13923.1_2054.dat

SeoTesting Project: TVA Kingston Gypsym StqcUocation: NB-22 IProject No.: GTX-G0959

express Boring No.: NB-22 Sample Type: Remolded I
the w",..oOwo,k foc 3UCCF.... Description: Reddish Orange Leon Cloy with Send

Remarks: Remolded to 95% of Standard Proctor max. dry density and +2% over opt.

Thu. 02-FEB-2006 16:00:36

TVA-00021 000



CONSOLIDATED UNDRAINED TRIAXIAL TEST

40

20

o

Max. Shear

c' = 3.68 psi

tfi' = 24.6

ton r/J' = 0.46

20

J
,

, I

I
I

I
I

I
I

-I-
I------

I
I

I
I ,..-, 1.--,..-

I
I

""1

I

" I

"''{,
1\
i

40 60
p', psi

80

--

t
I ...-
'-- .,/"

__ "'-1

--- I
I
I

I
r
I
I
f

--r-----
I,
I
I
I

100 120

Symbol (!) 6 ~

I J I I
Sample No. Bog Bog Bog

70 I ! Test No. 13924.3 13924.2 1.3924.1
I I I

I I Depth 2-10 ft 2-10 ft 2-10 ft
I

50~ ~ - - L---t---l_.- -~ Diameter, in 2.87 2.87 2.87

--~--
Height, in 6 6 6

"0 Water Content. 7- 27.5 27.6 27.3
50- t- 'e Dry Density, pcf 90.23 90.2 90.58

'iii (' , 'a.

~~~-
Saturation, " 84.1 84.3 84.3

vi
Void Ratio 0.B96 0.896 0.886Vl 40-' t-w I Ic:: Water Content, % 29.4 30.4 .30.8~

LJ;2
...

Vl a
Q> Dry Density, pet 94.76 93.33 92.76c:: .J::

0 30- t- Ul..... Saturation., " 100.1 100.0 100.0« Q>
:;: ...
w 2 Void Ratio 0.805 0.833 0.844
Cl I I Q>

w
Bock Press., psi 60 90 80.0120- -- -1--.,----

, I I Ver. Eff. Cons. Stress, psi" 80 40 19.99
I I I Shear Strength, psi 28.76 20.54 12.97

10- - - -I- - - r - - -!- - .- --
Strain at Failure, 70 11.2 18.2 19.7

I t ,"
I I I Strain Rate, 7o/min 0.022 0.022 0.022

0
I . B-Value 0.95 0.95 0.95
I I I

0 5 10 15 20 Measured Specific Gravity 2.74 2.74 2.74
VERTICAL STRAIN, % Liquid Limit 72 72 72

Plastic Limit 25 25 25

Project TVA Kingston Gypsym Stack r--l ~ r--l r-J
Location: NB-25 I I I I I I I I

Project No.: GTX-G0959 I I I I I I I I
GeoTesting I I I I I ! I I Iexpress Boring No.: NB-25

I t I I " I I I I
1he grcondwork fer """"'" Sample Type: Remolded --- --- --- ---

Description: Orange Brown fat Cloy

Remarks: Remolded to 95% of Standord Proctor max. dry density and +270 opt. moisture content.

Tue, 24-JAN-2006 14:55:53
Phose calculations based on start and end of test.

* Saturaiion is set to 1007. lor phose calculations.

TVA-00021 001



CONSOLIDATED UNDRAINED TRIAXIAL TEST
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p'. psi

Max. Shear

c' = 3.68 PS!

If" = 24.6

tan ¢' = 0.46
,

40 - - - - - I - - - - - -1-· - - -
I

I I

I I
I I
I , .,..../
f ••;/

20 - - - - - -1- - - - - ......,,~/-=--~ - - - ~ - -
/,"'-::;.If ..........

I ...../ / I ',- I
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. ~./ / I '" I
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~ i Y I '; I
o~ i I /, I I ~ i I I I I ,I I ,i <I I !

o 20 40

Sample No. Test No. Depth Tested By Test Dote Checked By Check Doie Test File

C> Bog. 13924.3 2-10 ft JW 1/19/06 HJ 13924.3b_1062.dot

6 Bog 13924.2 2-10 ft JW 1/19/05 HJ 13924.2_1057.dct

c:J BC9 1.3924.1 2-10 ft HJ 1/19/06 JW 13924.1o_2054.dot

&eoTesting Project: TVA Kingston Gypsym StqdJocotion: NB-25 IProject No.: GTX-G0959

express Boring No.: NB-25 Sample Type: Remoided I
the g»x..~ fC!" sucu:ss Description: Orange Brown Fat Cloy

Remorks: Remolded to 95% of Standard Proctor max. dry density and +2"; opt. moisture content.

Tue. 24-JAN-2006 14:55:53

TVA-00021 002



CONSOLIDATED UNDRAINED TRIAXIAL TEST
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Max. Shear

c = 7.51 psi

¢ = 11.6

tan ¢ = 0.21

I
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t I
- - - - - -J- - - - - - f -

I I, --
r - •.~-.- /' '",,

\

50

100

'iii
c-
O-

o 50 100 150
p, psi

200 250 300

Symbol

5 5 5

Bog Bog Bog

2.87 2.87 2.B7

2-10ft 2-10 it 2-10 ft

13924.3 13924.2 13924.1

Height, in

Diameter, in

Depth

Sample No.

Test No.

27.5 27.5 27.3

.£ Dry Density, pcf 90.23 90.2 90.68

Saturation, 7. 84.1 84.3 84.3

o Wot~r Content, %
:;:;f-------------,f-----j------i------if----l

Void Ratio 0.896 0.896 0.885

'- Water Content, % 29.4 30.4 30.8
or-------------,f----l----l'------1f----I
~ f-D_r..:.y_D_en_s_i..:.ty_,...:P_C_f +_9_4_"_7_5--1_9_3_._3_3--1_9_2_._7_6--1 -1
.. Soturation-, 7. 100.1 100.0 100.0
'-f------------if------t-----j-----j----j

.!? Void Ratio 0.805 0.833 0.844
~ t-S-a-c-k-P-re-s-s-..-p-si----+--S-0----t--9-0----t-8-0-.-0-1---t----I

Ver. Ef1. Cons. Stress, psi 80 40 19.99

Shear Strength. psi 28.76 2D.54 12.97

B-Vatue 0.95 0.95 0.95

Stroin at Foilure. 7. 11.2 18.2 19.7

Measured Specific Gravity 2.74 2.74 2.74

Strain Rote. ~/min 0.022 0.022 0.022

Liquid Limit 72 72 72

20o

'iii
a.

70 -+-..,...-'_-+I_~-t-I-'---tI_J._-+
I

I
I

50 -I- - - L - - -t - - --J - _. - -

50---~---
;

' I I
, I r .

~ 40- / - : ~ - ~ - - ; --

~ 30 - 7 - r - - r - - 1" - -- -r-"

~ V: ~ ------r---e
o 20-~-~----

I· I I
I I I

10 - - - - I-- - - r - - -+ - _. --
t r I

I I I

O-!--,.--\-'-r-t--r-\-'-r--1-I I I
5 10 15
VERTICAL. STRAIN, %

Plastic Limit 25 25 25

t-P_r_o..:..je_c_t_:_TV_A_K_i_n9=-s_t_o_n_G..:.y..:..p--'sy:...m_S_I_a_c_k -l r--J r-l r-l
Location: NB-25 I I I r r J

Project No.: GTX-G0959 I I I I I ,
GeoTesting 1---'---------------------1 f I I I! r
express Boring No.: NB-25 I I I I I t

'....., ihe !lro'.J!".dwori< -for Su<:a!SS Sample Type: Remolded

Description: Orange Brown Fat Cloy

r-r
f I
I I

I I
I I

Remarks: Remolded to 95~ 01 Standard Proctor max. dry density and +27. opt. moisture content

Tue. 24-JAN-2006 14:56:06
Phose calculotions based on start and end of test.

• Saturation is set to 1007. 10r phose calculations.

TVA-00021 003



CONSOLIDATED UNDRAINED TRIAXIAL TEST
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50

100

o 50 100 150

p, psi

200 250 300

Sample No. Test No. Depth Tested By Test Dote Checked By Check Dote Test File

(!) Bog 13924.. 3 2-10 ft JW 1/19/06 HJ 13924.3b_l062.dcit

6- Bog 13924.2 2-10 ft JW 1/19/05 HJ 13924.2_1057.dat

~ Bog 13924.1 2-10 ft HJ 1/19/06 JW 13924.10_2054.dot

I8e0Testing Project: TVA Kingston Gypsym St<~dIocctjon: NB-25 IProject No.: GTX-G0959

express Boring No.: NB-25 Sample Type: Remolded I
thegroI.,~ lor~$ .Description: Oronge Brown Fat Cloy

Remarks: Remolded to 957. of Standard Proctor max. dry density end +2% opt. moisture content.

Tue. 24-JAN-2006 14:56:07

TVA-00021 004
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I

I

- 8VI
~

u)
CD ICD
"-en
"-
III
CD

.r;
(J) 4

I

I,

II

0
0 4 8 - 12 16 20 24

Total Normal Stress, ksf --
Effective Normal Stress, ksf - - -

9 Sample No. 1 2 3

Water Content, 35.7 26.0 403
7.5 2 Dry Density, pet 84.6 89.5 783

"iii Saturation, 962 78.5 93.7:::
C Void Ratio 1.0137 0.9053 I.l753- I Diameter, in. 2.81 2.84 2.82VI 6.:.:

u) Height, in. 6.14 6.31 6.14.,.
~ Water Con1ent, 342 26.3 29.8

en 4.5 ;;; Dry Density, pet 882 99.1 94.0
0 CD Saturation, 100.0 ]00.0 100.0
1ii I-

Void Ratio 0.9328 0.7193 0.8124"> I :iII) 1/ r- Diameter, in. 2.78 2.74 2.660 3
~ Height, in. 6.06 6.10 5.78v

Strain rate, inJmin. 0.02 0.02 0.02
1.5 Back Pressure, ksf 2.9 2.9 2.9

Cell Pressure, ksf 7.5 12.] 213
I

Fail. Stress, ksf 3.4 8.6 2.60
0 2.5 5 7.5 10 Total Pore Pr., ksf 3.9 7.9 10.7

Axial Strain, % Ult. Stress, ksf
Total Pore Pr., ksf

-- G, Failure, ksf 7.0 12.8 133
Type of Test

G3 Failure, ksf 3.6 4.1 10.6
CD with Pore Pressures

Sample Type: Wldisturbed Client TVA

Description: Dark yellowish brown fat clay with

sand Project TVA Kingston - Proposed Gypsum Stack

LL=54 PL=24 PI= 30

Specific Gravity: 2.73 Location: NB-44

Remarks: CH Sample Number: UD-3,4 & 5 (CD) Depth: 19'-28.5'

Proj. No.: 304305102] Date:

TRIAXIAL SHEAR TEST REPORT

, Figure MACTEC, INC.

Tested By: :....A=-'Ie:::.x:=a:.:..:n.::.d""er~ Checked By: .:..H:=a:.:..:m""le""tt=-- _

TVA-00021005
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J!!D .so
0 2.5

i(
0 2.5

l- t-

0 0
0"04 4% 8% 0% 4% 8%
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Total Effective
a= 2.44 ksf 2.44 ksf

a= O.Odeg O.Odeg

tan a= 0.00 0.00
6
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II>
~

ri ......

/ I"-
"-

3
, I

-, I"
1/

)1 r/ - 1-- .- ---y
0 /
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P. ksf
Stress Paths: Total--- Effective - - -

Client TVA

Project: TVA Kingston - Proposed Gypsum Stack -
Location: NB-44 Depth: 19'-28.5' Sample Number: UD-3,4 & 5 (CD)
Project No.: 3043051021 Figure I MACTEC, INC.

Tested By: '--A1==e=x""a::;n=de=:rc-- _ Checked By: l..H~a:!.!m~le~tt~ _

TVA-00021 006



TRIAXIAL COMPRESSION TEST
CU with Pore Pressures

Date:

Client: TVA

Project: TVA Kingston - Proposed Gypsum Stack
Project No.: 3043051021
Location: NB-44
Depth: 19'-28.5' Sample Number: 'C UD-3,4 & 5 (CU)

Description:
Remarks:
Type of Sample: undisturbed

Specific Gravity=2.73 LL=54 PL=24 PI=30
Test Method: COE unifonn strain

911312005
6:40PM

Specimen Parameter Initial Saturated Consolidated Final
Moisture content Moist soil+tare. gms. 1166.600 1374.060
Moisture content Dry soil+tare. grns. 859.600 1081.580
Moisture content: Tare, gms. 0.000 222.140
Moisture, % 35.7 37.1 34.2 34.0
Moist specimen weight, gms. 1151.9

Diameter. in. 2.81 2.81 2.78
Area, in.2 622 6.22 6.05
Height, in. 6.14 6.14 6.06

'W' Net decrease in height, in. 0.00 0.08
Wet Density. pcf I J4.9 116. ] 118.3
Dry density, pet 84.6 84.6 88.2
Void ratio 1.0137 1.0137 0.932&

Saturation, 0/. %.2 100.0 ]00.0

Load ring constant = O.72lbs. per input unit
Consolidation cell pressure = 52.00 psi (7.49 ksf)
Consolidation back pressure = 20.00 psi (2.88 Icsf)

Consolidation effective confining stress =4.6J ksf
Strain rate, inJmin. = 0.02
Fail. Stress =3.42 Icsf at reading no. 8

..... MACTEC,INC. --1

TVA-00021 007



Oef. Deviator MinorEff. MajorEff. Pore
,~ Dial Load Load Strain Stress Stress Stress 1;3 Press. P Q

No. in. Dial Ibs. % Iesf ksf Iesf Ratio psi Iesf Iesf

0 0.0000 0.0 0.0 0.0 0.00 4.58 4.58 1.00 20.20 4.58 0.00

1 0.0]00 134.0 96.5 02 229 4.33 6.63 1.53 21.90 5.48 1.15

2 0.0200 159.0 114.5 0.3 2.72 420 6.92 1.65 22.80 5.56 1.36 .

3 0.0300 174.0 125.3 0.5 2.97 4.08 7.04 1.73 23.70 5.56 1.48

4 0.0400 183.0 131.8 0.7 3.1I 3.96 7.07 1.79 24.50 5.52 1.56

5 0.0500 ]90.0 136.8 0.8 323 3.86 7.09 1.84 2520 5.47 1.61

6 0.0600 196.0 ]4lJ 1.0 3.32 3.76 7.08 1.88 25.90 5.42 1.66
7 0.0700 200.0 144'.0 12 339 3.66 7.04 1.93 26.60 535 1.69

8 0.0800 202.0 145.4 1.3 3.42 3.59 7.00 1.95 27.10 529 1.71

9 0.0900 202.0 145.4 1.5 3.41 3.5] 6.92 1.97 27.60 522 1.70

10 0.1000 202.0 145.4 1.7 3.40 3.44 6.85 1.99 28.10 5.14 1.70

11 0.2000 192.0 138.2 3.3 3.18 3.07 625 2.04 30.70 4.66 1.59

12 0.3000 181.0 130.3 5.0 2.95 2.94 5.89 2.00 31.60 4.4] 1.47

13 0.4000 179.0 128.9 6.6 2.86 2.91 5.77 1.98 31.80 4.34 1.43

Specimen Parameter Initial Saturated Consolidated Final
Moisture content: Moist soil+tare, gms. 1158.610 1184.100
Moisture content: Dry soil+tare, gms. 919.300 922.720
Moisture content: Tare, gms. 0.000 14.290
Moisture, % 26.0 332 26.3 28..8
Moist specimen weight, gms. 1184.]

~....., Diameter, in. 2.84 2.84 2.74

Area, in.Z 634 634 5.92

Height, in. 631 6.31 6.10
Net decrease in height, in. 0.00 021
Wet Density, pet 112.7 119.1 125.2

Dry density, pet 89.5 89.5 99.1

Void ratio 0.9053 0.9053 0.7193

Saturation, % 78.5 100.0 100.0

Load ring constant =0.72 Ibs. per input unit

Consolidation cell pressure =84.00 psi (12.10 lesf)

Consolidation back pressure =20.00 psi (2.88 ksf)

Consolidation effective confining stress =922 ksf
Strain rate, inJmin. =0.02
Fail. Stress =8.63 ksfat reading no. 12

Def. Deviator Minor Elf. Major Eff. Pore
Dial Load Load Strain Stress Stress Stress 1;3 Press. P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio psi ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 9.22 9.22 1.00 20.00 922 0.00

1 0.0100 104.0 74.9 02 1.82 9.04 10.86 1.20 21.20 9.95 0.9]

2 0.0200 165.0 118.8 03 2.88 8.78 11.67 133 23.00 10.22 1.44

3 0.0300 211.0 151.9 0.5 3.68 8.5] 12.19 1.43 24.90 ]0.35 1.84
4 0.0400 251.0 180.7 0.7 4.37 8.15 12.52 1-54 27.40 10.33 2.18

'......, 5 0.0500 287.0 206.6 0.8 4.99 7.82 12.81 1.64 29.70 10.31 2.49

6 0.0600 316.0 227.5 1.0 5.48 7.52 13.00 1-73 31.80 1026 2.74

7 0.0700 342.0 2462 l.l 5.92 7.19 13.11 1.82 34.10 10.15 2.96

MACTEC, INC.

TVA-00021 008



Def. Deviator Minor Eft. Major Eft. Pore

'., Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q
No. in. Dial Ibs. % ksf ksf ksf Ratio psi ksf ksf

8 0.0800 368.0. 265.0 1.3 6.36 6.62 12.99 1.96 38.00 9.8] 3.18

9 0.0900 390.0 280.8 1.5 6.73 6.62 13.36 2.02 38.00 9.99 337

10 0.1000 409:0 294.5 1.6 7.05 635 13.40 2.ll 39.90 9.87 3.52

II 02000 488.0 351.4 3.3 8.27 4.71 12.98 2.76 5130 8.84 4.14

12 0.3000 518.0 373.0 4.9 8.63 4.15 12.78 3.08 5520 8.46 4.31

13 004000 487.0 350.6 6.6 7.97 4.02 11.99 2.98 56.10 8.00 3.99

14 0.5000 467.0 3362 82 7.51 4.00 11.52 2.88 5620 7.76 3.76

Specimen Parameter Initial Saturated Consolidated Final
Moisture content Moist soil+tare; gms. 1101.080 678.520

Moisture content Dry soil+tare, gms. 784.600 483.890
Moisture content: Tare, gms. 0.000 13.830

Moisture, % 403 43.1 29.8 41.4
Moist specimen weight, gms. lJ09A

Diameter, in. 2.82 2.82 2~66

Area, in.2 6.26 6.26 5.54

Height, in. 6.14 6.14 5.78
Net decrease in height, in. 0.00 0.35

Wet Density, pet 109.9 112.1 122.0

Dry density, pet 783 78.3 94.0

Void ratio 1.1753 1.1753 0.8124
,~ Saturation, % 93.7 100.0 100.0

Load ring constant = 0.72 Ibs. per input unit
Consolidation cell pressure =148.00 psi (21.31 kst)

Consolidation back pressure = 20.00 psi (2.88 lest)

Consolidation effective confining stress =]8.43 lesf

Strain rate, inJmin. =0.02
Fail. Stress =2.61 lesfat reading"no. 13

Def. Deviator Minor Eft. Major Eft. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. 0" ksf ksf ksf Ratio psi ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 18.43 ]8.43 1.00 20.00 18.43 0.00

1 0.0100 76.0 54.7 02 1.42 18.17 ]9.59 1.08 21.80 18.88 0.71

2 0.0200 106.0 76.3 0.3 1.98 17.99 ]9.96 l.l ] 23.10 ]8.97 0.99

3 0.0300 117.0 842 0.5 2.18 17.81 19.99 1.12 24.30 18.90 1.09

4 0.0400 122.0 87.8 0:7 227 17.65 ]9.92 1.13 25040 ]8.79 1.13

5 0.0500 126.0 90.7 0.9 2.34 17.47 19.81 1.13 26.70 18.64 1.17

6 0.0600 129.0 92.9 1.0 2.39 1731 19.70 1.14 27.80 18.50 1.19

7 0.0700 131.0 943 12 2.42 17.12 19.54 1.14 29.10 18.33 121

8 0.0800 133.0 95.8 1.4 2.46 16.9] 1936 U5 30.60 IB.13 ]23

9 0.0900 135.0 CJ72 1.6 2.49 16.72 1921 1.15 31.90 17.96 124

JO 0.1000 136.0 97.9 1.7 2.50 16.56 19.06 1.15 33.00 17.81 125

II 0.2000 143.0 ]03.0 3.5 2.58 14.49 17.07 1.18 47.40 15.78 129
,~. 12 0.3000 142.0 102.2 52 2.52 ]2.44 14.96 120 61.60 13.70 126

13 004000 150.0 ]OB.O 6.9 2.61 10.64 1326 125 74.]0 11.95 131

MACTEC, INC.
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Total Normal Stress, ksf --
Effective Normal Stress, ksf - - -

15 Sample No. 1 2 3

Water Content, 35.4 27.6 272
12.5 Dry Density, pet 84.0 96.1 93.1

~ Saturation. 94.1· 97.9 89.9
.£ Void Ratio 1.0223 0.7675 0.8235- Diameter, in. 2.82 2.79 2.84..... .., 10~

iii Height, in. 5.99 5.90 5.66.., 3
~ Water Content, 233 21.9 23.5

US 7.5 1/ 2 ;;; Dry Density, pet 103.9 1063 103.6...
0 Gl Saturation, 100.0 ]00.0 100.0'iii 1 l-
"> :;{ Void Ratio 0.634] 0.5970 0.6393
Gl 5 Diameter, in. 2.62 2.70 2.74Cl

Height, in. 5.58 5.71 5.46
Strain rate, in.lmin. 0.02 0.02 0.02

2.5 Back Pressure, ksf 5.8 5.8 5.8
Cell Pressure, ksf 7.9 10.] 14.4

0 Fail. Stress, ksf 6.5 7.9 9.0
0 10 20 30 40 Total Pore Pr., ksf 62 7.3 ]I.l

Axial Strain, % Uit. Stress, ksf
Total Pore Pr., ksf

Type ofTest:
crt Failure, ksf 82 ]0.6 12.4

CD with Pore Pressmes
0 3 Failure, ksf 1.7 2.7 33

Sample Type: undisturbed Client: TVA

Description: Brown elastic silt with sand
Project: TVA Kingston - Proposed Gypsum Stack

LL=5] PL=30 Pf=21
Specific Gravity= 2.72 Location: NB-47A

Remarks: MH Sample Number: UO-I, 2 & 3 (CU) Depth: 9'-17'

Pro;. No.: 304305] 02] Date:

'...., TRIAXIAL SHEAR TEST REPORT

I Figure MACTEC. INC.

Tested By: ,--A~le~x~a~nd::=:e::.:r Checked By: .:...H~a~m~l.:::;ett~ _

TVA-00021010
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TRIAXIAL COMPRESSION TEST
CU with Pore Pressures

9113/2005

6:52 PM

UD-l,2 & 3 (CD)

PI=21

Sample Number:

PL=30

TVA

TVA Kingston - Proposed Gypsum Stack
3043051021

NB-47A

9'-17'

Date:

Client:

Project:
Project No.:

Location:

Depth:

Description:

Remarks:
Type of Sample: undisturbed

Specific Gravity=2.72 U=51
Test Method: COE uniform strain

Specimen Parameter Initial Saturated Consolidated Final
Moisture content: Moist soil+tare, gms. 1094.400 588.200
Moisture content Dry soil+tare, gms. 808.400 431.340
Moisture content Tare, gms. 0.000 ]4.060
Moisture, % 35.4 37.6 23.3 37.6
Moist specimen weight, gms. 11 12.4
Diameter, in. 2.82 2.82 2.64
Area, in.'" 623 6.23 539
Height, in. 5.99 5.99 5.58

'........ Net decrease in height, in. 0.00 0.40
Wet Density, pct ]13.7 115.5 128.1
Dry density, pet 84.0 84.0 103.9
Void ratio 1.0223 ].0223 0.6341

Saturation, % 94.1 JOO.O 100.0

Load ring constant = 0.72 Jbs. per input unit
Consolidation cell pressure = 55.00 psi (7.92 ksf)
Consolidation back pressure =40.00 psi (5.76 ksf)
Consolidation effective confining stress =2.16 ksf
Strain rate, inJmin. = 0.02

Fail. Stress =6.47 ksf at reading no. J7

100- MACTEC, INC. ...... --'

TVA-00021012



net. Deviator MinorEff. MajorEff. Pore

'"
Dial Load Load Strain Stress Stress Stress 1;3 Press. P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio psi ksf lesf

0 0.0000 0.0 0.0 0.0 0.00 2.16 2.16 l.00 40.00 2.16 0.00

1 0.0100 110.0 79.2 . 0.2 2.11 1.94 4.05 2.09 41.50 3.00 1.06

2 0.0200 161.0 115.9 0-4 3.08 1.76 4.84 2.76 42.80 3.30 1.54

3 0.0300 183.0 131.8 0.5 3.50 1.61 5.lI 3.17 43.80 3.36 1.75
4 0.0400 204.0 146.9 0.7 3.89 1.50 5.39 3.60 44.60 3.44 1.95
5 0.0500 . 216.0 155.5 0.9 4.11 1.41 5.53 3.92 4520 3047 2.06

6 0.0600 226.0 162.7 1.1 4.30 135 5.65 4.17 45.60 3.50 2.15

7 0.0700 234.0 168.5 13 4.44 127 5.71 4.51 4620 3049 222
g 0.0800 240.0 172.8 L4 4.55 124 5.79 4.67 46.40 3.51 2.27

9 0.0900 24&.0 178.6 L6 4.69 122 5.9] 4.83 4650 3.57 2.35

10 0.1000 253.0 182.2 1.8 4.78 1.18 5.96 5.04 46.80 3.57 2.39

II 02000 279.0 200.9 3.6 5.17 1.12 629 5.60 4720 3.71 2.59
12 03000 321.0 231.1 5.4 5.84 120 7.03 5.89 46.70 4.11 2.92

13 004000 333.0 239.8 7.2 5.94 131 725 5.54 45.90 4.28 2.97

14 0.5000 353.0 254.2 9.0 6.18 1.43 7.60 533 45.10 4.5] 3.09

IS 0.6000 372.0 267.8 10.7 638 1.53 7.91 5.18 44.40 4.72 3.19

16 0.7000 372.0 267.8 12.5 625 1.63 7.88 4.84 43.70 4.75 3.13
17 0.8000 393.0 283.0 14.3 6.47 1.73 820 4.75 43.00 4.96 3.24

18 0.9000 391.0 281.5 16.1 630 1.80 8.10 4.50 42.50 4.95 3.15

19 LOOOO 401.0 288.7 17.9 633 1.87 8.20 438 42.00 5.04 3.16

20 UOOO 409.0 294.5 19.7 631 1.94 8.26 4.25 41.50 5.10 3.16

'" 21 12000 406.0 2923 21.5 6.13 2.02 8.14 4.04 41.00 5.08 3.06

1-... MACTEC, INC. --'
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Specimen Parameter Initial Saturated Consolidated Final

'''''
Moisture content: Moist soil+tare, gms. 1158.000 627200
Moisture content: Dry soil+tare, gms. 907.300 492.760
Moisture content: Tare, gms. 0.000 13.740

Moisture, % 27.6 28.2 21.9 28.1
Moist specimen weight, grns. 11622

Diameter, in. 2.79 2.79 2.70

Area. in.2 6.12 6.12 5.72

Height, in. 5.90 5.90 5.71
Net decrease in height, in. 0.00 0.19
Wet Density, pet 122.6 1232 129.7

Dry density, pet 96.1 96.1 1063
Void ratio 0.7675 0.7675 0.5970
Saturation, % 97.9 100.0 100.0

Load ring constant =0.72 Ibs. per input unit
Consolidation cell pressure =70.00 psi (10.08 lest)

Consolidation back pressure =40.00 psi (5.76 lest)
Consolidation effective confining stress =4.32 lesf
Strain rate, in.imin. =0.02
Fail. Stress =7.89 ksfat reading no. 16

Def. Deviator Minor Eff. Major Eff. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. % Itsf ksf ksf Ratio psi ksf Itsf

'''''' 0 0.0000 0.0 0.0 0.0 0.00 4.32 4.32 1.00 40.00 4.32 0.00

1 0.0100 81.0 5&.3 0.2 1.47 4.22 5.69 1.35 40.70 4.95 0.73
2 0.0200 116.0 83.5 0.4 2.10 423 6.33 1.50 40.60 528 1.05
3 0.0300· 147.0 105.8 0.5 2.65 425 6.90 1.62 40.50 5.57 133
4 0.0400 ]74.0 125.3 0.7 3.13 4.26 7.40 1.74 40.40 5.83 1.57

5 0.0500 ]96.0 141.I 0.9 3.52 426 7.79 1.83 40.40 6.02 1.76
6 0.0600 219.0 157.7 1.1 3.93 423 8.16 1.93 40.60 620 1.97
7 0.0700 240.0 ]72.8 12 4.30 4.18 8.48 203 41.00 6.33 2.15
8 0.0800 259.0 186.5 ].4 4.63 3.46 8.09 2.34 46.00 5.77 2.32

9 0.0900 273.0 196.6 1.6 4,87 3.11 7.98 2.57 48.40 5.55 2.44

10 0.1000 282.0 203.0 L8 5.03 2.88 7.91 2.75 50.00 539 2.51

II 02000 355.0 255.6 3.5 621 2.19 8.40 3.84 54.80 530 3.11
12 0.3000 394.0 283.7 5.3 6.77 2.19 8.96 4.09 54.80 5.57 339
13 004000 436.0 313.9 7.0 7.35 2.33 9.69 4.15 53.80 6.01 3.68
14 0.5000 452.0 325.4 8.8 7.48 2.48 9.96 4.02 52.80 622 3.74

15 0.6000 476.0 342.7 10.5 7.73 2.61 1033 3.96 51.90 6.47 3.86
16 0.7000 496.0 357.1 12.3 7.89 2.74 10.63 3.89 51.00 6.68 3.95
17. 0.8000 499.0 359.3 14.0 7.78 2.85 10.63 3.73 50.20 6.74 3.89

18 0.9000 515.0 370.8 15.8 7.87 2.98 10.85 3.64 49.30 6.92 3.93

19 1.0000 511.0 367.9 17.5 7.65 3.10 10.74 3.47 48.50 6.92 3.82
20 LlOOO 516~0 371.5 193 7.56 321 10.77 335 47.70 6.99 3.78
2] 12000 499.0 359.3 21.0 7.15 328 10.43 3.18 4720 6.86 3.57

'~

r.- MACTEC, INC. -'
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I 18.5

93.1

0.8235
89.9

30.3 23.5

2.84 2.74
6.34 5.91
5.66 5.46
0.00 . 0.20

12] .3 127.9
93.1 ]03.6

0.8235 0.6393
100.0 ]00.0

Specimen Parameter Initial

Moisture content: Moist soil+tare, gms. ] 089500
Moisture content: Dry soil+tare, gms. 856.500
Moisture content: Tare, gms. 0.000

Moisture, % 272
Moist specimen weight, gms. }.] ] 62

Diameter, in. 2.84
Area, in.2 634

Height,. in. 5.66
Net decrease in height,. in.

Wet Density, pet

Dry density, pet

Void ratio

Saturation, %

Load ring constant = 0.72 Ibs. per input unit
Consolidation cell pressure = 100..00 psi (14.40 ksf) .
Consolidation back pressure =40.00 psi (5.16 lest)
Consolidation effective confining stress =8.64 ksf
Strain rate, inJmin. =0.02
Fail. Stress =9.03 ksf at reading no. ] 8

Saturated Consolidated Final

655.220

506.180

13.570

30.3

Def. Deviator MinorEff. Major Eff. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. % ksf ksf ·ksf Ratio psi ksf ksf
~W' 0 0.0000 0.0 0.0 0.0 0.00 8.64 8.64 1.00 40.00 8.64 0.00

1 0.0100 127.0 91.4 0.2 223 7.99 10.22 128 44.50 9.10 1.l1
2 0.0200 200.0 144.0 0.4 3.50 7.27 10.77 1.48 49.50 9.02 1.75
3 0.0300 261.0 187.9 0.5 4.56 6.44 10.99 1.71 5530 8.71 2.28
4 0.0400 308.0 221.8 0.7 5.37 5.62 10.98 1.% 61.00 8.30 2.68
5 0.0500 340.0 244.8 0.9 5.91 5.05. 10.97 2.17 64.90 8.01 2.96
6 0.0600 375.0 270.0 I.l 6.51 4.59 lLlO 2.42 68.10 7.85 3.26
7 0.0700 400.0 288.0 I.3 6.93 4.23 lLl7 2.64 70.60 7.70 3.47
8 0.0800 420.0 302.4 1..5 7.26 3.96 11.22 2.83 72.50 7.59 3.63
9 0.0900 439.0 316.1 1.6 7.58 3.67 11.25 3.06 74.50 7.46 3.79

10 0.1000 455.0 327.6 1.8 7.84 3.46 1130 3.27 76.00 7.38 3.92
1I 0.2000 516.0 371.5 3.7 8.73 2.88 11.61 4.03 80.00 7.24 4.36
12 03000 525.0 378.0 5_) 8.71 3.01 11.72 3.89 79.10 7.36 4.35
13 0.4000 548.0 394.6 7.3 8.92 3.0] 11.92 3.96 79.10 7.47 4.46
14 0.5000 550.0 396.0 9.2 8.77 3.12 11.90 3.8] 78.30 7.51 4.39
IS 0.6000 578.0 416.2 11.0 9.03 324 12.27 3.79 77.50 7.76 4.52
16 0.7000 584.0 420.5 12.8 8.94 3.25 12.19 3.75 77.40 7.72 4.47
17 0.8000 601.0 432.7 14.6 9.01 3.28 1229 3.74 77.20 7.79 4.50
18 0.9000 61'6.0 443.5 16.5 9.03 3.33 1236 3.72 76.90 7.84 4.52
19 1.0000 613.0 441.4 ]8.3 8.79 3.38 12.18 3.60 76.50 7.78 4.40
20 1.1000 632.0 455.0 20.l 8.86 3.36 12.22 3.64 76.70 7.79 4.43
21 12000 633.0 455.8 22.0 8.67 3.38 12_06 3.56 76.50 7.72 434

'-...,...

..... MACTEC, INC. ~
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Effective Normal Stress, k~ - - -

15 I I Sample No. 1 2 3

Water Content, 343 30.5 30.5
12.5 Dry Density, pet 83.5 87~6 853.,-

;g Saturation, 902 883 83.9
t- :{ :s; Void Ratio 1.0327 0.9385 0.9897

iD
, I Diameter, in. 2.82 2.82 2.82

~
10

,,; Height, in. 6.01 6.03 6.12
'"!!! Water Content, 33.5 29.8 30.6

Ci5 7.5 - Dry Density, pet 88.9 93.8 92.7
5

II)
CI) Saturation, 100.0 100.0 100.0

iii ~
Void Ratio 0.9106 0.&1 I2 0.8327"> «CD Diameter, in. 7-77 2.76 2.74D 5

2 Height, in. 5.89 5.89 5.96

1
Strain rate, inJmin. 0.02 0.02 0.02

2.5 Back Pressure, ksf 2.9 2.9 2.9
Cell Pressure, ksf 5.8 8.6 14.4

I
Fail. Stress, ksf 3.9 4.6 1230

0 10 20 30 40 Total Pore Pr., ksf 52 7.4 92
Axial Strain, % Ult. Stress, ksf

Total Pore Pr., ksf
-- 0, Failure, ksf 4.4 5.9 17.6

Type of Test
03 Failure, ksf 05 13 52

CD with Pore Pressures

Sample Type: undisturbed Client TVA

Description: Brown sandy elastic silt
Project TVA Kingston - Proposed Gypsum Stack

ll=58 Pl= 34 PI=24

Specific Gravity: 2.72 Location: NB-47A

Remarks: MH Sample Number: UD-4. 5 & 6 (CU) Depth: 18'-27'

Proj. No.: 3043051021 Date:

TRIAXIAL SHEAR TEST REPORT

IFigure MACTEC, INC.
\~

Tested By: ~A1~e=:xa=n=d~er:.....- Checked By: ,-H""a:.:..:mc:..:i::::ett~ _
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TRIAXIAL COMPRESSION TEST
CU with Pore Pressures

Date:
Client: TVA
Project: TVA Kingston· Proposed Gypsum Stack
Project No.: 304305JOZJ
Location: NB-47A
'Oepth: 18'-27' Sample Number:
Description: Brown sandy elastic silt
Remarks: MH-

Type of Sample: undisturbed
Specific Gravity=2.72 LL=58 PL=34 PI=24
Test Method: COE uniform strain

UD-4, 5 &6 (CU)

9/1612005
10:50 AM

Specimen Parameter . Initial Saturated Consolidated Final
Moisture content: Moist soil+tare, gms. 1130.900 1121.520
Moisture content Dry soil+tare, gms. 842.300 85~.460

Moisture content: Tare, gms. 0.000 13.660
Moisture, % 343 38.0 335 . 32.1

Moist specimen weight, gms. 1]08.5

Diameter, in. 2.82 2.82 2.77

Area, in.'" 626 6.26 6.01

'........ Height, in. 6.01 6.01 5.89
Net decrease in height, in. 0.00 0.12
Wet Density, pet 112.2 1153 }18.6

Dry density, pet 83.5 83.5 88.9 .

Void ratio 1.0327 1.0327 0.9106
Saturation, % 902 100.0 100.0

Load ring con~nt= 0.72 Ibs. per input unit

Consolidation cell pressure =40.00 psi (5.76 ksf)
Consolidation back pressure = 20.00 psi (2.88 lesf)

Consolidation effective confining stress = 2.88 ksf
Strain rate. inJmin. =0.02
Fail. Stress = 3.92 ksfat reading no. ]5

1 MACTEC, INC. ~

TVA-00021018



Def. Deviator Minor Elf. Major Elf. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. % ksf Itsf Itsf Ratio psi ksf lesf

0 0.0000 0.0 0.0 0.0 0.00 2.88 2.88 1.00 20.00 2.88 0.00

I 0.0100 78.0 56.2 02 134 2.19 3.53 1.61 24.80 2.86 0.67

2 0.0200 107.0 77.0 0.3 1.84 2.10 3.94 1.88 25.40 3.02 0.92

3 0.0300 121.0 87.1 0.5 2.08 1.87 3.95 2.ll 27.00 2.91 1.04

4 0.0400 131.0 94.3 0.7 224 1.67 3.92 2.34 28.40 2.79 1.12

5 0.0500 136.0 97.9 0.8 -2.33 1.53 3.85 2.52 - 29.40 2.69 I.l6

6 0.0600 143.0 -103.0 1.0 2.44 137 3.81 2.79 30.50 2.59 1.22 i,
7 0.0750 151.0 108.7 1.3 2.57 120 3.77 3.15 31.70 2.48 1.29 i

!
8 0.0800 152.0 J09.4 1.4 2.59 1.15 3.74 3.25 32.00 2.45 1.29 !
9 0.0900 156.0 1123 1.5 2.65 1.07 3.72 3.49 32.60 2.39 1.33

1

!
10 0.1000 159.0 114.5 1.7 2.70 0.98 3.68 3.75 3320 2.33 135 i

!
1] 02000 185.0 1332 3.4 3.08 0.59 3.67 6.22 35.90 2.13 1.54 i

I
12 03000 213.0 153.4 5.1 3.49 0.48 3.96 8.34 36.70 2.22 1.74 I

I

13 0.4000 222.0 159.8 6.8 3.57 0.45 4.02 9.00 36.90 2.23 1.79
I

I
14 0.5000 244.0 175.7 8.5 3.85 0.48 433 9.11 36.70 2.40 1.93 i
15 0.6000 253.0 1822 102 3.92 0.52 4.44 8.56 36.40 -2.48 1.96 i
16 0.7000 248.0 178.6 11.9 3.77 0.59 4.36 7.39 35.90 2.48 1.89 i

t
17 0.8000 252.0 ]81.4 13.6 3.76 0.6& 4.43 6.55 3530 2.56 1.88

]8 0.9000 245.0 ]76.4 15.3 3.58 0.73 432 5.88 34.90 2.52 1.79

19 1.0600 247.0 177.8 17.0 3.54 0.79 433 5.47 34.50 2.56 1.77
20 1.1000 212.0 152.6 18.7 2.97 0.88 3.85 4.39 33.90 237 1.49

'w 2] 1.2000 205.0 ]47.6 2004 2.82 1.02 3.84 3.75 32.90 2.43 1.41

": .

1 MACTEC, INC. ~
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Specimen Parameter Initial Saturated Consolidated Final

'''''' Moisture content Moist soil+tare, gms. 1171.700 1145.200
Moisture content-Dry soil+tare, gms. 89&.100 908.160
Moisture content Tare, gms. 0.000 13.550
Moisture, % 30.5 34.5 29.8 26.5
Moist specimen weight, gms. 1132.8
Diameter, in. 2.82 2.82 2.76
Area, in.2 6.26 6.26 5.99
Height, in. 6.03 6.03 5.89

Net decrease in height, in. 0.00 0.13
Wet Density, pet 114.3 117.8 121.7
Dry density, pcf 87.6 87.6 93.&
Void ratio 0.9385 0.9385 0.8112
Saturation, % 88.3 100.0 100.0

TVA-00021 020



Specimen Parameter Initial Saturated Consolidated Final

'-' Moisture content: Moist soil+tare, gms. 1095.500 658.130
Moisture content: Dry soil+tare, grns. 839.200 494.670
Moisture content: Tare, gms. 0.000 13.340
Moisture, % 30.5 36.4 30.6 34.0
Moist specimen weight, gms. 1116.1
Diameter, in. 2.82 2.82 2.74
Area, in.z 6.23 6.23 5.90
Height, in. 6.12 6.12 5.96
Net decrease in height, in. 0.00 0.16
Wet Density, pet- 111.4 116.4 121.0
Dry density, pet 85.3 85.3 92.7
Void ratio 0.9897 0.9897 0;8327

Saturation, %. 83.9 ]00.0 ]00.0

TVA-00021 021



CONSOLIDATED UNDRAINED TRIAXIAL TEST

User Spec_

c' = o psi

cp' = 38.5

tan r/J' = 0.80

I /./ I '
1./ I I
I ,.. t r
)/ I I

I' ./ I r I

- - 1 - - - - - -: - - ~,L ~ - ~ - - ~ - - - - - -:- - - -

r I/'./ I , I

I "1' ' I I
I / I t I '
I/',/ , I I I

I / . I I I I _
"'- - - - -1-~~~ - - - "i - - - - - -,- - - - - ~ r -.- - --

/.:: "" I ~" : : :

~~"\ ""': '\, I I
// / I \ \ I I/1 I ,I \ I

I f \ 'I I I
o4=-r--.r-r--t

I
-,.-h-,.-r+-,-r-r--r-l-r';';-r-'n--,-...-r....,,-J''r--r-,.-rt-,-...-r-r--1r-r-....,-r-r-.--r"T""1--rT""T-rrl-.-r-r-.-r-r...,......,.-/-

40

20

Iii
c.

cT

o 20 40 60
p', psi

80 100 120

Symbol e> 6

I I I
Sample No. UD-l UD-l

70 I Test No. 13774.1 13774.2
I , I
I I Depth 20-22 Ft. 20-22 ft

I
60- '-- - l.._--t- _-1_._ -I- Diameter, In 2.84 2.821

I I I Height. in 5.57 5.57,
I I

---'---+- __ J._ ] Water Content, % 43.8 40.8
50- - - -

1 , I :£ Dry Density, pCf. 77.03 79.62
'iii
0- I I '..A. Saturotion, % 98.9 97.9
vi , I Void Ratio 1.21 1.14Vl 40- - - - - - - - -- -- ---
w I I Ic::: Woter Content, % 43.7 39.5l- I I L
Vl I a
c::: I I",

III Dry Density. pcf 77.67 81.B8I ..r:::
0 30- Vl
I- - -,- T - .

Saturation., % 100.0 100.0< J II>
:> I I .£ Void Rotio 1.19 L08w
a 1 I I II>

[D
Bock Press., psi 41.99 5820- ~I -t---l--""1---

I I I I Ver. Eft. Cons. Stress. psi 20 40

I I 1 Shear Strength, psi 15.17 21.71
10- i-- -I- - -1---4- - ----

Strain at failure, % 15.6 16.1
I I I
J I r Strain Rote. %/min 0.022 0.022

0 I I B-Value 0.95 0.95
I I I

0 5 10 15 20 Estimated Specific. Gravity 2.72 2.72
VERTICAl STRAIN. ,,; Liquid Limit 79 79

Plastic; Limit 40 40

Project: TVA Kingston Gypsym Stock ,---, r---l ~ r--l
Location: N8-47bo I I / I I I r ,

GeoTesting Project No.: GTX G0959 r I I f r J I I

r I I I I I , I
"'xpress Boring No.: NB-47BA , r I 1 I r I r
"9~fors~ Sample Type: Shelby Tube --- --- - -

I Description:

Remarks:

Thu, 02-FEB-2006 15:08:21
Phose calculations based ,:>n start and end of- tesL

• Saturation is set to 100% jor phase calculations.

TVA-00021 022



CONSOLIDATED UNDRAINED TRIAXIAL TEST

255 10 15 20
VERTICAL STRAIN, 7.

I I

I~: :i
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o
o -t--..---t--..--......-..---f--,--.---..---r-

60 -+-'----'--'----+-'----'--'---+.-'----f-

'iii
Q. 40

lI>
II)

W
tr
I-
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tr
o
I-
-<
~ 20
Cl

User ~pec_

c' = o psi

rp' = 38,S

ton ,p' = 0,80

I I /,/ I
I 1,-' I

I / I
I ,/
I / I
I / I I I

/ I I
- - - - - 'I - - - - _. -1-- - - ~ - - - - - - - - ~ - - - - - - - - - - -

I , .' I I I
I I ..' / I I I
I l' I I I
I ./ / I I I I
I / I I I I
I , / . I I I I---~:'~~.---:-----T-----:--.---

./j~'" "-I \ I I I-i/(: \ 1- \ I I I
/1 i \ \ I I

,/ , \' I
o +/,...,..-i-t rl-,--,...,..+-.-r--r-r-,--r+',-'ir-r-r-r-,--.,...-'r!.-,...,..+-'..,...,....,.-,--,...,.....,.,..,...,...,..,...,r-r-..,..,-r-M-r-1""'"'T-r-,...,.....,.....,..,...-/-

40

20

o 20 40 60
p', psi

80 100 120

Somple No. Test No. Depth Tested By Test Dote Checked By Check Dote Test File

C!) UD-1 13774,1 20~22 Ft. JW 12/17/05 HJ 13774.1o_2054.dot

.6 UD-1 13774_2 20-22 tt JW 12/17/05 HJ 13774.20 -,-10St.dot

GeoTesting Project: TVA Kingston Gypsym St<~dJocotion: NB-47bo IProject No_~ GTX Gci9S9

express Boring No.: NB-47BA Sample Type: Shelby Tube I
lr.e grounclworlc for su:xess Description:

Remarks:

Thu. 02-FEB-2006 15:08:21
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CONSOLIDATED UNDRAINED TRIAXIAL TEST

I

I
I

I
I

I------,------
I
r
I
I
f

---r-----
I
I
f
I
f

Max. Shear

c= 6.2 psi

rp= 15.4

tan ¢ = 0.28

I I

1 I

I I
I I
I I I

- - - - - - - - - -1·- - - - - - !.... - - - - - --l
I I I I
I I - .,' I I

1 I I I

I I I -r
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I I ,

_ - - - __ 1_ - - - _.. - - _-~.,--:.. - --f - -'''- - - - - -
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( ( , I 1\
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40

20

'iii
0..

0-

80 100 120

C) 6

UD-l UD-l

13774.1 13774.2

20-22 Ft. 20-22 ft

2,84 2.821

5.57 5.57

43.8 40.8

77 .0.3 79,62

98.9 97.9

1.21 1.14

43.7 39.5

77.67 81.88

100.0 100.0

1.19 1.08

41.99 58

20 40

15.17 21.71

15.6 16.1

0.022 0.022

0.95 0.95

2.72 2.72

79 79

40 40

r--l r--l r---, r----l
J I I I I I I I
I , I I r j I I
r I I I r I I I
I I I I I I I I--- --- ~ ---

60
P. psi

Symbol

Void Ratio

Height. in

Diameter. in

Sample Na.

Test No.

Depth

;g Water Content. %

E Dry Density. pcf

Saturation. %

.. Water Content. %
0
Il Dry Density. pet.s:
til

Il Saturationo• %..
.E Void Ratio.,
CD

Back Press.• psi

Ver, Eff. Cons. Stress. psi

Sneor Strength. psi

Strain at Failure. %

Strain Rate, %/min

8-Value

Estimated Specific Gravity

Plastic Limit

Liquid Umit

40

20

20

Remarks:

o

o

70 -1-_I--_+-I-'-_!-I....l-_I!-_c..~1
I

I I I
fir

60-'- - - 1. - - -t - - ..J - .- -f-
I I I
I I I

50 - - - - L. - - +- - - J. - - -r
I I I
I 1 I,.A

Vl I I
Vl40-f--- -- -- ---f-
W I I Je:
[f) I r I

a: I f '",
~ 30 - -t - - r - 1'-1-

~ 20J~~ --j--V~ ~ --, I

I I I
10-'- - - I- - - r - - + - ---

I I I

I I I
I Io -1--,---t--I-.--t--I-.-----II--...,'~'-

5 10 15
VERTiCAl STRAIN. %

I Project: TVA Kingston Gyp,_sy..:.-m_S__to_c_k --I

'

Location: NB-47ba

GeoTesting I-P_r_o:...ie_ct_N_o._:_G_TX_G_O_95_9 ---l

It x pre s s Boring No.: NB-47BA

\~ ihe groundwork -lor SlJCa!S'O Sample Type:' Shelby Tube

I
~--=------------'--~.I......-.--.-.---l

Description:

Thu. 02-FEB-2006 15:07:49
Phase calculations based on stort ond end of test.

• Saturation is set to 100% for phase calculations.

TVA-00021 024



CONSOLIDATED UNDRAINED TRIAXIAL TEST
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I r I I
, I r I

120100

Max. Shear

c = 5-2 psi

o

I t I
J 1 I
r 1 I

¢ = 15.4 ,I r I I

ton ¢ = 0.28 I I I I

- - - - - - - - - - .- -I -- - - - - - !... - - - - - -I - - 'r I I f ----1------

I I I I I
r 1 I I I
I I I __ -r I

I r I _.- - I f
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I -."'- "X';:~' f \, , J-- -',"'-/' ,/ " J "\ I
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o -+..,....,'""T'".,--.,.-r-r-r-...-'il~,....,.-r-...-r-,....,.~ \ i
20 40 60 80

40

20

p. psi

Sample No. Test No. Depth Tested By Test Dote Checked By Check Dote Test File

C> UD-1 13774.1 20-22 Ft. JW 12/17/05 HJ 13774. 10_2054.dot

!:;. UD-1 13774.2 20-22 ft JW 12/17/05 HJ 13774.20 _ 1057.dot

'ieoTesting Project: TVA Kingston Gypsym StQc1locotion: NB-47bo 1Project No.: GTX G0959

~xpress Boring No.: NB-47BA Semple Type: Shelby Tube 1
r the grc.mdwork iCY. sucx:es Description:

Remarks:

Thu. 02-FEB-2006 15:07:49
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CONSOLIDATED UNDRAINED TRIAXIAL TEST

Max. Obliquity

c' = 1.78 psi

¢' = 32.8

ton t/J' '= 0.64

40

';;;
c.
r;j

20

80 100 120

(!) 6 [:)

UD-3 UD-3 UD-1

13767.4 13767.3 13768.1

40-42 Ft.40-42 ft 40-42 ft

2.846 2.83 2.848

5.57 5.57 5.57

26.2 26.2 29,6

98.67 100.1 95.95

97.9 101.0 103.4
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100.0 100.0 100.0
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61.99 54 58

3D 89.99 60
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60
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Symbol

Sample No.

Void Retio

Depth

Diameter. in

Test No.

Height. in

;g Water Content, %

'c Dry Density. pcf

Saturation, %

Water Content, %
ol----------t----t----+-:----+----I
1 Dry Density. pet
I/)I---'------'---'-'-----t----t----+----+----j
., Saturetiono• %
'-1----------+----+----+----+----1

.;; Void Retio

m Bock Press•• psi

Ver. Eff. Cons. Stress. psi

Shear Strength, psi

Strain Rote, %/min

Strain at Failure. %

B-Value

Measured Specific Gravity

Plastic Limit

Liquid Limit

40

40

20

Project No.:. GTX G0959 --_._-----------1
Boring No.: NB-73W&

Sample Type: Shelby Tube

Description:

o

o

Location: NB-73

Project: TVA Kingston Gypsym Stock

70 -+---J'--_I--'-L.._I--'-"-_+-'__L.._+-
I 1r:-: I

60 - -i - - 1.. - ~ -t - - -l - -- - -
t I I

50- ~ - ~- ~ - - ~ _.- --

; 40~, 1- ~ -_i-_: --
~ ~ -:---
cr i I I I
~~- --r--~--~----

~ I I I
o .1 I I

20 - - - T - - I - - ., - _. - .
I I I
r I I

10 - - - I- - - r - - -+ - -- - .
I I I
I I I
I Io -f-.....,....r--+-,.........--+,--,--I-,-r-t-

10 20 30
VERTICAL STRAIN, %

GeoTesting
express

'''-''' ihe grourdwo,t. fer suc:cm<
I-.....;_-=-~__...:.- '--____L.. _'____'_ __j

Remarks:

Thu.02-FEB-2006 15:21:12
Phose calculations based an start and end of test

• Saturation is set to 1007. fOI" phose calculations.
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CONSOLIDATED UNDRAINED TRIAXIAL TEST
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40o
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Sample No. Test No. Depth Tested By Test Date Checked By Check Dote Test File

C) UD-3 13757.4 40-42 Fl. HJ 12/6/05 JW 13767.4_2054.dot

6 UD-3 13767.3 40-42 ft JW 12/3/05 HJ 13767.3_1052.dot

~ UD-l 13768.1 40-42 ft JW 12/7/05 HJ 13768. 1_ 1062.dot

"1eoTesting Project TVA Kingston Gypsym StqdJocotion: NB-73 IProject .No.: GTX G0959

X press Boring No.: NB- 73 W& I Sample Type: Shelby Tube /I!he groundworlc ior sa=- Description:

Remarks:

rhu. 02-FEB-2006 15:21:12
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tan ¢ = 0.21

c = 9.34 psi

¢ = 11.9

50

CONSOLIDATED UNDRAINED TRIAXIAL TEST
150 1~;....I-L...J'--l....l.-L.L...L.LL-L1 -,--,'L..l.'..l-II~....l....l-l.-L-l....L.J-l~.L..l..-L...J.-l-I:....I..-l-.J.-.j-L--'-'-l.-l-l-....L...L..JL.....L....L.....t...J.....I--L..l.-J.-L...L.+
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200 250 300

C) 6- ~

UD-3 UD-3 UD-1

13767.4 13767.3 13768.1

40-42 FL 40-42 ft 40-42 ft

2.846 2.83 2.848

5.57 5.57 5.57

26.2 26.2 29.6

98.57 100.1 95.95

97.9 101.0 103.4

0.735 0.71 0.785

24.5 21.8 23.3

102.4 107.2 104.4

100.0 100.0 100.0

0.672 0.597 0.64

61.99 54 58

30 89.99 60

19.08 33.35 27.32

11.8 9.46 16.1

0.022 0.022 0.022

0.95 0.95 0.95

2.74 2.74 2.74

51 51 54

24 24 24
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I I 1 I I I I I
J I I r I I I I
I I I I I , I I
I I I I I I I I
~-- --- --- ~

... Water Content, %
o
Q) Dry Density, pcf
i7if--=----=--=-----t----t----t----+----f

Void Ratio

Symbol

150

p. psi

Test No.

Sample No.

Depth

Diameter. in

Height, in

"0 Water Content, %
""f----------t----t----t----t-----f
'c Dry Density. pcf

Saturation, %

Q) Saturotion•• %
'-f----------t----t----t----t-----f
E Void Ratio
~ I-B-a-c-k-p-re-s-s-..-P-s-j----1-----1----+-----t------f

Strain at Failure. 7-

Sheor Strength•. psi

Ver. Eft. Cans. Stress, psi

Strain Rate, %/min

B-Value

Measured Specific Gravity

liquid Lim;t

Plastic Limit

100

40

50o

o

Location: N8-73

Project: TVA Kingston G:,-psym Stack

70 -I----''----f'--'---'r--'--+,-..r...--t-.
Ir--: :

60-1- - ~ - - ~ - - ~ - - -

50- - - ~- ~ - - ~ - --
'iii I I I 1

;w-_L-l-_~ __ J_--
~ (;...Lo:t I I
:Ii J I J

a:: I I I
~ 30 - - - I - - I" - - , - - -
~ I r I
o I I I

20 - - - r - - 1 - - -j - .- - f-

I I I
I I I

10- - - - f--- - - r - - -+ - - --
I I I
1 I I

o -+--.,---1-'---..-4----r--+,--,--J\-!
1

1
0 2'0 ~O

VERTICAl STRAIN. 7-

GeoTesting f-P_r.....;Ol_·e_ct_ Na_._:_GTX__G_09_5_9 . ~

ex pre 5 5 Boring No.: NB-73 W&
;he 9",,~H[..~ Sample Type: Shelby Tube

Oescrip tion,:

Remarks:

Thu, 02-FEB-2006 15:21:40
Phase calculations based onstad and end of test.

• Saturation is set to 1007- for phase colculations.
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CONSOLIDATED UNDRAINED TRIAXIAL TEST

255 10 15 20
VERTICAL STRAIN, 7.
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·iii
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~ 50
a

Max. Sheor

c = 9.34 psi

¢ = 11.9

ton .¢ = 0.21

o

1 I I
J 1 I
1 I I
I I r

I r I r
- - - - - - - - - - _. -1·- - - - - - !- - - - - - -I - - - _1- _

I I I , I

I I I I I
I I I I I
I I I I I
1 I I I I-
I I I I- __. I

- - - - - -1- - - - ~ - f .- - - - - ~ - -_-_--- ....... ,- - - - - - r - - - - -
I I _ -- + -- I I
I ~I I 1

'7~~/ ""_ I I '
/.,(\ \\ I I
; / r \ \ I I

o -+--;-,-..,.........,....!'-r-.."....,.-+-'*-r"T-r-ri<.,....,-,--,- . ,
50 laO 150 200 250 300

p. psi

50

100

Semple No. Test No. Depth Tested By Test Dete Checked By Check Dete Test File

Q) UD-3 13767.4 40-42 Ft. HJ i2/6/05 JW 13767.4_2054.dat

6 UD-3 13767,3 40-42 ft JW 12/3/05 HJ 13767.3_1062.det

[!) UD-i 13768.1 40-42 ft JW 12/7/05 HJ 13768. i _1 062.dat

GeoTesting Project: TVA Kingston Gypsym StcjdJocotion: NB-73 IProject No.: GTX G0959

.-... express Boring No.: NB-73 we Sample Type: Shelby Tube I
!he~ for suo:es Description:

Remarks:

Thu, 02-FEB-2006 15:21:40
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CONSOLIDATED UNDRAINED TRIAXIAL TEST

Max. Shear

c· = 0.852 psi

rp' = 33;6

ton '1/ = 0.66

40

20

,.
I 1/ I
I I/,( I
I I ,. I I

i./ I
I ,. I
I I /' I I

- - - - - - - - -·1- - - - - _)~"_ - - ~ - - - - I
r / I I I

I ,I
~ I

I '/ I I

I h~- r",,- I
I /" -;/ : I I" I

- - - -7n~~~ - - - ~ - --\\-- T",: - - - --

~ I I '\~ \ I
,. I / (' \ I I i

. 0 -t-r-r/.......-+f..r:,-f......1~~i"T""T".-r-r--rl\J:..)T..,..........\+-r-,.......,..,r1
I

...,.--r..,...............,--r;r-f-r........-T...,..,...,.,.-lr,-j'h."""'T""T""T""T"...-r-rl-

'iii
0.

r5

o 20 40 60
p', psi

80 100 120 .;':,

'-...

Symbol (!) 6 [!J

I , '~
Sample No. .Bag Bog Bog

70

~-0
Test No. 13925.1 13925.2 13925.3

I

I r Depth 5-15 ft 5-15 ft 5-15 ft

6O-~2C -t __ ...J -- -"- Diameter, in 2.87 2.87 2.87

I I Height. in 6 6 6

50- - - - ~ - - ~ - - ~ - - -- .
Ci Water Content, % 23.1 22.7 23.2

i I I I
'c Dry Density, pcf 95.94 95.96 95.56

'iii
0. I I I . Saturation, % 84.6 83.1 84.2
vi I J. ___'_.__ Void Ratio 0.724 0.724 0.731~ 40-1-- - - fo-

I I I .0:::

J
Water Content, % 25.9 25.4 23.3~ I I -0- ..

[/) 0

0::: I I
.,

Dry Density, pet 98.12 98.9 102.2I or;
0 30-

~~
- Vl

~ Saturation*. % 100.0 100.0 100.0« .,
5 ..
w I I I .2 Void Ratio 0.686 0.673 0.618
Cl Ii:: I r I

Q)

OJ
Back Press., psi 89.98 90 60.0120- --r--l---j----~

I I f Ver. Eft. Cons. Stress, psi 20.01 40 79.98

I I I Shear Strength, psi 14.59 18.18 34.4
10 - --I- - - r - - -+ - .- -I-

18.3
I I

Strain at Failure, % 19.5 18.5
I

I I J Strain Rote, %/min 0.022 0.022 0.022

0
I I 8-Value 0.95 0.95 0.95
I I I

0 5 10 15 20 Measured Specific Gravity 2.65 2.65 2.65
VERTICAL STRAIN, % Liquid Limit 48 48 48

Plastic Limit 28 28 2B

Project: TVA Kingston Gypsym Stack r---l r---J r---J r---l
Location: NB-75 I I I I I I I f

Project No.: GTX G0959 I r I I I , I I
GeeTesting - I I I I I I I I 'i

express Boring No.: NB-76 r I I , I I I I
. !he~rk lorS~ Sample Type: Remolded --- --- --~ ---

Description: Reddish Brown Sandy Silt

Remarks: Remolded to 95% of Standard Proctor max. dry density and -+2% opt.

Tue, 24-JAN-2006 10:47:29
Phase calculations based on start of test.

• Saturation is set to 100% for phose calculations.
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CONSOLIDATED UNDRAINED TRIAXIAL TEST
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120100
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- -1- - - - --
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I.
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I
r
I

8060
p', psi

Max. Shear

ton if,' = 0.66

c' = 0.852 psi

cp' = 33.6

o
o

40

20

Sample No. Test No. Depth Tested By Test Dote Checked By Check Dote Test File

(!) Bog 13925.1 5-15 ft HJ 1/21/06 JW 13925. 10_2054.dot

~ Bog 13925.2 5-15 ft JW 1/21/05 HJ 13925.20_ 1062.dot

~ Bog 13925.3 5-15 ft JW 1/19/05 HJ 13925.30_ 1057.dot

tieoTesting Project: TVA Kingston Gypsym Stc/diocotion: NB-76 IProject No.: GTX G0959

express Boring No.: NB-75 Sample Type: Remolded I
the groundl"Ofk foe st=ess Description: Reddish Brown Sandy Sift

Remarks: Remolded to 95% of Standard Proctor max. dry density and +2% opt.

Tue, 24-JAN-2006 10:47:29
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CONSOLIDATED UNDRAINED TRIAXIAL TEST

Max. Shear

c = 4.91 psi

¢ = 14.8

ton ¢ = 0.26

, '
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I r I
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200 250 300

Symbol (') 6 [!)

I I I
Sample No. Bog Bog Bog

70

, :~ Test No. 13925.1 13925.2 13925.3

Depth 5-15 ft 5-15 fl 5-15 ft

50..:..-r-~--- ,... Diameter. In 2.87 2.87 2.87
, I Height, in 6 6 6

I r I
~ Woter Content, 7- 23.1 22.7 23.2/ I ,

50- --~---.l----- - - - 'c 95.94 95.96I I Dry Density, pct 95.56
'iii I
0- J I I Saturetion, 7- 84.5 83.1 84.2
vi __ ~ __ ..l. ___I ___ .Void Ratio .' 0.724 0.724 0.731II) 40- f-
Lo}

~
l:r Water Content. 7- 25.9' 25.4 23.3I- L.
II)

- ~ - - ~ - - ~ - -.a

a
l:r

a> Dry Density. pcf 98.12 98.9 102.2.c
0 30-: - rn
I- Saturetion., 7- 100.0 100.0 100.0«

~~-
II

'> ..
w .E Void Rat;o 0.686 0.673 0.618
0 a>

CD
Bock Press., psi 89.98 90 60.0120- - _..:..

I
I , I Ver. Eft. Cons. Stress. psi 20.01 40 79.98

r r I Sheor Strength. psi 14.59 18.18 34.4
10 - ~--I---r---+- - -I-

Stro;n at Foilure, 7- 19.5 18.3 18.5 -
I , I

r , I Strain Rate. 7-/min 0.022 0.022 0.022

0 I I B-Value 0.95 0.95 0.95
I I I

0 5 10 15 20 Meosured Specific Grovity 2.65 2.55 2.65
VERTICAL STRAIN, % Liquid Limit 48 48 48

~rPlo~t~c Limit 28 28· 28

Project: TVA. Kingston Gypsym Stock r-I r---l r---l r---l
Location: NB-76 I J I I r I , I

Project No.: GTX G0959 I I I I I , I I
GeoTesting I I r I f I I r

rpress Boring No.: NB-76 r I I I I r I I
•9~ for SUCI:l!S'> Sample Type: Remolded --- ~ --- ~

[
Description: Reddish Brown Sondy Silt

Remarks: Remolded to 957- of Standord Proctor max. dry density and "27- opt.

Tue. 24-JAN-2006 lO:47:b2
Phose calculotions based on start of test.

* Saturation is set to 100% for phose calculotions.

TVA-00021032



CONSOLIDATED UNDRAINED TRIAXIAL TEST
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'iii
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Sample No. Test No. Depth Tested By Test [)ote Checked By Check Dote Test File

0 Bog 13925.1 5-15 ft HJ 1/21/06 JW 13925. 10_2054.dot

l:> Bog 13925.2 5-15 ft JW 1/21/06 HJ 13925.20_ 1062.dot

~ Bog 13925.3 5-15 ft JW 1/19/05 HJ 13925.30_ lO57.dot

GeoTesting Project: TVA Kingston Gypsym Stqdlocotion: N8-76 j Project No.: GTX G0959

express Boring No.: NB-75 Somple Type: Remolded I
the groundwork lor s=:ess Description: Reddish Brown Sandy Silt

Remarks: Remolded to 95% of Standard Proctor max. dry density and ... 2% opt.

Tue. 24-JAN-2006 10:47:03
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a>

..c::
C/) 4
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14

0
0 4 I) 12 16 20 24

Total Normal Stress, ksf --
Effedive Normal Stress, ksf - - -

15 Sample No. 1 2 3

I Water Content. 24.6 19.0 302
12.5 Dry Density, pet 992 105.0 872

Iii Saturation, 97.4 87.0 88.8
'E Void Ratio 0.6732 0.5815 0.905]

'0 10 Diameter, in. 2.84 2.86 2.82
~

ui 1/ Height, in. 6.03 6.10 6.07
CIl 3
! Water Content, 202 ] 7.4: 28.7

U5 7.5 iii Dry Density, pet 108.0 113.6 942
0 2 a> Saturation, 100.0 100.0 100.0a;

1
.....

Void Ratio 0.5375 0.4622 0.7625"5 1
~Ql 5 Diameter, in. 2.76 2.78 2.74Cl

Height, in. 5.86 5.94 5.92.
Strain rate, inJmin. 0.02 0.02 Q.02

2.5 Back Pressure, ksf 5.8 5.8 5.8
Cell Pressure, ksf 7.9 10.1 ]4.4
Fail. Stress, ksf 6.1 7.0 950 I

0 10 20 30 40 Total Pore Pr., ksf 5.9 73 9.7

Axial Strain, % UtI. Stress, ksf

Total Pore Pr., ksf

Type of Test
G, Failure, ksf 8.1 9.8 14.1
G3 Failure, ksf 2.1 2.7 4.7

CU with Pore Pressures

Sample Type: undisturbed Client: TVA

Description: Brownish yellow sandy lean clay
Project TVA Kingston - Proposed GypSlD1l Stack

lL= 4] PL=25· PI= ]6

Specific Gravity: 2.66 location: NB-77A

Remarks: CL Sample Number: UD-l,2 & 3 (CD) Depth: 4'-]4'

Proj. No.: 304305]021 Date:

TRIAXIAL SHEAR TEST REPORT

, Figure MACTEC. INC.

Tested By: :...;A1=..:eo:,.x=a:.:..;n;.=d.=e:...;r _ Checked By: .:..;H~a~mc.:.:;le~tt~ _

TVA-00021 034
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P. Itsf
Stress Paths: Total-- Effective - - -

Client TVA
Project TVA Kingston - Proposed Gypsum Stack
Location: NB-77A Depth: 4'-14' Sample Number. UD-l,2 & 3 (CD)

I Project No.: 304305J021 Figure I MACTEC, INC.

Tested By: !..A~le~xa~nd~e~r _ CheckedBy:~H=a~rn~~~tt~ _
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I TRIAXIAL COMPRESSION TEST
CU with Pore Pressures

Date:
Client: TVA

. Project TVA Kingston - Proposed Gypsum Stack

Project No.: 3043051021
Location: NB-77A
Depth: 4'-]4' Sample Number:
Description: Brownish yellow sandy lean clay

Remarks: CL

Type of Sample: undisturbed
Specific "Gravity=2.66 LL=41 PL=25 PI=16
Test Method: COE llllifonn strain

UD-l,2 & 3 (CU)

9/1612U05
10:49 AM I

Specimen Parameter Initial Saturated Consolidated Final
Moisture content Moist soil+tare, gms. 1227.600 1253.390
Moisture content: Dry soil+tare, gms. 984.900 998.430
Moisture content: Tare. gms. 0.000 13.720
Moisture, % 24.6 253 20.2 25.9
Moist specimen weight, gms. 1240.0
Diameter, in. 2.84 2.84 2.76
Area,in".2 6.33 633 5.99

'-..... Height, in. 6.03 6.03 5.86
Net decrease in height, in. 0.00 0.17
Wet Density, pet 123.7 124.4 129.8
Dry density, pet 99.2 99.2 108.0
Void ratio 0.6732 0.6732 0.5375
Saturation, % 97.4 100.0 100.0

Load ring constant::' 0.72 lbs. per input unit
Consolidation cell pressure = 55.00 psi (7.92 ksf)
Consolidation' back pressure =40.00 psi (5.76 ksf)
Consolidation effective confining stress = 2.16 ksf
strain rate,in./min. =0.02
Fail. Stress =6.08 ksfat reading no. 19

1 MACTEC, INC. ..1

TVA-00021 036



Def. Deviator MinorEff. MajorEff. Pore
,~ Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. .% ksf ksf ksf Ratio psi ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 2.16 2.16 1.00 40.00 2.16 0.00.
1 0.0100 113.0 81.4 02 1.95: 1.50 3.45 230 44.60 2.47 0.98

2 0.0200 136:0 97.9 03 2.35 1.22 . 3.57 2.92 46.50 2.40 1.17

3 0.0300 155.0 111.6 OS 2.67 1.05 3.72 3.54 47.70 2.39 134

4 0.0400 174.0 1253 0.7 2.99 0.98 3.97 4.06 4820 2.48 1.50

5 0.0500 192.0 1382 0.9 3.30 0.92 422 4.58 48.60 2.57 1.65

6 0.0600 210.0 1512 1.0 3.60 0.86 4.46 5.17 49.00 2.66 1.80

7 0.0700 228.0 1642 12 3.90 0.88 4.78 5.44 48.90 2.83 1.95

8 0.0800 245.0 176.4 1.4 4.19 0.91 5.09 5.61 48.70 3.00 2.09

9 0.0900 260.0 1872 1.5 4.43 0.96 5.40 5.60 4830 3.18 2.22

10 0.1000 275.0 198.0 1.7 4.68 1.01 5.69 5.64 48.00 335 234

11 02000 341.0 245.5 3.4 5.70 1.37 7.07 5.17 45.50 422 2.85

12 0.3000 360.0 2592 5.1 5.92 1.51 7.43 4.91 44.50 4.47 2.96

13 0.4000 359.0 258.5 6.& 5.79 1.58 738 4.66 44.00 4.48 2.90

14 0.5000 374.0 2693 8.5 5.93 1.64 7.57 4.61 43.60 4.60 2.96

15 0.6000 377.0 271.4 102 5.86 1.71 7.58 4.42 43.10 4.64 2.93
]6 0.7000 388.0 279.4 11.9 5.92 1.77 7.69 4.34 42.70 4.73 2.96

17 0.8000 394.0 283.7 13.6 5.89 1.86 7.75 4.17 42.10 4.80 2.95

18 0.9000 403.0 2902 ]5.4 5.91 1.94 7.85 4.04 41.50 4.90 2.95

19 1.0000 423.0 304.6 ]7.1 6.08 2.06 8.14 3.95 40.70 5.10 3.04

"w- 20 LlOOO 427.0 307.4 18.8 6.01 2.13 8.14 3.82 4020 5.14 3.00

21 12000 425.0 306.0 20.5 5.85 2.15 8.00 3.73 40.10 5.07 2.93

1 MACTEC, INC. ....
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Specimen Parameter Initial Saturated Consolidated Final

Moisture content: Moist sDiI+tare,gms. 1276.900 1287.540
·Moisture content: Dry soil+tare, grns. 1072.800 ]079.980
Moisture content~Tare, gms. 0.000 J4.190
Moisture, % J9.0 21.9 17.4 - ]9.5

Moist specimen weight, gms.. 1282.0

Diameter, in. 2.86 2.86 2.78
. Area, in.2 6-;4J 6.41 6.08

Height, in. 6.10 6.10 5.94

Net decrease in height, in. 0.00 0.16
Wet Density, pet 125.0 128.0 1333
Dry density, pet 105.0 105.0 113.6
Void ratio 0.5815 0.5815 0.4622

Saturation, % 87.0 100.0 100.0

Load ring constant =0.72 Ibs. per input mit

Consolidation cell pressure =70.00 psi (l0.08 ksf)
Consolidation back pressure =40.00 psi.(5.76 kst)
Consolidation effective confining stress =432 ksf
Strain rate, inJmin. =0.02

Fail. Stress =7.05 ksfat reading no. 15

Def. Deviator MinorEff. MajorEff. Pore
Dial Load Load Strain .Stress Stress. stress 1:3 Press. P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio psi Iesf ksf'... 0 0.0000 0.0 0.0 0.0 0.00 432 4.32 1.00 40.00 432 0.00
] 0.0100 121.0 87.1 0.2 2.06 3.66 5.72 1.56 44.60 4.69 1.03
2 0.0200 ]61.0 115.9 0.3 2.74 3.25 5.99 1.84 47.40 4.62 137
3 0.0300 ]90.0 136.8 0.5 3.22 2.97 6.19 2.09 49.40 4.58 1.61
4 0.0400 209.0 150.5 0.7 3.54 2.72 6.26 2.30 51.10 4.49 1.77

5 0.0500 225.0 152.0 0.8 3.80 2.59 6.39 2.47 52.00 4.49 1.90

6 0.0600 238.0 17104 1.0 4.02 2.46 6.48 2.63 52.90 4.47 2.01

7 0.0700 252.0 ]81.4 1.2 4.24 230 6.55 2.84 54.00 4.43 2.12

8 0.0800 264.0 190.1 1.3 4.44 222 6.66 3.00 54.60 4.44 2.22

9 0.0900 275.0 198.0 1.5 4.62 2.17 6.79 3.12 54.90 4.48 2.31

10 0.1000 285.0 205.2 1.7 4.78 2.16 6.94 3.21 55.00 4.55 239

II 0.2000 351.0 252.7 3.4 5.78 2.16 7.94 3.68 55.00 5.05 2.89

12 0.3000 401.0 288.7 5.1 6.49 2.26 8.75 3.87 5430 5.51 3.24

13 004000 425.0 306.0 6.7 16.76 2.49 9.25 3.71 52.70 5.87 338
]4 0.5000 451.0 324.7 8.4 7.04 2.62 9.66 3.69 51.80 6.]4 3.52
15 0.6000 460.0 331.2 JOJ '7.05 2.74 9.78 3.58 51.00 6.26 3.52

16 0.7000 465.0 334.8 II.8 6.99 2.89 9.89 3.42 49.90 6.39 3.50

17 0.8000 475.0 342.0 13.5 7.01 2.89 9.90 3.42 49.90 6.40 3.50

18 0.9000 485.0 3492 15.2 7.01 2.89 9.91 3.42 49.90 6.40 3.5]

19 1.0000 490.0 352.8 16.8 6.95 2.89 9.84 3.40 49.90 637 3.47

20 UOOO 502.0 361.4 18.5 6.97 3.07 10.04 327 48.70 6.55 3.49
21 1.2000 5]0.0 367.2 202 6.94 3.10 10.03 3.24 48.50 6.56 3.47

'-.......
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Specimen Parameter Initial Saturated Consolidated Final
Moisture content Moist !;oil+tare, grns. 1129.800 1141260
Moisture content: Dry soil+tare, grns. 867.600 881.520
Moisture content: Tare, grns. 0.000 ]4240
Moisture, % 30.2 34.0 28.7 29.9
Moist specim~nweight, grns. 1127.0
Diameter, in•. 2.82 2.82 2.74

Area'-in.2 6.23 6.23 5.92
Height, in. 6.07 6.07 5.92
Net decrease in height, in. 0.00 0.15
Wet Density, pet 113.5 ]]6.8 121.2
Dry density, pet 87.2 87.2 94.2
v()id ratio 0.9051 0.905] 0.7625
Saturation, % 88.8 100.0 100.0

Load ring constant = 0.721bs. per input tmit

'Consolidation cell pressure =100.00 psi (14.40 kst)
Consolidation back pressure =40.00 psi (5.76 lest)
Consolidation effective confining stress = 8.64 ksf
Strain rate, inJmin. =0.02
Fall. Stress =9.48 ksf at reading no. 12

Def. Deviator Minor Elf. Major Elf. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. % ksf ksf k.sf Ratio psi ksf ksf
~......,

0 0.0000 0.0 0.0 0.0 0.00 8.64 8.64 1.00 40.00 8.64 0.00
1 0.0100 246.0 177.1 0.2 430 7.98 12.28 1.54 44.60 ]0.13 2.15
2 0.0200 378.0 272.2 03 6.60 7.68 ]428 1.86 46.70 10.98 330
3 0.0300 436.0 313.9 0.5 7.60 732 14.92 2.04 4920 11.12 3.80
4 0.0400 461.0 331.9 0.7 8.02 7.04 15.07 2.14 51.10 11.05 4.01

5 0.0500 476.0 3427 0.8 827 6.83 15.10 221 52.60 10.96 4.14
6 0.0600 487.0 350.6 1.0 8.45 6.62 15.07 228 54.00 10.85 4.22
7 0.0700 496.0 357.1 12 8.59 6.47 15.05 233 55.10 10.76 429
8 0.0800 502.0 361.4 1.4 8.68 635 15.03 237 55.90 10.69 4.34
9 0.0900 507.0 365.0 1.5 8.75 626 15.01 2.40 56.50 10.64 437

10 0.1000 517.0 3722 1.7 8.91 6.06 14.97 2.47 57.90 1052 4.45

II 02000 553.0 3982 3.4 936 5.04 14.40 2.86 65.00 9.72 4.68
12 03000 570.0 410.4 5.1 9.48 4.65 ]4.13 3.04 67.70 939 4.74
13 0.4000 575.0 414.0 6.8 9.40 4.62 ]4.02 3.03 67.90 932 4.70
14 0.5000 564.0 406.1 8.5 9.05 4.41 13.45 3.05 69.40 8.93 4.52

15 0.6000 554.0 398.9 10.1 8.72 4.46 13.19 2.95 69.00 8.83 436
16 0.6500 550.0 396.0 J1.0 8.58 4.49 13.07 2.9] 68.80 8.78 4.29

'....
1 MACTEC, INC. ....."
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Total Normal Stress, Iesf --
Effective Normal Stress, ksf - - -

15 Sample No. 1 2 ~

Water Content, 39.1 21.6 26.5
12.5 Dry Density, pet 81.0 ]00.1 94.0

;gj Saturation, .". 99.8 882 92.9
~ Void Ratio 1.0350 0.6468 0.7536- 10 Diameter, in. 2.85 2.75 2.84rn

~

.n Height, in.. 5.98 5.96 6.1 I
rn
~ Water Content, 32.8 193 24.4

fi5 7.5 , I iii Dry Density, pet 883 ]092 1003... 3
0 CD Saturation, ]00.0 ]00.0 100.0
iii t-

Void Ratio 0.8666 0.5095 0.6432"> <CD 5 Diameter, in. 2.77 2.67 2.78Cl
Height, in. 5.81 5.79 5.98

1 Strain rate, in./min. 0.02 0.02 0.02
2.5 - Back Pressure, ksf 2.9 2.9 2.9

Cell Pressure, ksf 5.8 8.6 14.4
! I i

0 Fail. Stress, ksf 3.1 7.6 9.6
0 10 20 30 40 Total Pore Pr., ksf 4.7 5.5 11.4

.Axial Strain, % Ull Stress, ksf
Total Pore Pr., ksf

Type of Test
G1 Failure, ksf 4.2 10.7 12.6

CU with Pore Pressures
G3 Failure, ksf 1.1 3.1 3.0

Sample Type: undisturbed Client TVA

Description: Brown sandy elastic silt
Project TVA Kingston - Proposed Gypsum Stack

Ll=53 PL=29 PI=24

Specific Gravity: 2.64 Location: NB-77A

Remarks: MH Sample Number: UD-4, 5 & 7 (CD) Depth: 15'-26'

Proj. No.: 3043051021 Date:

TRIAXIAL SHEAR TEST REPORT

IFigure MACTEC. INC.

Tested By: !.-'AJ~e~x~a=..:.:nd~e~r Checked By: ~H~a::.:m.:.:;le=..:tt,,-- _
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Specimen Parameter -Initial Saturated Consolidated Final
Moisture content Moist soll+tare, gms.1119.1 00 550.490
Moisture content Dry soil+tare, gms. 804330 392.8]0
Moisture content: Tare, gms. 0.000 13.640
Moisture, % 39.1 392 32.8 41.6
Moist specimen weight, gms. 1126.9

Diameter, in. 2..85 2.85 2.77

Area, in.2 6.37 6.37 6.02
Height, In. 5.98 5.98 5.81

"}
''-' Net decrease in height, in. 0.00 0.17

Wet Density, pcf 112.7 112.7 1173
Dry density, pcf 81.0 81.0 883
Void ratio 1.0350 1.0350 0.8666

Saturation, % 99.8 JOO.O 100.0

TRIAXIAL COMPRESSION TEST
CU with Pore Pressures

'Date:
Client: TVA
Project: TVA Kingston - Proposed Gypsum Stack

Project No.: 304305J021
Location: NB-77A .

Depth: ]5'-2ti' Sample Number:
Description: Brown sandy elastic silt
Remarks: MH
Type of Sample: _ undisturbed

Specific Gravity=2.64 U=S3PL=29 PI=24
Test Method: COE unifonnstrain

UD-4, 5 & 7 (CD)

9116/2005
10:57 AM

,
f

I
i
I

I
i
i
j
I,
I
I,

Load ring constant = 0.72 Ibs. per input unit
Consolidation celf pressure = 40.00 psi (5.76 kst)
Consolidation back pressure = 20.00 psi (2.88 Iesf)
Consolidation effective confining stress:: 2.88 ksf
Strain rate, inJinin. = 0.02
Fail. Stress = 3.12 ksfat reading no. 20

1 MACTEC, INC. ..1
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Def. Deviator Minor Eff. MajorEff. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. % ksf ksf ksf Ratio psi lesf ksf

0 0.0000 0.0 0.0 0.0 0.00 2.88 2.88 1.00 20.00 2.88 0.00

1 0.0100 54.0 38.9 02 0.93 2.52 3-45 137 22.50 2.98 0.46

2 0.0200 67.0 482 0.3 1.15 2.36 3.51 1.49 23.60 2.94 0.58

3 0.0300 80.0 ·57.6 0.5 1.37 220 357 1.62 24.70 2.89 0.69

4 0:0400 92.0 66.2 0.7 1.57 2.06 3.63 1.76 25:70 2.85 0.79

5 0.0500 99:0 7I3 0.9 1.69 1.94 3.64 1.87 26.50 2.79 0.85

6 0.0600 105.0 75.6 1.0 1.79 1.81 3.61 1.99 27.40 2.71 0.90

7 0.0700 108.0 77.8 12 1.84 1.71 355 2.07 28.10 2.63 0.92

8 0.0800 112.0 80.6 1.4 1.90 1.66 356 2.15 28.50 2.61 0.95

9 0.0900 116.0 83.5 1.5 1.97 1.57 3.54 225 29.10 2.55 0.98

10 0.1000 119.0 85.7 1.7 2.02 1.51 3.53 233 29.50 2.52 1.01

II 02000 145.0 104.4 3.4 2.41 1.09 3.51 320 32.40 230 121

12 0.3000 162.0 116.6 5.2 2.65 0.94 358 3.83 33.50 2.26 1.32

13 0.4000 171.0 123.1 6.9 2.74 0.89 3.64 4.07 33.80 2.26 137

14 0.5000 186.0 133.9 8.6 2.93 0.91 3.84 4.23 33.70 2.37 1.46

IS 0.6000 194.0 139.7 10.3 3.00 0.92 3.92 425 33.60 2.42 1.50

16 0.7000 196.0 141.1 12.1 2.97 0.95 3.92 4.13· 33.40 2.44 1.49

17 0.8000 209.0 150.5 13.8 3.11 0.98 4.08 4.17 33.20 2.53 1.55

18 0.9000 211.0 151.9 15.5 3.07 1.01 4.08 4.05 33.00 2.54 1.54

19 1.00.00 218.0 157.0 172 3.11 1.04 4.15 4.00 32.80 2.59 1.55

'..., 20 LlOOO 223.0 160.6 18.9 3.12 1.07 4.18 3.92 32.60 2.62 1.56

21 1.2000 224.0 161.3 20.7 3.06 1.11 4.17 3.76 32.30 2.64 1.53
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Specimen Parameter Initial Saturated Consolidated Final
Moisture content: Moist soiI+tare, grns. ] 077.430 648.960
Moisture content: Dry soil+tare, grns. 886.000 507.890
Moisture content: Tare, gms. 0.000 13.720
Moisture, % 21.6 24.5 ]9.3 28.5
Moist specimen weight,gms. ] 132.3

Diameter. in. 2.75 2.75 2.67

Area, in.2 5.94 5.94 5.6]
Height, in. 5.96 5.96 5.79

Net decrease in height, in. 0.00 0.17
Wet Density, pct 121.7 124.6 1303
Dry density, pef 100.1 100.] 1092 i

..Void ratio 0.6468 0.6468 0.5095
l

·t
I

Saturation, % 882 ]00.0 ·100.0
I

Load ring· constant =0.72 Ibs. per input lmit

Consolidation cell pressure =60.00 psi (8.64 ksf)
Consolidation back t:Jressure =20.00 psi (2.88 ksf)

Consolidation effective confining stress = 5.76 ksf
Strain rate, inJmin. =0.02
Fail. Stress =7.57 ksf at reading no. ] 4

Def. Deviator MinorEff. Major Eff. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. % ksf lest lest Ratio psi kst lest
~....,

0 0.0000 0.0 0.0 0.0 0.00 5.76 5.76 1.00 20.00 5.76 0.00
] 0.0]00 88.0 63.4 02 1.62 5.62 724 ]29 21.00 6.43 0.8]

2 0.0200 ]44.0 103.7 0.3 2.65 5.44 8.10 1.49 2220 6.77 ]33

3 0.0300 175.0 126.0 0.5 322 528 8.50 1.6] 2330 6.89 1.6]

4 0.0400 200.0 ]44.0 0.7 3.67 5.13 8.80 1.72 24.40 6.96 1.84

5 0.0500 221.0 159.1 0.9 4.05 4.98 9.03 L81 25.40 7.01 2.03
6 0.0600 ·240.0 172.8 1.0 439 4.82 9.22 1.9] 26.50 7.02 2.20
7 0.0700 256.0 ]843 12 4.68 4.69 937 2.00 27.40 7.03 234

8 0.0800 270.0 194.4 ].4 4.92 4.55 9.47 208 28.40 7.01 2.46

9 0.0900 283.0 203.8 1.6 5.15 4.42 9.57 2.]7 29.30 7.00 2.58

10 0.10DO 292.0 210.2 1.7 .531 431 9.61 223 30.10 6.96 2.65

II 02000 360.0 259.2 3.5 6.43 3.54 9.97 2.81 35.40 6.76 321
12 0.3000 401.0 288.7 52 7.03 324 10.27 3.17 37.50 6.76 3.52

13 0.4000 418.0 301.0 6.9 720 3.14 10.33 329 38.20 6.74 3.60
]4 0.5000 448.0 322.6 8.6 7.57 3.11 10.68 3.43 38.40 6.89 3.78

15 0.6000 448.0 322.6 lOA 7.43 3.17 10.59 334 38.00 6.88 3.71
]6 0.7000 452.0 325.4 12.1 735 321 10.56 3.29 37;70 6.89 3.67

17 0.8000 468.0 337.0 13.8 7.46 328 10.74 327 3720 7.01 3.73
18 0.9000 465.0 334.8 15.5 726 336 10.62 3.16 36.70 6.99 3.63

J9 1.0000 477.0 343.4 173 7.30 3.43 10.73 3.13 36.20 7.08 3.65

20 1.1000 484.0 348.5 19.0 7.25 350 10.75 3.07 35.70 7.12 3.63

21 12000 482.0 347.0 20.7 7.07 354 10.61 2.99 35.40 7.08 3.53

'''''''
I MACTEC, INC.
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Specimen Parameter Initial Saturated Consolidated Final
Moisture content: Moist soil+tare, gms. 1224.760 724.820
Moisture content: Dry soil+tare, gms. 968.090 ' 580.180
Moisture content: Tare, gms. 0.000 13.810
Moisture, % 26.5 285 24.4 25.5

'.'

Moist specimen weight, l:Jms. 1209.2
Diameter, in. 2.84 2.84 2.78

Area, in.2 6.34 6.34 6.07

Height, in. 6.11 6.11 5.98

Net decrease in height, in. 0.00' 0.13

Wet Density, pet 118.9 120.8 124.7

Dry density, pcf 94.0 94.0 100.3

Void ratio 0.7536 0.7536 0.6432

Saturation, % 92.9 100.0 100.0

Load ring constant =a.72lbs. per input unit

Consolidation cell pressure =100.00 psi (14.40 ksf)
Consolidation back pressure =20.00 psi (2.88 ksf)
Consolidation e1fe~tive confining stress =11.52 lesf
Strain rate, inJmin. =0.02

Fail. stress =9.60 ksf at reading no. 13

Def. Deviator MinorEff. MajorEff. Pore
, Dial Load LOad Strain Stress Stress Stres~ . 1:3 Press. P Q

No. in. Dial Ibs. % Itsf Itsf ksf Ratio psi ksf Itsf

'....... 0 0.0000 0.0 0.0 0.0 0,00 11.52 11.52 1.00 20.00 11.52 0.00
I 0.0100 189.0 136.1 0.2 3.22 ]0.76 13.98 1.30 25.30 1237 1.61
2 0.0200 282.0 203.0 03 4.80 10.14 14.94 1.47 29.60 12.54 2.40
3 0.0300 324:0 233.3 0.5 5.50 9.62 15.12 1.57 33.20 12.37 2.75
4 0.0400 363.0 261.4 0.7 6.16 9.03 15.18 1.68 37.30 ]2.11 3.08

5 0.0500 390.0 280.8 O.~ 6.60 8.63 15.23 1.77 40.10 ] 1.93 3.30
6 0.0600 412.0 296.6 l.0 6.96 8.14 15.10 1.86 43.50 ] 1.62 3.48
7 0.0700 433.0 311.8 1.2 731 7.66 14.97 1.95 46.80 II.31 3.65

8 0.0800 451.0 324.7 13 7.60 7.23 14.82 2.05 49.80 1l.03 3.80

9 0.0900 467.0 336.2 1.5 7.85 6.81 J4.66 2.15 52.70 ]0.74 3.93

10 O.JOOO 480.0 345.6 1.7 ;g.06 6.49 J4.55 2.24 54.90 ]0.52 4.03

11 0.2000 557.0 401.0 3.3 9.]9 3.89 13.08 3.36 73.00 8.48 4.60

12 03000 581.0 4183 5.0 1).42 334 12.76 3.82 76.80 8.05 4.7]

13 0.4000 603.0 4342 6.7 ~~.60 3.04 12.64 4.16 78.90 7.84 4.80
14 0.5000 613.0 441.4 8.4 ~U9 2.98 12.57 4.22 79.30 7.78 4.79
]5 0.6750 603.0 434.2 113 9.13 3.37 J2.50 3.71 76.60 7.94 4.57

16 0.7000 606.0 436.3 11.7 9.13 3.40 12.53 3.69 76.40 7.97 4.57
17 0.8000 564.0 406.1 13.4 8.34· 0.20 8.54 4237 98.60 4.37 4.17
]8 0.9000 525.0 378.0 15.1 7.61 U5 8.76 7.61 92.00 4.96 3.8]

19 1.0000 528.0 380.2 16.7 7.51 0.88 838 9.54 93.90 4.63 3.75

20 1.JOOO 508.0 365.8 ]8.4 7.08 1.11 8.1& 7.38 9230 4.65 3.54
21 1.2000 5]4.0 370.1 20.1 7.01 1.73 8.74 5.06 88.00 5.23 3.51

'........
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D4767
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ton rf>' = O.Gl
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40
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o 20 40 60

p', psi
80 100 120

Symbol C) 6 CJ

1 I I
Sample, No. UD-2 UD-1 UD-l

70
,

I Test No. 13766.1 13765.2 13765.A
I I I
1 I Depth 13-15 Ft. 1-12.8 F It 1-12.8 f

r
60-I--~ .L - -~--~- - - I- Diameter, in 2.852 2.833 2.848

I 1 I Height, in 5.57 5.57 5.57
I I

-~--f---
"0 Water Content. % 35.2 24.8 22.6

·50 - :;;;- l- E Dry Density, pet 85.2 97.98 98.28
'in
c. / I I I Saturation, % 95.2 90.6 83.1
vi ___ J. __ ~ ___ Void Ratio 1.02 0.754 0.749Vl 40-l- I--
W I I Ja: Water Content. % 36.2 25.3 22.0I-

tr1--~---
....

Vl '0
G> Dry Density, pet 86.05 ' 101.2 107.a: ..r:

230- e... Vl

« III Saturation-, % 100.0 100.0 100.0

~ r I '
l-

.E Void Ratio 0.997 0.698 0.606
Cl (- - ~ - - ;- - ~ ~ - .~

G>
[D

Bock Press., psi 64 49.99 9020- i-

Ver. Eft. Cons. Stress, psi 15 30 60

J I I I Shear Strength, psi 17.62 26.2 22.48
10- 1---1----,---1-- -'1--

, Strain at Failure. % 19.8 20.6 15.5
1 I I
f I I Strain Rate. %/min 0.022 0.00124 0.022

0 I I B-Value 0.95 0.95 0.95
I I I

0 10 20 30 40 Measured Specific Gravity 2.75 2.75 2.75
VERTICAL STRAIN, % Liquid Limit 75 50 50

Plastic Limit 31 24 24

Project: TVA Kingston Gypsym Stock r---T r--t r--l r---,
Location: NB-77B , I I , I l I r
Project No.: GTX G0959 I I I I I I I I

GeoTesting r I I I r I I f
~press Boring No.: NB-77B

I ,. , I I r r I
9~f<Y.su= Sample Type: Shelby Tube --- --- --- ---

r
Description:

Remarks:

hu. 02-FEB-2006 15:33:46
Phose calculations based on stort and end of tesl

- Saturation is set to 1007. for phose calculations.

TVA-00021 046



CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767
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Mex. Obliquity

c' = 3.16 psi

rfJ' = 31.2

ten rfi' = 0.61

40

20

o 20 40 60
p', psi

80 100 120

Sample No. Test No. Depth Tested By Test Dote Checked By Check Dote Test File

(!) UD-2 13766.1 13-15 Ft. HJ 11/30/05 JW 13766.10_ 1057.dot

t6. UD-1 13765.2 11- i 2.8 Ft. H.I 11/30/05 JW 13765.2_2054.dat

[!] UD-1 13765.4 11-12.8.ft JW 12/5/05 HJ 13765.4_ 1057.dot

GeoTesting Project: TVA Kingston Gypsym Stqdlocation: NB-77B 1Project No.: GTX G0959

express Boring No.: NB-778 Semple Type: Shelby Tube I
tho. ground¥.ook for SUO::~ Description:

Remarks:

Thu. 02-FE8-2006 15:.3.3:46

TVA-00021 047



CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767

40

Max. Shear

c = 16.3 psi

rf> = 5.9

ton if> = 0.10

f
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I • \

I \ I \

80 100 120

(!) 6 [J

UD-2 UD-l UD-l
13766.1 137ti5.2 13765.4

13-15 Ft. 1-12.8 F 1-12.8 f

2.852 2.833 2.848

5.57 5.57 5.57

35.2 24.8 22.6

85.2 97.98 98.28

95.2 90.6 83.1

1.02 0.754 0.749

35.2 25.3 22.0

86.05 101.2 107.

100.0 100.0 100.0

'0.997-'· 0~598 0,505

64 49.99 90

15 30 50

17.52 26.2 22.48

19.8 20.5 15.5

0.022 0.00124 0.022

0.95 0.95 0.95

2.75 2.75 2.75

75 50 50

31 24 24

r--l r----l r---, r--l
I I 1 I I I , I

I I I I J I I I

I I I I I I I I
I I J f , , I I--- - - ---

60
p. psi

Dry Density, pet

Symbol

"0 Woter Content. %

co

Saturation, %

Height. in

Diameter, in

Depth

Void Ratio

Test No.

Sample No.

L Water Content, %
of-------:----i----I---_j----t---~
1 Dry Density, pet
VJI-..:.....--..:.......:.....--~-I----,--_j:-----t----t---_1
III Saturation., %

~ Void Ratio
Jl f-B-O-c-k-p-re-s-s-.•-ps-i----r---+---+---'---+----i

Ver. Eft. Cons. Stress, psi

Shear Strength, psi

Strain at Foilure. %

B-Value

Measl,Jred Specific Gravity

Strain Rote, %/min

Plastic Limit

Liquid Limit

40

40

20

Project: TVA Kingston Gypsym Stock
--------------1

Location: NB- 778

Project No.: GTX G0959

Boring No.: NB-77B

Sample Type: Shelby Tube
----------------'-----'------'-----'----1

Description:

o

o

20

70 -f---'---+I-J----j'--'--I-I--'--+,
I I I
I , I

50-I- - - L - - -t - - ...J - - -f0-

r I I

• 50-- - 0 --~ ---
; 40 - -e;-~ --~ --_: -.- -~
~ I I I

;30- ~--~----
> ij / I I

~ 20-1- ~ --~ --~----
L

I I 1
I , t

10- --~--r---+-----

f , I

r I I
a -f-_..---.;.'_......--_+---.-_--ll_..,-._+-

1b 2b 3'0
VERTICAL STRAIN. %

GeoTesting
express

''-'" ihe g=mdworldo, su=ss

Remarks:

ThlJ. 02-FEB-2006 15:.34:09
Phose calculations based on stort and end of test.

• Saturation is set to lOC?; for phose calculotions.

TVA-00021 048



CONSOLIDATED UNDRArNED TRIAXrAL TEST by ASTM D4767
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40

40
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p. psi

Sample No. Test No. Depth Tested By Test Dote Checked By Check Date Test File

C) UD-Z 13756.1 13-15 ft. HJ 11/30/05 JW 13766.1 0_1 057 .dot

6 UD-1 13765.2 11--12.8 Ft. HJ 11/30/05 JW 13755.2_2054.dot

~ UD-1 13765.4 11-12.8 ft JW 12/5/05 HJ 13765.4_1057.dot

GeoTesting Project: TVA Kingston Gypsym Stqdlocation: NB-778 IProject No.: GTX G0959

express Boring No.: NB-778 Somple Type: Shelby Tube I
the groundworlc for success Description:

Remarks:

Thu. 02-FEB-2006 15:34:09

TVA-00021049
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iii "CD
.r:.en 3
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0
0 3 6 9 12 15 18

Total Normal Stress, ksf --
Effective Normal Stress, ksf - - -

15 .Sample No. 1 2 3

Water Content, 18.7 19.5 23.0
12.5 Dry Density, pet 104.0 104.7 101.7

;m Saturation, 833 88.7 96.5
£ Void Ratio 0.5963 0.5862 0.6330

-. Diameter, in. 2.94 2.94 2.85U> 10
"'",,; 3 Height, in. 5.76 5.85 6.05
en v
CD Water Content, 20.4 19.9 21.4....
en 7.5 J Dry Density, pet 107.6 108.6iii 105.8
0 - 2 CD Saturation, 100.0 100.0 100.0m t-
'> ~

Void Ratio 0.5435 0.5297 0.5696
CD 5 Diameter, in. 2.91 2.91 2.810 v

Height, in. 5.70 5.78 5.98

1 Strain rate, inJmin. 0.01 0.01 om
2.5 8ack Pressure, ksf 5.8 5.8 5.8

Cell Pressure, ksf 7.9 10.1 14.4

0 Fail. Stress, ksf 53 7.0 93
0 10 20 30 40 Total Pore Pr., ksf 6.4 8.0 9.4

Axial Strain, % Ult. Stress. ksf
Total Pore Pr., ksf

Type of Test:
,. 0 , Failure, ksf 6.8 9.0 143

CD with Pore Pressures
0 3 Failure, ksf 1.5 2.1 5.0

Sample Type: undisturbed Client: TVA

Description: Brownish yellow clayey sand with

gravel Project TVA Kingston - Proposed Gypsum Stack

LL=59 PL=30 PI=29

Specific Gravity=: 2.66 Location: NB-85A/B ,
Remarks: SC Sample Number. UD-l, 2 & 3 (Cll) Depth: 13'-19'

Proj. No.: 3043051021 Date:

'-'" TRIAXIAL SHEAR TEST REPORT

IFigure MACTEC. INC.

Tested By: :....:A=le::,.:x=an=d=e::.:..r Checked By: 1.CH~a~m~lett~ _

TVA-00021050
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9 Peak Strength
Total Effective

a= 1.59 ksf 1.34 ksf --a= 13.1 deg 19.2 deg ---tan a= 0.23 0.35 -- ----6
t.-------- 1---- ------ ~jj)
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p, ksf
Stress Paths: Total-- Effective - - -

Client: TVA

'roject TVA Kingston - Proposed Gypswn Stack

.;,.ocation: NB-85A and NB-85B Depth: 13'-19' Sample Number: UD-I, 2 & 3 (an
I Project No.: 3043051021 Figure I MACTEC. INC.

Tested By: :....A::.:'e:::.xa=:.:"=de=r'-- Checked By: .:...H:::a""mc:.:'=ett=-- _

TVA-00021051



TRIAXIAL COMPRESSION TEST
CU with Pore Pressures

9/1312005
9:30 PM

UD-l,2 & 3 (CU)

PI=29

Sample Number.

PL=30

TVA
TVA Kingston - Proposed Gypsum Stack
3043051021
NB-85A and NB-8SB
13'-19'

Date:
Client:
Project:
Project No.:
Location:
Depth:
Description:
Remarks:

Type of Sample: undisturbed
Specific Gravity=2.66 Ll=59

.Test Method: COE uniform strain

Specimen Parameter Initial Saturated Consolidated Final
Moisture content Moist soil+tare, gms. 1269.400 885.450
Moisture content Dry soil+tare, gms. 1069.600 758.920
Moisture content: Tare, grns. 0.000 157.180
Moisture, % 18.7 22.4 20.4 21-0

Moist specimen weight, gms. 1269.4
Diameter, in. 2:94 2.94 2.91
Area, in." 6.80 6.80 6.65

~...."
Height, in.· 5..76 5.76 5.70
Net decrease in height, in. 0.00 0.06

Wet Density, pcf 123.5 127.3 129.6
Dry density, pet 104.0 104.0 107.6
Void ratio 0.5963 0.5963 0.5435
Saturation, % 833 100.0 JOO.O

Load ring constant = 0.72 Ibs. per input unit
Consolidation cell pressure = 55.00 psi (7.92 ksf)
Consolidation back pressure =40.00 psi (5.76 ksf)
Consolidation effective confining stress :: 2.16 ksf
strain rate, inJmin. = 0.01
Fail. Stress =532 ksfcit reading no. 14

1 MACTEC, INC. -'

TVA-00021052



Def. Deviator Minor Eff. Major Eff. Pore
Diaf Load Load Strain Stress Stress Stress 1'~ Press. P QoW

No. in. Dial Ibs. % Jest kst kst Ratio psi ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 2.]6 2.16 1.00 40.00 2.16 0.00
] 0.0100 101.0 72.7 02 1.57 1.63 320 1.97 43.70 2.41 "0.79

2 0.0200 175.0 126.0 0.4 2.72 1.22 3.94 3.22 46.50 2.58 1.36

3 0.0300 184.0 132.5 0.5 2.85 I.l7 4.02 3.45 46.90 2.59" 1.43

4 0.0400 197.0 141.8 0.7 3.05 1.11 4.16 3.75 4730 2.63 1.53

5 0.0500 211.0 151.9 0.9 326 1.07 433 4.06 47.60 270 1.63

6 0.0600 224.0 1613 1.1 3.46 1.07 4.52 424 47.60 2.79 1.73

7 0.0700 233.0 167.8 12 3.59 1.04 4.63 4.46 47.80 2.83 1.79

8 0.0800 240.0 172.8 1.4 3.69 1.02 4.7] 4.6] 47.90 2.87 1.85

9 "0.0900 246.0 177.1 1.6 3.78 1.02 4.80 4.69 47.90 2.91 1.89
10 0.1000 250.0 180.0 1.8 3.83 1.02 4.85 4.75 47.90 2.94 1.92

11 02000 295.0 212.4 3.5 4.44 1.17 5.61 4.81 46.90 339 222

12 0.3000 328.0 236.2 53 4.85 13] 6.16 4.70 45.90 3.73 2.42

13 0.4000 347.0 249.8 7.0 5.03 1.44 6.47 4.49 45.00 3.96 2.52

14 0.5000 374.0 269.3 8.8 5.32 1.53 6.85 4.49 44.40 4.19 2.66

]5 0.6000 381.0 274.3 10.5 532 1.60 6.92 4.33 43.90 426 2.66

J6 0.7000 384.0 276.5 123 525 1.68 6.94 4.12 43.30 4.3] 2.63

17 0.8000 307.0 221.0 14.0 4.12 1.53 5.64 3.70 44.40 3.58 2.06

]8 0.9000 222.0 159.8 15.8 2.92 1.02 3.94 3.85 47.90 2.48 1.46

''-'"

1 ---- MACTEC, INC. ~
TVA-00021 053



Spe~imen Parameter Initial Saturated Consolidated Final
Moisture content Moist soil+tare, gms. 1306.600 673.800
Moisture content Dry soil+tare, gms. 1093.000 562.000
Moisture content Tare, gms. 0.000 13.940
Moisture, % 19.5 22.0 19.9 2004
Moist specimen weight, gms. 1306.6
Diameter, in. 2.94 2.94 2.91
Area, in.1 6.80 6.80 . 6.64
Height, in. 5.85 5.85 5.78.,
Net decrease in height, In. 0.00 0.07
Wet Density, pcf 125.1 127.8 1302
Dry density, pet 104.7 104.7 ]08.6
Void ratio 0.5862 0.5862 0.5297
Saturation, % 88.7 100.0 ]00.0

Load ring constant =0.72 lbs. per input unit
Consolidation cell pressure = 70.00 psi (l0.08 lest)

Consolidation back pressure = 40.00 psi (5.76 kst)

Consolidatio~effective confining stress = 4.32 ksf
Strain rate, in.fmin. =0.0]
Fail. Stress =6.96 ksfat reading no. ] 9



Specimen Parameter Initial Saturated Consolidated Final
I.... Moisture content: Moistsoil+tare, gms. 1264.200 574.400

Moisture content: Dry soil+tare, gms. 1028.200 470.640
Moisture content: Tare, gms. 0.000 14.220
MoistLire, % 23.0 23.8 21.4 22.7
Moist specimen weight, gms. 1264.2
Diameter, in. 2.85 2.85 2.8]
Area. in.z 6.36 6.36 6.2()
Height, in. 6.05 6.05 5.98
Net decrease in height, in. c 0.00 0.08
Wet Density, pet 125.0· ]25.9 128.5
Dry density, pet 101.7 101.7 105.8
Void ratio 0.6330 0.6330 0.5696
Saturation, % %.5 100.0 100.0

.Load ring constant = O.nIbs. per input unit
Consolidation cell pressure =100.00 psi (l4..40 kst)
Consolidation back pressure =40.00 psi (5.76 ksf)
Consolidation effective confining stress = 8.64 ksf
Strain rate, inJmin. =0.01
Fail. Stress =9.32 ksf at reading no. 19
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Total Normal Stress, ksf --
Effective Normal Stress, ksf - - -

15 Sample No. 1 2 3
I

Water Content, 325 30.7 27.4
12.5 Dry Density, pet .88.6 91.0 942

~ Saturation, 99.9 100.0 96.6l- e Void Ratio 0.8597 0.8103 0.7488t-L-..... 3 Diameter, in. 2.84 2.85 2.84III 10
~

rti Height, in. 6.04 6.11 6.13
'" ....
l!! Water Content, 32.6 27.1 22.5

U5 7.5 2 Dry Density, pet 88.6 96.1 1033I iii...
.E CD Saturation, 100.0 100.0 100.0
m t-

Void Ratio 0.8597 0.7155 0.5953'S: «III Diameter, in. 2.84 2.80 275Cl 5
Height, in. 6.04 6.01 5.95

Strain rate, in.lmin. 0.00 0.00 0.00
2.5 Back Pressure, ksf 2.9 2.9 2.9

1/ t'- 1 Cell Pressure, ksf 5.8 8.6 14.4
I

Fail. Stress, ksf 2.1 8.9 1120 I I
0 10 20 30 40 Total Pore Pr., ksf 3.9 4.4 9.0

Axial Strain, % Ull Stress, ksf
Total Pore Pr., ksf

Type of Test:
G, Failure, ksf 4.0 13.] 16.6

cu with Pore Pressures
0 3 Failure, ksf 1.9 42 5.4

Sample Type: undisturbed Client: TVA

Description: Brown sandy fat clay
Project TVA Kingston - Proposed Gypsum Stack

LL=50 PL=24 PI=26

Specific Gravity= 2.64 Location: NB-85A/8

Remarks: CH Sample Number: 00-6, 7 & 8 (CU) Depth: 23'-29'

Proj. No.: 3043051021 Date:

TRIAXIAL SHEAR TEST REPORT

IFigure MACTEC, INC.

Tested By: ~A1~e~x~a~n~d~e~r Checked By: .:..H=a:.:..:m~l=ett=-~ _

TVA-00021056
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TRIAXIAL COMPRESSION TEST
CU with Pore Pressures

9/1312005
10:13 PM

UD-6, 7 & 8 (CU) _

PI=26

Sample Number:

PL=24'

TVA
TVA Kingston - Proposed Gypsum Stack
3043051021
NB-85B
23'-29'

Dale:

Client:

Project:

Project No.:

Location:

Depth:
Description:

Remarks:
Type of Sample: tmdisturbed

Specific Gravity=2.64 LL=50
Test Method: COE uniform strain

Specimen Parameter- . Initial Saturated Consolidated

Moisture content: Moist soil+tare; gms. 1176.400
Moisture content: Dry soil+tare, gms. 887.600

Moisture content: Tare, gms: 0.000
Moisture. % 325 32.6 32.6

Moist specimen weight, gms. 1176.4
Diameter, in. 2.84 2.84 2.84
Area, in.Z 632 6.32 6.32

~~ Height, in. 6.04 6.04 6:04
Net decrease in height, in. 0.00 0.00
Wet Density, pet 117.5 117.5 117.5
Dry density, pet 88.6 88.6 88.6
Void ratio 0.8597 0.8597 0.8597
Saturation, % 99.9 100.0 100.0

Final

679.710
531.300

94.030
33.9

Load ring constant =0.72 Ibs. per input unit
Consolidation cell pressure = 40.00 psi (.5.76 lest)
Consolidation back pressure = 20.00 psi (2.88 kst)
Consolidation effeCtive confining stress :: 2.88 ksf

Strain rate, inJmin. =0.00
Fail. Stress =2.09 ksf at reading no. II

1_, MACTEC, INC. -'
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Def. Deviator Minor Eff. Major Eft. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

No. in. Dial Ibs. % ksf Iesf ksf Ratio psi ksf Iesf

0 0.0000 0.0 0.0 0.0 0.00 2.88 2.88 1.00 20.00 2.88 0.00
1 0.0100 67.0 482 0.2 1.10 2.51 3.60 1.44 22.60 3.05 0.55
2 0.0200 85.0 612 0.3 1.39 2.32 3.7] 1.60 23.90 3.01' 0.69
3 0.0300 96.0 69.1 0.5 1.57 220 3.77 1.71 24.70 2.99 0.78
4 0.0400 104.0 74.9 0.7 1.69 2.12 3.81 1.80 2530 2.96 0.85
5 0.0500 ]08.0 77.8 0.8 1.76 2.07 3.83 1.85 25.60 2.95 0.88
6 0.0600 111.0 79.9 1.0 1.80 2.03 3.83 1.89 25.90 2.93 0.90
7 0.0700 114.0 82.1 12 1.85 2.02 3.86 1.92 26.00 294 0.92
8 0.0800 117.0 842 1.3 1.89 1.99 3.88 1.95 2620 2.93 0.95
9 0.0900 120.0 86.4 1.5 1.94 1.96 . 3.90 1.99 26.40 2.93 0.97

10 0.1000 122.0 B7.8 1.7 1.97 1.94 . 3.91 2.01 26.50 2.93 0.98
II 02000 132.0 95.0 3.3 2.09 1.86 3.95 2.13 27.10 2.90 1.05
12 03000 108.0 77.8 5.0 1.68 . 121 2.89 239 31.60 2.05 0.84 ;

13 03500 IlO.O 792 5.8 1.70 1,45 3.15 2.17 29.90 230 0.85 i
!

14 0.4000 111.0 79.9 6.6 1.70 1.61 331 2.05 28.80 '2.46 0.85 l

~
i
t
I

I
I

i
I

~

'-......

1 MACTEC, INC. ....J
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. , Specimen Parameter Initial

'.....,- Moisture content: Moist soil+tare, gms. 1216.500

Moisture content: Dry soil+tare, gms. 930.800
Moisture content: Tare, gms. 0.000

Moisture, % 30.7

Moist specimen weight, gms. 12165

Diameter, in. 2.85
Area, in.z 6.37 .

Height, in. 6.11

Net decrease in height, in.

Wet Density, pet 119.0
Dry density, pcf 91.0

Void ratio 0.8103

Saturation, % 100.0

Load ring constant = 0.72 Ibs. per input unit

Consolidation cell pressure .: 60.00 psi (8.64 ksf)

Consolidation back pressure = 20.00 psi (2.88 ksf)

Consolidation effective confining stress = 5.76 ksf
Strain rate, in./min. =0.00
Fail. Stress =8.88 ksf at reading no. 20

Saturated Consolidated Final

669.040

534240

87.490
30.7 27.1 30.2

2.85 2~80

637 6.15
6.1] 6.0]
0.00 . 0.11

119.0 122.1
91.0 96.1

0.8103 0.7155

100~0 100.0

Def. Deviator MinorEff. MajorEff. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

'..."
No. in. . p!al Ibs. % ksf ksf Iesf Ratio psi ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 5.76 5.76 1.00 20.00 5.76 0.00

.1 0.0100 ]68.0 121.0 0.2 2.83 5.31 8.14 1.53 23.10 6.73 1.41
2 0.0200 208.0 149.8 0.3 3.50 4.95 8.45 1.71 25.60 6.70 1.75
3 0.0300 233.0 167.8 0.5 3.91 4.69 8.61 1.83 27.40 6.65 1.96
4 0.0400 258.0 185.8 0.7 432 4.44 8.76 1.97 2920 6.60 2.]6
5 . 0.0500 281.0 2023 0.8 4.70 4.18 8.88 2.13 31.00 6.53 2.35
6 0.0600 305.0 219.6 1.0 :5.09 3.92 9.01 2.30 32.80 6.46 2.55
7 0.0700 321.0 23I.l 12 5.35 3.74 9.10 2.43 34.00 6.42 2.68
8 0.0800 337.0 242.6 1.3 5.61 3.59 920 2.56 35.10 6.39 2.80
9 0.0900 352.0 253.4 1.5 5.85 3.47 9.32 2.69 35.90 6.40 2.92

10 0.1000 367.0 2642 1.7 6.09 3.36 9.44 2.81 36.70 6.40 3.04
11 0.1500 417.0 3002 2.5 6.86 3.08 9.94 3.23 38.60 6.51 3.43
12 0.2000 455.0 327.6 3.3 7.42 3.05 10.47 3.43 38.80 6.76 3.71
13 0.3000 510.0 3672 5.0 8.17 324 11.41 3.52 37.50 7.33 4.09
14 0.4000 534.0 384.5 6.7 8.41 3.63 12.04 3.32 34.80 7.83 420
15 0.4500 551.0 396.7 7.5 8.60 3.77 1237 3.28 33.80 8.07 430
16 0.5000 565.0 406.8 8.3 8.74 3.87 12.61 3.26 33.10 8.24 437
17 0.5500 574.0 4133 9.2 8.80 3.97 ]2.77 3.21 32.40 837 4.40
18 0.6000 583.0 419.8 10.0 8.85 4.09 12.94 3.16 31.60 8.52 4.43
19 0.6500 588.0 423.4 10.8 8.85 4.18 13.02 3.12 31.00 8.60 4.42
20 0.7000 596.0 429.1 11.7 8.88 4.25 13.13 3.09 30.50 8.69 4.44
21 0.8000 599.0 431.3 133 8.76 4.32 13.08 3.03 30.00 8.70 4.38

\~ 22 0.9000 598.0 430.6 15.0 8.58 432 12.90 2.99 30.00 8.61 429
23 1.0000 581.0 4183 ]6.7 8.17 435 12.52 2.88 29.80 8.43 4.09

I 24 ].JOOO 563.0 405.4 ]83 7.76 439 12.15 2.77 29.50 827 3.88

MACTEC, INC.
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Specimen Parameter Initial Saturated Consolidated Final
Moisture content: Moist soil+tare, gms. 1221.900 617.770
Moisture content: Dry soil+tare, gms. 959.100 503.750
Moisture content: Tare. gms. 0.000 87.190
Moisture, % 27.4 28.4 22.5 27.4
Moist specimen weight. gms. 1221.9
Diameter, in. 2.84 2.84 2.75
Area, in.2 633 6.33 5.95
Height. in. 6.13 6.13 5.95

Net tit;crease in height. in. 0.00 0.18

Wet Density, pet 120.1 121.0 126.6
Dry density, pef 94.2 942 103.3
Void ratio 0.7488 0.7488 0.5953

Saturation, % 96.6 100.0 100.0

Load ring constant =0.72 Ibs. per input unit
-Consolidation cell pressure =]00.00 psi (14.40 ksf)

Consolidation back pressure =20.00 psi (2.88 ksf)
Consolidation effective confining stress =11..52 ksf
Strain rate, inJmin. =0.00
Fail. Stress = 11.22 lesf at reading no. 13

Def. Deviator MinorEff. MajorEff. Pore
Dial Load Load Strain Stress Stress Stress 1:3 Press. P Q

"W-
No. in. Dial Ibs. % ksf ksf ksf Ratio pSi ksf ksf

0 0.0000 0.0 0.0 0.0 0.00 ] 1.52 11.52 1.00 20.00 11.52 0.00
] 0.0100 208.0 149.8 02 3.62 11.12 14.74 133 22.80 12.93 1.81
2 0.0200 270.0 194.4 03 4.69 10.76 15.45 1.44 2530 13.10 2.35
3 0.0300 314.0 226.1 0.5 5.45 10.44 ]5.89 ]52 27.50 13.16 2.72
4 0.0400 349.0 251.3 0.7 6.04 10JI ]6.]5 1.60 29.80 13.13 3.02
5 0.0500 374.0 2693 0.8 6.46 9.75 1621 1.66 3230 12.98 323
6 0.0600 402.0 289.4 1.0 6.94 9.45 16.38 1.73 34.40 12.91 3.47
7 0.0700 435.0 3132 12 7.49 9.12 ]6.61 1.82 36.70 12;86 3.75

8 0.0800 465.0 334.8 I3 8.00 8.84 16.84 1.90 38.60 12.84 4.00
9 0.0900 486.0 349.9 1.5 8.34 857 ]6.91 1.97 40.50 12.74 4.17

10 0.1000 509.0 366.5 1.7 8.72 822 ]6.95 2.06 42.90 12.58 4.36
11 02000 622.0 447.8 3.4 10.48 638 16.86 2.64 55.70 11.62 524
12 0.3000 662.(} 476.6 5.0 ]0.96 5.57 ]6.53 2.97 6130 11.05 5.48
13 004000 690.0 496.8 6.7 1122 5.37 16.59 3.09 62.70 10.98 5.6]
]4 05000 702.0 505.4 8.4 11.21 534 16.55 3.J0 62.90 10.95 5.60
15 0.6000 693.0 499.0 10.I 10.86 5.34 16.20 3.03 62.90 10.77 5.43
16 0.7000 702.0 505.4 11.8 10.80 5.34 ]6.]4 3.02 62.90 10.74 5.40

17 0.8000 706.0 508.3 13.5 10.65 5.34 15.99 299 62.90 10.67 5.33
18 0.9000 721.0 519.1 15.I 10.67 536 ]6.02 2.99 62.80 10.69 5.33

19 1.0000 723.0 520.6 16.8 10.48 5.37 15.85 2.95 62.70 10.61 524
20 1.1000 731.0 526.3 18.5 10.38 537 15.76 2.93 62.70 10.56 5.19
2] 12000 741.0 533.5 20.2 10.31 539 15.70 2.91 62.60 10.54 5.15

1-.,...

I MACTEC, INC.

TVA-00021 061



CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767

Max. Shear

c' = 1.94 psi

if' = .32.9

ton r/J' = 0.65

I I ./ I

I ./( I
f .,. I J

I 1"./ I I
I ./ I

I y / I I
- -,-- - _. - -1- - - - - -~ - - - -- - - - _ -_

I ~ \ ; ~ I

i ~~I: ",~
I f(" /j? :" '" I'- - - - - -:~ ~ -(it f- - - - - - ~ - - - -'~\:-\- - - - - ~ \<- --
~. 'y I \ 1\
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I j' ".! ~ I IY'\ I \
1 . f I) I I \ r \\
f \ I I I I I

o -+--.rr-lr-hr-r-r-r-rl--"r-r-r-r-,.........,'.r-r-r"T...................."T""'T"-r+.,--r.,..,.....,......,.....,....-'i-r-"..,..-,,.....,-r-r-,...,....+-r-.......,-l-r-,....,..........+

40

20

'iii
Q.

Ii

o 20 40 60
p', psi

80 100 120

Symbol 0 /!:, ~

I I I
Sample No. UD-S UD-6 UD-5

140 I 1 Test No. 13772.1 13772.2 13771.3
I I I

I J Depth 28-30 fl 30-32 Ft. 28-30 ft
r

120-___ L_--t- _-l_ Diameter, in 2.84 2.831 2.844
I I I Height., in 5.57 5.57 5.57
1 .1 -

I
2 Water Content, % 46.9 26.7 37.2

100-
___ L __ .j...~_l

- - --
I I I E Dry Density, pet 76.13 98.14 85.6

'in
Q. I , I Saturation. % 103.2 98.8 102.4
vi uJ-ut--:: Void Ratio 1.24 0.739 0.9931Il 80- - -
W
0:: Water Content, % 44.8 25.8 34.5.... ...
1Il o·

0

0:: _C~ __ : ~ _- __ II> Dry Density, pet 76.74 100. 87.83
~

0 60- 1Il
I- Saturation-, % 100.0 100.0 100.0-e(

V1--~--
II>

:> ...
w .E Void Ralio 1.22 0.70S 0.942a II>

ID
Bock Press.. psi 54 S7.99 6040 - -

I r t Ver. Eft. Cons. Stress, psi 20 40.01 80

I I I gl Shear Strength, psi 12.57 30.6 39.17
"'~-r-20- - -1-- -. -~

Strain at Failure, % 17.8 16.5i/ I '1 I
11.8

I I I -J Strain Rate, %/min 0.022 0.022 0.022

0 I I B-Value 0.95 0.95 ·0.9S
I

1'0
I

0 5 15 20 Measured Specific Grovity 2.73 2.73 2.73
VERTICAL STRAIN, % liquid Limit 74 53 74

Plastic Limit 36 27 36

Project TVA Kingston Gypsym Stock r--l r--I r--l r----J
Location: NB-858 I I r I r I I I

Project No.: GTX G0959 I I I I I I I I
GeoTesting I I I I ! J J I
1xpress Boring No.: NB-85B

I I I 1 t I I r
!he~ lor SU<alS> Sample Type: Shelby Tube --- --- --- ---

Description:

Remarks:

1-.....

Th". 02-FEB-2006 15:26:40
Phose calculations based on start and end of tesl

* Saturation is set tp 100% for phase calculations.

TVA-00021 062



CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767

o -I--r--r--.----.--;--i----.--r--r-+_

150 -t---'----'---'---i--'--'---L.-t---'--+-

o
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I 1 I

o

'iii
c. 100
VI
VI
W
0:::
~

VI

0:::
o
<
~ 50
Cl

Mox. Sheor

c: = 1.94 psi

""
= 32.9

ton "'. = 0.65

o 20 40 60
p', psi

80 100 120

Somple No. Test No. Depth Tested By Test Dote Checked By Check Dote Test File

C) UD-5 13772.1 28-30 ft JW 12/9/05 HJ 1377Ll_1057.dot

6 UD-6 13772.2 30-32 Fl JW 12/9/05 HJ 13772.2_2054.dot

~ UD-S 13771.3 2B-30 ft JW 12/9/05 HJ 13771.3_ 1062.dot

GeoTesting Project: TVA Kingston G)'psym StcjdJocotion: NB-858 IProject No.: GTX G0959

express Boring No.: NB-85B Sample Type: Shelby Tube I
the gmvndwori< 'or SllC:O!SS Description:

Remarks:

Thu. 02-FEB-2006 15:26:40

TVA-00021 063
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D4767

Mox. Shear

c = 5.68 psi

¢= 17.5

ton if> = 0.31

I I I I
, I , I

I I , I

I I I I
I I I I
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I 1 I I I --
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50

100

200 250 300.

C) 6- [!J

UD-5 UD-6 UD-5
13772.1 13772.2 13771.3

28-30 ft 30-32 Ft. 28-30 fl

2.84 2.831 2.844

5.57 5.57 5.57

45.9 25.7 37.2

76.13 98.14 85.5

103.2 98.8 102.4

1.24 0.739 0.993

44.8 25.8 34.5

76.74 100. 87.83

100.0 100.0 100.0

1.22 0.705 0.942

54 57.99 50

20 40.01 80

12.57 30.5 39.17

17.8 15.5 11.8

0.022 0.022 0.022

0.95 0.95 0.95
,

2.73 2.73 2.73

74 53 74

35 27 36

r---l r---l r---l r---t
I I I I I I I I

I I 1 I I I 1 ,
r I I I I I I I

I I I I I , I I
--- --- ~ ---

Dry Density. pet

] Woter Content. 7

't:

Saturation. :70

Void Rotio

Test No.

Sample No.

L. Water Content, 7
o
IV Dry Density. pcf
t5~":'---":'-"':"-_--~---~----+----+---4

Depth

Height, in

Symbol

Diameter. in

150
p; psi

Ver. Eft. Cons. Stress. psi

IV Soturation•• 7-
"'~-----"------+--'---+----+----+----1

.£ Void Rotia
til
m I-B-a-c-k-P-re-s-s-.•-p-s-i---+----+----+----I-----;

Shear Strength. psi

B-Volue

Strain ot Failure. %

Measured Specific Gravity

Stroin Rate. %/min

Liquid Limit

Plastic Limit

10050o

Project: TVA Kingston Gypsym Stock
-------------1

Location: NB-85B

140 -I--L.-"-I-'-'--f-'-l--f-'_-L-f
I

I I I
I, I

120 -- - - L - - -t - - ..J - - - •
I I 1
1 I I

100 ~ - - - L - - -I- _ - .1 - - -
I I I
I I I
I r 1

80-1--~-- --'- --- ---
1 . -

I I I

50- -1- -~ --: ~ - --
I If.

40 -1- - ~ ~ - ~ -- ~ --- --
1/ I I I

20-~-~--~_:1·
1 I I
I Ia , I I

o 5 10 15 20
VERTICAl STRAIN. 7-

';;;
Q.

vi
VJ
W
c:::
I
UI

c:::

~
5w
o

SeoTesting r-P_·r_o:...je_c_t_N_a_.:_G_T_X_G_0_9_5_9 .,..- -1
e ]I; pre S 5 Boring No.: NB-B5B

--.... theg=:fldW<lrk fo< S<JtDlSS Sample Type: Shelby Tube

Description:

Remarks:

Thu. D2-FEB-2006 15:27:10
Phose calculations based. on start· ond end of test.

• Saturation is set to lOl}% for phose calculotions.

TVA-00021 064



CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D4767

150 -/-_L-......L.._.L.--+_.L.-......L..__.L.--+_"'---j- 60 -+_.l..--J..._.L--+_.L--J..._-'----+_-'--_l_

I
I
I
I

, I I I

.~ 100 - - ..!.. - - ...j. - - _I 1_ - -
Vl I I I r
~ I I r I

~ '.--+--E3 I

i 50P---~--(- i
I I I I

'-----.-----+---t9- I
...---T ; r I

/ I I
I I

'iii
a. 40
w
a::
::>
II)
II)
w
a::
a.
In
II)
W

~ 20
w

I

r:::-: f I f

I f I
I I I I

- - .!.- - - ~ - - ~ - - -1- - -
I I. I I
I I I _ I

I I I I
I I r I
I I I I
I I I I

- - 1- - I - - r - - f - -
I r I I

I I
I I
I I
I I

o-f--....--+--.--,,--,--f---r--r--r-+-

o 5 10 15 20
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25'

Max. Shear

c = 5.68 psi

¢= 17.5

ton ¢ = 0.31

o
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I t J
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Summary of Laboratory Testing for Hydraulic Conductivity

(

Boring Sample Depth (ft) Moisture (%)
Dry Unit wt

(pet)

K-11 UD 12-14 22.9 102,4

K-12 UD 12-14 24.3 96.1

K-13 un 12-14 29.9 87,4

K-14 UD 12-14 29.4 94.2

K-15A UD 12-13 37.3 80.3

K-16 I Bulk 10-15 24.6 95.7

K-17 I Bulk 10-15 31.7 86.6

K-18 I Bulk 10-15 31.6 I 87.1
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Note: Bulk soil samples were remolded to approximately 95% of their respective standard Proctor maximum dry densities and 2% over
optimum moisture content,
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DESIGN & ANALYSIS OF THE SURFACE WATER MANAGEMENT SYSTEM

BACKGROUND

This calculation package was prepared in support of the engineering design activities
perfonned by GeoSyntec on behalf of Tennessee Valley Authority (TVA) for the proposed
TVA Kingston Fossil Plant Gypsum Disposal Facility (herein referred as KIF Gypsum disposal
facility), Roane County, Tennessee. GeoSyntec understands that TVA will submit this package
(and other associated design packages) to the Tennessee Department of Enviromnent and
Conservation (TDEC).

PURPOSE

The purpose of this calculation package is to present the analyses and design of the proposed
surface water management system for the KIF Gypsum Disposal Facility. The specific goals of
this package are to present:

o an overview ofthe proposed surface water management system for the disposal facility;
o the regulatory requirements and the design criteria;
o the design of the various components of the surface water management system,

including run-on control system, sediment basin, drainage benches, downdrains,
downchutes, perimeter drainage channels, and culverts; and

o the results ofthe calculations for post-development peak discharges from the site.

SURFACE WATER MANAGEMENT SYSTEM - OVERVIEW

The proposed grading plan of the surface water management system for the KIF Gypsum
Disposal Facility is provided in Attachment 1. The cover system will have a 4 percent slope
from the crest to an elevation of 980 ft, and then a 33 percent (i.e., 3 horizontal: 1 vertical)
slope from the elevation of 980 ft downwards. Benches will intercept surface water runoff from
the cover slopes and convey the runoff to downdrain pipes, which will convey the runoff to the
perimeter drainage channels located at the toe of the cover system. The perimeter drainage
channels are sloped towards the south-west comer of the disposal facility and will connect to a
drop-inlet and three 48-inch diameter culvert system under the perimeter access road conveying
runoff to the stormwater pond located to the south-west of the disposal facility. The
stonnwater pond will not have a primary outlet structure. The water levels in the pond will be
controlled by pumping. Storm water collected in the pond will be pumped using a stonn water
lift station and conveyed via a force main to the currently pennitted National Pollutant
Discharge Elimination System (NPDES) discharge point near the plant (i.e., plant discharge

'....." channel). The stormwater lift station was designed to have three pumps, each pump having a

----sunace water· TVA_AM J2 J306 final.doc
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different turn-on elevation. The first pump is designed to start pumping out water when the
water level in the pond reaches an elevation of 756 feet. The pump turnoff elevation is 755
feet.

Runoff from primarily undisturbed areas to the north of the disposal facility (hereinafter
referred to as "run-on") will be intercepted by a system of drainage channels to prevent from
"running-on" to the active portion of the disposal area. This system of drainage channels will
collect and convey run-on to two different locations. Run-on from approximately 55.42 acres in
the northwest portion of the site will be diverted and conveyed to Watts Bar Lake-Clinch River
through an outfall that will be located in the southwestern comer of the site, west of the
Proposed Gypsum Dewatering Facility Area. Run-on from approximately 43.18 acres in the
northeastern portion of the site will be diverted and conveyed through a previously existing
drainage path east of the disposal facility leading to the Clinch River. The stormwater
management system for this facility is designed such that run-on from undisturbed areas (i.e.,
outside the limits of the disposal facility) will bypass the stormwater pond.

REGULATORY CRITERIA & DESIGN APPROACH

The surface water management system is designed to meet (and exceed) regulatory
requirements of the "Rules of TDEC, Division of Solid Waste Management" [TDEC, 2005].
Specifically, the following requirements of TDEC Rule Chapter 1200-1-7 were considered in
the design.

o The operator must design, construct, operate, and maintain a run-off management
system to collect and control at least the peakflow volume resultingfrom a 24 hour, 25
year storm.

o Holding facilities (e.g., sediment basins) associated with run-on and run-off control
systems must be designed to detain at least the water volume resulting from a 24-hour,
25-year storm, and to divert through emergency spillways at least the peak flow
resultingfrom a 24-hour, IOO-year storm.

o The operator must design, construct, operate, and maintain a run-on control system
capable ofpreventing flow onto the active portion ofthe jQcility for all flow up to and
including the peak discharge from a 24-hour, 25-year storm.

In addition to the above, sediment storage requirements provided in the "Tennessee Erosion
and Sediment Control Handbook" [TDEC, 2002] were considered in the design of the

\~ stormwater pond. Specifically, the handbook states that "In order to maximize trapping and

surface water - TVA_AM 121306 final.doc
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retaining the incoming sediment, the basin should have a permanent pool, or wet storage
component and a dry storage component that dewaters over time. The volume ofpermanent
pool (needed to protect against re-suspension of sediment and to promote better settling
conditions between runoffevents) must be at least 67 cubic yard per acre ofdrainage area and
the volume ofdry storage above the permanent pool (needed to prevent "short-circuiting" of
the basin during larger storm events) must be at least an additional 67 cubic yards per acre of
drainage area".

The runoff and run-on management system for the facility was designed such that all
conveyances (such as channels and pipes) will be able to convey calculated peak discharges
from a 25-year 24-hour design stonn with sufficient free-board, and will be able to convey
calculated peak discharge from a 1DO-year 24-hour design storm without reaching full capacity
(i.e., overtopping in the case of channels). The stonnwater pond for the site is designed to
detain flows from the cover system of the disposal facility, and will be able to hold the
calculated sediment storage volume and the calculated runoff volume from a 25-year 24-hour
design storm without the water elevation reaching the elevation of the emergency spillway. For
the lOO-year 24-hour storm event, discharge from the emergency spillway is negligible (i.e.,
0.14 cfs).

ANALYSIS METHODS & SOFTWARE

Hydrologic analysis procedures presented in TR-55 [SCS, 1986] are adopted for analyses
performed for the design of the stormwater management system for this project. Standard
hydraulic design procedures (as identified subsequently within this package) are adopted to
design the various components of the stonnwater management system based on the results of
hydrologic analyses.

Computer program HydroCAD™ [2004] is used as a tool to perform hydrologic analyses. The
program uses hydrology procedures provided in TR-55, combined with other hydrology and
hydraulics calculations. In addition to the hydrologic analyses performed using HydroCAD,
culverts were modeled using CulvertMaster® [1986]. This computer program uses Federal
Highway Administration (FHWA) recommended methodologies for analyses/design of culvert
systems.

MAJOR CALCULATION PARAMETERS

o Drainage Area Delineation: Attachment 2 presents a schematic plan of the post
development surface water management system for the disposal facility. The plan

----surface water - TVA_AM 121306 final.doc
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shows the delineation of subareas on the cover system and adjoining runon areas. The
schematic plan also shows other design components such as channels and pipes.

o Rainfall Distribution: Attachment 3A [SCS TR-55, 1986] shows the location of the
site on a rainfall distribution map of the United States. The site is located in Roane

County, Tennessee, which is categorized by SCS Type II Rainfall Distribution.

o Rainfall Depths: Attachment 3B presents the site location and the rainfall depth for the
2-year, 25-year, and IOO-year 24-hour design storms. The 2-year rainfall depth is used
for calculating the times of concentration for hydrologic modeling. The rainfall depths
are shown in the following table.

Return Period (years) Design Rainfall Depth (inches)

2 3.4

25 5.7
100 6.7

o Hydrologic Soil Groups (HSG): Attachment 4 presents the regional soils map for the
vicinity of the site. Major soil units found within the areas of interest are listed in the
table in Attachment 4. Hydrologic Soil Group B was used for the run-on areas for
analyses performed in this package. For the final cover subareas, it is anticipated that
the vegetative/ protective cover of the final cover, will consist of permeable silty sands
of hydrologic soil group C, to promote growth of vegetation; however hydrologic soil
group D was used in the analyses to represent the more conservative condition (i.e.,
higher runoff).

o Curve Numbers (eN): CNs were selected based on Attachment 5 [SCS TR-55, 1986].
The following table summarizes the CNs chosen for the analyses performed in this
package.

Area Description Condition HSG CN

Run-on Areas Outside
Woods - Grass combination B 73

Cover Limits

Disposal Area Cover Open Space, Good Hydrologic
D 80

System Condition (Grass Cover>75%)

Streets and Roads Impervious - Paved Areas D 98

Stormwater Pond N/A N/A 98

----surface water - TVA_AM 121306 finaI.doc
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o Nodal Network Diagram: Attachment 6 presents a diagram ofthe nodal network used
in HydroCAD for hydrologic analyses which parallels the schematic plan shown in
Attachment 2.

o Properties of Subareas: Attachment 7 presents the properties of the subareas of
included in the nodal network above. The calculated areas (in acres) of each subarea,
curve number, and computations for the times of concentration are included in
Attachment 7.

Time ofconcentration for each area was calculated as the travel time along the assumed
longest flow line within the subarea. Along each flow line, the flow was subdivided
into various segments based on the flow type (i.e., sheet flow, shallow concentrated
flow, ditch flow, and culvert/pipe flow). Computations for travel time for sheet flow
are performed using the equation for Manning's kinematic solution [SCS TR-55, 1986]:

T. = 0.007(nL)o.&
t (P)o.s SOA

where, Tt=travel time (hr), n=Manning's roughness coefficient, L=flow length (ft),
P=2-year, 24-hour rainfall depth (inches), and S=land slope (ft/ft). After a maximum of
300 feet, sheet flow is assumed to become shallow concentrated flow. After calculating
the average velocity, travel time is calculated using the following equation [SCS TR-55,
1986]:

L
Tt = 3600xV

where, Tt=travel time (hr), L=flow length (ft), and V=velocity (ft/s).

COMPUTATIONS USING HydroCAD

Calculations were performed using HydroCAD for the input parameters discussed in the
previous section for the 25-year, 24-hour design storm, and the lOO-year, 24-hour storm. The
computer program results are presented in Attachment 8.

----sutface water - TVA AM 121306 final.doc

TVA-00021076



GEOSYNTEC CONSULTANTS PAGE 6 OF 149

Written by: Sowmya Bulusu / Alexander Maestre Date: 12/07/06 Reviewed by: Ganesb Gopalakrishnan Date: 12/13/06

Client:-'TV:....:...:..;A=--- _ Project: Kingston Fossil Plant Gypsum Disposal Facility Project/Proposal No.: GR3731 TaskNou........llL

DESIGN OF SURFACE WATER MANAGEMENT SYSTEM COMPONENTS

Stormwater Pond

A sediment storage capacity of 67 cubic yards per acre ofdisturbed area is recommended by the
TDEC in the "Tennessee Erosion and Sediment Control Handbook" [TDEC, 2002]. This
translates to a minimum required sediment storage volume of 4.01 acre-ft for the stormwater
pond (referred to as SP in HydroCAD analyses) based on the disturbed area draining storm
water into the pond. It is recommended that the sediment be cleaned out when two-thirds (66
percent) of the required sediment storage volume has been filled with sediment. Based on a
stage-storage relationship as shown in Attachment 9, a sediment cleanout elevation of 753.2
feet is recommended. As stated earlier, the first pump for the stormwater pond is designed to
tum on at an elevation of 756 feet. Therefore, the analysis was performed assuming that the
available storage capacity of the pond is from elevation 756 feet to the elevation of the
emergency spillway (i.e., 764 feet).

Drainage Benches

Drainage benches on the cover system are designed as V-shaped with a minimum longitudinal
slope of 1 percent. Benches will have left and right side slopes of3H:IV (i.e. 33.3 percent) and
10H:IV (10 percent), respectively, and an available flow depth of 1.5 feet. The design
methodology is presented in Attachment 13. The allowable discharge in the drainage benches
is estimated using Manning's equation [Chow, 1959] which is expressed as:

1.49 2/3 1/2Q=-AR Sn 0

where, Q=discharge (cfs), n=Manning's roughness coefficient, A=area of cross-section of flow
(ft2), R=hydraulic radius=A/P, P=wetted perimeter (ft), and So=longitudinal slope (ft/ft).

The final cover area contributing to the critical drainage bench is 2.33 acres. The peak
discharge of 12.98 cfs is calculated for the critical drainage bench as shown in Attachment 10.
The drainage benches shall be vegetated to prevent scour during peak flows. The calculated
depth of flow from a 25-year, 24-hour design storm is 0.75 ft, resulting in a freeboard of 0.75
ft.

----surface water - TVA_AM 121306 final.doc
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The downdrains are designed as 24-inch diameter, corrugated High Density Polyethylene
(HDPE) pipes with smooth interiors and will be installed on the top of the final cover system.
The downdrains will have longitudinal slopes varying from 17.3 percent to 27.2 percent on the
final cover, with the slope being 4 percent at the drainage bench intersections on the final
cover. Downdrains are designed in this package using a 4 percent longitudinal slope
representing the most critical design condition. For design purposes the highest peak discharge
from a subarea on the final cover (58.2 cfs from Subarea 202; obtained from HydroCAD) is
assumed as the peak discharge for downdrain design. The design methodology is presented in
Attachment 1L The capacity of a 24-inch diameter pipe sloped at 4 percent (70.47 cfs) is
greater than the highest flow from a subarea (i.e., 58.2 from Subarea 202) to a downdrain as
presented in Attachment 11.

Drainage Channels

Drainage channels were modeled in HydroCAD in the post-development analysis of the cover
system as "reaches". The summary of drainage channel properties is presented in Attachment
12 along with the related output of the HydroCAD analysis.

In order to design the type of lining, the following procedure was followed. According to
[ASCE 1992], the permissible tractive stress for Class B grass was 1 psf. The tractive stress at
design discharge is calculated for each reach, and grass lining was recommended for those with
a tractive stress less than 1 psf. At reaches, where tractive stresses higher than 1 psf were
calculated, riprap lining was recommended. The following equation was used to calculate the
size ofriprap [ASCE 1992] required for lining the channels:

where, dso=minimum median riprap diameter (in), Q=discharge (cfs), So=longitudinal slope
(ft/fl), and z=side slope ofthe channel.

The dso of the recommended riprap is also presented in Attachment 12.

.---surface water - TVA_AM 121306 final.doc
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Culverts
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Geometric properties and other calculation parameters of culverts were input in HydroCAD as
reaches: Cl, C2, C3, C4, C5, C6, C7, and C8 for overall hydrologic analyses. The summary of
the culvert sizes and geometric properties is presented in Table 1 of Attachment 13. Table 1
also shows the 25-year, 24-hour peak discharge from hydrologic analyses and demonstrates that
each culvert pipe will have sufficient capacity to convey the 25-year, 24-hour design stonn
when analyzed using the Manning's Equation.

In addition to the above, CulvertMaster® was used to analyze the hydraulic condition for each
culvert system for the IOO-year, 24-hour peak discharge, such that the design would not result in
headwater buildup in the inlets that would overtop the inflow channels. All the culverts were
controlled at the entrance except for Cl that conveys the runoff collected from the final cover
system of the disposal area to the stonnwater pond. For the lOO-year, 24-hour peak design
discharge, it was assumed that the tailwater elevation of Cl corresponded to the invert elevation
of the emergency spillway (a conservative assumption representing the worst case water level in
the pond). The summary of outputs from CulvertMaster, for culverts CI through C8, is presented
in Table 2 in Attachment 13. The ditches will be provided with sufficient depth at the culvert
intersections to accommodate the headwater buildup without overtopping.

-----sUlface water- TVA_AM 121306 final.doc
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• TVA Kingst:[m Peninsula

SURFACE WATER MANAGEMENT SYSTEM CALCULATIONS
AREAS, AND TIMES OF CONCENTRATION (Tc) CALCULATIONS FOR POST-DEVELOPMENT SUBAREAS

2-year, 24-hr Design Rainfall Depth, P2-24 3.40 linches

53,}')

56.lIll

3Ul

3.2.79

Peak
Discharge

(cfs)

5.1'iIl.6V

Tt(Pipe)
(min)

IU~2

Tt(Bench)
(min)

Travel Times ITtl and Tc Calculation

Vel (ft/s)Length (ft)

DOWNDRAIN (PIPE) FLOW

j

BENCH FLOW

52.6

604.'iS

145 'il

Length (ft)l Vel (ft/s)

SHEET FLOW

5.31

lUI

HUll

AREA I CURVE
(acres) NUMBER
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2S-year, 24-hour Design Siorm
Disposal Area Cover System Type 1/ 24-hr Ralnfall=5.70"
Prepared by GeoSyntec Consultants Paga 35
HWroCApt 7.10 lIn 000929 C 2005 HydroCAO Software Solutions LLC 5/10/2008

Time span=O.OO-30.00 hrs, dl=O.OS hrs, 601 points
Runoff by SCS TR-20 method, UH=SCS

Reaoh routing by Stor-Ind+Trans mathod - Pond routing by Stor-Ind method

2S-year, 24·hour Design Siorm
Disposal Area Cover System Type /I 24·hr Ralnfal/=5.70"
Prepared by GeoSyntec Consultants Page 36
HydroCAD! 7,10 sIn 000929 92005 HydroCAQ Software SolUllons LLC 511012006
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Subeatehment 100:

Subcatehmant101:

Subeatehment 102:

Subcatehment 103:

Subcatehment104:

Subeatehment 105:

Subeatehmant 106:

Subeatehmant 107:

Subeatehmant 108:

Subcatchment 109:

Subeatchment 110:

Subo.tohmant 200:

Subeatehmenl 201 :

Subcatehment 202:

Subeatchment 203:

Runoff A..8..1.090 8e Runoff Oapth-3;51"
Te..2.0 min CN=80 Runoff-1.12 eta 0.319 a'

Runoff Area-l.460 ae Runoff Depth"3.S1"
Te-2.0 min CN-eo Runoff-9.54 ets 0.427 et

Runoff Araa-1.600 ee Runoff Depth"3.51"
Te·2.1 min CN-80 Runoff=10.41 ets 0.468 at

Runoff Area-l.520 ae Runoff Depth-a.51"
Te-2.0 min CN..SO Runoff..g.93 ets 0.445 af

RUllOff Area.,1.580 ao RunoffDepth-3.51"
To.2,1 min CN=SO Runoff=10.28 ets 0.462 at

Runoff Are8..1.400 ee Runoff Depth-3.51"
Te.,2.1 min CN"SO Runoff-S.11 ets 0.410 at

Runoff Are8..1.610 8e Runoff Depth-3.51"
To=2.1 min eN-80 Runoff-10.48 etS 0,471 af

Runoff AreB=1.370 8e Runoff Deplho:3.51 "
Te·2.1 min CN-eo .Runoff-a.92 eta 0.401 at

Runoff Araa-1.130 ae Runoff Dapth=3.51"
Te.2.0 min CN.80 Runoff•.7.38 ets 0.331 at

Runoff A,,8-1.070 se Runoff Oeplh-3.~1"
Te-2.0. min CN-eO Runoff-a.99 ets 0.313 at

Runoff Area=1.200 ae Runoff Depth-3.51"
Te.2.1 min CN-eo Runo","7.81 ets 0.351 at

Runoff Aree-2.760 ao Runoff Depth-3.51·
Te"4.7 min CN"80 Runoffa17.35 efs 0.808 af

Runoff Area"4.490 ae Runoff Depth-3.S1"
Te-4:0 min CN-aO Runoff-28.99 efs 1.314 at

Runoff Area=10.060 ae Runoff Depth"3.51"
Te-7.3 min CN-eO Runcff-S8.20 ot. 2.944 af

Runoff Araa-l1.nO ae RunoffDepth-3.51"
Te"12.6 min CN-80 Runoff"S6.80 ets 3.427 at

Suboatehment 204:

Subeatchment 205:

Subeatehment 206:

Subeatehment 207:

Subealehment 208:

Subeatehment 209:

Suboatehment 210:

Buboalehment Pond1:

Suboetohment Ro.d1:

Subcatehmanl Road10:

Subcalohment Road11:

Subc8tehment Road2:

Sube.lehmanl Road3:

Suboalehmanl Road4:

Subealehmanl RoadS:

Subeatehmant RoadS:

Runoff Area-l 0.360 ee Runoff Oepth-3.51"
To-10.4 min CN..80 Runoff-53.75 ets 3.032 at

Runoff Area-5.330 ae Runoff Depth-3.51,
Tc..S.2 min CN-80 Runoff-32.7gef. 1.560 a'

Runoff A..a-4.870 eo Runoff Depth"3.51"
Tc-4.3 min CN=80 Runoff"31.11 ets 1.425 af

Runoff Area-5.860 ao Runoff Depth-3.S1"
To·5.3 min CN-80 Runoff-35.90 of. 1.715 at

Runoff Aree-8.330 ac RunoffDepth-3.S1"
Te-g.S min CN-80 Runoff-44.70 eta 2.438 af

Runoff Area-7,410 ae Runoff Depth"3.51 "
To-7,9 min CN-SO Runoff=42.09 ets 2,168 at

Runoff Araa-8.S00 ae Runoff Depth.3.51'
To-S.2 min CN-80 Runoff-39.99 ef. 1.902 at

Runoff Area-6.870 ee Runoff Depth"5.4S"
To=2.0 min CN=98 Runoff=59.07 cfs 3.127 at

Runoff Area-O.300 so Runoff Depth-SA6"
Tc-1.0 min CN=96 Runoff-2.70 cts 0.137 at

Runoff Area-0.270 ao Runoff Depth-5.48"
Tc-1.0 min CN-98 Runoff-2.43 ets 0,123 af

Runoff Ar..-0,300 ae Runoff Oeplh-S.4S"
1c"1.0 min CN=98 Runoff-2.10 ets 0.137 at

Runoff 6rea=0.390 ae Runoff Depth-5A6"
Tc=1.0 min CN"98 Runc","3,S1 ets 0.178 at

Runoff Area-0.400 ae Runoff Deplh..S.46"
Te"1 ,0 min CN-98 Runoff-3.eO ofs 0.182 af

Runoff Area-0.380 ae Runoff Deplh=5.46'
Te=1.0 min CN=98 Runoff-3.42 cts 0.113 af

Runoff Are8"0.400 so Runoff Depth-5,46"
1c=1.0 min CN=ge Runoff-3.60 ets 0.162 at

Runoff Area=0.360 Ie Runoff Daplh..5.46"
Te=1.0 min CN-98 Runoff-3.24 cts 0,164 ar
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2S-year, 24-hour Dealgn Storm
Disposal Area Cover System Type 11 24-hr Ralnfal/=5.70·
Prepared by GeoSyntec Consultants Page 37
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25.year, 24-hour Design Storm
Disposal Area Cover System Type /I 24·hr Ralnfal/=5.70"
Prepared by GeoSyntec Consultants Page 38
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Runoff by 5eS TR·20 method, UH-SCS, Time Span'" 0.00-30.00 hrs, dt= 0.05 hrs
Type II 24-hr RalnfaU-S.70·

Area lac) eN. Descrlpllon..

Subcatchment 100:Subcatchment Road7:

Subeatehment Road8:

Subeatchment RoadS:

Runoff Aree-0,430 ec Runoff Depth..5.46'
TC"l,O min eN-98 Runoff=3.87 cfs 0,196 af

Runoff Area..0,360 ec Runoff Oepth=5.46'
Tc-l,O min eN-98 Runoffoo3.24 cfa 0,164 af

Runoff Area-O.ZeO ac Runoff Oaplh-S.411"
To-to min CN..98 Runoff-2.61 cf, 0.132 af

Runoff = 7.12 cta @ 11.92 hrs, Volume= 0,319 af, Depth= 3.61'

Reach C1: culvert Peak Oepth"'2,11' Max Vel-16.5 fps Innow-332.62 cfs 28.896 af
0-48.0' n-0,013 L-54.2' 5-0.0199 'f Capaclty-S08.30 cf. Outflow-332.41 et. 28.896 af

2.0 Direct Entry,

1,090 80 >75% Grass cover, Good, HSG D

Tc Length Slope Velocity Capacity Description
Imln)lfeJltL -LftlftL-lft/secl (cfsl

Subcatchment 101:

0.427 af, Depth:: 3,51'9,54 ets@ 11,92 hrs, Volume::Runoff

Peak Depth-l.27' Max Vel-5.0 fps Inflow-57.43 cf. 3.336 af
n-0.030 l=578.9' S"!!.0120 'f Capachy=313.17 cfs Outflow..S4,71 cfs 3.336 af

Paak Oaplh-l ,57' Max Val-S.6 fp. Inftow-143,35 cfs 9.158 af
n-0.030 L-617.6' S-0.0351'f CapacltY"536.55 cfs Outflow-139.50 cf. 9.158 af

ReachR10:

Reach R1:

Raach R11:

Reach R2:

Reach R3:

Reach R4:

Peak Oepth-l.26' Max Vel=S.6 fpa Innow-96,76 cfa 5.993 af
n=0.030 L-S55.3' 5-0.0348 'f Capaclty=534.29 cf. Outflow-93.72 cf. 5.S93 af

Peak Oepthz 2.62' Max Vels 6.8 fpa Inflow-216.31 cfs 19,739 af
n..0.030 L=822.6' 5=0.0100 'f Capaclty-285.99 cfs Outnows 213.01 cfs 19.738 af

Paak Depth-2.49' Max Vel-6.4 fps Inflow-200.54 cf. 14.878 af
n=O.030 Le870.4' S=0.0093 'f Capaclty"288.98 cf. Outflow-194.36 cfs 14.876 af

Peek Oepth-2.23' Max Vel-6.0 fp. Inflow-153.eO cts 10.799 af
nzO.030 L-828.1' S..0.0095 'f Capaclty=278.89 cfs OUlflow-148.17 ct. 10.799 af

Runoff by ses TR-20 method, UH=SCS, Time Span" 0.00·30,00 hrs, dt.. 0.05 hrs
Type U24·hr Ralnfall-S,70'

Area lacl eN Descrtotlon
1.460 80 >750/0 Grass QOver, Good~ HSG 0

Tc l.ength Slope Velocity Capacity Description
lmln) (fe_'lL Jft/fiL_(f~eJ;)_~lc;ts)

2.0 Direct Entry,

Subcatchment 102:

Runoff by ses TR-20 method, UH=SeS. Time Span" 0.00-30.00 hrs, dt= 0.06 hrs
Type II 24-hr RalnfaU=5.70"

Area (ac) CN. _D~l!on

Reach R5:

Reach R8:

Peak Oepth"'1.7l' Max Vel..e.O fps Inflow-l0'\.36 cfs 7.149 af
nzO.030 LzS69.2' S-O.0126 'f Capacltya 32UlO cfs Outflow-l00.50 cfs 7.149 af

Peak Depth-1.56' Max Vel-5.2 Ips Inflowa79.37 cfs 4.945 af
n=0.030 L..777.2' S-0.0104 'f Capaclly"291.88 cfs Outflow..75.51 cfs 4.945 af

Runoff 10.41 cf. @ 11,92 hrs, Volume= 0,468 af, Depth:: 3.51"

Pond SP: Stormwater Pond

2.1 Direct Entry,

1.600 80 >75% Grass cover, Good, HSG 0

Tc l.en9th Slope Velocity Capacity Description
ImlnL.Jfeell lftlft) 1ft/sec) lcfsl

0.445 af, Depth" 3.61"

Subcatchment 103:

9.93 cfa @ 11.92 hrs, Volume""Runoff

Runoff by SCS TR-20 method, UH"SeS, Time Span- 0.00-30.00 hrs, dt" 0.06 hrs
Type II 24-hr Ralnfalle S.70'

Peak Elev..762.77' Stora90,,32.023 af Inflow-340.4S cfa 32.024 af
Outflow-O.OO cfs 0.000 af

Peak Depth-l.27' Max Vel-4.7 Ips Inflow·56.26 cfs 2,947 af
n=O.030 L=908.9' S..0.0103 '/' Capacltv-291.30 cfa Outflow-51.19 cfs 2.947 af

Peak Depth-0.53' Max Vela2.9 fps Inflow-12.05 cfs 0.565 af
n-0.030 L-767, l' S"0,0103 'I' Capaclty-290.87 cfs Outnow..'0.01 cfs 0.565 sf

Peak Depth-0.47' Max Vel-2.8 fps Innow-g.92 cfs 0,483 af
naO.030 L-Sl'.2' 5"0.0113 'f Capac~y=304.79cfs Outflow-8,74 cfs 0.463 af

Reech R9:

Reach R8:

Reach R7:
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1.580 60 >75% Grass cover, Good. HSG 0

2.0 Direct Entry.

2.1 Direct Entry,

ic Length Slope Velocity Capacity Description
(minI (feen .(ft!fll (/Vsecl (cfsl

0.331 af. Depth: 3.51·

0,401 af. Depth: 3.51"

Subcatchment 108:

Subcatchment 107:

7,38 cfs @ 11.92 hrs. Volume"

8.92 cis @ 11.92 hrs, Volume=

1,370 80 >75% Grass cover. Good, HSG D

Tc Length Slope Velocity Capacity Description
(min! (feell (fVft! (fVsee! (cts)

2.1 Direct E'ltry,

2.1 Direct Entry,

Tc Length Slope Velocity Capacity Description
(min) (feell 'Mil lfVseclJcfJlI

Runoff by SCS TR·20 method, UH=SCS, Time Span'" 0.00-30.00 hrs. dt= 0.05 hrs
Type" 24-hr Ralnfall"5.70"

Runoff =

Runoff by SCS TR·20 method. UHIlSCS, Time Span- 0.00-30.00 hrs, dt- 0.05 hrs
Type II 24-hr Ralnfall-5.70·

Area (acl CN _DelCrllltiOn

Runoff =

25·year, 24-hour Design Storm
Disposal Area Cover System Type 1/ 24-hr Ra/nfa/!:5.70"
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0.410 af. Dllpth= 3,51"

0.462 af. Depth: 3.S1"

Subcatchment 105:

Subcatchment 104:

9,11 efs @ 11,92 hrs, Volume~

10,28 cIs @ 11.92 hrs, Volumll=

1.S20 80 >75% Grass cover. Good. HSG D

Tc Length Slope Velocity Capacity Descrlpllon
LmiDl~l~tL {Mil (/VSIlC) Ictsl.

Runoff II

Runoff by SCS TR·20 method. UH=SCS. Tlmll Span= 0.00-30.00 hrs. dt= 0.05 hrs
Type II 24-hr Ralnfall=5,70·

Area (acl CN Description

Runoff

25-year. 24·hour Design Storm
Disposal Area Cover System Type /I 24·hr Ra/nfa//=6.70·
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Areall1cl CN Description

Runoff by SCS TR·20 method. UH=SCS. TIme Span= 0.00·30.00 hr•. dtll 0.05 hrs
Type II 24·hr RalnfaU=S.70"

Area (ac) CN Description
1,130 80 >75% Grass cover, Good. HSG D

AresiacL eN .. DellcrlJltlon
1.400 80 >75% Grass cover. Good, HSG 0

Te Length Slope Velocity Capacity Descrlpllon
(mlnl _(f~etL(fVftL.-Lltlu!:)~ _.(c1l)

2.1 Direct Entry,

Te Length Slope Velocity Capacity Deacriptlon
(minI (feel) 'Mil 'Walle) . (cf$l

2.0 Direct Entry,

Subcatchment 109:

Subcatchment 106:
Runoff by SCS TR·20 melhod. UH=SCS. Time Span= 0,00-30.00 hrs. dt= 0.05 hrs
Type II 24-hr Ralnfall=S.70"Runoff " 10,48 cts @ 11.92 hrs. Volume= 0.471 at, Depth- 3,51·

Runoff 6.99 cis @ 11.92 hrs. VOlume= 0,313 af, Depth= 3.S1"

Runoff by SCS TR·20 method. UH:SCS. Time Span= 0.00·30.00 hr•• dt= 0.05 hrs
Type II 24·hr Rainfall=S,70·

Area (liIc) ----.C!'!._ Descrlmlon
1.070 80 >75% Grass cover. Good. HSG 0

Area (acl eN. Description __
1.610 80 >75% Grass cover. Good, HSG D

Te Length Slope Velocity Capacity DeserlpUon
(min) (teen. (ftI1t) 'fVsec) 'cfsl

2,0 Direct Entry,
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Area (acl. eN _ Description

2.760 80 >75% Grass cover. Good. HSG D

2.1 Direct Entry.

Runoff by ses TR·20 method, UH=SCS. Time Span" 0.00·30.00 hrs. dt'" 0.05 hrs
Type II 24·hr Ralnfall=5.70"

3.427 af, Depth'" 3,51"

Subcatchment 204:

56.80 cfs @ 12,04 hrl. Volume=

10.060 60 :>75% Grass cover, Good, HSG 0

Te Length Slope Velocity Capacity Description
(min) (feet) {ttlfU. (fVsoc)· . (c!§)

7.3 Direct Entry,

Subcatchment 203:

12.6 Direct Entry,

Area lac) CN Description

Tc Length Slope Velocity Capacity Description
Imlnl lfeell (MtL {Nucl _ .. (clsl

11.710 80 >75% Grass cover, Good, HSG D

Runoff by ses TR.20 method. UH=SCS. Time Span" 0.00-30.00 hrs, dt= 0.05 hrs
Type II 24-hr Ralnfall=5,70·

Area lac) CN.....Qescriptlon

Runoff ..

0.808 af, Depth= 3.51"

0.351 af. Depth= 3.51"

SUbcatchment 200:

Subcatc:hment 110:

7.81 ets@ 11.92 hrs. Volume"

17.35 cfs@ 11.95 hrs, Volume:

..

1.200 80 >75% Grass cover. Good, HSG D

Tc Length Slope Velocity Capacity Description
(mlnL (fulL -.1f!1ftl .1fVucL (cf$)

Runoff by 5CS TR·20 method, UH=SCS, Time Span= 0.00·30.00 hrs. dt= 0.05 hra
Type II 24-hr Ralnfall=5.70"

Area {acl eN Description

Runoff

Runoff

Tc LClOgth Slope Velocity Capacity Description
(min) (feet) (fVft) (ftI~ct_ .. ((;fs)

Runoff by SCS TR·20 method. UH:SCS, Time Spana 0.00·30.00 hrs. dt= 0.05 hrs
Type II 24·hr Rainfall=5.70·

4.7 Direct Entry,

Subcatchment 201: AreB lac) _ OJ! . .J:)escriJlllim..

3.032 af. Depth= 3.51"53.75 ets @ 12.02 hrs, Volume..

10.4 Direct Entry,

10.360 80 >75% Grass cover. Good. HSG 0

Te Length Slope Velocity Capacity Description
(min) _ (fooll. {MtL. (fio'soc;.) _ _fcfsl

Runoff by SOS TR·20 method. UH"SeS, Time Span" 0.00-30.00 hra, dt= 0.05 hrs
Type II 24·hr Ralnfall=5,70·

Runoff =

1.314 af. Depth= 3.51·28.99 cfs @ 11,94 hra. Volume=Runoff

5.330 80 >75% Grass cover. Good. HSG D

Runoff by ses TR·20 method, UH=SCS, Time Span" 0.00·30.00 hra. dt= 0.05 hrs
Type II 24·hr Ralnfall=5.70·

Area (ac) CN.Delcrlll.\kln

Subcatchment 205:Area {act CN Description
4.490 80 >75% Grass cover, Good. HSG D

Tc Length Slope Velocity Capacity Description
(min) _ (feetLJfVftl .fNII!!cL_ (~s)

4.0 Direct Entry.

SUbcatchment 202:

Runoff 32.79 eta @ 11.96 hrs, Volume= 1.560 af, Depth= 3.51"

Runoff .. 58.20 cfs @ 11.99 hrs, Volume= 2.944 af. Depth= 3.5.1"

Runoff by SCS TR·20 method, UH=SCS. Time Span= 0.00-30.00 hrs. dt= 0.05 hra
Type II 24-hr Rainfall"S.70·
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Te Length Slope Velocity Capacity Description
(min) (feell (Mil (fVseeL (cfs)

Subcatchment 209:

6.2 Direct Entl)',

Subcatchment 206:

Runoff by SCS TR·20 method. UH=SCS. Time Span= 0.00-30.00 hrs. dt= 0.05 hr.
Type II 24·hr Ralnfall"5.70·

AruillL QN. _ Description
4.870 80 >75% Grass cover. Good. HSG 0

Tc Length Slope Velocity Capacity Description
1m!nl_(fgtL (ftllt) (fVsee) (cfs)

Area (ac) CN Description

2.168 af. Depth" 3.51"

SubcatchmAnt 210:

42.09 cfs @ 11.99 hrs, Volume"

7.9 Direct Entry,

Tc Length Slope Velocity Capacity Description
(min) _ (f~!:!ll _ UVftL (fVs~c) __ _(cfs)

7.410 80 >75% Grass cover, Good, HSG D

Runoff by SCS TR·20 method. UH=SCS, Time Span'" 0.00-30.00 hrs, dta 0.05 hrs
Type II 24-hr Ralnfall-5.70"

Runoff =

1.425 af. Depth" 3.51"31.11 cfs@ 11.95 hrs. Volume"Runoff =

4.3 Direct Entry, Runoff 39,99 cfs@ 11.96 hrs. Volume" 1.902 af, Depth= 3.51"

Subcatehment 207:

Runoff = 35,90 cfs @ 11.96 hrs. VOlume=. 1.715 af. Depth" 3.61"

Runoff by SCS TR·20 method. UH"SCS, Time Span" 0.00-30.00 hrs. dl= 0.05 hr.
Type II 24·hr Rainfall-5,70·

Area (ac) _ CNDescription
Runoff by SCS TR·20 method. UH"'SCS. TIme Span" 0.00-30.00 hrs, dt= 0.05 hrs
Type II 24-hr Ralnfall=5.70·

Area ('c) eN Description

6.500 80 >75% Grass cover, Good, HSG 0

Tc Length Slope Velocity Capacity Description
{min) (feel) (ft/fll (ft/sec) (cIs)

5.860 80 >75% Grass cover, Good, HSG D

Tc Length • Slope Velocity Capacity Description
(min) (feel) JLUftLlfVsocL (p.fs)

5.2 Direct Entry,

Subcatchment Pond1:

5,3 Direct Entry, Runoff 59.07 cls@ 11.91 hrs. Volume= 3.127 af. Depth: 5.46"

Area~CN _De.scrlptlon

Runoff by SCS TR-20 method. UH=SCS. Time Span'" 0.00·30.00 hrs. dt" 0.05 hrs
Type II 24-hr Ralnfall=5.70"

Subcatchment 208:

Runoff 44.70 cfs @ 12,01 hrs, Volume= 2.438 af. Depth" 3.51"

Runoff by ses TR·20 method. UH=SeS. Time Span= 0.00-30.00 hrs, dl'" 0.05 hrs
Type II 24·hr Ralnfall-5.70"

Area (lIc) _Cl'L.Delcrll!.t1on
6.870 98 Paved parking & roofs

Tc Length Slope Velocity Capacity Description
(min) lfeell _ (fVf\l (ft/sec) (cfs)

8.330 80 >75% Grass cover. Good, HSGD 2.0 DIrect Entry,

Tc Length Slope Velocity Capacity Description
(min) (feet) (ftlfl) (ft!sec)_ _ (cfs)

Subcatchment Road1:

9.5 Direct Entry, Runoff 2.70 cia @ 11.90 hrs. Volume'" 0.137 af, Depth= 5.46"

Runoff by ses TR-20 method. UH=SCS. Time Span" 0,00-30.00 hrs, dt.. 0.05 hr.
Type II 24·hr Ralnfall=5.70·
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Are., (a_c) eN DescdDtlon

1.0 Direct Entry,

0.300 98 Paved parking & roofe

Tc Length Slope Velocity Capacity Description
(min) (feell (ft/ttl (ft/sec) (cfsl

SUbcatchment Road10:
0.18:1 af, Depth= 5.46"

Subcatchment Road3:

3,60 cis @ 11.90 hrs, Volume=

1.0 Direct Entry,

Tc Length Slope Velocity Capacity Description
(minI (feell _u_ lMIL (ft/secl (cfsl

Runoff by SOS TR-20 method. UH=SCS, Time Span= 0.00-30.00 hr., dt= 0,05 hrs
Type II 24-hr Rainfall=5,70'

Runoff =

0.123 af. Depth: 5.46"2.43 cfs @ 11.90 hrs, Volume=Runoff "

Runoff by ses TR-20 method, UH=SeS, Time Span= 0.00-30.00 hrs, dt.. 0.05 hrs
Type II 24-hr Ralnfall=5..70"

Area (acl eN Description
0.400 98 Paved parking & roofs

Are,la~ _CN __ Description

1.0 Direct Entry.

Subcatchment Road11:

0.270 98 Paved parking & roofs

Tc Length Slope Velocity Capacity Description
irnlnLJJeetl _ CfVftl JfVeec) (cfs)

1.0 Direct Entry,

0.173 af, Depth= 5.46"

Subcatchment Road4:

3.42 cfs@ 11.90 hrll, Volume"

Tc Length Slope Velocity capacity Description
(minI (feell (fVftI (ft/secl _ (c;:tsl

Runoff by SCS TR-20 method, UH=SeS. Time Span= 0.00·30.00 hrs. dt= 0.05 hrs
Type II 24-hr Ralnfall=5.70"

Runoff =

0.137 af, Depth= 6.46"2.70cfs@ 11,90hrs, Volume"Runoff =

Runoff by 5eS TR·20 method, UH=SeS. Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type II 24·hr Ralnfall=5.70·

Area (acl eN ~UQriJ:!tlon

0.360 96 Paved parking & roofs

Area (a~l _ eN Description

0.390 98 Paved parking & roofs

1.0 Direct Entry.

Subcatchment Road2:

0.300 98 Paved parking & roofs

Tc Length Slope Velocity Capacity Description
(m!nLJfeetl _llilftL lfl1fl!cL _ (cfsl

0.162 af, Depth= 5.46"

SUbcatchment RoadS:

3.80 cis @ 11.90 hrs, Volume"

1.0 Direct Entry.

To Length Slope Velocity Capacity Description
(min) llile1l _lM!L(fVsecl (cfs)

Runoff by ses TR-20 method, UH=SeS. Time Span= 0,00-30.00 hrs, dt= 0.05 hrs
Typo II 24-hr Ralnfall=5.70"

Area (acl eN Oel!crillllon
0.400 98 Paved parking &roofs

Tc Length Slope Velocity Capacity Description
(min) (feell (fVft) (ft/sec) (cis)

1.0 Direct Entry,

Runoff =

0.178 af, Depth- 5.46"3.51 cfs@ 11.90 hrs, Volume=

Runoff by ses TR·20 method, UH"SeS, Time Span" 0.00-30,00 hrs, dt= 0.05 hrs
Type II 24-hr Rainfall=5.70"

Area~ _C!'!__Description

Runoff =
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1.0 Direct Entry,

0.360 98 Palled parking & roofs

Tc L.ength Slope Velocity Capacity Description
_ (min) (feetl (ft/ftl (fVaec) (cfs)

Runoff by 5C5 TR·20 method. UH=SCS. Time Span- 0.00-30,00 hrs. dt= 0.05 hr.
Type II 24-hr RainfaU=S,70"

Area {acl CN Descrlotlon

Subcatchment Road7:

28.896 af
28.896 af. Allen= 0%. Lag" 0.1 min

96.590 ac. Inflow Depth = 3.59"
332.62 cis @ 12.06 hrs. Volume
332.41 cfs @ 12.06 hrs. VOlume=

1,0 Direct Entry,

Reach C1: culvert

Area (ac) eN Rescription
0.290 98 Paved parking & roofa

Tc L.ength Slope Velocity Capacity Description
(minI ~e!lll (Mil (fUsec) (cfs)

Routing by Stor-lnd+Trans method. Time Span= 0.00·30.00 hrs. dte 0,05 hrs
Max. VelocitY'" 16.5 fps, Min. Travel Tlme= 0.1 min
Allg. Velocity ".4.4 fps, Allg. Travel TIme: 0.2 min

Inf/owArea II

Inflow =
Outflow =

0.164 af. Depth= 5.46"

Subcatc::hment Road6:

3.24 cfs @ 11.90 hrs. VOlum,=Runoff

Area tI<;1 eli Description

Runoff by SCS TR·20 method, UH=SCS. Time Span= 0,00-30.00 hrs. dt- 0.05 hrs
Type II 24-hr Ralnfall=5.70"

1.0 Direct Entry,

Subcatchment Road8:

0.430 96 Palled parking & roofs

Tc L.ength Slope Velocity capacity Description
(min) (feetl(fVfJ) (flLsecl (cfsl

Reach R1:

30,650 ac, Inf/ow Depth .. 3.59"
143.35 cls@ 11.98 hrs. Volume. 9.158 af
139.50 cis @ 12.02 hrs. Volume.. 9.158 ai, Allen= 3"10, Lag" 1.9 min

Inflow Area ..
Inflow =
Outflow

Peak Depth: 2.11' @ 12.06 hrs
Capacity at bank full- 606.30 cfs
Inlet Inllert" 759.39', Outlet Invert= 756.31'
A faclor of 3.00 has been applied to the supplied storage and discharge data
48.0' Diameter Pipe. n= 0.013 Concrete pipe, straight & clean
Length= 54.2' Slope= 0.0199 'I'

0.196af. Depth= 6.46'3.87 cis @ 11,90 hrs. Volumll'"Runoff ..

0.360 98 Palled parking & roofs

Tc Length Slope Velocity Capacity Description
(min) __ lfeetl _ ({Vlt) 1ft/sec) (cfs)

Runoff by ses TR-20 method. UH=SCS. Time Span- 0,00·30.00 hrs. dt= 0.05 hrs
Type II 24·hr Ralnfall-S.70"

Area lac) CN Description

Runoff = 3.24 cis @ 11,90 hrs. Volume" 0.164 af. Depth= 5.46"
Routing by Stor-lnd+Trans method, Time Span: 0,00·30.00 hrs. dt= 0.05 hrs
Max, Veloclty= 9.6 fps, Min. Travel Tlme= 1.1 min
Allg. Velocity = 2.2 Ips. Allg. Trallel Tlme= 4.7 min

Peak Depth= 1.57' @ 12.00 hrs
Capacity at bank full= 536.55 cfs
Inletlnllert= 786.56'. Outlet Invert· 764.91'
5.53' x 3.00' deep channel, n= 0.030 Rubble masonry. cemented
Side Slope Z-value" 2.0 3.0 'I' Top Width.. 20.53'
L.ength- 617.6' Slope= 0.0351 'I'

1.0 Direct Entry. Reach R10:

Subcatchment Road9:

Runoff = 2.61 cfs @ 11.90 hrs, Volume" 0,132 af, Depth= 5,46"

Inflow Area =
Inflow
Outflow =

11.090 ae, Inflow Depth: 3.61"
57.43 cfs @ 11.99 hrs. Volume=
54.71 cfs @ 12.05 hrs. Volume"

3.336 af
3.336 af, Allen= 5%, Lag" 3,3 min
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Runoff by ses TR·20 method. UH=SCS. Time Span:: 0.00-30,00 hrs, dt= 0.05 hrs
Type II 24-hr Rainfall=S.70"

Routing by Stor·lndtTrans method. Time Span- 0,00·30,00 hrs, dt= 0.05 hrs
Mall, Velocity=5.0 fps, Min, Travel Tlme= 1.9 min
Allg, Velocity - 1.1 fps, Allg. Trallel Time" 8.6 min
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Peak Depth.. 1,27'@ 12.02 hrs
Capacity at bank full" 313.17 cfs
Inlet Invert.. 816.31', Oulletlnvert= 809.39'
5.53' x 3,00' deep channel, n= 0.030 Rubble masonry. cemented
Side Slope Z-value= 2.0 3.0 'f Top Wldth= 20.53'
Length" 578.9· Slope;: 0.0120 'f

Reach R11:

Routing by Stor-lnd+Trans method, Time Span- 0.00-30,00 hrs, dt= 0,05 hrs
Max. VelocitY'" 6.4 fps, Min. Travel Time= 2.3 min
Avg. Velocity II 1.5 fps, Avg. Travel Time: 9.5 min

Peak Depth: 2,49'@ 12.11 hr.
Capacity at bank full .. 288.98 cfs
Inlet Invert- 781,20', Outlet Invart= 773.10'
6.00' x 3.00' deep channel, na 0.030 Rubbla masonry. cemented
Side Slope Z-value= 3.0 2.0 'f Top Width= 21.00'
Length" 870.4' Slope. 0.0093 'r

Routing by Stor·lnd+Trans method, Time Span= 0.00-30,00 hrs, dt= 0,05 hrs
Max. Veloclty= 8.6 Ips, Min. Travel Time" 1.3 min
Avg. Velocity = 1.9 fps, Avg, Travel Time.. 5.6 min

Peak Depth. 1.28·@ 12,02 hrs
Capacity at bank full= 634.29 cfs
Inlet Invert" 809.39', Outlet Invert" 786.59'
5.53' x 3.00' deep channel, n: 0.030 Rubble masonry, cemented
Side Slope Z-value- 2.0 3.0 'f Top Width: 20.53'
Length" 655.3' Slope: 0.0348 'I'

Routing by Stor-lnd+Trans method, Time Span= 0.00-30.00 hrs, dt= 0.05 hrs
Max. Velocity" 6.0 fpI, Min. Travel Time" 2.3 min
Avg. Velocity" 1.4 fps, Avg. Travel Time" 9.8 min

Peak Depth= 2.23'@ 12.07 tns
Capacity at bank full" 278.89. cfs
Inlet Invert" 789.05', Outlet Invert.. 781.20'
5.53' x 3.00' deep channel, n: 0.030 Rubble masonry, cemented
Side Slope Z.value. 3.0 2.0 'r Top Width" 20.53'
Length= 828.1' Slope= 0.0095 'r

Inflow Area"
Inflow =
Outflow

20,000 ac, Inflow Depth'" 3.60"
96.78 cfs @ 12,00 hrs. Volume"
93.72 cis @ 12.04 hrs. Volume=

Reach R2:

5.g93 af
5.993 af, Allen- 3%, Lag= 2,3 min

Inflow Area =
Inflow =
Outflow "

Reach R4:

35.830 ac, Inflow Depth.. 3.62"
153.80 cf. @ 12.04 hrs. Volume"
148.17 cfs@ 12.11 hrs, Volume:

10.799 af
10.799 af, Altene 4%, Lag" 4.0 min

Routing by Stor-lnd+Trans method, Time Span" 0.00-30,00 hra, dt" 0.05 hrs
Max. Valocity: 6.8 fps. Min. Travel Tlme= 2.0 min
Avg. Valoclty .. 1.7 fps, Avg. Travel Tlme= 7,9 min

Peak Depth- 2.62' @ 12.14 hrs
Capacity at bank full" 285.99 cfs
Inlet Invert· 773.10', Outlet Invert· 764.90'
5.53' x 3,00' deep channel, n- 0.030 Rubble masonry, cemanted
Side Slope Z-value= 2.0 3.0 'f Top Width" 20.53'
Length: 622.6' Slope: 0.0100 'I'

Reach R3:

Routing by Stor-lnd+Trans method, Time Span" 0.00-30,00 hrs, dt= 0.05 hrs
Max. Velocity" 6.0 fps, Min. Travel Time" 2.4 min
Avg, Velocity: 1,4fps. Avg. Travel Time" 10.5 min

Peak Depth= 1.71'@ 12.02 hrs
Capacity at bank full" 321.50 cf.
Inlet Invert" 800.00', Outlat Invert.. 789.05'
5.53' x 3.00' deep channel, n" 0.030 Rubble masonry. cemented
Side Slope Z-value: 3.0 2.0 'f Top WIdth: 20.53'
Length= 869.2' Slope" 0.0126 'f

7.149af
7.149 af, Alten= 4%, Lag= 4.3 min

Reach R5:

23.570 ac, Inflow Depth.. 3.64"
104.36 ets @ 11.99 hrs, Voluma=
100.50 cfs @ 12.06 hrs, Volume:

lnflow Area ..
Inflow :
Outflow =

19.739 af
19.738 af. Allen= 2%. Lag: 2.3 min

65.940 ac, Inflow Depth: 3.59"
216.31 ets @ 12.13 hrs, Volume"
213.01 cfs@ 12.16 hrs, Volume"

Inflow Area"
Inflow "
Outflow "

Inflow Area:
InflOW :
Outflow :

49.540 ac, Inflow Depth· 3.60·
200.54 cfs @ 12.08 hrs. Volume=
194.36 ets @ 12.15 hrs. Volume"

14.876 af
14.876 af. Allen" 3%, Lag" 3.9 min
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Reach R6:
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Reach R9:

Inflow Area :
Inflow :
Outflow ..

16.260 ac, Inflow Depth" 3.65"
79.37 cf. @ 11.97 hrs, Volume=
75.51 cfs @ 12,05 hrs, Volume"

4.946 af
4.945 af, AlIen= 5%, Lag- 4.7 min

Inflow Area =
Inflow ..
Outflow =

1.420 ac, Inflow Depth = 3.91"
9.92 eta @ 11.91 hrs, Volume"
8.74 cf. @ 12.00 hrs, Volume"

0.463 af
0.463 af, Atten" 12%, Lag= 5.5'mln

Routing by Stor·lnd+Tran. method, Time Span: 0.00-30.00 hrs, dt= 0.05 hrs
Max. Velocity" 5,2 fps, Min. Travel Time" 2.5 min
Avg. Velocity = 1.2 fps, Avg. TravelTlme= 11,3 min

Peak Depth- 1.56' @ 12,01 hr.
Capacity at bank full= 291.88 cfs
Inlet Invert= 805,92', Outlet Invert" 797.85'
5.53' x 3.00' deep channel, no: 0.030 Rubble masonry. cemented
Side Slope Z-value= 3,0 2.0 'f Top Wldth= 20.53'
Len9th" 777.2' Slope= 0,0104 'i'

Reach R7:

Routinll by Stor-lnd"'Trans methOd, Time Span= 0,00-30.00 hrs, dt= 0.05 hrs
Max. Velocity.. 2.8 fps, Min. Travel Time" 3.6 min
Avg, Velocity" 0.6 fps, Avg, Travel Time: 16.0 min

Peak Depth= 0.47' @ 11,94 hr.
Capacity at bank full" 304.79 ofs
Inletlnvert= 623.23', Outletlnvert= 816.31'
5.53' x 3,00' deep Channel, n: 0.030 Rubble masonry, oemented
Side Slope Z-value" 2.0 3.0 'r Top Width- 20.53'
Lengt~.. 611.2' Slope= 0.0113 'f

Pond SP: Stonnwater Pond

Inflow Area ..
Inflow ..
Outflow =

9,630 ac, Inflow Depth = 3.67"
56.26 cfs@ 11.95 hrs, Volume"
51.19 ets @ 12.04 hrs, Volume"

2.947 af
2.947 af, Alten" 9%, Lag= 5,4 min

Inflow Area ..
Inflow :
Outflow =

103,460 ac, Inflow Depth" 3.71"
340.48 cfs@ 12.05 hrs, Volume.

0.00 cfs @ 0,00 hrs, Volume=
32.024 af

0.000 af, AlIen= 100%, Lag= 0.0 min

Routing by Stor-lnd+Trans method, Time Span= 0.00-30,00 hrs, dt= 0.05 hrs
Max. Veloclty= 4.7 fps, Min. Travel Tlme= 3.3 min
Avg. Velocity" 1.0 fps, Avg. Travel Time= 15,1 min

Peak Depth= 1.27' @ 11.99 hrs
Capacity at bank full= 291.30 cfs
Iniet Invert- 815.32', Outlet Invert.. 805.92'
5.53' x 3.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z-value= 3.0 2.0 'f Top Width= 20.53'
Length: 908.9' Slope" 0,0103 'f

Routing by Stor-Ind method, Time Span= 0.00-30,00 hra, dt= 0,05 hrs
Peak Elev= 762.77' @30.00 hrs Surf.Area= 5.322 ac Storage" 32.023 af
Plug.Flow detention time. (not calculated: Initial storage excedes outflow)
Center-of-Mass deltlme= (not calculated: no outflow)

Elevation Surf,Area Inc.Store Cum.Store
Ifeell (acrea) Iacre-feet) (acre·feet)

766.00 4.158 0.000 0.000
758.00 4.488 8.846 8.648
760.00 4,829 9,317 17.963
762.00 5.162 10.011 27.974
764.00 5.545 10.727 38.701
766.00 5.920 11.465 50,166
768.00 6.297 12.217 62.383

Inflow Area ..
Inflow II

Outflow ..

Reach R8:

1.730 ao, Inflow Depth = 3.92"
12.05 cf. @ 11.91 hr., Volume
10.01 cfs @ 12.02 hrs. Volume=

0,565 af
0.565 af, Alten: 17%, Lag" 6.7 min

Volume
/;1

Invert
756.00'

AvaII.StoragCLS!Qra~Ogcrt~t1on

62.383 af Custom Stage Data (Prismatic) Listed below (Recalc)
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Routing by Stor·lnd+Trans methOd. Time Span" 0.00-30,00 hr., dt" 0.05 hr.
Max. Velocity: 2.9 fp., Min. Travel Time" 4,4 min
Avg. Velocity" 0.6 fps, Avg. Travel Tlme= 19,6 min

Peak Depth: 0.53' @ 11,95 hrs
Capacity al bank full.. 290.87 cfs
Inletlnvert: 823.23', Outlet Invert.. 815.32'
5,53' x 3.00' deep channel, n" 0.030 Rubble masonry, cemented
Side Slope Z-value= 3.0 2.0 'f Top Width= 20.53'
Length= 767.1' Slope: 0,0103 'f
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Pond SP: Stonnwater Pond

Inflow Area ..
Inflow ..
Outflow ..

103.460 ac, Inflow Depth" 3.71"
340.48 cfa @ 12.05 hrs, Volume=

0.00 cfs @ 0.00 hrs, Volume:
32.024 af
0.000 af, Alten= 100%, Lag" 0.0 min

Routing by Stor.lnd method. Time Span= 0.00-30.00 hrs. dt= 0.05 hr.
Peak Eleva 762.77' @ 30.00 hrs Surf.Area= 5.322 ac Storage- 32.023 af
Plug-Flow detention time"' (not calculated: Initial storage excedes outflow)
Oenter-of-Mass det. tlme= (not calculated: no outflow)

Volume
#1

Invert
756.00'

Avall.Storace Storace Description
62.383 af Custom Stage Data (Prl.matlc) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(fee\) (acres) (acre-fee\) (acre-feet)

156.00 4.158 0.000 0.000
758.00 4.488 8.646 8.646
760.00 4.829 9.317 17.963
762.00 5.182 10.011 27.974
764.00 5.645 10.727 38.701
786.00 5,920 11.465 50.166
768.00 6.297 12.217 62.383

.Pond SP: Stonnwater Pond
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Tlma span=5.00-24.00 hra, dt-0.05 hrs, 381 points
Runoff by SCS TR·20 method, UHzSCS

Reach roullng by Slor·lnd+Trans malhod - Pond routing by Stor·lnd method

Subcatchmant 010:

Subcalchmanl 011:

Subcatchment 012:

Subeatehmenl013:

Subeatehment 014:

SUboatehment 015:

Subcalchmenl018:

Subcalehmenl017:

Subcllchmenl018:

Subcatchment 018:

Subealehmenl020:

SUbcalchmenl021:

Runoff Area=5.320 ae Runoff Dapth>2.83'
Te=13.9 min CN=73 Runoff=20.15 eta 1.255 af

Runoff Araa=4.380 ac Runoff Daplh>2.83'
Tc=14.0 min CN=73 Runoff=16.53 eta 1.034 af

Runoff Area=9.360 ae Runoff Depth>2.83'
Te=21.1 min CN=73 Runoff=28.47 ets 2.204 af

Runoff Araa=7.COO ae Runoff Deplh>2.83'
Te=15.2 min CN=73 Runoff=25.33 eta 1.S51 af

Runoff Area"II.310 8e Runoff Dept/l>2.83'
Tc=13.1 min CN=73 Runoff=44.02 eta 2.670 af

Runoff Araa=13.200 ae Runoff Dapth>2.83'
Te"16.6 min CN"73 Runoff=45.85 cis 3.113 af

Runoff Area=5.3S0 sc Runoff Deplh>2.83'
Tc=11,6mln CN=73 Runoff=21.99cfs 1.270af

Runoff Ares=5.0S0 Ie Runoff Dapth>2.63'
Tc=10.4 min CN=73 Runoff=21.54 ets 1.200 af

Runoff Area=2,3S0 ae Runoff Depth>2.84'
Te=9.0 min CN=73 Runoff=10.57 ets 0,558 af

Runoff Area=5.SS0 ae Ru"off Depth>2.63'
Flow Length=1 ,210' Te=18.4 min CN=73 Runoff=18.39 ets 1.317 af

Runoff Araa=0.9S0 Ie Runoff Dapth>2,84'
Te=5.2 min CN-73 Runoff"4.86 ets 0,227 ef

Runoff Area=4.240 ae Runoff Dep!h>2.B4'
Te0:8.3 min CN"73 Runoff=19.50 eta 1.002 af

Subcalehmanl 025:

Buboalehmanl 028:

Subealehmenl027:

Subeatehmant 028:

Subealehmenl029:

Subeatehmenl030:

Subealehmanl 031:

Subealehmenl 032:

Suboatehmanl033:

Subealehmenl 034:

Subealehmenl 035:

Subealehmenl 038:

Subcllehmenl ROAD12:

Runoff Area=I.680 ao Runoff Depth>2,84'
Tc=8,3 min CN=73 Runoff=7.73 cis 0.397 af

Runoff Area=1.230 ae Runoff Depth>2,84'
To=0,3 min CN=73 Runoff"6.02 cts 0,291 at

Runoff Area=2.000 ae Runoff Deplh>2.84'
Tc=8.9 min CN"73 Runoff=9.26 ets 0.487 af

Runoff Araa=0.390 ae Runoff Deplh>2.84'
Te=2,8 min CN"73 Runoff=2.14 cis 0.092 af

Runoff Araa=I.S20 ee Runoff Oeplh>2.83'
Te=12,2 min CN=73 Runoff=7.30 ols 0.430af

Runoff Area=1.250 ao Runoff Deplh>2.83"
Te=11.5 min CN=73 Runoff=5.13 cis 0.295 af

Runoff Area=OASO ao Runoff Depth>2.84'
To=2.8 min CN=73 Runoff"2.47 eta 0.107 af

Runoff Araa=4.840 ao Runoff Depth>2.83'
To=14.2 min CN=73 Runoff=IS.14 et. 1.142 af

Runoff Araa=I.700 ae Runoff Depth>2.84"
To=3.5 min CN=73 Runoff"S,55 ets 0.417 af

Runoff Araa=1.640 ao Runoff Depth>2.83'
To"9.9 min CN=73 Runoff"7,09 of. 0,387 af

Runoff Area=0,790 ae Runoff Daplh>2.82"
Flow Langlh-340' Te=25,1 min CN-73 Runoff=2.17cts 0.188af

Runoff Area=0.140 ao Runoff Depth>2,84"
Flow Len9th"'30' To=I.8 min CN=73 Runoff=O.76 ef. 0.033 af

Runoff Araa=0.230 ae Runoff Deplh>5.27'
Flow Lenglh=480' Tc=3.1 min CN=9S Runoff=1.99 ct. 0.101 af
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Bubealehmenl022:

Subcllchment 023:

Bubcalehmenl024:

Runoff Area=3.B90 ae Runoff Daplh>2.B4'
Te=4.3 min CN=73 Runoff"l 9.45 cta 0.873 af

Runoff Area=0.S10 ae Runoff Daplh>2,B4'
Te=4.1 min CN=73 Runoff=4.30 cis 0.192 af

Runoff Area"I.S40 ae Runoff Dapt/l>2.84'
TceB.7 min CN=73 Runoff=7,43 eta 0.388 af

Reach C2: culvert Paak Depth=1.11' Max Val-8.2 fps Inflowe19.09ols 1.253 af
0=38.0' n"0.013 L=69.8' S=O'o100'r Capacity=66.7gefs Outflow-19.530f. 1.253af

Reach C3: culvert Peak Dapth"'.3S' Max Val=13.8 fpa Inflow=43,26 eta 3.231 af
0=38,0' n"0.013 L=69.8' $"0.0234 'r Capaelty=101.93 ef. OUlflow=43.19 efs 3.230 af

Reaoh C4: oulvert Paak Deplh=I.26' Max Val=8.7 Ips Inflow=24.57ofs 1,647 af
0=36.0' n=0.013 L"63.5' 5=0.0099 'r Capaclty=66.44 efs OulfloW-24.49 ef. 1.S47 af
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Raac;h CS: culvert Peak Depth=2.24' Max Vel=11.9 Ip, Inflow=86.59 cis 5.769 af
0=48.0· n=0.013 L=80.0· 5=0.0100 'f C8paclly=143.64 cis Outftow=86.30 cis 5.768 af

Reach ce: culvert Peak Oapth=1.80' MaxVel=11.2 Ips Inflow=123.53 cfs 11.401 af
0=48.0" n=0.013 L=80.4' S=0.0106 'f Capaclty=295.39 cfs Outftow=123.48 cfs 11.399 af

Reach C7: c;ulvert Paak Depth=I.25' Max Vel=14,1 fps Innow=141.62 cfs 12.990 af
0"48.0· n"0.013 LE I60,0' S=O.0241 'f Capaetty--669.33 cfs OutfloW=140.82 cfs 12.987 af

Reach C8: culvert Peak Deplh=1.23' Mex Vel·14.4 Ips Innow=140.77 cIs 13.017 af
0=48.0" n=0.013 L=60.0' S=0.0257'f Capaclly=690.38 cfs Outflow=140.71 cIs 13.018 al

Reach RN20:

Reach RN21:

Reach RN22:

Raach RN23:

Paak Deplh=2.37' Max Vel=4.7 Ips Inflow=86.23 cl. 6,964 al
n=0.030 L=229.0' S=0.0060 'f Capaclty=38,244.53 cIs Oulflow=85A6 cIs 6.957 af

Peak Deplh=1.86' Max Vel=8.0 fps Inflow=10U7 cf, 8.515 af
n=0.030 L=872.8' 5"O.0231'f Capaclty=2,841.91 cIs OUlflow=99.45cfs 8.495af

Peak Deplh=1.08' Max Vel=5.4 fps Inflow=118.74 cIs 10.135af
n=O.030 L=465.1' 8=O.0129'f Copaclty=704.13cfs Oulflow=117.29cfs 10.111 af

Peak Depth=0.89' Max Vel=5.8 fps Inflow=19.53 cis 1,253 af
n=0.030 L=116.9' S=0.0289 'f Capaclly=271.53 cis Outflow=19.35 cIs 1.253 al
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Reach RN1:

Reac;h RN10:

Reac;h RN11:

Reach RN12:

Reach RN13:

Reac;h RN14:

Reach RN15:

Reach RN1e:

Reach RN17:

Reach RN18:

Reach RN19:

Reach RN2:

Paak Depth=O.54' Max Vel=9.1fps Inftow=20.15 cts 1.255 al
n=0.030 L=528,7' 5=0.1133 'f Capaclly=259.53 cis Outflow=19.59 cis 1.253 af

Peak Oepth=O.88' Max VeI=8.8 fps Inflow--37.64 cf' 2.464 af
n=O.030 L=627.6' 5=0.0625 'f Capaclly-192,74 cfs Ouiflow=36.87 cis 2.480 af

Paak Oeplh=0.91' Max Vel=9.9 Ips Inflow=44.06 cfs 3,017 af
n=0.030 L=378.5' 5=0,0760 'f Capaclty=212.47 cis Outflow=43.39 cfs 3.014 af

Peak Depth=1.89' Max Vel=8.4 Ips Innow=123.48 cfs 11.399 al
n=0.030 L=430.0' S=O,0229'f Capaclly=l,005.31 cfs Outflow=122.81 cis 11.386 af

Peak Deplh=1.75' Max Vel"7.1 Ips Inflow=93.86 cIs 8.393 al
n=0.030 L"246.6' 5=0.0179 'f Capaclty=890.17 cfs Outnow=93.10 cis 8.388 al

Paak Deplh=1.82' Max Val=6.7 fps Inflow=95.09 cIs 8.185 af
n=O.o30 L=712.3' S=0.0155'f Capaclty=1.031.01 cis Outflow=93.22 cfs 8.166 al

Peak Oeplh=1.32' Max Vel=8.0 Ips Inflow=93.79 cIs 7.209 al
n=O.030 L=l,158.2' 5=0.0282'f Cepaclly=451.72 cfs Outflow=90.89 ell 7.183 al

Peak Depth=l.72' Max Val=5.6 fps Inflow=92.65 cIs 6.345 al
n=0.030 L=311.5' 5=0.0104 'f Capaclty=274.05 cis Outflow=90.87 cIs 6.338 af

Peak Deplh..l.05' Max Vel..3.2 fps Inflow=7.43 cis 0.388 af
n=0.030 La418.6' S=0.0117 'f CapacJty=117.14 cis Outftow..6.87 cIs 0.387 af

Peak Deplh=O.54' Max Vel=3.3 fps Innow=7.73 cIs 0.397 af
n=O.030 L=392.0' 5=0.0149 'f Capaclty=735,37 ctl Oulflow=7,19 cfe 0.396 af

Paak Deplh=O.5O' Max Vel=6.8 Ips Inflow=13.30 cis 0.779 al
n=0.030 L=391.7' S=0.0639 'f Caplcltyc2,352.84 cfs Outflow=12.89 cfs 0.778 sf

Paak Deplh=0.74' Max Vel=4.9fps Innow=16.53 cIs 1.034 af
n=0.030 L=432.3' 5=0.0231'f capaclly=117.25cfs Outflow=15,94cfs 1.031 af

Reach RN24: Paak Depth=2.03' Max Vel=8.6 Ips Inflow=140.82 cfs 12.987 af
n-0.03Q L=91.5' 5=0.0224 Of Capaclly=995.23 cfs Oulflow"'40.67 cIs 12.984 af

Reach RN3: Paak Depth=l,26' lIlax Vel=6.3 Ips Innow=43.91 cfs 3.235 al
11=0.030 L=371.4' 5=0.0215 'f Capaclty=113.14 cfs Oulflow=43.26 cIs 3.231 af

Reach RN4: Paak Depth=O.69' Max Vel=8.4 Ips Inflow=25.33 cIs 1,851 al
n=0.030 L=731.1' 5=0.0727 'f Capaclly=207.86 cfs OUlflow=24.57 cfs 1.647 af

Reach RN5: Peak Depth=1.55' Max Val=8.0 Ips Inflow=76.24 cis 5.794 al
n=O.030 L=591.7' S..0.0281 'f Capaclly=312.31 cfs OUlflow=74.96 cis 5.784.1

Reach RN6: Peak Oepth=l.ll' Max Vel=7.3 fps Inflow=44.02 cis 2.670 af
n=0.030 L=947,6' S=0.0337 'f Capaclly=141 ,62 cfs Outflow=41.85cts 2.661af

Reach RN7: Peak Deplh=1.12' MaxVel=7.7fps Innow-45.85cfs 3.113af
n=0.030 L=490.9' S=0.0368 'f Capacily=147.95 cl. Oulflow=44.78 cIs 3.108 al

Reach RN6: downchute Peak Deplh=1.37' Max Vel=10.9 fps Inflow=86.30 cis 5.768 af
n=O.05O L=69.0' S=0.1664 'f Capaclty=lB8.67 cf. Outflow=85.91 cfs 5.767 af

Reach RN9: Peak Deplh=0.92' Max Vel=4.6 fps Inflow=21.99 cIs 1.270 al
n=0.030 L=855,r S=0.0162 'f Capaclty=98.04 cfs Outflow=20.59 cfs 1.264 af

Total Runoff Area· 98.600 ac Runoff Volume" 23,318 af Average Runoff Depth. 2.84"
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13,9 Direct !Ontry,

5.320 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocny eapacny Description
tminl _(f~l!tl. ~_ (ft/§!l(;l ---.1Qf§1

Runoff by ses TR·20 method, UH-SeS, Time Span'" 5.00-24,00 hra, dt" 0.05 hrs
Typa II 24·hr 25 Y 24 H Ralnfall=5.70"

Ansa (acl CN Description

Subcatchment 010:

2.670 af, Depth> 2.83'

Subcatchment 014:

44.02 cis @ 12.05 hrs, Volume=

15.2 Direct !Ontry,

7.000 73 Woods/graas comb., Poor, HSG B

Tc length Slope Velocny Capacny Deecriptlon
(min) (feetl {f!/fI)_.1f!l~oL__{gfs)

AresJscl_ eN DescriJ!tlon

Runoff by ses TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 25 Y 24 H Ralnfall=5.70"

Runoff

1.255 af, Depth> 2.63'20.HI cfs @ 12.06 hra, Volume=Runoff

4.380 73 Woods/grass comb., Poor, HSG B

Tc length Siopa Velocity Capacny Description
(minI (feetl Iftlftl (ft/§@cl (cfsl

Runoff by SCS TR-20 method, UH",SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24·hr 25 Y 24 H Ralnfall=5.70·

14.0 Direct Entry,

Subcatchment 012:

3,113 af, Depth> 2.83"

Subcatchment 015:

45.85 cis @ 12.09 hrs, Volume=

11.310 73 Woods/grass comb., Poor, HSG B

Tc length Slope Velocity Capacny Description
(min) (feet} (ft/II) (fllsec} __ . (cfs)

16.6 Direct Entry,

13.200 73 Woods/grass comb., Poor, HSG B

Tc length Slope Velocny Capacity Description
(min) (feet) (ft/II) (ft/sec) (cfsl

13.1 ~ Direct Entry,

Area (ac} CN Description

Area (ac) CN Description

Runoff

Runoff by SCS TR·20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24·hr 25 Y 24 H Ralnfell=5.70'

2.204 af, Depth> 2.83"

1.034 af. Depth> 2.83'

Subcatchment 011 :

28.47 cfs@ 12.14 hrs, Volume"

16.53 cfs @ 12.06 hrs, Volume=

Runoff

Runoff

Runoff by SCS TR·20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 25 Y 24 H Ralnfall=5.70'

Ansa (acl eN Description

5.380 73 Woods/grass comb., Poor, HSG B

Runoff by SCS TR·20 method, UH..SCS. Time Span= 5.00·24.00 hra, dt= 0.05 hra
Type II 24-hr 25 Y 24 H Ralnfall=5.70'

Area (ac) eN Description

Subcatchment 016:Ansa (ac} CN Description
9,360 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocny Capacity Description
(minI (feet} (ft/tll (ft/sac} (cfs}
21.1 Direct Entry,

Subcatchment 013:

Runoff 21.99 cfs @ 12.04 hrs, Volume= 1.270 af, Depth> 2.83'

Runoff 25.33 crs @ 12.08 hrs, Volume" 1.651 af, Depth> 2.83'

Runoff by SCS TR·20 method, UH=SeS, Time Span'" 5.00-24.00 hra, dt- 0.05 hrs
Type II 24·hr 25 Y 24 H Ralnfall=5.70'
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Tc Length Slope Velocity Capacity Description
(min) (fllllt) (It/ft) (ft/sec) (cfs)
11.6 Direct Entry,

Subcatchment 017;

Runoff = 21.54 cfs @ 12.02 hrs, Volume= 1.200 af, Depth> 2.83'

Runoff by SCS TR·20 method, UH=SCS, Time Span= 6.00·24.00 hra, dt= 0.05 hra
Type II 24·hr 25 Y 24 H Ralnfall=5.70'

To Length Slope Velocity Capacity Description
(min) (feet) (It/ft) (ft/sec) (ofs)
12.4 300 0.0930 0.4 Shaet Flow,

Grass; Short n= 0.150 P2= 3.40'
1.4 180 0.0890 2.1 Shallow Concentrated Flow, Shallow Flow

Short Grass Pasture Kv= 7.0 fps
3.3 590 0.1800 3.0 Shallow Concentrated Flow, Shallow Flow segment 2

Short Grass Pasture Kv= 7.0 fps
1.3 140 0.0700 1.9 Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps
18.4 1.210 Total

Runoff by SCS TR·20 method, UH=SCS, Time Span= 5.00·24.00 hrs, dt= 0.05 hrs
Type II 24-hr 25 Y 24 H Ralnfall"'5.70·

Araa (ac) CN Descrlollon

Subcatchment 020:
Area (ac) CN __ Description

5.080 73 Woods/grass comb., Poor, HSG B

Tc Leng1h Slope Velocity Capacity Description
(min) (feet) (ftIft) (ft/sec) (cfs)
10.4 Direct entry,

Subcatchment 018:

Runoff 4.88 cfs @ 11.96 hrs, Volume'" 0.227 af, Depth:> 2.84'

9.0 Direct Entry,

2.360 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/S811) (cfs)

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hI'S, dt= 0.05 hI'S
Type II 24-hr 25 Y 24 H Ralnfall=5.70·

Area (acl CN Description

Subcatchment 019:

1.002 af, Depth:> 2.84'

Subcatchment 021:

19.50 cfs @ 12.00 hrs, Volume'"

5.2 Direct Entry,

0.960 73 Woods/grass comb., Poor, HSG B

To Length Slope Velocfty Capacity Description
{minI {feell (ft/ft) (It/sec) (cfs)

Runoff by ses TR-20 method, UH"SCS, Time Span= 5.00-24.00 hrs, dt.. 0.05 hrs
Type II 24-hr 25 Y 24 H Ralnfall=5.70'

Araa (ac) eN Description

Runoff

0.558 af, Depth> 2.84'10.57 cis @ 12.01 hra, Volume"Runoff

Runoff 18.39 cfs @ 12.11 hrs, Volume= 1.317 af, Depth> 2.83' 4.240 73 Woods/grass comb., Poor, HSG B

Runoff by SCS TR·20 method, UH"'SCS, Time Span= 5.00-24.00 hra, dt= 0.05 hrs
Type II 24-hr 25 Y 24 H Ralnfall=S.70'

Area (ac) CN Descrlpllon
5.690 73 Woods/grass comb., Poor, HSG B

Tc Len9th Slope Velocity Capacity Description
(min) (feell (It/ft) (It/sec) (cfs)

8.3 Direct Entry,

Subcatchment 022:

Runoff 19.45 cfs @ 11.95 hrs, Volume= 0.873 af, Depth> 2.84'

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 !Irs
Type II 24-hr 25 Y 24 H Ralnfell=5.70·
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Area {acl CN Description
3.690 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Valoclty Capacity Description
{minI (fllOIl (flItt) _(l!!!!lle) ~

4.3 Direct Entry,

Tc Length Slope Velocity Capacity Descl1ptlon
Imlnl (filet) IflIfIL..JI!l~l;L~

8.3 Direct Entry,

Subcatchment 026:

Subcatchment 023:
Runoff 6.02 cfs @ 11.98 hrs, Volume= 0.291 af, Depth> 2.84"

4.1 Direct Entry,

Runoff by SCS TR·20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 25 Y 24 H Ralnfall=Il.70·

Area {acl CN Description
0.810 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity Capacity Descrlptlon
(min) (feltl (flItt) .. (!tJS!lc) . (~fI)

Runoff 4.30 cfs @ 11.95 hrs, Volume= 0.192 af, Depth> 2.84'
Runoff by SCS TR·20 method. UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 25 Y 24 H Ralnfall=5.70"

Area lac) CN Description
1.230 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity Capacity Description
Imln) (feell (ft/!tLiIVsec) _Ws)

6.3 DIrect Entry,

Subcatchment 027:

subcatchment 024:
Runoff by SCS TR-20 method, UH=SCS, Time Span= 5,00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 25 Y 24 H Ralnfall=5.70·Runoff 7.43 cfs@ 12.00 hrs, Volume= 0.388 af, Depth> 2.84'

Runoff .. 9.26 cis @ 12.00 hrs, Volume= 0.487 af, Depth> 2.84"

Area (ac) CN Description

8.9 Direct Entry,

2,060 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity Capacity Description
(minI (faet) (1lIfl) IflIsecl Ictsl

Subcatchment 028:

0.092 af, Depth> 2.64'2.14 cfs @ 11.93 hrs, Volume=Runoff

Tc Length Slope Velocity Capacity Description
{min) (flet) (flItt) (ft/secl ~

8.7 Direct Entry,

Subcatchment 025:

1.640 73 Woods/grass comb.• Poor. HSG B

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt- 0.05 hrs
Type II 24-hr 25 Y 24 H Ralnfall=5.70·

Area (acl CN Description

Runoff 7.73 cfs @ 12.00 hili. Volume- 0.397 af, Depth> 2.84"
Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Typa II 24-hr 25 Y 24 H Rainfall=5.70"

Runoff by SCS TR-20 method, UH=SCS. Time Span= 5.00-24.00 hrs. dt- 0.05 hre
Type II 24·hr 25 Y 24 H Ralnfall=5.70"

Area (acl CN Descrlpllon
1.680 73 Woods/grass comb.. Poor, HSG B

Area (ac) eN Description
0.390 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocny Capacity Desorlptlon
(mlnL(feet) (flItt) (ft/Sec) (cfs)

2.8 Direct Entry,
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1.820 73 Woods/grass comb., Poor, HSG B

Runoff by SCS TR·20 method, UH=SCS, Time Span= 5.00-24.00 hns, dt= 0.05 hrs
Typa II 2400/1r 25 Y 24 H Ralnfall=5.70'

Area (ac) CN Desgriptlon

Subcatchment 029:

Runoff 7.30 cfs @ 12.04 hrs, Volume" 0.430 af, Depth> 2.83'

Area (e~ CN Description
4.840 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity Capacity Descriptl\ln
(minI (feel) (ft/~l ~

14.2 Direct Entry.

Subcatchment 033:

Area (acl CN Description

Runoff by SCS TR·20 method, UH=SCS, Time Span= 5.00-24.00 hre, dt= 0.05 hre
Type II 24-hr 25 Y 24 H Ralnfall=5.70"

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) __ (cfs)
12.2 Direct Entry,

Subcatchment 030:

Runoff 9.55 cIs @ 11.94 hrs, Volume= 0,417 aI, Depth> 2.84"

Area (ac) CN Des!:r1ptlon
1.250 73 Woods/grass comb., Poor, HSG B

Runoff by SCS TR·20 method. UH=SCS, Time Span= 5.00-24.00 hns, dt= 0.05 hns
Type II 24-hr 25 Y 24 H Ralnfall=5.70'

Runoff : 5.13 cfs@ 12.04 nrs, Volume: 0.295 at, Depth> 2.83'
1.760 73 Woods/grass comb.. Poor. HSG B

Tc Length Slope Velocity Capeclty Description
(minI (feet) (ftIft} (ft/secl (cfsl

3.5 Direct Entry,

Subcatchment 034:

Runoff by ses TR-20 method. UH=SeS, Time Span: 5.00·24.00 hns, dl= 0.05 hrs
Type II 24-hr 25 Y 24 H Ralnfall=5.70"

Tc Length Slope Velocity Capacity Dascriptlon
(minI (feell (ft/ltl (ft/secl ~ml

11.5 Direct Entry,

Runoff 7.09 cis @ 12.02 hra. Volume= 0,381' af. Depth> 2.83"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hre, dt= 0.05 hrs
Type II 2400/1r 25 Y 24 H Ralnfall=5.70'

Subcatchment 031:

Runoff = 2.47 cIs @ 11.93 hrs, Volume: 0.107 aI, Depth> 2.84'

Area (acl CN Description
1.640 73 Woods/grass comb" Poor. HSG B

Tc Length Slope Velocity Capacity Description
(min) (feet) (ftlftl (ft/secl (cfsl

9.9 Direct Entry,

0.790 73

Runoff by SCS TR·20 method. UH=SeS. Time Span: 5.00-24,00 hns. dt= 0.05 hrs
Type II 24-hr 25 Y 24 H Ralnfall=5.70"

Area (acl CN Description

Subcalchment 035:Area (acl CN Description
0.450 73 Woods/grass comb.• Poor, HSG B

Tc Length Slope Velocity Capacity Description
(min) (~,tl Cftlftl __(ft/sBol (cfsl

2.8 Direct Entry,

Subcatchment 032:

Runoff 2.17 cfs@ 12.19 hre, Volume= 0.166 af, Depth> 2.82'

Runoff 18.14 cfs @ 12.06 hrs, Volume= 1.142 aI, Depth> 2.83'
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Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hnl, dt= 0.05 hrs
Type II 2400hr 25 Y 24 H Ralnfall=5.70'
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Tc Length Slope Velocity Capacity Description
(min) (feell (ftlftl (ftlstel _~cfsl

Reach C2: culvert

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hnl, dt= 0.05 hnl
Type II 24-hr 25 Y 24 H RalnfaU"S.70·

24.4 300 0.0170 0.2

0.76 cfs@ 11.92 hrs, Volume"

Routing by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs, dt: 0.05 hrs
Max. Velocity: 8.2 fps, Min. Travel Time" 0.1 min
Avg. Velocity: 2.6 Ips. Avg. Travel Time" 0.4 min

Pesk Depth: 1.11'@ 12.09 hrs
Capacity at bank full= 66.79 efs
Inletlnver1= 768.08', Outlet Invert: 767.38'
36.0" Diameter Pipe, n= 0.013 Concrete pipe. straight & clean
Length= 69.8' Slope= 0.0100 'f

5.320 ae, Inflow Depth> 2.83" for 25 Y 24 H event
19.59 cfs @ 12.09 hrs, Volume= 1.253 af
19.53 cis @ 12.09 hrs, Volume= 1.253 aI, Alten= 0%, Lag" 0.2 min

Inflow Area:
Inflow
Outflow

0.033 af, Depth> 2.84"

Sheet Flow,
Grass: Short n" 0.150 P2: 3.40'
Shallow Concentrated Flow,
Short Grass Pasture Kv" 7.0 fps

Subcatchment 036:

0.940 0.0170

340 Total

0.7

25.1

Runoff

Area (ac) CN Del1crlptlon
0.140 73 Reach C3: culvert

0.230 98

Tc Length Slope Velocity capacity Descrlpllon
(mID) (feell _(ftlftL 1ft/sec) lefsl

Tc Length Slope Velocity Capacity Descrlpllon
Imln) (feell (ftlft) (ft/Sjlc) (cfs)

Runoff by SCS TR-20 method. UH-SCS, Time Span" 5.00-24.00 hnl, dt" 0.05 hrs
Type II 24-hr 25 V24 H Ralnfall=5.70·

Area (ac) eN Description
7.000 ae, Inflow Depth> 2.82" for 25 Y 24 H event

24.57 cfs @ 12.12 hrs, Volume" 1.647 al
24.49 cfs@ 12.12 hrs, Volume" 1.647 ef, Alten= 0%, Lag= 0.2 min

Reach C4: culvert

13.740 ac, Inflow Depth> 2.82· lor 25 Y 24 H event
43.26 cfs @ 12.16 hrs, Volume" 3.231 af
43.19 efs @ 12.16 hrs, Volume: 3.230 af, Alten- 0%, Lag- 0.1 min

Inflow Area "
Inflow
Outflow

Inflow Area =
Inflow
Outflow

Routing by Stor·lnd+Trans method, Time Span: 5.00-24.00 hrs, dt= 0,05 hrs
Max. Velocity: 13.8 fps, Min. Travel Times 0.1 min
Avg. Velocity" 5.1 Ips, Avg. Travel Tlme= 0.2 min

Peak Depth= 1.36' @ 12.16 hrs
Capacity at bank full: 101.93 cfs
Inlet Inver1= 810.00', Outlet Invert.. 808.37'
36.0' Diameter Pipe, n" 0.013 Concrete pipe, straight & clean
Length= 69.8' Slope= 0.0234 'f

Peak Depth= 1.26' @ 12.12 hre
Capacity at bank full= 66.44 cis
Inletlnvert= 808.75'. Outletlnvert= 808.12'
36.0' Dlamaler Pipe, n" 0.013 Concrete pipe, straight & clean
Length= 63.5' Slope= 0.0099 'f

Routing by Stor-Ind+Trans method, Time Span- 5.00-24.00 hrs, dt= 0,05 hrs
Max. Velocity= 8.7 fps, Min. Travel Time- 0.1 min
Avg. Velocity .. 3.1 Ips, Avg. Travel Tlma: 0.3 min

n= 0.030

0.101 af. Depth> 5.27·

Sheet Flow,
Grass: Short n= 0.150 P2= 3.40'
Channel FlOW, chennel
Area= 70.0 sf Perlm= 50.4' r= 1.39'

Sheet Flow,
Smooth surfaces n= 0,011 P2= 3.40·

0,54 Channel Flow,
Area" 0.2 sf Perlm- 2.6' ,.. 0.08' n= 0.013

905.39

Subcatchment ROAD12:

2.7

12.9

1.99 cfs @ 11.93 hrs, Volume"

90 0.0440

470 0.01702.9

3.1 480 Tolel

0.2 10 0.0100 0.7

1.8 130 Total

0.1

1.7 40 0.2500 0.4

Runoff
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Reach C5: culvert Reach C8: culvert

Inflow Area"
Inflow =
Outflow "

24,510 ac, Inflow Depth> 2.82' for 25 Y 24 H event
86.59 cfs @ 12,12 hrs, Volume" 5.769 af
86.30 cis @ 12.12 hrs, Volume=. 5.788 af, Alten= 0%, Lag= 0.2 min

Inflow Area c

Inflow.
Outflow

55.420 ac, Inflow Depth> 2.82' for 25 Y 24 H event
140.77 cis @ 12.19 hrs, Volumem 13,017 af
140.71 cfs @ 12,19 hrs, Volume'" 13.016 af, Alten= 0%, Lagoo 0.2 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-24.00 hr., dt= 0.05 hrs
Max, Velocity" 11.9 fps, Min, Travel Tlme= 0.1 min
Avg. Velocity· 4.3 fps, Avg. Travel Tlme= 0.3 min

Peek Depth" 2.24' @ 12.12 hrs
Capacity at bank full= 143.64 cis
Inletlnvert= 829.92', Outletlnvert= 829.12'
48.0' Diameter Pipe, n'" 0.013 Concrete pipe, straight & clean
Length" 60.0' Slope= 0.0100 .,.

Reach C6: culvert

Roullng by Stor-Ind+Trans method, Time Span" 5.00-24.00 hrs, dt= 0.05 hrs
Max. Veloclty= 14.4 fps, Min. Travel Tlme= 0.1 min
Avg, Velocity =4.8 Ips, Avg. Travel Tlmeoo 0.2 min

Peak Depth= 1.23'@ 12.19 hrs
Capacity at bank full- 690.38 cts
Inlet Invert- 749.59', Outletlnvert= 748.05'
A factor of 3.00 has been applied to the supplied storage and discharge data
48.0' Diameter Pipe, n= 0.013
Length= 60.0' Slope= 0.0257 'f

Reach RN1:

Routing by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max, Velocity.. 14.1 Ips, Min, Travel Tlme= 0.2 min
Avg. Velocity .. 4.7 Ips, Avg. Travel Tlmeoo 0.6 min

Peak Depth'" 1.25' @12.18hrs
. Capacity at bank full'" 669.33 cfs

Inletlnvert= 755.50', Outletlnvert= 751.64'
A factor of 3.00 has baen applied to the supplied storage and discharge data
48.0' Diameter Pipe, noo 0.013 Concrete pipe, straight & clean
Length" 160.0' Slope= 0.0241 'f

Routln9 by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity.. 11.2 fps, Min. Travel Tlmeoo 0.1 min
Avg. Velocity" 4.3 Ips, Avg. Travel Tlme= 0.3 min

Peak Depth= 1.110' @ 12.17 hrs
Capacity at bank full'" 295.39 cfs
Inlet Invert= 766.18', Outlet Invert= 765.33'
A factor of 2.00 has been applied to the supplied storage and discharge data
48.0' Dlemeter Pipe, n" 0.013 Concrete pipe, straight & clean
Length: 80.4' Slope= 0.0108 'f

Roullng by Stor-lnd+Trans method, Time Span= 5.00-24.00 hrs, dt.. 0.05 hrs
Max. Veloclty= 8.8 fps, Min. Travel Time" 1.2 min
Avg. Velocity =2.8 fps, Avg. Travel Time'" 3.7 min

Reach RN10:

10.460 ae, Inflow Depth> 2.83' for 25 Y 24 H event
37.64 cis @ 12.06 hrs, Volume= 2.464 af
36.67 efs @ 12.10 hrs, Volume.. 2.460 af, Alten= 3%, Lag" 2.2 min

5.320 ae, Inflow Depth> 2.83' for 25 Y 24 H event
20.15 cis @ 12.06 hrs, Volumec 1.255 af
19.59 cfs @ 12.09 hrs, Volume" 1.253 af, Alten= 3%, Lag" 1.8 min

Inflow Area =
Inflow
Outflow =

Inflow Area =
Inflow
Outflow

Peak Depth" 0.88' @ 12.08 hrs
Capacity at bank fulloo 192.74 cfs
Inlet Invertm 834.16', Outlet Invert- 794.93'
3.00' x 2.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 '1' Top Width" 11.00'
Length:; 627.6' Slope= 0,0625 '/'

Routing by Stor-Ind+Trans method, Time Span- 5,00-24,00 hrs, dt= 0.05 hrs
Max, Veloclty= 9.1 fps, Min. Travel Time" 1.0 min
Avg. Velocity = 2.7 Ips, Avg. Travel Tlmeoo 3.3 min

Peak Depth. 0.54' @ 12.07 hrs
Capacity at bank fulloo 259,53 cfs
Inlet Invert= 828.00', OUlletlnvert= 768.08'
3.00' x 2.00' deep channel, n" 0.030 Rubble masonry, cemented
Side Slope Z·valueoo 2.0 '1' Top Wldth= 11,00'
Length" 526.7' Slope= 0,1133"

Reach C7: culvert

55.280 ae, Inflow Depth> 2,82' for 25 Y 24 H event
141.62 cis @ 12.17 hrs, Volume" 12.990 af
140.82 cre @ 12.18 hrs, Volume= 12.987 af, Altenoo 1%, Lag'" 0.5 min

46.670 ac, Inflow Depth> 2.81' for 25 Y 24 H avent
123.53 cfs@ 12.17 hrs, Volume= 11.401 af
123.48cfs@ 12.17hrs, Volume'" 11.399af, Alten"OO/O, Lag=0.2mln

Inflow Area =
Inflow
Outflow

Inflow Area =
Inflow
Outflow
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Reach RN14:

Inflow Area"
Inflow
Outflow =

12.820 ac, Inflow Depth> 2.62" for 25 Y 24 H event
44.06 cis @ 12.07 hrs, Volume= 3.017 at
43.39 cfs @ 12,09 hrs, Volume= 3.014 at, Allen" 2%, Lag" 1.3 min

Inflow Area ..
Inflow
Outflow

34.890 ac, Inflow Depth> 2.82- for 25 Y 24 H event
95.09 cfs @ 12.20 hrl, Volume- 8.185 af
93.22 cfs @ 12.25 hrs, Volume.. 8.166 at, Alten= 2%, I,eg= 2.8 min

Routing by Stor-Ind+Tran! method, Time Span" 5.00-24.00 hrs, dt- 0.05 hrs
Max. Velocity" 9.9 tps, Min. Trevel Tlme= 0.6 min
Avg. Velocity = 3.2 fpa, Avg. Travel Time" 2.0 min

Peak Depth= 0.91' @ 12.08 hrs
Capacity at bank fun" 212.47 cfa
Inlet Invert= 794.93', Outlet Invert= 766.16'
3.00' x 2.00' deep channel, n= 0,030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'I' Top Wldth~ 11.00'
Length.. 378.5' Slope= 0.0760 'I'

Reach RN12:

Routing by Stor-lnd+Trans method, Time Span= 5.00-24.00 hrs, dt.. 0.05 hrs
Max. Velocity'" 8.7 tps, Min. Travel Tlme= 1,8 min
Avg. Velocity = 2-.5 fps, Avg. Trevel Tlme= 4.8 min

Peak Depth= 1.82' @ 12.23 hrs
Capacity at bank full= 1,031.01 cfs
Inlet Invert= 781.64', Outlet Invert- 770.60'
4.00' x 5.50' deep chennel, n= 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'I' Top Width'" 26.00'
Length= 712.3' Slope= 0.0155 'I'

Reach RN15:

Inflow Area ..
Inflow
Outflow

48.670 ac, Inflow Depth> 2.81" for 25 Y 24 H event
123.48 clll@ 12.17 hra, Volume" 11.399 lit
122.81 cfa@ 12.20 hrs, Volume" 11.388 lit, Allen= 1%, Lag= 2.0 min

Inflow Area =
Inflow
Outflow

30.650 ac, Inflow Depth> 2.82" for 25 Y 24 H event
93.79 cta @ 12.14 hrs, Volume= 7.209 af
90.89 cis @ 12.21 hrs, Volume= 7.163 at, Alten= 3%, Lag'" 4.0 min

Routing by Stor·lnd+Trans method, Time Span: 5.00·24.00 hrs, dt= 0.05 hrs
Max. Veloclty= 8,4 tps, Min. Travel Tlme= 0.9 min
Avg. Valoclty - 3.2 fpl, Avg. Traval Time" 2.3 min

Peak Depth= 1.89' @ 12.18 hrs
Capacity at bank fun.. 1,005.31 cfa
Inlet Invert: 765.33', Outlet Invert= 755.50'
4.00' x 5.00' deep Channel, n= 0.030 RUbble masonry, cemented
Side Slope Z-value.. 2.0 'f Top Wldth= 24.00'
Length.. 430.0' Slope'" 0.0229 'f

Reach RN13:

Routing by Stor·lnd+Trans method, Time Span.. 5.00-24.00 hre, dt= 0.05 hrs
Max. Velocity" 8.0 tps, Min. Travel Tlme= 2.4 min
Avg. velocity = 2,6 tps, Avg, Travel Time- 7.4 min

Peak Depth= 1.32' @ 12.17 hrs
Capacity at bank full= 451.72 cfs
Inlet Invert= 814,27', Outlet Invert.. 781.64'
6.00' x 3.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z-value" 2.0 'I' Top Wldth= 18.00'
Length" 1,158.2' Slope- 0.0262 '/'

Reach RN16:

Inflow Area =
Inflow
Outflow

35.850 ac, Inflow Depth> 2.81" for 25 Y 24 H event
93.86 cfs @ 12.25 hra, Volume" 6.393 at
93.10cfs@ 12.26hrs, Volume= 8.366 at, Allen=1%, Lag=O.gmln

Inflow Area =
Inflow
Outflow

26.960 ac, Inflow Depth> 2.82" for 25 Y 24 H event
92.65 cts@ 12.12 hrs, Volume= 6.345 at
90,87 cte@ 12.15 hrs, Volume'" 6.336 af, Allen= 2°A., Lag.. 1.7 min

....,
-<
~
o
o
o
tv.......
.......
.......
-.....]

Routln9 by Stor·lnd+Trans method, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max. Veloclty= 7.1 fps, Min. Travel Tlme= 0.6 min
Avg. Velocity = 2.6 fps, Avg. Travel Time'" 1.6 min

Peak Depth" US' @ 12.26 hra
Capacity at bank full" 890.17 cts
Inletlnvert= 770.60', Outletlnvert= 766.18'
4.00' x 5,00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'f. Top Width= 24.00'
Length.. 246.6' Slope= 0.0179 'f

Routing by Stor-Ind+Trans method, Time Span- 5.00-24.90 hra, dt- 0.05 hrs
Max. Veioclty- 5.6 fps, _Min. Travel Tlme= 0.9 min
Avg. Velocity .. 1.8 tps, Avg. Travel Tlme= 2.9 min

Peak Depth= 1.72'@ 12.13 hrs
Capacity at bank full.. 274.05 cts
Inlet Invert= 817.50', Outlellnvert" 814.27'
6.00' x 3.00' deep chennel, n= 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'I' Top Wldth= 18.00'
Length- 311.ll' Slope" 0.0104 '/'
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Reach RN2:

Inflow Area =
Inflow
Outflow =

1.640 ac, Inflow Depth> 2,84" for 25 Y 24 H event
7.43 cis @ 12.00 hrs, Volume= 0.388 af
6.87 cfs @ 12.07 hrs, Volume= 0.387 ai, Allen= 8%, Lag" 3,8 min

Inflow Area =
Inflow
Outflow

4.380 ae, Inflow Depth> 2.83' for 25 Y 24 H event
16.53 cis @ 12.06 hrs, Volume= 1.034 af
15.94 cfs@ 12.11 hrs, Volume- 1.031I1f, Allen" 4'10, Lag" 2.6 min

Routing by Stor.lnd+Trans method, Time Span" 5.00-24.00 hrs, dt" 0.05 hrs
Max. Veloclty= 3.2 Ips, Min. Travel Time: 2.2 min
Avg. Velocity: 1.2 Ips, Avg. Travel Tlme= 5.6 min

Peak Depth= 1.05' @ 12.03 hrs
Capacity at bank lull: 117.14 cis
Inlet Invert: 822.36', Outlet Invart: 817.50'
0.00' x 3.00' deep channel, n: 0.030 Rubble masonry, cemented
Side Slope Z-value: 2.0 ',. Top Width" 12.00'
Length" 416.6' Slope: 0.0117 IJ'

Reach RN18:

Routing by Stor-Ind+Trans method, Time Spang 5.00-24.00 hrs, dt" 0,05 hrs
Max. Velocity" 4.9 Ips, Min. Travel Tlme= 1.5 min
Avg. Velocity = 1.5 Ips, Avg. Travel Tlme= 4.8 min

Peak Depth= 0.74' @ 12.08 hrs
Capacity at bank full.. 117.25 cis
Inletlnvert= 828.00', Outlet Invert.. 818.00'
3.00' x 2.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'J' Top Width.. 11.00'
Length" 432.3' Slope= 0.0231 'I'

Reach RN20:

Inflow Area =
Inflow
Outflow

1.680 ac, Inflow Depth> 2.84" lor 25 Y 24 H event
7.73 cis @ 12.00 hrs, Volume" 0.397 al
7.19 cis @ 12.05 hrs, Volume: 0.396 ai, Atten" 7%, Lag" 3.4 min

Inflow Area =
Inflow =
Outftow

29.620 ac, Inflow Depth> 2.82' for 25 Y 24 H event
86.23 efs @ 12.13 hrs, Volume.. 6.964 af
85.46 efs@ 12.16 hrs, Volume= 6.957 af, Allen" 1%, Lag" 1.5 min

Routing by Stor-Ind+Trans method, Time Span: 5.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.3 Ips, Min. Travel Time: 2.0 min
AV9. Velocity = 1.0 Ips, AV9. Travel Time.. 6.6 min

Peak Depth" 0.54' @ 12,02 hrs
Capacity at bank full= 735.37 cis
Inlet Invert= 822.36', Outlet Invert= 816.53'
3.00' x 5,00' deep channel, n: 0.030 Rubble masonry, cemented
Side Slope Z-value" 2.0 'r Top Width: 23.00'
Length.. 392.0' Slope: 0.0149 'r

Reach RN19:

Routing by Stor-Ind+Trans method, Time Spang 5.00-24.00 hrs, dt= 0.05 hnl
Max. Velocity" 4.7 fps, Min. Travel Time: 0.6 min
Avg. Velocity: 1.9 fps, Avg. Travel Time: 2.0 min

Peak Depth= 2.37' @ 12.14 hrs
Capacity at bank full" 38,244.53 cfs
Inlet Invert= 791.50', Oullet Invert= 790.12'
3.00' x 29.00' deep channel, n" 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'J' Top Width: 119.00'
Len9th.. 229.0' Slope" 0,0060 or

Reach RN21:

Inflow Area =
Inflow
Outflow

3.300 ac, Inflow Depth> 2.83" lor 25 Y 24 H event
13,30 cls@ 11.99 hrs, Volume= 0.779 af
12.89CIs@ 12.02hrs, Volume= 0.778 ai, Atten"3%, Lag" 1.7 min

Inflow Area"
Inflow
Outftow

36.220 ae, Inflow Depth> 2,82' for 25 Y 24 H event
101.17 cfs@ 12.13 hrs, Volume.. 8.515 af
99.45 cis @ 12.19 hrs, Volume= 8.495 af, Allen= 2%, Lag= 3.3 min
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Routing by Stor·lnd+Trans method, Time Span" 5.00·24.00 hrs, dt.. 0.05 hrs
Max. Velocity.. 6.6 Ips, Min. Travel Time" 1.0 min
Avg. Velocity .. 2.1 Ips, Avg. Travel Tlme= 3.0 min

Peak Depth" 0.50' @ 12.01 hrs
Capeolty at bank lull.. 2,352.84 cfs
Inlat Invert: 816.53', Outlet Invert= 791.50'
3.00' x 6.00' deep channel, n" 0.030 RUbble masonry, cemented
Side Slope Z-value" 2.0 '/' Top Wldlh= 27.00'
Length" 391.7' Slope= 0.0639 'I'

Routing by Stor·lnd+Trans method, Time Spang 5.00-24.00 hrs, dt: 0.05 hnl
Max. Velocity- 8.0 Ips, Min. Travel Time" 1.6 min
Avg. Velocity" 3.1 fps, Avg. Travel Tlme= 4,7 min

Peak Dapth= 1.86'@ 12.16 hrs
Capacity at benk lull: 2,841.91 cis
Inlet Invert- 790.12', Outlet Invert- 770.00'
3.00' x 8.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope :Z:·value= 2.0 'J' Top Wldth= 35.00'
Len9th= 872.6' Slope" 0.0231 'I'
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Reach RN3:

Inflow Area"
Inflow
Outflow

43.180 ac, Inflow Depth> 2.82" for 25 Y 24 H event
118.74 cls@ 12.16 hrs, Volume= 10.135 al
117.29 cIa @ 12.20 hIS, Volume" 10.111 aI, Allen" 1"10, Lag" 2.5 min

Inflow Area =
Innow
OutRow

13.740 ac, Innow Depth> 2.83" for 25 Y 24 H event
43,91 cIs @ 12.13 hrs, Volume'" 3.235 af
43.26 cis @ 12.16 hrs, Volume: 3.231 al. Alten= 1"10, La9al.8 min

Routln9 by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs, dt.. 0,05 hrs
Max. Velocity" 5.4 fps, Min. Travel Time" 1.4 min
Avg. Velocity = 1.6 Ips, Avg. Travel Time" 4.8 min

Peak Depth= 1.08'@ 12.17 hrs
Capacity at bank fuU.. 704.13 cfs
Inlellnvert= 770,00', Outlet Invert= 764.00'
18.00' x 3.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z-value" 2.0 "Top Width: 30.00'
Length: 465.1' Slope: 0.0129 'I'

Reach RN23:

Routing by Stor-Ind+Trans method. Time Span: 5.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity" 6.3 Ips, Min. Travel Time- 1.0 min
Avg, Velocity = 2.2 Ips, Avg. Travel Time- 2.8 min

Peak Depth" 1.26' @ 12.14 hrs
Capacity at bank full" 113.14 cfs
Inlet Invert" 818.00', Outletlnvert= 810.00'
3.00' x 2.00' deep channel, n" 0.030 Rubble masonry, cemented
Side Slope Z-value" 2.0 'r Top Wldth= 11.00'
Length: 371.4' Slope= 0.0215 'r

Reach RN4:

Inflow Area =
Inflow
Outflow

5.320 ac, Inflow Depth> 2.83" lor 25 Y 24 H event
19.53 cis @ 12.09 hrs, Volume= 1.253 af
19.35 cls@ 12.10 Ius, Volume= 1.253 af, Allen= 1"10, Lag" 0.6 min

Inflow Area =
Inflow
Outflow

7.000 ac, Inflow Depth> 2.83" for 25 Y 24 H event
25.33 cis @ 12.08 hrs, Volume= 1.651 al
24.57 cls@ 12.12 hrs, Volume" 1.647 af, Alten" 3"10, Lag- 2.6 min

Routln9 by Stor-lnd+Trans method, Time Span= 5.00-24.00 hrs, dt.. 0.05 hrs
Max. Velocity" 5.8 fps, Min. Travel Tlme= 0,3 min
Avg. Velocity" 1.9 Ips, Avg. TraVel Tlme= 1,0 min

Peak Depth: 0,89'@12,10hrs
Capacity at bank fuU= 271,53 cfs
Inlellnvert= 767.38', Oulletlnvert.. 764.00'
2.00' x 3.00' deep channel. n= 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'I' Tllp Width" 14,00'
Length- 116.9' Slope" 0.0289 'r

Reach RN24:

Routing by Slor·lnd+Trans mllthod, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity" 8.4 fps, Min. Travel Time- 1.5 min
Avg, Velocity" 2.6 Ips, Avg. Travel Time.. 4.8 min

Peak Depth" 0.69' @ 12.09 hrs
Capacity at bank lull= 207.86 cfs
Inlet Invert" 861.90', Oullet Inven" 808.75'
3.00' x 2.00' deep channel. n= 0.030 Rubble masonry, cemented
Sida Slope Z·value" 2.0 'f Top Width" 11.00'
Length" 731.1' Slope" 0.0727 'r

Reach RN5:

Inflow Area =
Inflow
Outflow

55,280 ac, Inflow Depth> 2,82" for 25 Y 24 H event
140.82 cIs @ 12.18 hrs, Volume: 12.987 af
140,67 cfs @ 12.19 hrs, Volume'" 12.984 af, Alten= 0%, Lag= 0,4 min

Inflow Area =
Inflow
Outflow

24.620 ac, Inflow Depth> 2.82" for 25 Y 24 H event
76.24 cls@ .12.12 hrs, Volume" 5,794·al
74.96 cfs @ 12.16 hrs, Volume" 5,784 aI, Alten= 2"10, Lag= 2.2 min
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Routing by Stor-Ind+Trans method, Time Span" 5.00-24,00 hrs, dt" 0,05 hrs
Max. Velocity" 8.6 fps, Min, Travel Time" 0,2 min
Avg. Velocity" 2.9 Ips, Avg. Travel Tlme= 0.5 min

Pllak Depth" 2.03'@ 12,19 hrs
Capacity at bank full= 995.23 cIs
Inlellnvert= 751.64', Outlet Invert: 749.59'
4.00' x 5.00' deep channel, n" 0.030
Side Slope Z-value" 2.0 "Top Width" 24.00'
Length: 91.5' Slope" 0.0224 'r

Routing by Stor·lnd+Trans method, Time Span'" 5.00-24.00 hrs, dt= 0.05 hrs
Max. Veloclty= 8.0 fps, Min. Travel Tlme= 1.2 min
Avg. Velocity" 2.9 Ips, Avg. Travel Time- 3,4 min

Peak Depth" 1.55'@ 12.14 hrs
Capacity at bank full" 312.31 cfs
Inlet Invert- 808.12', Oullel Invert" 791.50'
3.00' x 3.00' deep channel, n= 0.030 Rubble masonry, cemented
Side SIOPll Z-value= 2.0 'r Top Width" 15.00'
Length= 591.7' Slope= 0,0281 'r
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Reach RN9:

Inflow Area =
Inflow
Outflow

11.310 ae, Inflow Depth" 2.83' for 25 Y 24 H event
44.02 efa @ 12.05 hr., Volume= 2,670 af
41.85 cls@ 12.12 hrs, Volume- 2.681 af, Atten" 5%, L/ilg" 3.8 min

Inflow Area =
Inflow
Outflow

5.380 ac, Inflow Depth" 2,83" for 25 Y 24 H event
21.99 ets @ 12.04 hrs, Volume= 1.270 at
20.5gefs@ 12.12 hrs, Volume: 1.264 aI, Alten= 6%, l.ag=5.2 min

Routing by Stor-Ind+Trans method, Time Sp/iln= 5.00·24.00 hrs, dt" 0.05 hrs
Max. Velocity'" 7.3 fps, Min. Travel Time" 2.2 min
Avg. VelocKy = 2.4 Ips, Avg. Travel Tlme= 6.7 min

Peak Depth= 1.11' @ 12.08 hrs
Capacity at bank full= 141.62 efs
Inlet Invert= 861.90', Outlet Invert= 829.92'
3.00' x 2.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z·velue= 2.0 '/' Top Wldth= 11.00'
Length= 947.6' Slope= 0.0337 'f

Reach RN7:

Routing by Stor-lnd+Trans method, Time Span.. 5.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity- 4.6 Ips, Min. Travel Tlme= 3.1 min
Avg. Velocity = 1,4 fps, Avg. Travel Time" 10.0 min

Peak Depth'" 0.92' @ 12.07 hrs
Capacity at bank full'" 98.04 cis
Inlet Invert= 848.00', Outlet Invert= 834.16'
3.00' x 2.00' deep channel, n= 0.030 Rubble mesonry, cemented
Side Slope Z·value.. 2.0 'I' Top Wldth= 11.00'
Length= 855.7' Slope: 0.0162 'I'

Inflow Area =
Inflow
Outflow

13.200 ac, Inflow Depth> 2.83' for 25 Y 24 H event
45.85 cis @ 12.09 hrs, Volume= 3.113 af
44.78 cls@ 12.12 hrs, Volume= 3,108 af, Atten" 2%, Lag= 1.8 min

Routing by Stor-lnd+Trans method, Time Span" 5.00-24.00 hra, dt'" 0.05 hrs
Max. Veloclty= 7.7 fps, Min. Travel Time= 1.1 min
Avg. Velocity = 2.6 fps, Avg. Travel Tlme= 3.2 min

Peak Depth= 1.12'@ 12,11 hrs
Capacity at bank full= 147.95 efs
Inletlnvert= 848.00', Outletlnvert= 829.92'
3.00' x 2.00' deep channel, n= 0.030 Rubble masonry, cemented
Sille Slope Z·value= 2.0 '/' Top Wldth= 11.00'
Length= 490.9' Slope= 0.0366 '/'

Reach RN8: downchute

Inflow Area =
Inflow
Outflow

24.510 ac, Inflow Depth> 2.82' for 25 Y 24 H event
88.30 cfs @ 12.12 hrs, Volume" 5.768 af
85.91 cls@ 12.13 hrs, Volume.. 5.767 af, Atten.. 0%, Lag" 0.2 min
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Routing by Stor-lnd+Trans method, Time Span= 5.00-24.00 hrs, dt= 0,05 hrs
Max. Velocity" 10.9 fps, Min. TravelTlme= 0.1 min
Avg. Velocity = 3.7 fps, Avg. Travel Tlme= 0.3 min

Peak Depth.. 1.37' @ 12.12 hrs
Capacity at bank full= 188.67 cfs
Inletlnvert= 829.12', Outlet Invert.. 817.64'
3.00' x 2.00' deep channel, n= 0.050 Earth, cobble boltom, clean sides
Side Slope Z·value- 2.0 '/' Top Wldth= 11.00'
Length" 69.0' Slope= 0.1664 'I'
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Area (ac\ __ CN_Dellcrlllt!Cln

Runoff by SCS TR·20 method. UH=SCS, TIme Span" 0.00-30.00.. hrs. dt= 0.05 hrs
Type II 24·hr Ralnfall=8.70·

Subcatchment 100:Sulx:atchment Road7:

Sulx:atchment Road8:

Subcatchment Road9:

Runoff Area-O.430 ac Runoff Depth-6.46"
Tc-l ,0 min eN-S6 Runoff-4,05 cfs 0.232 af

Runoff Area,,0,360 se Runoff Oepth-6,46"
Te-i.O min CN-98 Runoff-3,81 cf. 0.194 af

Runoff Area"0.290 ae Runoff Oepth-6.46"
Tc=1.0 min CN=98 Runoff-3.07 ef. 0.156 af

Runoff = 8,86 cfs @ 11.92 hrs. Volume= 0.401 at, Depth= 4.42·

Reach C1: culvert Peak Oepth-2.47' Max Vel"H.5 fps Innow-427.95 Cfs 36.224 af
0-48.0' n-0.013 6-54.2' S-0.0199 'I' Cepaelty-608.30 cfs Outflow"427.71 cfa 36,224 af

1.090 80 >75% Grass cover, Good. HSG D

Tc Length Slope Velocity Capacity Description
(min\ (tlleU ltVfIl (ft/Ilec) (cts)

2.0 Direct Entry,

Subcatchment 101:

Reach Ri:

Reach RiO:

Pask Depth-1.77' Msx Vel"10.3 fps Innow"161.03 cfs 11.463 at
n'"O.030 6=617.6' S"0,0351 'I' Cspaclty-536.55 cts Outflow"176,47 cfs 11.483 at

Peak Depth-1.43' Max Vel-5,4 Ip. Inflow-71.73 cf. 4.179 at
0-0.030 L=578,9' 5"0.0120 'I' Capsc!tys313,17 cts Outflow-68,39 cts 4.179 st Runoff 11.86 cis @ 11.92 hrs, Volume= 0,538 af, Depth" 4.42"

Reach R1i:

Reach R2:

Reach R3:

Reach R4:

Peak Depth"1.44' Max Vel-g.1 fps Inflow-121.67 cfs 7,510 af
n=0.030 6,,655.3' 5-0,0348 'I' Capaclty-534.29 cfa Outflow-117.65 cfa 7,510 af

Peak Depth=2.95' Max Vel-7.2 fps Innow-276.89 cts 24,742 af
n"0.030 6=822.6' S"0.0100'f Capac"y-285.99 cfs OUtflow-275,23 cts 24,7428t

Peak Depth-2.81' Max Vels6.9 Ips Inflow-255.40 cf. 18,631af
n=O.030 6"870.4' 8=0.0093 'f Capaclty-288.98 ef. Outflow-241.61 cf. 18,837 af

Peek Depth.2.51' M8X Vel.6.5 fps Innow.195.62 cts 13.521 ef
n=O.030 6"'828,1' S-0,0095 'f Cepsc!tys278.89 cis Outflow-18B.51 cfs 13,521 af

Runoff by 5CS TR·20 method. UH=SCS, TIme Span. 0.00.30.00 hrs, dt= 0.05 hra
Type II 24-hr Ralnfall·a.70"

Area (ac\ __ CN_Oolcrlp1!Qo
1.460 80 >75% Grass !lOver. Good, HSG °

Tc Lenllth Slope Velocity Capacity Description
(mln\ (fllel) (Wit) (ft/sec) (Ofs)

2.0 Direct Entry,

SUbcatchment 102:

Runoff by SCS TR·20 method. UH=SCS, TIme Span= 0.00-30.00 hrs, dt= 0.05 hrs
Type II 24-hr Ralnfall.6,70·

Area lacLCti... J)escrlp!lon

Reach R5:

Reach Re:

Peak Depth-l ,94' Max Vel-e.5 tpl Innow"133.14 cts 8,942 af
n-0.030 6-569,2' S"0,0126 'I' Capac"y"321.50 cfs Outflow.128.19 cfs 8,942 af

Peak Depth-1.76' Max Vel-5.e fp. Inflow-100.79 cfs 6,183 af
n=0.03(l 6=777.2' 5..0.0104 'I' Capac"Y"291.86 cfs Outflow-95.54 cfs 6,183 af

Runoff 12.95 cls@ 11.92 hrs. Volume" 0,589 af, Depth= 4.42"

Pond SP: Stormwater Pond
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Reach R7:

Reach R8:

ReachR9:

Peak Depth-l.43' Max Vel-S.O fps Innow-70.29 cf. 3.680 af
n"0.030 6-908.9' 5-0.0103 'I' Capaclty-291 ,30 c;fs Outflow-64.83 cfs 3,680 af

Peak Depth,,0.60' Max Vel-3.1 Ip. Inflow-14.79 cf. 0,698 af
n-0.030 L-767,1' 5-0.0103 'I' Cspaclty"290.87 ef. Outflow-12,53 cts 0.698 af

Peak Depth-0,54' Max Vel..3.0 Ip. Inflow.12,18 cf. 0,512 af
n-0.030 6-611.2' 5-0.0113 'I' Capac"y-304.19 efa Outftow-l0.96 cis 0.572 af

Peak Elev=7114.21' 5torage=39,862 at Innow.438.14 cts 39,923 af
24.0" x 100.0' Cul\l8rt Outflow-0.14 c;fa 0,071 af

1,600 80 >75"10 Grass cover, Good, HSG D

Tc 6ength Slope Velocity Capacity Description
Imln) (feel) (1tIfU lftlsec) (cfs)

2.1 Direct Entry,

Subcatchment 103:

Runoff = 12.35 cf. @ 11.92 hr•• Volume: 0.580 af, Depth= 4.42"

Runoff by SCS TR·20 method, UH=SCS, Time Span" 0.00·30,00 hrs, dt= 0.05 hr.
Type II 24-hr Ralnfall=6.70"
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100·year. 24·hour Storm
Olap!)sal Area Cover System .100 yr storm Type II 24·hr Ra/nfall=B.70·
Prepared by GeoSyntec Consultants Page 81
HydroCAP! 7,10 sin QQ0929 C 2Q05 HvdroCAQ Sgftware Solutions LLC 511012DoS

100·year. 24-hour Storm
Disposal Area Cover System .100 yr storm Type 1/24-hr Ralnfal/=6.70"
Prepared by GeoSyntec Consultants Page 82
HydroCAOf 7,'0 sIn 000929 C 2005 HydroCAO Softwere Solullons LLC 511012006

Aruc.~l _ CNOeseriotlon

Runoff by 5CS TR·20 method, UH=SCS, Time Span" 0,00-30.00 hrs, dt- 0,05 hrs
Type II 24·hr Rainfall-a, 70"

2,0 Direct Entry.

Subcatchment 104:

1,520 80 ,.75% Grass cover, GOQd, HSG D

Tc Length Slope Velocity Capacity Description
lmlnl _~ft§tl _{fllfil_{ftIJ1l1cL {ctsl

0.504 af. Depth= 4,42'

Subcatchment 107;

11.09 cis @ 11.92 hrs, VOlume=

1.370 80 >76% Grass cover, Good. HSG D

Tc Length Slope Velocity Capacity Description
(mlnl (feell .. (ft1ft1 .JfV~!!C} __(c:1U.

2,1 Direct Entry,

Runoff by ses TR-20 method. UH..SCS, Time Span= 0.00·30,00 hrs. dt= 0.05 hrs
Typs II 24-hr Rainfall-a.70·

Area lacl .. Cl'l Qelcrti!tlon

Runoff ..

0,582 at, Depth: 4,42"12,79 cts@ 11,92 hrs, Volume=Runoff ..

2.1 Direct Entry,

Area {lIc} ~ eN Oeserlotlon_
1,580 80 >75% Grass cover, Good, HSG D

Tc Length Slope Velocity Capacity Description
{mlnl {feell {fVftl {ft/secl tcfsl

Subcatchment 105:
0.416 af, Depth- 4.42"

Subcatchment 108:

9.18cts@ 11.92hrs, Volume"

Runoff by SCS TR·20 method, UH=SeS, TIme Span" 0,00-30,00 hrs, dt= 0,05 hrs
Type II 24-hr RainfaU=6.70·

Tc Length Slope Velocity Capacity Description
1mln) ~ftlL (fVft) (ft/sec) ~u

2,1 Direct Entry,

Runoff -

0.515 at, Depth= 4.42'11.33 cfs @ 11,92 hrs, Volume=Runoff

Ar.. (ac) CN.~ O!!8cdptlon

Area facl . _CN_~ D~!!.cdmlon

2.0 Direct Entry,

Runoff by SOS TR,20 method, UH=SCS, Time Span- 0,00-30.00 hrs. dt: 0,05 hrs
Type II 24-hr Ralnfall=6.70·

0,394 af, Depth= 4.42'

Subcatchment 109:

8.69 cfa@ 11.92 hrs, Volume=Runoff

1.130 80 >75% Grass cover. Good, HSG D

Tc Length Slope Velocity Capacity Description
Imln) (feetl (ft/ttl (ft/secl (cts)

2,0 Direct Entry,

1.070 80 >76% Grass cover, Good, HSQ D

Tc Length Slope Velocity CapacIty Description
Imlnl {feell _{ftlfiL~lfV8.e.el _ _{efU

2.1 Direct Entry,

',400 80 >75% Grass cover, Good, HSG D

Tc Length Slope Velocity Capacity Description
{mlnl _ {fllell Ittlftl_ (ft/secl ~ ll1fsl

Area {acl CN Descrlotlon

1.610 80 >75% Grass ,cover, Good, HSG 0

Subcatchment 106:

Runoff - 13.03 cia @ 11.92 hrs, VoIume= 0.593 at, Depth: 4.42"

Runoff by SCS TR·20 method, UH=SeS, Time Span:: 0.00.30.00 hrs, dt= 0.05 hrs
Type 1\ 24·hr Ralnfall"5,70"

Aree {ac} CN De_,criotlon

Runoff by ses TR·20 method, UH=SeS. Time Span= 0.00·30.00 hr•. dt= 0.05 hra
Type II 24·hr Ralnfall=5.70·

....,
-<
~
o
o
o
tv.......
.......
tv
W



( (~ ( .\

"""

2.1 Direct Entry,

1.200 60 >75% Grass cover, Good, HSG 0

Tc Length Slope Velocity Capacity Description
1mlnL..-i~lfIlftL(fV"cl (cfsl

Runoff by ses TR-20 method, UH=SeS, Time Splln= 0,00-30.00 hrs, dt= 0,05 h,.
Type /I 24.hr Ralnfall-a.70·

Area (ac) ON Description

100-year, 24-hour Storm
Disposal Area Cover System -100 yr storm Type II 24·hr Ralnfall:6.70·
Prepared by GeoSyntec Consultants Page 83
HydroCADt 7.10 sln 000929 C 2005 Hydro~AO Software Solution, LLC 51101200a

Subcatchment 110:

4.312 af, Depth" 4.42"70.94 cts @ 12,04 hrs, Volume=

Area lac) eN DllscdpUQn

7,3 DlrKt Entry,

Subcatchment 203:

10.060 60 >75% Grasa cover, Good, HSG D

To Length Slope Velocity Capacity Description
(min) (felll) (ft/It) _ {!Vucl------.1c!tl

Runoff by SCS TR·20 method. UH=SCS. Time Span= 0.00-30.00 hrs, dt= 0.05 hr.
Type" 24·hr Rainfall:6.70"

Area (ac) _ eN Description

Runoff

100·year. 24-hour Storm
Disposal Area Cover System .100 yr storm Type II 24·hr Rslnfal/=6.70·
Prepared by GeoSyntec Coneultants Page 64
Hydr9C~pt 7,10 "n 000gi9 C! 2005 HY!lCOCAD Software Solutions LLC _ 5l1W2006

0.442 af, ·Depth.. 4.42"

Subcatchment 200:

9.71 ets @ 11,92 hr., Volume:Runoff :

Runoff by ses TR-20 method, UH-SOS, Time Span= 0,00-30.00 hrs, dt= 0.05 hr,
Type /I 24·hr Ralnfall=6,70"

Runoff .. 21.60 cts @ 11.95 hrs, Volume" 1.016 af, Depth= 4.42"
11.710 60 >75% Grass cover, Good, HSG D

Tc Length Slope Veloclty Capacity Description
(mlol.lfel!lt) u (ftIft) u {!VlocL __ {cfsl
12.6 Direct Entry,

Runoff by SCS TR-20 method, UH=SCS, TIme Span- 0,00-30.00 hrs, dt= 0.05 hrs
Type" 24·hr Ralnfall=6.70·

Subcatchment 204:Area(llcL CN Description
2.760 80 >75% Grass cover, Good, HSG D

Tc Length Slope Velocity Capacity Description
(min) (feetLu rntftL (ft,lseQ) (CIs)

4.7 Direct Entry,

Runoff = 67.09 cfa @ 12,02 hrs, Volume= 3.615 af. Depth" 4.42"

Runoff by ses TR-20 method. UH=SCS. Time Span'" 0.00-30.00 hrs, dt= 0.05 hrs
Type II 24·hr Ralnfall=6.70"

Subcatchment 201 :

Runoff = 36.06 cis @ 11.94 hrs, Volume" 1.653 af, Depth= 4.42"

Area (ac) eN. u O~scriPtlon

10.360 60 >75% Grass cover, Good, HSG D

Tc Length Slope Velocity Capacity Description
{min) .(feol) _(ftlfi) . (NlecL _ (cfs)
10.4 Direct Entry,

5.330 80 >75% Grass cover, Good, HSG D

Runoff by SCS TR·20 method, UH=SCS, TIme Span" 0.00-30.00 hrs, dt= 0.05 hrs
Type II 24-hr Ralnfall=S.70"

Area (ac) CN OIl.enpUon

Subcatchment 205:Area U1cLCN J:>escrilltion
4.490 80 >75% Grass cover, Good. HSG D

Tc Length Slope Velocity Capacity Description
Lmln) (feet) (fVftL(f!lJec) (cfsl

4.0 Direct Entry,

SUbcatchment 202:

Runoff = 40.84 cta @ 11.96 hrs, Volume" 1.963 af, Depth= 4.42"

Runoff = 72.49 cfs @ 11.96 hrs, VOlume= 3.704 af, Depth= 4.42"

Runoff by ses TR-20 method, UH=SCS, Time Span= 0.00-30.00 hrs. dt= 0.05 hrs
Type /I 24·hr Ralnfall=6,70"
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100-year. 24-hour Storm
DIsposal Area Cover System ·100 yr stonn Type /I 24-hr Ralnfall=6.70·
Prepared by GeoSyntec Consultants Page 65
H'il!roeA~ 710 sin 000929 C 2005 HydroCAp Software Solutions LLC 51101200S

Tc Length Slope Velocity Capacity Descrlpllon
Imln) (feell -lfVf1l (ft/sec) __ lcfs)

10o-year, 24-hour Storm
Disposal Area Cover System ·100 yr stonn Type II 24·hr Ralnfall=6.70"
Prepared by GeoSyntec Consultanls Page 86
HydroCA~ 7,10 ${n 000929 Q 2005 HydroCAD Software Solutions LLC 511012006

SUbc8tchment 209:

5.2 Direct Entry, Runoff .. 52.45 cfs @ 11.99 hrs, Volume" 2.728 af, Depth.. 4.42"

Subcatchment 206:

Runoff " 38.70 cts @ 11.95 hr•. Volume: 1.793 af. Depth" 4.42"

Runoff by SCS TR·20 method, UH=SCS, TIme Span: 0.00·30.00 hrs, dt= 0.05 hrs
Type II 24-hr Ralnfall=6.70·

Area {aeL eN Description
,Runoff by SCS TR·20 methOd, UH=SeS, Time Span= 0.00-30.00 hrs, dt" 0,05 hrs
Type II 24-hr Ralnfall.S.70"

Area lac) CN DtserlaUon
4,870 80 >75% Grass cover, Good, HSG 0

Tc Length Slope Velocity Capacity Description
~~'-1L-lfVf1L LWsee) (cIs)

7.410 80 >75% Grass cover, Good~ HSG 0

Tc Length Slope Velocity Capacity Description
{mln)~Il!L (f!lflL (fVsec) {cfs}

7.9 Direct Entry,

Subcatchment 210:

4.3 Direct Entry. Runoff 49.60 ets @ 11.96 hrs. Volume= 2.393 af, Depth" 4.42"

Subcatchment 207:

Runoff .. 44.71 cfs @ 11.96 hrs, Volume= 2.158 af. Depth= 4.42·

Runoff by SCS TR-20 method, UH=SCS, TIme Span: 0.00·30.00 hrs. dt" 0.05 hrs
Type II 24-hr Ralnfall·6.70·

Aree (ae) CN_ -Description
Runoff by SCS TR·20 method. UH=SeS, Time Span= 0.00-30.00 hrs. dt.. 0.05 hr.
Type II 24-hr Ralnfall"S.70"

Area (ac) eN Description

6.500 80 >75% GraSS cover, Good. HSG D

Tc Length Slope Velocity Capacity Description
(min) (feet) Ift/tI)IWaec} Icfs)

5.2 Direct entry,

Subcatchment Pond1:

5.860 80 ;.75% Grass cover, Good. HSG D

Tc Length Slope Velocity Capacity Description
(min) (fe~ftL(JllsecJ (cfs)

5.3 Direct Entry, Runoff = 69.51 efs @ 11.91 hrs, Volume" 3.699 af, Depth" 6.46"

Subcatchment 208:

Runoff = 55.77 efs @ 12.01 hrs, Volume" 3,067 af, Depth= 4.42"

Runoff by 5C5 TR·20 method, UH=SCS, Time Span= 0.00·30.00 hrs. dt= 0.05 hrs
Type II 24·hr Ralnfall"6.70"

Area (ac) eN Description
Runoff by SCS TR-20 method. UH=SCS. Time Span= 0.00-30,00 hrs. dt= 0.05 hrs
Type II 24-hr Ralnfall=6.70"

Area (ac) eN Description
8.330 80 >75% Grass cover, Good, HSG D

Tc Length Slope Velocity Capacity Description
. (min) (fel!tl _{ftIft\ (Wsec) (cfs)

6.670 98 Paved parking & roofs

To Length Slope Velocity Capacity Description
(min) (feetL (ftIft) _ (ft/aec) Jefs)

2,0 Direct Entry,

Subcatchment Road1:

9.5 Direct entry, Runoff " 3.18 cfs@ 11.90 hrs, Volume= 0.162 af, Depth" 6.4S"
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Runoff by SCS TR·20 method. UH=SCS, Time Span= 0,00·30.00 hrs, dt:a 0,05 hrs
Type II 24·hr RalnfaU"6.70·
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100·year. 24-hour Storm
Disposal Area Cover System ·100 yr stonn Type II 24·hr Ralnfall;6.70"
Prepared by GeoSyntec Consultants Page 87
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100·year, 24·hour Storm
Disposal Area Cover System ·100 yr stonn Type /I 24·hr Re/nfa/l"6.70"
Prepared by GeoSyntec Consultents Page 86
HydroCA~ 7 10 sIn 000929 C 2005 HydroCAO Software Solutions bLC 5/10/2006

Arn1acL--.CI'L Djlsc::rlptlon
0,300 98 Paved parking & roofs

Tc Length Slope Velocity Capacity Description
Lm!nl---lf~ . _(MIl (ft/secl . (cfsl

1,0 Direct Entry,

Tc Length Slope Velocity Capacity Description
(mlnl (feetl (Mtl (ft/sec) (cts)

1.0 Direct Entry,

Subcatchment Road3:

Subcatchment Road10:
Runoff by ses TR·20 method, UH=SeS. Time Span= 0.00-30.00 hrs. dt" 0.05 hrs
Type II 24·hr Ralnfall=6.70'Runoff a 2.86 cfs@ 11,90 hrs, Volume" 0.145 at, Depth= 6.46"

Runoff a 4.23 cfs @ 11,90 hrs, Volume= 0.215 at, Depth= 6.46'

0.270 96 Paved parking &roofs

Runoff by ses TR·20 method, UH=SCS, Time Span- 0.00·30.00 hr., dt= 0.05 hr.
Type II 24-hr Ralnfall=6.70"

Runoff by SCS TR·20 method, UH=SCS, Time Span= 0.00·30.00 !:lrs, dt= 0.05 hra
Type II 24-hr Ralntall=6.70"

Area (lie) CN Description

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/fI) Wsecl lcfsl
1.0' Direct Entr'y.

Subcatchment Road11:
0.205 af, Depth" 6.46"

Subcatchment Road4:

4.02 cfs@ 11.90 hrs, Volume"

Area (ac) eN _Description
0.400 96 Paved parking & roofs

Tc Length Slope VelOCity Capacity Description
(min) (feet) (ft/ltl (fllseel (cfsl

1.0 Direct Entry.

Runoff by ses TR-20 method. UHaSCS, Time Span" 0.00-30.00 hrs. dt= 0.05 hrs
Type II 24-11r Ralnfall=6.70'

Area (ac) eN _ Ot'g,r1J)\Ion
0,380 98 Paved parking & roofs

Runoff "

0.162 af, Depth- 6.46"3.16 cfs @ 11.90 hrs, Volume"Runoff =

Area (acl eN Description

1.0 Direct Entry,'

0.390 96 Paved parking & roots

0.300 96 Paved parking & roofs

Tc Length Slope Velocity Capacity Description
(min) _ (feet) (ft/ID lftls(!c) _ (cIs)

0.215 af, Depth- 6.46'4.23 cfs @ 11.90 hrs, Volume:Runoff =

Runoff by SCS TR-20 method, UH"SeS. Time Span" 0.00-30.00 hrs. dt= 0.05 hrs
Type II 24·hr Ralnfall=6.70'

Area lac} eN _OeserlJ)tlon

1.0 Direct Entry.

Subcatchment RoadS:

1.0 Direct Entry,

Tc Length Slope Velocity Capacity Description
lmln) IleeO.. lftlft} (Wsec) (cfs)

0.400 98 Paved parking &rool.

Tc Length Slope Velocity Capacity Description
(min) it'eL (ft/f1) (ftlsec:L . ..J.e;f!L

0.210 af, Deptha 6.46"

Subcatchment Road2:

4.13 cIs @ 11.90 hrs, Volume=Runoff. a

Runoff by ses TR·20 method. UH=SCS, Time Spana 0.00·30.00 hrs, dt= 0.05 hr.
Type II 24-hr Ralnfall"6.70'

Area (ael _eN Description
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, 100·year, 24-hour Storm
Disposal Area Cover System -100 yr stann Type 1/ 24·hr Ralnfall=B,70·
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100·year, 24·hour Storm
Disposal Area Cover System -100 yr stann Type /I 24·hr Ralnfal/=6.70·
Prepared by GeoSyntec Consultants Page 90
HydroCAOW 710 sin 900929 =2095 HydroCAQ Softwar, Solyllons LLC 5110/2006

1.0 Direct Entry,

0,360 98 Paved parking & roofs

Tc Length Slope Velocity Capacity Description
fmlnL~JfgtL~(filflLJftI~!lcJ . .(cfs)

Runoff by ses TR·20 method, UH=SCS, Jlme Span= 0,00.30,00 hrs, dt= 0.05 hr,
Type II 24-hr Ralnfall=6,70"

Area (ac) CN Descriptlon

Subcatchment Road6:

36.224 af
36.224 af, Allen: 0%. Lag" 0.1 min

Reach C1: culvert

96,690 ac, Inflow Depth.. 4,50'
427,95 cts@ 12.06 hrs, Volume:
427,71 cfs@ 12.06 hrs, Volume=

Te Length Slope Velocity Capacity Descr1pl/on
(min) (~ftlft) (!Vsee) (cf@}

Area ~~N~.Q§mmtIQn
0.290 96 Paved parking &roofs

1,0 Direct Entry,

Routing by Stor-lnd+Trans method, Time Span= 0.00-30.00 hrs, dt= C,05 hrs
Max, Velocity: 17,5 fps, Min. Trallel TIme= 0.1 min
Allg. Velocity = 4.7 fps. Avg, Trallel TIme- 0,2 min

InflOW Area =
Inflow
Outflow =

0,194 ef. Depth'" 0.40-

Subcatchmen~ Road7:

3,81 cfs @ 11.90 hrs. Volume:Runoff "

Area (ae) eN Description

Runoff by SCS TR·20 method, UH"SCS, Time Span: 0.00-30,00 hrs, dt- 0.05 hr.
Type II 24-hr Ralnfall-6.70"

1.0 Direct entry,

Subcatchment Road8:

0,430 98 Paved parking & roofs

Tc Length Slope Velocity Capacity Descriptlon
lmlru_llil!l1L _(fi/flL (ftisecL (cts)

Reach R1:

30.650 ae, Inflow Depth = 4.50'
181.03ets@ 11.98 hrs, Volume" 11,483 af
176.47 efs @ 12,01 hrs, Volume" 11,483 af, Allen= 3%, Lag= 1.8 min

Inflow Area 
Inflow =
Outflow

Peak Depth= 2.47' @ 12,06 hrs
Capacity at bank full" 608,30 cfs
Inletlnllert= 759,39', Outletlnllert= 758.31'
A factor of 3,00 has been applied to the supplied storage and discharge data
48.0' Diameter Pipe, n= 0.013 Concrete pipe. straight & clean
Length: 54.2' Slope= 0.0199 Ir

0.232 af, Depth= 6,46"4,55 cts @ 11,90 hrs. Volume"Runoff -

Area (ae) CN Description

Runoff by ses TR·20 method. UH=SCS, Time Span: 0.00·30.00 hr&, dt" 0,05 hrs
Type II 24-hr Ralnfall=6.70"

1.0 Direct Entry,

Subcatchment Road9:

0.360 98 Paved parking & roofs

Tc Length Slope Velocity Capacity Description
(min) _(~etL--.1fVftL Lf!lli!lcl_ .(cfli)

4.179 af
4.179 af. Allen= 5%, Lag: 3,1 min

Reach RiO:

11.090 ae. Inflow Depth = 4.52"
71,73 cts @ 11 ,99 hrs, Volume=
68,39 cts @ 12,04 hrs, Volume:

Inflow Area =
Inflow
Outflow "

Routing by Stor-lnd+Trans method, Time Span: 0.00·30,00 hrs, dl= 0.05 hrs
Mal<, Velocl\y'" 10.3 fps, Min. Trellel TIme" 1,0 min
Allg, Velocity" 2,4 fps. Avg. Travel Tlme= 4.3 min

Peak Depth= 1.77' @ 12,00 hrs
Capacity at bank full= 536,55 ets
Inlet Invert= 786.58', Outlotlnvert= 764.91'
5,53' x 3.00' deep channel. n= 0.030 Rubble masonry, cemented
Side Slope Z·valus= 2,0 3.0 'f Top Width- 20.53'
Length= 617.6' Slope= 0.0351 'r

0,156 af, Depth: 6.46"

0.194 af, Depth= 6.46"

3,07 efs@ 11.90 hrs, Volume=

3.81 cts @ 11,90 hrs, Volume-

Runoff

Runoff "

Runoff by 5CS TR·20 method. UH=SCS, Time Span: 0,00-30.00 hrs. dt= 0.05 hrs
Type II 24·hr Ralnfall=6.70"

Routing by Stor·lnd+Trans method, Time Span= 0,00-30.00 hrs, dt= 0,05 hrs
Max. Velocity" 5.4 fp5, Min, Travel Tlme= 1.8 min
Allg, Velocity = 1.2 fps. Allg. Travel Time" 8.9 min
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Peak Depth" 1.43' @ 12.01 hrs
Capaolty at bank full" 313.17 cfs
Inlet Invert= 816.31'. Outlet Invert.. 809.39'
5.63' l( 3.00' deep channel, n" 0.030 RUbble ma,onry, cemented
Side Slope Z-value- 2.0 3.0'1' Top Width.. 20.53'
Length" 578.9' Slope" 0.0120 '/'

Reach R11:

Routing by Stor-lnd+Trane method, Time Span= 0.00-30.00 hrs. dt.. 0:05 hrs
MIIlI. Velocity;: 6,9 fp" Min. Travel Time" 2.1 min
Avg. Velocity = 1,6 fps, Avg. Travel Time" 8.8 min

Peak Depth= 2.81'@ 12.10 hrs
Capacity at bank full- 288.98 cfs
Inletlnvert= 781.20'. Oullet Invert.. 773.10'
6.00' x 3.00' deep channel, n= 0,030 Rubble masonry, cemented
Side Slope Z-value" 3.0 2.0 'f Top Width" 21.00'
Length" 870,4' Slope" 0.0093 '/'

Routing by Stor-lnd+Trans method, Time Span= 0.00-30.00 hrs, dl" 0.05 hrs
Max, Velocity- 9.1 fps, Min. Travel Time" 1,2 min
Avg, Velocity: 2.1 fps, Avg, Travel Time" 5.2 min

Peak Depth= 1.44'@ 12,02 hrs
Capacity at bank full= 534.29 cfs
Inlet Invert. 809.39'. Outlet Invert= 786,59'
5.53' x 3.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z:-value= 2.0 3.0'1' Top Wldth= 20,53'
Length= 655.3' Slope= 0.0348 '/'

Routing by Stor·lnd+Trans method, Time Span= 0.00-30.00 hrs. dl= 0,05 hrs
Max. VelocitY" 6.5 fps, Min, Travel Time.. 2.1 min
Avg. Velocity = 1.5 fp,. Avg. Travel Tim." 9.0 min

Peak Oepth= 2.51' @ 12.06 hrs
Capacity at bank full= 278.89 cis
Inlet Invert= 789,05', Outlet Invert= 781.20'
5.53' x 3.00' deep channEll. n" 0.030 Rubble masonry, cemented
Side Slope Z:-value- 3.0 2.0 'I' Top Wldth= 20.53'
Length= 828.1' Slope" 0.0095 'I'

13,521 af
13.521 af, Allen- 4%, Lag" 3.8 min

Reach R4:

35.830 ae, Inflow Depth.. 4.53"
195.62 cis @ 12.04hrB, Volume:
188,61 cfs @ 12.10hrs. Volum."

Inflow Area ..
Inflow ..
Outflow =

7,510 af
7,510 af, Allen= 3'10, Lag" 2.1 min

Reach R2:

20.000 ae. Inflow Depth .. 4.51"
121.67 cis @ 12,OOhrs, Volume"
117.85 cIs @ 12,04 hrs, Volume"

Inflow Area:
Inflow ..
Outflow :

Routing by Stor-lnd+Trans method, Time Span= 0.00-30.00 hrl, dt" 0.05 hrs
Max, VelocitY" 7.2 fps. Min. Travel Tim... 1.9 min
Avg. Velocity" 1.9 fps, AV9. Travel Tlme= 7.3 min

Peak Depth" 2,95'@ 12.11 hrs
. Capacity at bank full" 285.99 cfs
Inlet Invert.. 773.10', Outlet Invert= 764.90'
5.53' x 3.00' deep channel, n: 0.030 Rubble ma,onry, cemented
Sid. Slope Z-value= 2.0 3.0 'I' Top Width" 20.53'
Length= 822.6' Slope= 0.0100 'I'

Reach R3:

Routing by Stor-lnd+Trans method, Time Span= 0.00-30.00 hrs. dt= 0.05 hrs
Max. VelocitY" 6.5 fps, Min. Travel Time.. 2.2 min
Avg. Velocity = 1.5 fps. Avg. Travel Tim... 9.8 min

Peak Depth= 1.94' @ 12,02 hrs
Capacity at bank full= 321.50 cf,
Inlet Invert= 800,00', Outletlnvert= 789.05'
5.53' x 3.00' deep channel, n= 0,030 Rubble masonry, cemented
Side Slope Z-value- 3.0 2.0 'I' Top Width" 20.53'
Length: 669.2' Slope= 0,0126 'f

Inflow Area =
Inflow =
Outflow =

65,940 ae. Inflow Depth.. 4,50·
276.89 cis @ 12.09 hrs. Volume"
275.23 ct, @ 12.14 hrs. Volume=

24.742 af
24,742 af, Allen.. 1%. Lag- 2.6 min

Inflow Area =
Inflow ..
Outflow =

Reach R5:

23.570 ac. Inflow Depth = 4.55"
133,14 ds@ 11.99 hrs, Volume
128,19 cis @ 12.06 hrs. Volume"

8.942 af
8.942 af. Allen= 4%, Lag= 4,1 min

Inflow Area ..
Inflow ..
Outflow II

49.540 ac, Inflow Depth .. 4.51·
255.40 ds @ 12.08 hrs. Volum."
247.61 efs @ 12.14 hr" Volume=

18.837 af
18.837 af. A1ten: 3%, Lag= 3,7 min
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Reach R6: Reach R9:

10fiowArea:
Inflow :
Outflow =

16.260 ac, Inflow Depth = 4.56"
100.79 ets@ 11.97 hrs, Volume
95.84 cfs @ 12.04 hrs, Volume"

8.183 af
6.183 af, AUen'" 5%, Lag= 4,3 min

Inflow Area •
Inflow ..
Outflow :

1.420 ae, Inflow Depth - 4.84"
12.18 cfs@ 11.91 hrs, Volume..
10.96 cf. @ 12.00 hra, Volume"

0.572 af .
0.572 af,Alten" 10%, Lag" 5.2 min

Routing by Stor-lnd+Trana method, Time Span: 0.00-30.00 hrl, dt= 0.05 hr.
Mall. Velocity- 5.6 tps, Min. Travel Tlme= 2.3 min
Avg. Velocity - 1.2 fps, Avg. Travel Tlme= 10.5 min

Peak Depth- 1.76'@ 12.00 hrs
Capacity at benk full" 291.86 cfs
Inlet Invert- 805.92', Outlet Invert.. 797.85'
5.53' x 3.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z·value= 3.0 2.0 'f Top Wldth= 20.53'
Length" 777,2' Slope" 0.0104·/,

Routing by Stor-lnd+Trans method. Time Span= 0.00-30.00 hrs, dt= 0.05 hra
Max. Velocity: 3.0 fps, Min. Travel Time: 3.4 min
Avg. Velocity" 0.7 fps. Avg. Travel TIme= 15.1 min

Paak Depth" 0.54'@ 11.94 hra
Capaolty at bank full" 304.79 of.
Inletlnvert= 823.23', Oullet Invert= 816.31'
5,53' x 3.00' deep chinnel, n" 0,030 Rubble masonry, cemented
Side Slope Z·value= 2.0 3.0 'r Top Width" 20.53'
Length" 611.2' Slope" 0.0113 'r.

Reach R7: Pond SP: Stormwater Pond

Routing by Stor·lnd+Trans method, Time Spano 0.00-30.00 hrl, dt" 0.05 hra
Max. Velocity- 3.1 fps, Min. Travel Time.. 4.1 min
Avg. Velocity" 0.7 fpa, Avg. Travel Time: 18.7 min

Peak Depth" 0.60' @ 11.95 hrs
Capacity at bank full= 290.87 cfa
Inlet Invert:; 823.23'. Outlet Invert" 815.32'
5.53' II 3.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z·value" 3.0 2.0 'f Top Width:; 20,53'
Length: 767.1' Slope. 0,0103 '/'

Routing by Stor-lndi'Trans method, Time Spano 0.00·30.00 hr., dt" 0.05 hr.
Max, VelocitY'" 5.0 fpa, Min. Travel Time" 3.1 min
Avg. Velocity" 1.1 fps, Avg. Travel Time: 14.1 min

Paak Depth" 1.43' @ 11.96 hra
Capacity at bank full.. 291.30 cfs
Inlet Invert- 815.32', Outlet Invert- 805.92'
5.53' x 3.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z·value: 3.0 2.0 'f Top Width.. 20.53'
Langth" 906.9' Slope" 0.0103 "

Device Routlna __ Inv§rl _Outlet D§vi<;1S __ _ _ __ ~__

39.923 af
0.071 af. Alten" 100%, Laga 845.0 min
0.071 af

103.460 ac, Inflow Depth = 4.63"
438.14 eta @ 12.04 hr., Volume"

0.14 ets @ 26.12 hrs, Volume=
0.14 ets@ 26.12 hrs, Volume:

Invert Avall.Storage Storage Description
756.00' 62,383 af Custom Stage Data (Prismatic) Listed below (Recalc)#1

Volume

Inflcw Area.
Inflow :
Outflow =
Primary

Routing by Stor-Ind method, Time Span" 0.00-30.00 hra, dt.. 0.05 hra
Peak Elev= 764.21' @ 26.12 hrs Surf.Area" 5.585 ac Storage: 39.882 af
Plug·Flow detenllon time" 1,476.5 min calculated for 0.071 af (0% of Inflow)
Center-of-Maas del. time" 803.0 min ( 1,615.1 • 812.1) .

#1 Primary 764.00' 24.0" x 100.0' long Culvert X 2.00
Rep. sq.cut end proJecting, Ke= 0.500
Outlet Invert" 764.00' S= 0.0000 'f Cc= 0.900
n= 0.013 Concrete pipe•.stralght & clean

E'rlmary OutFlow Mall"0.13 cfs @ 26.12 hra HW=764.21' (Free Discharge)
"t-j=Culvert (Barrel Controls 0.13 efs @ 0.5 fps)

Elevation Surf.Area Ine.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

756.00 4.158 0.000 0.000
758.00 4.488 8.646 8.646
760.00 4.829 9.317 17.963
762.00 5.182 10.011 27.974
764.00 5.546 10.727 38.701
766.00 5.920 11.465 50,166
766.00 6.297 12.217 62.383

0.696 af
0.698 af, Alten= 15%, Lag= 6.2 min

3.680 af
3,660 af; Alten= 8%, Lag" 5.1 min

Reach R8:

1.730 ac, Inflow Depth = 4.84"
14.79 cf. @ 11.91 hra, Volume..
12.53 cfs @ 12.01 hrs. Volume=

9.630ac, Inflow Depth - 4.59"
70.29 eta @ 11.95 hr., Volume"
64.83 cts @ 12.04 hrs, Volume"

Inflow Area =
Inflow =
Outflow =

Inflow Area =
Inflow '"
Outflow "
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Pond SP: Stormwater Pond Pond SP: Stormwater Pond

Routing by Stor-Ind method, Time Span" 0.00-30,00 hra, dt.. 0.05 hrs
Peak Eleva 764.21'@ 26.12 hrs SUrf,Area" 5,585 ac Storage: 39.882 af
Plug-Flow detention time'" 1,476.5 min calculated for 0.071 af (0% of Inflow)
Center-ol-Mass del. time" 803.0 min (1,615.1- 812.1)

Elevation Surf.Area inc.Store Cum.Store
(feet) (acres) jeere-Ieell (acre-feet)

756.00 4.158 0,000 0.000
758.00 4.488 8.646 . 8.646
760,00 4,829 9.317 17.963
762.00 5.182 10.011 27,974
764.00 5.545 10,727 38.701
766,00 5.920 11,465 50.166
768.00 6.297 12.217 62.383

103.460 ac, Inflow Depth" 4.63"
438.14 cis @ 12.04 hra, Volume"

0.14 cia @ 26.12 hrs, Volume"
0.14ofs @ 26.12 hrs, Volume"

I-Inflow'll-"11""
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39.923 af
0.071 al. Alten" 100%, Lag" 845.0 min
0.071 al

62.383 al CUltom Stlge Olta (Prismatic) Listed below (Recalc)
Avall.Storage Storage DescriptionInvert

756.00'#1
Volume

Inflow Area =
Inllow
Outflow "
Primary II

Device. RQIltln1L._ Jnvlllt .Outlet Devices
#1 Primary 764.00' 24.0" x 100.0' long Culvert X 2.00

RCP, Sq,cut end projecting, Ke: 0.500
Outlet Invert- 764.00' S" 0,0000 'f Cc" 0.900
n= 0.013 Concrete pipe, straight & clean

frlmary OutFlow Max=0.13 cfs @ 26.12 hrs HW=764,21' (Free Discharge)
'!:-1.C:ulvert (Barrel Controls 0.13 cis @ 0,5 Ips)
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Time spen=5.00-24.00 hrs, dt=0.05 hrs. 381 points
Runoff by 5e5 TR-2Q method, UH=5CS

Reach routing by Stor·lnd+Trans method - Pond routing by Stor-Ind method
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Subeatehment 010:

SUbeatchment 011:

Subeatehment 012:

Subeatehment 013:

Subeatchment 014:

Subcatehment 015:

SUbealehmanl016:

SubealehmenI017:

Subeatehment 018:

Subealehmenl019:

Subeatehment 020:

SUbealehmenl 021:

SubeatchmBnt 022:

Subealehmenl023:

Subcatehmanl024:

Runoff Area=S.320 ae Runoff Deplh>3.67'
Tc=13.9 min CN=73 Runoff=26.07 cis 1.625 sf

Runoff Area=4.380 ae Runoff Deplh>3.67'
Te=14.0 min CN=73 Runoff=21.39 cis 1.338 af

Runoff Ar.e=9.360 ee Runoff Deplh>3.56'
Tc=21.1 min CN=73 Runoff=36.96 cis 2.854 af

Runoff Area=7.000 ae Runoff Deplh>3.66'
Te=15.2 min CN=73 Runoff=32.8S ct. 2.138 ef

Runoff Area=I'.310 8e Runoff Oeplh>3,67"
Tc=13.1 min CN=73 Runoff=56.93 cis 3,456 af

Runoff Area=la.200 ae Runoff Oeplh>3.66'
Te=16,6 min CN=73 Runoff=59.39 cis 4.030 af

Runoff Araa=S.380 ae Runoff Depth>3.87'
Te=l1.6 min CN=73 Runoff=28.40 cIs 1.845 al

Runoff Aroa=5.0ll0 ae Runoff Deplh>3.6;
Te=10.4 min CN=73 Runoff=27.82 cis 1.553 af

Runoff Area=2.3GO ae Runoff Deplh>3.67'
Te=9,0 min CN=73 Runoff=13.63 cis 0.722 af

Runoff Area=5.590 ae Runoff Deplh>3.66'
Row Lenglh.1.210· Te=18.4 min CN=73 Runoff=23.8S cis 1.706 af

Runoff Area=0.960 ae Runoff Dsplh>3.67'
Tc=5.2 min CN=73 Runoff=6.26 cis 0.294 af

Runoff Area=4.240 ee Runoff Deplh>3.87"
Tc=8,3 min CN=73 Runoff=25.14 cis 1.297 af

Runoff Area=a.690 ae Runoff Oeplh>3.68'
Te=4.3 min CN=73 ·Runoff-25.D1 cis 1.130 af

Runoff Arsa=0.810 ae Runoff Deplh>3.6S"
Te=4.1 min CN=73 Runoff=5.53 cis 0.248 af

Runoff Araa=1.640 ec Runoff Deplh>3,67'
Te=8.7 min CN=73 Runoff=9.58 ct. 0.502 af
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Suboalohmenl025:

Suboalohmenl028:

Suboalohmenl 027:

Suboalohmanl028:

Runoff Area_l.680 ao Runoff Oepth>3.67"
Tc=8.3 min CN=73 Runoff=9.96 cfs 0,514 af

Runoff Aree=1.230 ao Runoff Depth>3.67"
Tc-6.3 min CN=73 Runoff=7.75 cfs 0,377 af

Runoff Area=2.060 ac Runoff Depth>3.67·
To=8.9 min CN=73 Runoff=ll.95 cfs 0.630 af

Runoff Area=0.390 ac Runoff Deplh>3.68"
To=2.8 min CN-73 Runofl=2.75 CIs 0.119 af

Reich C5: culv.n Peak Oepth=2.66· Max Vel=12.6 fps Innow-112.30 ets 7.470 af
0=48.0" n=0.013 L=80.0' S=0.0100'r Capaclly=143.64 cfs Outflow"111.95 cfs 7.469 af

Reach C&: culvert Peak Depth=2.14' Max Vel=12.1Ips Inflow=165.23 cIs 14.773 al
0=48.0' n=0.013 L=80A' S..a.Ol06 'f Capacity=295.39 cIs Outflow=165.16 cis 14.771 af

Reach C7: culvan Paak Depth=lA6' Max Vel=15.3 fp. Infiow=189.56 cfs 18.822 af
0=46.0' n=0.013 L=160.0' 5=0.0241 'f Capacity=669.33 cfs Outflow=189.29 cIs 16.818 af

Reach C8: culvert Peak Oeplh=1.43' Max Vel=)S.a fps Inflow"189.13 cf. 16.85781
0=48.0' 0=0.013 L=60.0' 5=0.0257 'f Capacity=690.38 cis Oulflow=189.01 cIs 18.856 af

Suboalehmenl029:

Suboalehmant 030:

Suboalehmanl 031:

Suboalchmanl032:

Suboalehmanl033:

Suboalehmanl 034:

Subc:alehmanI035:

Suboalehmanl 038:

Suboalehmanl ROA012:

Runoff Area=1.820 ae Runoff Depth>3.87"
Tc=12.2 min CN=73 Runoff=9.43 cia 0,556 af

Runoff Area=f.250 ao Runoff Dapth>3.67"
Te=11.5 min CN"73 Runoff=6.62 cfs 0.382 af

Runoff Area=OA50 ac Runoff Dapth>3.68·
Te=2.8 min CN=73 Runoff=3.17 cfs 0.138 af

Runoff Area=4.840 ac Runoff Daplh>3.67·
Tc=14.2 min CN=73 Runoff=23.48 cfs 1.478 al

Runoff Area=l,760 ac Runoff Oeplh>3.68"
To=3.S min CN=73 Runofl=12.26 cIS 0.539 ef

Runoff Area=1.640 ao Runoff Depth>3.67"
To=S.S min CN=73 Runoff=9.l5 cis 0.502 af

Runoff Area=O.790 ac Runoff Depth>3.65·
Flow Lenglh=340' Te"25.1 min CN=73 Runoff=2.81 cfs 0.241 af

Runoff Area-O.l40 80 Runoff Oeplh>3.66"
Flow Length=130' Teel.8 min CN=73 Runoff..a.98 cis 0.043af

Runoff Area=0.230 ac Runoff Depth>6.22"
Flow Len9lh=480' Tc-3.1 min CNeg8 Runoff-2.34 cis 0.119 af

Raaeh RN1:

Raach RN10:

Reach RN11:

Reach RN12:

Reach RN13:

Reach RN14:

Reich RN1S:

Reach RN18:

Reich RN17:

Peak Depth=0.62' Max Vel=9JI fps !nflow"26.07 cfs 1.626 af
n=0.030 L=S26.7' S=0.1133 'f Capaelty=259.S3 cfs Outflow"2S.38 cIs 1.623 al

Peek Oepth=I.02' Max Vel=9,5 Ips Inflow=49.44 ets 3.191 af
n..a.030 L=627.6' 8=0.0625 'f Capacity=192.74 cis Oulflow=48.150fs 3.186 af

Peak Depth=l ,06' Max Vel=10.7 Ips InfloweS8.11 cfs 3.908 al
n=0.030 L=378.S' 5=0.0760 'f Cepecity"212.47 cis Outflow=57.18 cis 3,906 af

Peak Oepth-2.18' Max Vel=9.0 fps Infiow=165.16 efs 14,171 af
n=0.030 L=430.0' 8=0.0229 'f CapaC!ty=l,OOS.31 cfs Outflow=164.12 cfs 14.756 af

Paak Oapth=2.00' Max Vel=7.6 Ips Inflow"122.83 cl. 10.878 af
n=0.03O L=248,6' S=0.0179 'f Cspaclty=890.17 cis OuWow=122.13 cf. 10.868 af

Peak Depth=2.06' Max Vel=7.3 fp. Infiow=124.10 cI. 10.604 af
n..a.030 L=712.3' 5=0.0155'f Capacity=1,031.01 cIs Oulflow=122.00cfs 10.582 sf

Peak Dapth-l.52' Max Vel=8.7 fps Inflow=121.75 cis 9.337 ef
n=0.030 L=1,158.2' S..a.0282 'f Capaclly=451.72 cis OuWow=118.29 cis 9.307 af

Peak Depth=1.98· Max Vel=5,1 fps Inflow=120.22 cIs 8,217 al
0=0.030 L=311.5' S=O.0104 'f Capacity=274.05 cis Outflow=117.S3 ct. 8.207 af

Peak Depth=1.1S' Max Vel=3Alps Innow=9.58 cfs 0.502 af
n-O,030 L=416.6' 8=0.0117'f Capacity=117.14cfs OUtflOW=8.90cfs 0.501 al

....,
-<
~
o
o
o
tv
........
........
W
tv

Reach C2: culvan Peak Depth"1.28· Max Vel=8.8 Ips Innowe25.38 cfs 1.623 ef
0"36.0" n=0.013 L=69.8' SeO.Ol00 'f Capacily=66.79 efs OutfloW"26.31 cIS 1.623 af

Raaeh C3: eulvan Paak Deplh=1.59' Max Val=14.8 Ips Innow=56.11 cI. 4.184 af
0=36.0' n=0,013 L=69.8' $"0.0234 'f Capaclty=101.93 cf. Outflow-56.03 cis 4,184 af

Raach C4: oulvan Peak Depth"l,46' Max Vel=9.3 Ips Innow=31.89 cIs 2,133 al
0=36.0" n=0.013 L=63.5' 5=0.0099 'f capacily--66.44 CIs Oulflow--31.79 cis 2.133 af

Reach RN18:

Reach RN19:

Ralch RN2:

Peak Depth..a.63' Max Vel=3.6Ips Innow=9.96 cI. 0.514 al
n=0.030 L=392.0' 5"0.0149 'f Capaclty=73S.37 cI. Outflow"9.30 cIs 0.513 al

Peak Deplh=0.68· Max Vel=7,2lps Innow=17.38 cIs 1.009 al
n=0.030 L=391.7' 8=0.0639 'f capaclty=2,352.84 efs Outflow"16.88 ets 1.007 af

Peak Depth=0.8S' Max Vale 5.3lps Inflow=21.39 cIs 1.338 sl
n=0.030 Le432,3' 5=0,0231 'f Capaclly=117.25 cis Outflow-20.66 cIs 1.335 al
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Resch RN20: Peak Daplh-2.68' Ma. Val-5.0 Ips Inftcwv"'12.83 cis 9.019 af
n"0.03O L"229.0' S-0.0060 'f Capaclly-38,244.53 cfs Oulflcwv"'11.72 cis 9.011&f

Subeatchment 010:

5.320 73 Woods/grass comb., Poor, HSG B

Te Length Slope Velocity Capacity Description
(minI Jfee!! (ft/flj (fIIs8!<L_~

Runoff by ses TR-20 method, UH"SeS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnt.II=6.70·

Area (ac) CN Description

13.9 Direct Entry,

Subcatchment 011 :

Reich RN21:

ReIch RN22:

Reich RN23:

Reach RN24:

Reich RN3:

Peak Depth=2.12' Max Vel=8.8 fps Inflow=132.9B cis 11.029 af
n=0.03O L=872.8' S=0.0231'f Capaclly=2,841.91 cfa Outflow.130.65cla 11.006&f

Peak Deplh=1.27' Max Vel=6.0 Ips Inftow=156.55 cfa 13.129 al
n=0.030 L=465.1' S=O.0129 'f Capacltyc 704.13 cis Oulflowc l54.60 cis 13.102 af

Paak Deplh=1.02' Ma. Vel"6.2 fps Inflowc 25.31 cis 1,623 af
n=O.030 L=116.9' S=0.0289 'f Capaclty=271.53 cia Oulflow=25.11 cis 1.622 af

Peak Deplh-2.34' Max Vel-9.3 Ips Inflow=189.29 cis 16.818 af
n-0,030 L=91.5' 5=0.0224 'f Capaclty:995.23 cl. OU!f!ow"18e.Ol cts 16.815 sf

Paak Depth"'.43' Ma. Vel=6.7 Ips Inflow=57.06 cIs 4.189 af
n=O.030 L-371.4' S"0.0216'f Capaclly-113,14cla Outflow-S6.11 cis 4.184al

Runoff

Runoff

26.07 cia @ 12.08 hrs, Volume=

21.39 cts @ 12.06 hrs, Volume=

1.625 af, Depth> 3.87"

1.338 at, Depth> 3.B7·

Reach RN4;

Reach RN5:

Rnch RNa:

Reach RN7:

Peak Depth-P.79' Ma. Vel=9.0 Ips InftO\Y"32.85 cIs 2.138 al
n=O.030 L-731.1' 5=0.0727 'f Capaclly"207.86 cis Oulflow=31.89 cis 2.133 al

Paak Depth-l.78' Ma. Vel=8.6 (ps Inflow"99.36 cfs 7.503 al
n=O.030 L=591,7' 5=0.0281 'f Capaclly=312.31 cis Outflow=97.74 cis 7.492 at

Paak Deplh-1.27' Max Val=7.9 Ipa Inflow"56.93 cIs 3.456 al
n:0.030 L=947.6' S=0.0337 'f Capacity=141.62 cis Oulflow-54.25 cis 3.446 sf

Paak Depth.'.28· Ma. Vel=8.3 Ips Inflow=59.39 cis 4.030 al
n=O.030 L=490.9' 5=0.0368 'f Cspaclly=147.95 cis Outftow=58.12 cis 4.024 af

Runoff by ses TR-20 method, UH=SCS. Time Span- 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfsll=6.70"

Area (ac) CN Description
4.380 73 Woods/grass comb.• Poor, HSG B

Tc Length Slope Veloctty Capaclly Description
(mlnL lfeetl Jf!!~(ftl,eo;L _ (~fil

14.0 Direct Entry,

Subcatchment 012:

Area (ael CN Description

Runoff by SCS TR-20 method, UH=SCS. Time Span" 5.00-24,00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=B.70·

Reech RN8: downchule Peak Depth-1.56' Ma. Vel=l'.7fps Inflow-l1'.95 cis 7.469 af
n-0.050 L=69.0' S-0.1664 'f Capaclty·'88.67 cis Oulflow·'11.C13 cis 7.468 al

R8Ich RNa: Peak Dapth=1.06' Ma. Vel=5.0 fps Inflow=28.40 cfs 1.645 af
n.O.030 L=855.7' 5=0.0162·f Capecity=98.04 cis Outflow"26.82 cis 1.838 af

Runoff • 36.96 ets @ 12.14 hrs, Volume= 2.854 af, Depth> 3.66·

Total Runoff Area • 88.000 ee Runoff Volume. 30,175.f Average Runoff Depth. 3.67" 9.360 73 Woods/grass comb" Poor, HSG B

Tc Length Slope Velocity Capaclly Descrlptlon
(min) (teell (ft/fll (ft/secl (cfsl
21.1 Direct Entry,

subcatchment 013:

Runoff 32.85 cfs @ 12.07 hrs. Volume- 2.138 af, Depth> 3.66-

...,
-<
~
o
o
o
tv.......
.......
W
W

Runoff by 5CS TR-20 method, UH-Se5, Time Span" 5.00-24.00 hrs, d(= 0,05 hrs
Type II 24·hr 100 Y 24 H Ralnfall=B.70·
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11.6 Direct Entry.

Tc length Slope Velocity Capaolty Description
(minI (feell (flIftl (ft/seel _lefl!l

Subcatchment 017:

Area lac) CN Description
7.000 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocny CapacHy Description
(min) __ (feell__ (ft/ftl (ft/secl (cfsl
15.2 Direct Entry,

Subcatchment 014:
Runoff 27.82 cfs @ 12.02 hrs, Volume= 1.553 af, Depth> 3.67'

13.1 Direct Entry,

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs; dt= 0.05 hrs
Type II 24-hr 100 Y 24 Ii Ralnfall=6.70·

Area {acl eN DeScription
11.310 73 Woods/grass comb., Poor, HSG B

Tc Length Slope VelocHy Capacity Description
(min) (feel) (ft/ftl (ft/secl (cfsl

Runoff 56.93 cfs @ 12.05 hrs, Volume= 3,456 af, Depth> 3.67'
Runoff by SCS TR-20 method, UH=SCS. Time Span= 5.00-24.00 hrs, dl= 0.05 hrs
Type II 24-hr 100 Y 24 Ii Ralnfall=6.70'

Area (ac) CN Descriotlon
5.080 73 Woods/grass comb., Poor, HSG B

Te length Slope VelocHy Capacity Deecrlptlon
(mlnl (feetl (ft/_ftl (ft/SllC) _ (cfsl
10.4 Direct Entry,

Subcatchment 018:

Subcatchment 015:
Runoff by ses TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=6.70·Runoff S9.39 cfs @ 12.09 hrs, Volume= 4.030 af, Depth> 3.66'

Runoff 13.63 cfs @ 12.00 hrs, Volume= 0.722 af, Depth> 3.67'

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=6.70'

Area {acl eN Description
13.200 73 Woods/grass comb., Poor, HSG B

To I.ength Slope Velocity Capacity Description
(min) (feell (ft/tll (ft/s~_~

16.6 Direct Entry.

Area (ac) CN Description
2.360 73 Woods/grass comb.. Poor, liSG B

Tc Length Slope Velocity Capacity Description
(minI (feetl (ft/tll (ft/secl (cfsl

9.0 Direct Entry,

Subcatchment 019:

Subcatchment 016:
Runoff 23.85 cfs @ 12.11 hrs. Volume= 1.706 af, Depth> 3.68·

Runoff 26.40 cfs @ 12.03 hrs, Volume= 1.846 af. Depth> 3.87'
Runoff by ses TR-20 method, UH=SCS, Time Span" 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=8.70·
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Runoff by ses TR·20 method, UH=SeS, Time Span" 5.00-24.00 hrs, dt- 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=6.70'

Area (ac) CN Deterlptlon
5.380 73 Woods/grass comb., Poor, HSG B

Area (ac) CN Description
5.590 73 Woods/grass comb., Poor, HSG B
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Te Length Slope Velocky Capacky
(min) (feell (ft!fll (ft/sec) (cfs)
12.4 300 0.0930 0.4

1.4 180 0.0890 2,1

3.3 590 0.1800 3.0

1.3 140 0.0700 1.9

18.4 1,210 Total

Description

Sheet Flow,
Grass: Short n= 0.150 P2= 3.40"
Shallow Concentrated Flow, Shallow Flow
Short Grass Pasture Kv= 7.0 fps
Shallow Concentrated Flow, Shallow Flow segmant 2
Short Grass Pasture Kv= 7.0 fps
Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 10s

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=6.70"

Area (ac) CN Description
3.690 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity Capaclly Description
(min) (feet) (ft/f1) (ft/aec) (cfs)

4.3 Direct Entry,

Subcatchment 023:

Subcatchment 020: (49) Hint: Tc<2dt may require smaller dt

[49J Hint: Tc<2dt may require smaller cit Runoff 5.53 cfs @ 11.95 hrs, Volume= 0.248 af. Depth> 3.68"

Runoff by SCS TR-20 method, UHmSCS, Time Span= 5.00-24.00 hIS, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=6.70·

Runoff 6.26 cfs @ 11.96 hrs, Volume" 0.294 af, Depth> 3.67" Runoff by ses TR-20 method, UH=SCS, TIme Span= 5.00-24.00 hrs, dl= 0.05 hrs
Type II 24·hr 100 Y 24 H Ralnfall=e.70"

Area (ac) CN Description

Area (ac) CN Description
0.960 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocky Capacky Description
(min) (faell (ft/fl) (ft/sec) (cis)

5,2 Direct Entry,

0.810 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity Capllclty Description
(min) (feet) (f!lf!l. (ft/,ec) (efs)

4,1 Direct Entry,

Subcatchment 024:

SUbcatchment 021: Runoff " 9.58 cfs@ 12.00 hrs, Volume= 0.502 af, Depth> 3.67"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=6.70"

Area !ac) eN Description
4.240 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity· Capacky Description
(min) (feell (ft/f1) (ft/sec) (clsl

Runoff 25.14 cfs @ 12.00 hrs, Volume= 1.297 af, Depth> 3.67' Runoff by ses TR-20 method, UH=SeS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfalt.-6.70·

Area (ae) CN Qllscrlptlon
1.640 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity Capacity Description
(minI (fellt) (ft/f1) (ft/sec) (cfs)

8,7 Direct Entry,

8.3 Dlract Entry, Subcatchment 025:

Subcatchment 022: Runoff 9.96 cts@ 12.00 hrs, Volume" 0.514 af, Depth> 3.67"

(49) Hint: Tc<2dt may require smaller dt
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Runoff 25.01 cis @ 11.95 hrs, Volume" 1.130 af, Depth> 3.68"

Runoff by 5CS TR-20 method, UH"SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfallm8.70·



( ( (

100-year, 24-hour stonn event
Run-On Areas AM 120706 Type 1/24-hr 100 Y24 H RalnfaIJ=6.70·
Prepared by Geosyntec Consultants Page 107
HVdroCADG!l 7.10 s/" 003933 C 2005 HydroCAD Software Solullo"s LLC 12/1812006

100-year, 24-hour storm event
Run-On Areas AM 120706 Type 1/ 24-hr 100 Y 24 H Ralnfall=6.70"
Prepared by Geosyntac Consultants Page 108
HydroCADG!l7,10 sin 003933 II;) 2005 HydroCAD Software Solutions LLC 12/18/2006

Area (ac) CN [,)llscripUon
1.680 73 Woods/gress comb., Poor, HSG B

Tc Length Slope Velocity Capec~y Description
(min) illlell __ (fllf!) if!!$lIcL _(cfs)

8.3 Direct entry,

Tc Length Slope Velocity Capacfty Description
(min) (fellt) Lftlft) ~ft/SllC) (c~)

2,8 Direct Entry,

Subcatchment 029:

Sllbcatchment 026:
Runoff 9.43 cfs@ 12.04 hrs, Volume" 0.556 af, Depth> 3,67-

Runoff 7.75cfs@ 11.98hrs, Volume" 0.377 af, Depth> 3.67"
Runoff by SCS TR·20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24.-hr 100 Y 24 H Ralnfall=6.70"

Runoff by SCS TR·20 method, UH=SCS, Time Span= 5.00·24,00 hrs, dt= 0,05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=6.70"

Area (ac) CN Descril!1lon
1.230 73 Woods/grass comb., Poor, HSG B

Tc length Slope Velocity CapacRy Description
(min) (feell (ft/ft) (ft/sec) (cfs)

6.3 Direct Entry,

Area (ac) CN Description
1,820 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocfty Capaclly Description
(min) ,-.lleell _ (ftlft) (ftlaec) (cfsl
12.2 Direct Entry,

Subcatchment 030:

Subcatchment 027:
Runoff 6.62 cfs @ 12.03 hrs, Volume" 0.382 af, Depth> 3.67"

Area (ac\ CN D~scriQl1on

8.9 Direct Entry,

Runoff by SCS TR·20 method, UH"SCS, Time Span'" 5,00-24.00 hili, dt= 0.05 hrs
Type II 24·hr 100 Y 24 H Ralnfall=8.70"

2,060 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity CapacRy Description
(min) !filet) (ft/~1!!lIel;) (cIs) Subcatchment 031:

1.250 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ftlsIlC) _ (cfs)
11.5 Direct Entry.

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-24.00 hIS, dt" 0.05 hrs
Type II 24·hr 100 Y 24 H Ralnfall=6.70"

Area (ac) eN Description

0,630 af, Depth> 3.67"11.95 cfs @ 12.00 hrs, Volume-Runoff

Subcatchment 028:
[49) Hint: Tc<2dt may require smaller dt

0.390 73 Woodslgress comb" Poor, HSG II

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5,00-24.00 hrs, dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=6.70"

Area (ac) CN Description

[49] Hint Tc<2dt may require smaller dt

2.8 Direct Entry,

0.138 af, Depth> 3.68"3.17 efe @ 11.93 hili, Volume=Runoff

0.450 73 Woodslgrass comb., Poor, HSG B

Tc Length Slope Velocity Capacity Description
!ml1]}---.ffi!§tL_ lMll ~ft/s~) (cfs)

Runoff by SCS TR·20 method, UH=SCS, Time Span" 5.00-24.00 hrs, dt= 0.05 hra
Type II 24·hr 100 Y 24 H Ralnfall=6.70"

Area (ac) CN Descriotlon

0.119 af, Depth> 3.68"2.75 cfs @ 11,93 hrs, Volume=Runoff
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Subcatchment 035:

Runoff 23.48 cfa @ 12.06 hrs, Volume" 1.478 af, Depth> 3.67' Runoff 2.81 efs@ 12.19 hrs, Volume" 0.241 af, Depth> 3,65'

Runoff by 5CS TR-20 method, UH=SC5, Time Span= 5.00-24.00 hI'S, dt= 0.05 hI'S
Type II 24-hr 100 Y. 24 H Ralnfall-a.70'

Area (ac) CN Description
4.840 73 Woods/grass comb., Poor. HSG B

Tc Length Slope Velocity eapacky Description
Imln) (feetl Ilt/ftl Ilt/secl Icfsl

Runoff by SCS TR-20 method, UH"SCS, Time SpaD" 5.00-24.00 hrs, dt= 0.05 hrs
Type II 24·hr 100 Y 24 H Ralofall=6.70'

Area lacl CN Description
0,790 73

Tc Length Slope Velocity Capacity Description
Imlnllfel;lll ~ftL---.flllsec) . __/l;fsl
24,4 300 0.0170 0.214.2 Dlrecl Enlry,

Subcatchment 033:

[49J Hint: Tc<2dl may require smaller dl

0.7

25,1

40 0.0170

340 Total

0.9

Sheel Flow,
Grass: Short n= 0,150 P2= 3.40"
Shallow Com,entr.ted Flow,
Short Grass Past~re Kv~ 7.0 ms

Runoff 12.26 cIs @ 11.94 hrs, Volume= 0,539 af, Depth> 3.68' Subcatchment 036:

[49J Hint: Tc<2dt may require smaller dtRunoff by ses TR-20 method. UH=SCS, Time Span= 5.00·24.00 hrs. dt= 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=6.70'

Area lec) CN Description
Runoff 0.98 cfs @ 11.92 hr., Volume~ 0.043 aI, Depth> 3.68"

1.760 73 Woods/grass comb.• Poor. HSG B

Tc L.ength Slope Velocity Capacity Description
Imlnl (feell Ilt/ftl lit/secI Icfsl

3.5 Dlrecl Entry,

Subcatchment 034:

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5,00·24,00 hrs, dt= 0,05 hrs
Type II 24-hr 100 y 24 H Ralnfall=6.70'

Area lac) CN Descripllon
0,140 73

Tc Length Slope Velocity Capacity Description
(minI Jf!!J>t) _ (It/ft) (ftI~!!g) (cfs)

Runoff by SCS TR·20 method, UH=SCS, Time Span= 5.00-24.00 hrs, dtll 0.05 hrs
Type II 24-hr 100 Y 24 H Ralnfall=6.70·

1.7 40 0.2500 0.4Runoff g,15 cIs @ 12.01 hrs. Volume= 0.502 af, Depth> 3.67'

0.1

1.6

gO 0.0440

130 Total

12,9 905.39

Sheet Flow,
Grass: Short n= 0.150 P2= 3.40"
Channel Flow, channel
Area: 70,0 sf Perim= 50.4' r= 1.39' n= 0,030

[49J Hint: Tc<2dt may require smaller dt

Subcatchment ROAD12:
Area lacl CN Descripllon

1.640 73 Woods/grass comb., Poor, HSG B

Tc Length Slope Velocity Capacity Desoriptlon
Imlnl (feell Ift/ftl 1ft/sec) Icfsl

g.g Direct Entry, Runoff = 2,34 cfs @ 11.93 hrs, Volume" 0.119 af, Depth> 6.22"
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Runoff by ses TR·20 method, UH=SCS, Time Span= 5.00-24,00 hrs. dt= 0.05 hrs
Type II 24·hr 100 Y 24 H Ralnfall=6.70'
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Area (ac) CN Description Reach C4: culvert
0.230 98

Tc Length Slope Velocity Capacity Descrtptlon
(min) (feet) (1IIf1l (fllsec) (cfs)

[52] Hint: Inlet cond~lons not evaluated
[61) Hlnl: Submerged 3'10 of Reach RN4 bottom

0.2 10 0.0100 0.7

2.9 470 0.0170 2.7

ShaatFlow.
Smooth surfaces n" 0.011 P2.. 3.40'

0,54 Channal Flow.
Area- 0.2 sf Pertm- 2.6' ".0.06' n= 0.013

Inflow Aree =
Inflow
Outflow

7.000 ac, Inflow Depth> 3.66' for 100 Y 24 H event
31.89cfs@ 12.11 hrs, Volume- 2.133af
31.79cfs@ 12.12 hrs, Volume= 2.133 af. Alten= 0%, Lag= 0.2 min

[52] Hint: Inlet conditions not evaluated
[61) Hlnl: SUbmerged 2% of Reach RNl boltom

460 Total3.1

Inflow Area"
inflow
Outflow

Reach C2: culvert

5.320 ac, Inflow Depth;> 3.66" for ;00 Y 24 H avant
25.38 cfll @ 12.09 hrs, Volume= 1.623 af
25.31 cfs @ 12.09 hrs, Volume= 1.623 af, Alten" 0%, Lag" 0.2 min

Routing by Stor-lnd+Trans method, Tlma Span~ 5.00-24.00 hrs, dt~ 0.05 hrs
Mex. Velocity'" 9.3 fps, Min. Travel Time" 0.1 min
Avg. Velocity = 3.2 fps, Avg. Travel Tlme= 0.3 min

Paak Depth= 1.46' @ 12.12 hrs
Capacity at bank full= 66.44 cfs
Inlet Invert= 808.75', Outlet Invert= 806.12'
36.0" Diameter Pipe, n= 0.013 Concrete pipe, straight & clean
Length= 63,5' Slope= 0,0099 'r

Reach C5: culvert

Reach C3: culvert

[52) Hint: Inlet conditions not evaluated
[61) Hlnl: Submerged 20% of Reach RN3 bottom

Routing by Stor-lnd+Trans method, Time Span= 5.00-24.00 hrs, dt= 0,05 hrs
Max. Velocity" 6.8 fps, Min. Travsl Tlme= 0.1 min
Avg. Velocity = 3.0 fos, Avg, Travel Tlme= 0.4 min

Peak Depth= 1.28' @ 12.09 hrs
Capacity at bank full= 66.79 cta
Inlet Invert.. 766.06', Outlet Invert.. 767,36'
36.0" Diameter Pipe, n= 0.013 Concreta pipe, straight & olean
Length- 69,6' Slope= 0.0100 'f

[52) Hint: Inlat conditions not evaluated
(61) Hint: Submerged 8% of Reach RN6 bottom
[61) Hint: Submerged 15% of Reach RN7 bottom

24.510 ac, Inflow Depth> 3.66" for 100 Y 24 H event
112.30 cis @ 12.11 hrs, Volume= 7.470 af
111.95 cls@ 12.12 hrs, Volume= 7.469 af. Alten= 0%, Lag" 0.2 min

Inflow Area =
Inflow
Outflow

Routing by Stor-Ind+Trans method, Time Span" 5.00-24.00 hrs, dt= 0.05 hrs
Max. Veloclty= 12.6 fps, Min. Travel Tlme= 0.1 min
Avg. Velocity" 4.5 fps, Avg. Travel Time" 0.3 min

Peak Depth= 2.66' @ 12.12 hrs
Capacity at bank full= 143.64 cfs
Inlet Invert= 629.92', Outlet Invert= 829.12'
48.0" Diameter Pipe, n= 0.013 Concrete pipe, straight & clean
Length= 80.0' Slope= 0.0100 'f

13.740 ac, Inflow Depth;> 3.65" for 100 Y 24 H event
56.11 cfs@ 12.15hrs, Volume= 4.184af
56.03 cfs@ 12.15 hrs, Volume= 4,184 af, Alten" 0%, Lag= 0.1 min

Inflow Area =
Inflow
Outflow

Reach C6: culvert

[52) Hint: Inlet cond~lons not evaluated
[61] Hint: SUbmerged 7·A. of Reach RN11 bottom
(61) Hint: Submerged 48% of Reach RN13 bottom

Routing by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max. Veloclty= 14.8 fps, Min. Travel Tlme= 0.1 min
Avg. valoclty = 5.3 fps, Avg, Travel Time" 0.2 min

Peak Depth= 1.59' @ 12.15 hrs
Capacity at bank full= 101.93 cfs
Inlet Invert= 810.00', Outlat Invert= 808.37'
36.0" Dlametar Pipe, n= 0.013 Concrete pipe, straight & claan
Length= 69.8' Slope= 0.0234 'f

Inflow Area =
Inflow
Outflow

46.670 ac, Inflow Depth> 3,64" for 100 Y 24 H event
165.23 cls@ 12.15 hra, Volume- 14.773 af
165.16 cIs @ 12.16 hrs, Volume= 14.771 af. Alten= 0%, Leg= 0.2 min
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Reach C7: culvert

[52) Hint: Inlet conditions not eVllluated
[61J Hint: Submerged 15% of Reach RN12 boltom

Routing by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs, dta 0,05 hrs
Max. Velocity'" 12.1 fps, Min. Travel Time'" 0.1 min
Avg. Velocity = 4,6 fps, Avg. Travel Tlme= 0.3 min

Peak Depth- 2,14'@ 12.15 hrs
Capacity at blink full= 295.39 cfs
Inlet Invert= 766.18', Outletlnvert= 785.33'
A factor of 2.00 has been applied to the supplied storage and discharge data
48,0" Diameter Pipe, na 0.013 Concrete pipe, straight & clean
Length= 80.4' Slops= 0,0106 'f

Reach RN10:

5.320 ec. InRow Depth> 3.67' for 100 Y 24 H event
20,07 cis @ 12.06 hrs, Volume= 1.625 af
25,38 cfs @ 12.09 hrs, Volume" 1,623 af, Alten= 3%. Lag=1.6 min

Reach RN1:

Routing by Stor·lnd+Trans method, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity.. 9.8 fps, Min. Travel Time: 0.9 min
Avg. Velocity = 2.9 fps, Avg. Travel Time.. 3.1 min

Peak Depth= 0.62' @ 12.07 hrs
Capacity at bank full" 259.53 cfs
Inlet Invert.. 828.00', Outlet Invert.. 768.08'
3.00' x 2.00' deep channel, n= 0,030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'f Top Width" 11,00'
Length" 528,7' Slope: 0.1133 '"

Inflow Area =
InRow
Outflow

55,280 ac, Inflow Depth> 3.65" for 100 Y 24 H event
189.56 cfs @ 12.16 hr., Volume: 16.822 af
189.29 cfs @ 12.17 hrs, Volume'" 16.818 af, Aliena 0%, Lag= 0,3 min

Inflow Area =
Inflow
Outflow

(61) Hint: Submerged 7% of Reach RN9 bottom

Routing by Stor.Jnd+Trans method, Time Span= 5.0Q..24.00 hrs, dt.. 0.05 hrs
Max. Velocity" 9.5 Ips, Min. Travel Time.. 1,1 min
Avg. Velocity: 3.0 Ips, Avg. Travel Time: 3.5 min

Peak Depth= 1.02'@ 12.07 hrs
Capsclty at bank fuII= 192.74 cfs
Inlet Invert: 634.16', Outlellnvert= 794.93'
3.00' x 2.00' deep channel, n= 0,030 Rubble masonry, cemented
Side Slope Z-value= 2,0 'J' Top Width: 11.00'
Length;' 627.6' Slope: 0.0625 '/'

Routing by Stor-lnd+Trans method, Time Span: 5.00-24,00 hrs, dt= 0.05 hrs
Max, Velocliy= 15.3 fps, Min. Travel Time'" 0.2 min
Avg. Velocity = 5,1 Ips, Avg. Travel Tlme= 0.5 min

Peak Depth= 1.46'@ 12,17 hrs
Capacity at bank full: 669.33 cfs
Inlet Invert: 755,50', Outlet Invert: 751.64'
A factor of 3.00 has been applied to the supplied storage and discharge data
48.0" Diameter Pipe, n= 0.013 Concrete pipe, straight & clean
Length= 160.0' Slope= 0,0241 'r

Reach C8: culvert

[52) Hint: Inlet conditions not evaluated
[61) Hint: Submerged 70% of Reach RN24 boltom

Inflow Area:
Inflow
Outnow

10.460 ac, Inflow Depth> 3.66' for 100 Y 24 H event
49.44 cfs @ 12.06 hrs, Volume" 3.191 af
48.15 cts @ 12.09 hrs, Volume" 3.186 af, Alten" 3%, Lag" 2.0 min

Inflow Area =
Inflow
Outflow

55.420 ac, Inflow Depth> 3.65" for 100 Y 24 H event
169,13 cls@ 12,17 hrs, Volume'" 16,857 af
189.01 cfs @ 12.17 hrs, Volume: 11l.656 af, Alten= 0%, Lag: 0,1 min

Reach RN11:

[61J Hint: Submerged 3% of Reach RN10 bottom

Routing by Stor·lnd+Trans method, Time Span" 5.00-24.00 hrs, dt.. 0.05 hrs
Max. Veloclty= 10.7 tps, Min. Travel Time: 0.6 min
Avg. Velocity = 3.4 Ips, Avg. Travel Time: 1,g min

Routing by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs, dt: 0.05 hrs
Max. Veloclty= 15.6 fps. Min. Travel Tlme= 0.1 min
Avg, Velocity .. 5.2 fps. Avg. Travel Tlme= 0.2 min

Peak Depth= 1.43' @ 12.17 hrs
Capacity at bank full= 690,38 cfs
Inlet Invert.. 749,59', Outlet Invert.. 748.05'
A factor of 3.00 has been applied to the supplied storage and discharge data
48,0" Diameter Pipe, n= 0.013
Length" 60.0' Slope= 0,0257 'f

Inflow Area =
Inflow
Outflow

12.820 ac, Innow Depth> 3.66" for 100 Y 24 H event
58.11 cfs@ 12.07 hrs, Volume= 3.908 af
57.16 cfs@ 12.09 hrs, Volume= 3.905 af. Atten" 2%, Lag= 1.1 min
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Reach RN14:

[81] Hint: Submerged 6% 01 Reach RN15 bottom

Peak Depth= 1.06' @ 12.07 hrs
Capacity at bank lull= 212.47 cIs
Inlet Invert= 794.93', Outlet Invert= 766.18'
3.00' x 2.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z·value.. 2.0 '/' Top Wldth= 11.00'
Length= 378.5' Slope= 0.0760 'f

Reach RN12:

Inflow Area =
Inflow
Outflow

34.890 ac, Inflow Depth> 3.65" for 100 Y 24 H event
124.10 cis @ 12.19 hrs, Volume= 10.604 al
122.00 cis @ 12.23 hrs, Volume= 10.582 al. Atten= 2%, La9= 2.5 min

[62J Warning: SUbmerged 33% 01 Reach C6 inlet

Routing by Stor-lnd+Trans method. Time Span= 5.00-24.00 hrs. dt= 0.05 hrs
Max. Veloclty= 9.0 fps. Min. Travel Time" 0.8 min
Avg. Vlilloclly ,. 3.3 fps. Avg. Travel Tlme= 2.1 min

Inflow Area =
Inflow
Outflow

48.670 ac, Inflow Depth> 3.64" for 100 Y 24 H event
165.16 cls@ 12.16 hrs, Volume= 14.771 af
164.12 cfs@ 12.18 hrs, Volume= 14.756 al. Alten= 1%, Lag= 1.4 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max. Veloclty= 7.3 Ips, Min. Travel Tlme= 1.6 min
Avg, Valoclty = 2.6 fps, Avg. Travel Tlme= 4.5 min

Peak Depth= 2.08' @ 12.20 hrs
Capacity at bank lull= 1,031.01 cfs
Inlet Invert" 781.64', Outlet Invert= 770.60'
4.00' x 5.50' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z-value" 2.0 'I' Top Wldth= 26.00'
Length= 712.3' Slope" 0.0155 'I'

Reach RN15:

(61) Hint: SUbmerged 47% of Raach RN16 boltom

Peak Depth= 2.18'@ 12.16 hrs
Capacity at bank lull= 1,005.31 cis
Inlet Invert= 765.33', Outlet Invert= 755.50'
4.00' x 5.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z-value= 2,0'/, Top Wldth= 24.00'
Llilngth= 430.0' Slope= 0.0229 'f

Reach RN13:

Inflow Area =
Inflow
Outflow =

30.650 ac, Inflow Depth> 3.66" lor 100 Y 24 H event
121.75 cis @ 12.14 hrs. Volume= 9.337 af
118.29 cls@ 12.20 hrs. Volume.. 9.307 al. Alten= 3%, Lag" 3.6 min

[61] Hint: Submerglild 18% 01 Reach RN14 bottom

Routing by Stor-lnd+Trans method, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity.. 7.6 Ips, Min. Travel Tlme= 0,5 min
Avg. Velocity = 2.8 fps, Avg. Travel Time" 1.5 min

Peak Dapth= 2.00'@ 12.24 hr.
Capacity at bank full= 890.17 cfs
Inlet Invert= 770.60', Outlet Invert= 766.18'
4.00' x 5.00' deep channel. n= 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'f Top Width= 24.00'
Length" 248.8' Slope= 0,0179 '/'

Reach RN16:

(61) Hint: Submerged 40% 01 Reach RN17 boltom
[61] Hint: Submerged 16% of Reach RN8 bottom

26.960 ac, Inflow Depth> 3.66" for 100 Y 24 H avent
120.22 cfs@ 12,11 hrs, Volume" 8.217 al
117,93 cls@ 12.14 hrs, Volume= 8.207 aI, Alten= 2%, Lag= 1.6 min

Inflow Area =
Inflow
Outflow

Routing by Stor·lnd+Trans method, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity" 8.7 fps, Min. Travel Time" 2.2 min
AV9 Velocity = 2.8 fps, Avg. Travel Time- 7.0 min

Peak Depth" 1.52'@12.16hrs
Capacity at bank lull= 451.72 cIs
Inlellnvert= 814.27'. Outlet Invert= 781.64'
6.00' x 3.00' deep channal, n= 0.030 Rubble masonry, cemented
Side Slope Z·value= 2.0 'I' Top Wldth= 18.00'
Length= 1,158.2' Slope" 0.0282 '/'

35.850 ac, Inflow Depth> 3.64' lor 100 Y 24 H event
122.63 cis @ 12,23 hrlil, Volume= 10.676 af
122.13 cfs @ 12.24 hrs. Volume" 10.868 al. AlIen= 1%, La9" 0.7 min

Inflow Area =
Inflow
Outflow

Routing by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs. dl= 0.05 hrs
Max. Valoclty,. 8.1 fps, Min. Travel Time" 0.9 min
Avg. Velocity = 1.9 Ips, Avg. Travel Time" 2.7 min
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Peak Depth= 1.98'@ 12.12 hrs
Capacity at bank lull= 274.05 cIs
Inlet Invert" 817.50', Outletlnvert= 814.27'
6.00' x 3.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'f Top Wldth= 18.00'
Length= 311.5' Slope= 0.0104 'I'

Inflow Area =
Inflow
Outflow

Reach RN17:

1.640 ac, Inflow Depth> 3.67" lor 100 Y 24 H event
9.58 cfs @ 12.00 hrs, Volume= 0.502 af
8.90 cIs @ 12.06 hrs, Volume" 0.501 af, Allen= 7%, Lag" 3.5 min

Routing by Stor-lnd+Trans method, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity- 7.2 Ips, Min. Travel Tlme= O.g min
Avg, Velocity" 2.2 Ips, Avg. Travel Time" 2.9 min

Peak Depth= 0.58' @ 12.0D hre
Capaolly at bank lull~ 2,352.84 'efs
Inlet Invert. 816.53', Outlet Invert= 791.50'
3.00' x 6.00' deep channel, n" 0.030 Rubble masonry, cemented
Side Slope Z-va/ue= 2.0·f' Top Wldth= 27.00'
Length= 391.7' Slope- 0.0639 'f

Reach RN2:

Roullng by Stor-Ind+Trans method, Time Span= 5.00-24,00 hrs, dt= 0.05 hre
Max, Velocity" 3.4 ips, Min. Trevel Tlme= 2.0 min
Avg, Velocny " 1.3 Ips, Avg. Travel Tlme= 5.3 min

Inflow Area =
Inflow
Outflow

4.380 ac, Inflow Depth,. 3,67"
21.39 cfs @ 12.06 hrs, Volume=
20.66 cfs @ 12.10 hrs. Volume=

for 100 Y 24 H event
1.338 af
1.335 al. Alten= 3%, Lag· 2.5 min

Peak Depth'" 1.15' @ 12.03 hrs
Capacity at bank full= 117,14 cfs
Inletlnvert= 822.36', Outlet Invert.. 817.50'
0.00' x 3.00' deep channel, n= 0.030 Rubble masonry, cemented
Side Slope Z·value= 2.0 'f Top Width", 12.00'
Length= 416.6' Slope= 0.0117 'f

Inflow Area"
Inflow
Outflow

Reach RN18:

1.680 ac, Inflow Depth> 3.67" for 100 Y 24 H event
9.96 cfs @ 12.00 hrs, Volume- 0.514 af
9.30 cIs @ 12.05 hrs, Volume- 0.513 af, Alten= 7%, Lag= 3.1 min

Routing by Stor-lnd+Trans method, Time Span" 5.00-24.00 hrs, dt= 0.05 hre
Max. Velocity. 5.3 Ips, Min. Travel Tlme= 1.4 min
Avg. Velocity a 1.6 Ips, Avg. Travel Time" 4.5 min

Peak Depth= 0.65' @ 12.08 hrs
Capacity at bank lull= 117.25 cIs
Inlet Invert. 828.00', Outlet Invert= 818.00'
3.00' x 2.00' deep channal, n" 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'f' Top Wldth= 11.00'
Length= 432.3' Slope= 0.0231 'f

Reach RN20:

161) Hint; Submerged 10% 01 Reach RN18 bollom

Reach RN19:

Roullng by Stor-lnd+Trans method, Time Span" 5.00-24,00 hrs, dt- 0.05 hf5
Max. Velocity- 3.6 fps, Min. Travel TIme= 1.8 min
Avg. Velocity" 1.0 Ips, Avg. Travel Time" 6.3 min

Peak Depth: 0,63'@ 12.02 hrs
Capacity at bank full" 735.37 cIs
Inlet Invert= 822.36', Outlet Invert'" 816.53'
3.00' x 5.00' deep channel, n= 0.030 Rubble masonry, camented
Side Slope Z-valull" 2.0 'f Top Width- 23,00'

. Length: 392.0' Slope: 0.0149 'f

29.620 ac, Inflow Depth> 3.65" for 100 Y 24 H event
112.83 cfs@ 12.12 hrs, Volume= 9.019 al
111.72 cfs@ 12.15 hrs, Volume- 9.011 aI, Allan= 1%, Lag= 1.4 min

Inflow Area "
Inflow
Outflow

Routing by Stor-lnd+Trans method, Time Span: 5.00-24.00 hrs, dt= 0.05 hrs
Max, Veloclty= 5.0 Ips, Min. Travel Tlme= 0.8 min
Avg. Velocity" 2.0 Ips, Avg. Travel Tlme= 1.9 min

Peak Depth" 2.68'@ 12.13 hrs
Capacity at bank full.. 38,244.53 cIs
Inletlnvert-791.50', Outlet Invert- 790.12'
3.00' x 29.00' deep channel, n" 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'f Top Width" 119.00'
Length= 229.0' Slope- 0.0060 'f

[61) Hint; Submerged 11% of Reach RN19 bollom
[61) Hint: Submarged 16% of Reach RN5 bottom

3.300 ac, Inflow Depth> 3.61' for 100 Y 24 H event
17.38 cls@ 11.99 hrs, Volume- 1.009 af
16.88 cta@ 12.02 hre, Volume- 1,007 aI, Alten" 3%, Lag= 1.6 min

Inflow Area =
Inflow
Outflow ..
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[62J Warning: SUbmerged 3% of Reach RN20 Inlet

Reach RN21:

Inflow Area"
Inflow
Outflow

36.220 ac, Inflow Depth> 3.65' for 100 V 24 H event
132.96 cls@ 12.12 hrs, Volume" 11.029 af
130.65 cis @ 12.17 hrs, Volume.. 11.006 af, Alten" 2%, Lag. 3.0 min

Peak Depth" 1.02' @ 12.09 hre
Capacity at bank full.. 271.53 cfs
Inlet Invert= 767.38', OuUet Invert.. 784.00'
2.00' x 3.00' deep channal, n" 0.030 Rubble masonry, cemented
Side Siopa Z-value= 2.0 'r Top Width" 14.00'
Length" ; 16.9' Slope: O,0289 'f

Reach RN24:

Reach RN22:

[61J Hint: Submerged 6% of Reach RN21 bottom
[63J Werning: Exceeded Reech RN23 Inflow depth by 3.09' @ 12.30 hrs

Routing by Stor-lnd+Trans method, Time Span= 5.00-24.00 hrs, dt: 0.05 hrs
Max. Velocity: 8.6 fps. Min. Travel Tlme= 1.7 min
Avg, Velocity" 3.3 fps, Avg. Travel Time" 4.5 min

Peak Depth.. 2.12'@ 12.15 hrs
Capacity at bank full" 2,841.91 cis
inlei Inven" 790.;2\ Outlet Invert.. 770.00'
3.00' x 8.00' deep channel, n" 0.030 Rubble masonry, cemented
Side Slope Z-value" 2,0 'r Top Width" 35.00'
Length= 872.8' Slope= 0.0231 'r

[61J Hint: Submerged 61% of Reach C7 bottom

55.280 ac, Inflow Depth> 3,65" for 100 Y 24 H event
169.29 cfs @ 12.17 hrs, Volume" 16.618 af
189.01 efs @ 12.17 hrs, Volume= 16.815 af, Alten: 0%, Lag: 0.3 min

Reach RN3:

Routing by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs, dt.. 0.05 hrs
Max. Veloclty= 9.3 Ips, Min. Travel Time" 0.2 min
Avg. Velocity: 3.1 fpa, Avg. Travel Time" 0.5 min

Peak Depth= 2.34' @ 12.17 hrs
Capacity at bank full= 995.23 cfs
Inletlnvsrt.. 751.64', Outletlnvart.. 749.59'
4.00' x 5.00' deep channel, n: 0.030
Side Slope Z-value= 2.0 'r Top Width: 24.00'
Length: 91.5' Slope= 0.0224 'r

Inflow Area ..
Inflow
Outflow

43.180 ac, Inflow Depth> 3.65' for 100 Y 24 H event
1511.55 cf& @ 12.15 hrs, Volume.. 13.129 at
154.60 cf5@ 12.18 hrs, Volume" 13.102 af, Atten"1%, Lag" 2.2 min

Inflow Area"
Inflow
Outflow

Reach RN23:

162J Warning: Submerged 11 % ofReach C2 Inlet

Routing by Stor-Ind'tTrans method, Time Span" 5.00-24.00 hrs, dt- 0.05 hrs
Max. Velocity.. 6.0 fps. Min. Travel Time.. 1,3 min
Avg, Velocity .. 1.7 fpS, Avg. Travel Time" 4.5 min

Peak Depth- 1,27'@ 12,16 hrs
Cepaclty at bank full.. 704,13 cfs
Inlet Invert.. 770.00', Outlet Invert.. 764.00'
18.00' x 3.00' deep channel, n: 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'r Top Width.. 30.00'
Length" 465,1' Slope" 0.0129 'r

[61J Hint: Submerged 14% of Reach RN2 bottom

13.740 ac, Inflow Depth> 3.66" for 100 Y 24 H event
57.06 cts@ 12.12 hrs, Volume" 4.189 af
56.11 cfs@ 12.15 hrs, Volume.. 4.184 af, Atten= 2%, Lag= 1.7 min

Inflow Area ..
Inflow
Outflow

Routing by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max, Velocity" 6.7 fps, Min. Travel Time: 0.9 min
Avg. Velocity" 2.3 Ips, Avg. Travel Time" 2.7 min

Peak Depth.. 1.43'@ 12.13 hre
Capacity at bank full= 113.14 cfs
Inlet Invert.. 818.00', Oulletlnvert: 810.00'
3.00' x 2.00' deep channel, n" 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'r Top Width" 11.00'
Length= 371.4' Slope= 0,0215 'r5.320 ac, Inflow Depth> 3.66' for 100 Y 24 H event

25.31 cis @ 12.09 hrs, Volume: 1.623 af
25.11 cis @ 12.10 hrs, Volume" 1.622 at, Atten.. 1%, Lag" 0.5 min

Inflow Area"
Inflow
Outflow

Routing by Stor-Ind+Trans method, Time Span" 5.00-24.00 hrs, dt: 0.05 hre
Max. Velocity" 6.2 fps, Min. Travel Time: 0.3 min

, Avg. Velocity" 2.0 fps, Avg. Travel Time: 1.0 min
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Run-On Areas AM 120708 Type II 24-hr 100 Y24 H Ralnfa//::6.70·
Prepared by Geosyntec Consultants Page 121
HydroCA{)q\) 7.10 sin 003933 C 2005 HydroCAD Software Solutions LlC 12/1812006

100-year, 24-hour storm event
Run-On Areas AM 120706 Type /I 24-hr 100 Y24 H Ralnfall=6.70·
Prepared by Geosynlec Consultants Page 122
HydroCA{)q\) 7.10 sin 003933 C> 2005 HydroCAD Softwere Solutions LLC 12/18/2006

Inflow Area"
Inflow
Outflow

ReachRN4:

7.000 ao, Inflow Depth> 3.66' for 100 Y24 Hevent
32.85 cis @ 12.07 hrs, VolumeD 2.138 af
31.89 cfs@ 12.11 hrs, Volume- 2.133 af, Alten- 3%. Lag- 2.4 min

Peak Depth- 1.27' @ 12.08 hrs
Capacity et bank full. 141.82 cfs
Inlet Invert= 861.90'. Oudet Invert.. 829.92'
3.00' x 2.00' deep channel, n- 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0" Top Wldth= 11.00'
Lengtha 947.6' Slope- 0.0337 'I'

Routln9 by Stor.lnd+Trans method, Time Span= 5.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity- 8.3 fps. Min. Travel Tlme= 1.0 min
Avg. Velocity = 2.7 fps, Avg. Travel Time- 3.0 min

Routing by Stor-lnd+Trans method, Time Span- 5.00-24,00 hra, dt= 0.05 hrs
Max. Velocity- 9.0 fps, Min. Travel Tlme= 1.4 min
Avg. Valoclty = 2.7 fps. Avg. Travel Time:: 4.5 min

Peak Depth- 0.79'@ 12.09 hra
Capacity at bank full- 207.66 cfs
Inlet Invert= 861.90', Oudet Invert= 808.75'
3.00' x 2.00' deep channel, n= 0.030 Rubble masonrY. camented
Side Slope Z-value- 2.0·/' Top Width" 11.00' •.
Length= 731.1' Slope= 0.0727 '/'

Inflow Area =
Inflow
Outflow

Reach RN7:

13.200 ac. Inflow Depth> 3.66' for 100 Y24 H event
59.39 cfs @ 12.09 hrs, Volume- 4.030 af
56.12 cfs@ 12.12 hrs, Volume- 4.024 af. Alten= 2%. Lag= 1.7 min

Reach RN5:

(61) Hint: Submerged 92% of Reach C3 boltom
(62) Warning: Submerged 37% of Reach C4 Inlet

Inflow Area '"
Inflow
Outflow '"

24.620 ac, Inflow Depth> 3.66' for 100 Y 24 H event
99.38 cis @ 12.12 hrs, Volume· 7.503 at
97.74 cis @ 12.15 hrs, Volume= 7.492 af, Atten= 2%, Lag= 2.1 min

Peak Depth: 1.26' @ 12.10 hrs
Capacity at bank full= 147.95 cfs
Inlet Invert" 648,00'. Outlet Invert:: 829.92'
3.00' x 2.00' deep channel, n" 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'I' Top Width" 11.00'
Length" 490.9' Slope= 0.0368 'f

Reach RNa: downchute

Routing by Stor-lnd+Trans method. Time Span" 5.00-24,00 hrs. dt= 0.05 hrs
Max. Velocity- 8.6 fps. Min. Travel Time'" 1.1 min
Avg, Velocity - 3.0 fps, Avg. Trevel Tlme= 3.2 min

Peak Dapth.l.76'@ 12.13 hrs
Capacity at bank full.. 312.31 cfs
Inlet Invert= 808.12', Outlet Invert· 791.50'
3,00' x 3.00' deep channel. n= 0.030 Rubble mesonry. cemented
Sida Slope Z-value= 2.0 '/' Top Wldth= 15.00'
Length- 591.7' Slope= 0.0281 'f

(62) Warning: SUbmerged 19% of Reaoh C5 Inlet

Routing by Stor-Ind+Trans method, Time Span= 5.00-24.00 hrs, dt: 0.05 hrs
Max. Velocity· 11.7 fps, Min. Travel Time· 0.1 min
Avg. Velocity .. 3.9 fps. Avg. Travel Time" 0.3 min

24.510 ee, Inflow Depth> 3,66" for 100 Y 24 H event
111.95 cls@ 12.12 hrs, Volume" 7.469af
111.63 cfs @ 12.12 hrs. Volume= 7.468 af, Alten= 0%, Lag= 0.2 min

Innow Area
Innow
Outflow

Peak Depth" 1.56'@ 12.12 hrs
Capacity at bank full= 186.67 cfs
Inlallnvert· 629.12', Outletlnvert= 817.64'
3.00' x 2.00' deep channel, n= 0.050 Earth, cobble bottom, clean sides
Side Slope Z-value= 2.0" Top Wldth= 11.00'
Length= 69.0' Slope= 0.1664 'I'

Reach RN6:

11.310 ac, Inflow Depth> 3.67' for 100 Y 24 H event
56.93 cfs @ 12.05 hrs, Volume- 3,456 at
54,25 cis @ 12.11 hrs, Volume- 3.446 af, Atten- 5%. Lag'" 3.5 min

Inflow Area a

Inflow
Outflow

Routing by Stor-lnd+Trans method, Time Span= 5.00-24,00 hrs, dt.. 0.05 hrs
Max. Velocity.. 7.9 fps, Min. Travel Tlme= 2.0 min
Avg, Velocity" 2.5 fps. Avg. Travel Time" 6.3 min InfloW Area"

Inflow
Outflow

Reach RN9:

5.360 ac. Inflow Depth> 3.67" for 100 Y 24 H event
26.40 cfs @ 12.03. hrs, Volume" 1.645 af
26.62 cfs @ 12.12 hrs, Volume= 1.638 af. Alten= 6%, Lag= 4.8 min
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100·year, 24-hour storm event
Run~On Areas AM 120706 TYP6 11 24-hr 100 Y24 H Ralnfa/l=6.70·
Prepared by Geosyntec Consultants Page 123
HydroCADe 7.10 sin 003933 Cl 2005 HydroCAD Software Solutions llC 12/1812006

Routing by Stor·lnd+Trans method, Time Span= 5.00.24.00 hrs, dt= 0.05 hrs
Max. Veloclty= 5.0 fps, Min. Travel Time- 2.9 min
Avg. Velocity .. 1.5 fps, Avg. Travel Tlme= 9.4 min

Peak Depth= 1.06' @ 12.07 hrs
Capacity at bank fulla 98.04 efs
Inlellnvert= 848.00', Outlet Invert.. 834.16'
3.00' x 2.00' deep chennel. na 0.030 Rubble masonry, cemented
Side Slope Z-value= 2.0 'f Top Wldth= 11.00'
Length" 855.7' Slope- 0.0162 'f
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Sediment Storage Volume
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SED~ENTSTORAGEVOLUME

The stonnwater pond is designed to hold 67 cubic yards per acre of drainage area (sediment
storage volume) and the calculated runoff volume from a 25-year 24-hour design stonn without the
water elevation reaching the elevation of the emergency spillway. For the 1DO-year 24-hour storm
event, the water elevation reaches the emergency spillway, and a small discharge (0.14 cfs) occurs
through it.

Required Sediment Storage Volume =67 cubic yards I acre ofdisturbed area

Stormwater Pond (SP):

Total disturbed area flowing to stonnwater pond= 96.6 acres

:. Required Sediment Storage Volume = 6472.2 cubic-yards
174,749 cubic-ft. = 4.01 acre-ft.
< Available Stormwater Storage Volurrie, OK

80.00 ,-------------

Available Stormwater SlorageVolume =3,245,656 cu. fl = 74.5 acre-fl

70.00

60.00

50.00
.......::

I........
'-' 40.00..
DG

~
.2
tI)

30.00

20.00

10.00 l!quirecl Sediment Storage Volum
7.7 - 174,376 cu. fl =4.01 acre-fl

770.0768.0766.0

i
Emergency Spillway
Bevalion =766.0

764.0762.07600

Stage (ft)

751.0756.0

Sediment C1eanout
8evalion =753.2

Sediment Oeanout _.t=====:;::7'''-
Volume = 116,832 CUll 00 +--.__.......<::;,-~~_~__~.

It. = 2.7 acre-fl . 750.0 752.0 r 754.0

surfitce water-Attachmentsl-TVA_AM 121306 final.doc
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Based on the stage storage relationship shown above, for the Stormwater Pond:

Sediment Cleanout Volume

Sediment Cleanout Elevation

surfilce water-Attacbmentsl-TVA_AM 121306 fmal.doc

= 0.67 *Required Sediment Storage Volume
= 0.67 x 174,376 cubic-ft
= 116,832 cubic-ft. = 2.68 acre-ft.

=753.2 ft.
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Design of Drainage Benches
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DESIGN OF DRAINAGE BENCH

METHODOLOGY

The drainage bench design is checked for the critical bench (i.e., the drainage bench with the
maximum discharge). In order to detennine the location of the critical bench, the peak discharge from
each Subarea located on the final cover during a 25-year 24-hour stOlID (computed using HydroCAD) is
plotted against the plan area of the Subarea. As indicated in Figure 1, a linear relationship is observed
between area and peak discharge.

TVA Kingston Fossil Plant
Post Development Discharge for Landfill Subareas

I i
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Figure 1. Post Development Discharge for Final Cover Subareas.

Based on the observed linear relationship, the location of the critical bench is estimated as the bench
with the largest contributing cover area. The location is shown on the attached Figure 2. The linear
relationship is used to estimate the peak discharge in the critical bench during a 25-year 24-hour storm.

~....,
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Contributing final cover area for the critical bench = 2.33 acres

Based on the Relation Shown above:
During a 25-year 24-hour stonn, peak: bench flow = 2.33 acres * 5.57 efs/acre = 12.98 cfs

The flow capacity of the bench is calculated using Manning's equation for open channel flow.
As indicated below:
Bench capacity at full flow depth. = 83.9 cfs > 12.98 efs => OK
At design discharge,

Flow depth = 0.75 ft -> Freeboard = 1.5 - 0.75 = 0.75 ft. = 9 in.

surface water-AttaclunentsI-TVA_AM 121306 finaI.doc
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Design/Check: TrapezoidallTriangular Channel
Methodology: Manning's Equation
Project: TVA Kingston Fossil Plant

Peak Discharge, Q...
Bottom Width. B

Left Side Slope, Zl =

Right Side Slope, Zz =

Manning's'Roughness Coeff., n =
Longitudinal Channel Slope. S. =

Rip-Rap me needed, lisa
mpirical Manning's Roushness Coeff., n =

cis
ft

horizontal :I vertical

horizontal :I vertical

ftlft
inches
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Design ofDowndrains
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DESIGN OF DOWNDRAINS

METHODOLOGY

Task No.: 06

For the design of the downdrains, the critical condition was identified as the downdrain with the
mildest slope (4 percent at drainage bench), receiving the highest discharge from a subarea (Subarea
202) to a downdrain.

The highest flow from a subarea to a downdrain is obtained from HydroCAD post-development
analysis for the 25-year, 24-hour storm event. The highest flow (58.20 cfs) to a downdrain is anticipated
from Subarea 202 (Attachment 2). The capacity of a 24-inch downdrain with a longitudinal slope of 4
percent is 70.47 cfs.

Qanticipated = 58.20,

Qmax = 70.47 efs

Qanticipated < Qmax => OK

surface water-Attachmentsl-lVA_AM 121306 final.doc
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Flow Through Circular Pipe

Diameter of pipe, D= r-if__2_4_-11 inches
Longitudinal Slope, So=: 0.04 !ftJft

. Manning's n=i .0.009 I
Density of flowing liquid, rho=1 1.94 is]ugs/ft"3

Task No.: 06

0.00 0 0.0 0.000 0.00 0.0 0.00 0.0--
0.25 14 0.1 0.001 0.25 0.01 1.0 0.00 0.0
0.50 29 0.4 0.010 0.50 0.02 2.5 0.03 0.1

-
0.75 43 0.8 0.034 0.75 0.05 4.2 0.14 1.2-----
1.00 57 1.5 0.079 1.00 0.08 6.1 0.48 5.7
1.25 72 2.3 0.15] 1.25 0.12 8.] 1.2] ]9.0--
1.50 86 3.2 0.251 1.50 0.17 10.1 2.53 49.3
1.75 100 4.3 0.383 1.75 0.22 12.0 4.60 107.3

'-'" --
2.00 115 5.5 0.545 2.00 0.27 13.9 7.59 204.9---
2.25 129 6.8 0.736 2.25 0.33 15.7 11.56 352.5
2.50 143 8.2 0.951 2.50 0.38 17.4 16.52 556.8
2.75 158 9.7 1.184 2.75 0.43 18.9 22.35 8]8.5
3.00 172 ] 1.2 1.429 3.00 0.48 20.2 28.87 1130.9
3.25 186 ]2.7 1.679 3.25 0.52 21.3 35.79 1479.9
3.50 201 14.1 ].925 3.50 0.55 22.2 42.79 1845.1
3.75 215 15.6 2.161 3.75 0.58 22.9 49.53 2202.8--
4.00 229 17.0 2.378 4.00 0.59 23.4 55.68 2528.4----
4.25 244 18.3 2.572 4.25 0.61 23.7 60.94 2800.6

-
4.50 258 19.5 2.739 4.50 0.61 23.8 65.12 3003.4--
4.75 272 20.6 2.875 4.75 0.61 23.7 68.09 3128.8--
5.00 286 21.6 2.979 5.00 0.60 23.4 69.85 3176.6-

('t~lI,5.25 301 22.4 3.054 5.25 0.58 23.1 154.3
5.50 315 23.1 3.103 5.50 0.56 22.6 70.13 3075.0

Q---
5.75 329 23.6 3.129 5.75 0.54 22.1 69.05 2955.8
6.00 344 23.9 3.140 6.00 0.52 21.5 67.49 28]4.7--
6.25 358 24.0 3.142 6.25 0.50 20.9 65.75 2669.3

..,
surtace water-Attaclunentsl-1VA AM 121306 final.doc
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Design of Drainage Channels

,~

surfacewater-Attacbmentsl-TVA_AM 121306 final.doc

Task No.: 06

TVA-00021156



(
GEOSYNTEC CONSULTANTS

Written by: Sowmya Bulusu / Alexander Maestre

(

___--'-Date: 12/07/06

PAGE~ OF 149

Reviewed by: Ganesh Gopalakrlshnan

(

Date: 12/13/06

Client: TVA Project: Kingston Fossil Phmt Gypsum Disposal Facility Project/Proposal No.: GR3731 Task No.I_0_6__

TVA KINGSTON FOSSIL PLANT LANDFILL, ROANE COUNTY, TENNESSEE
SURFACE WATER MANAGEMENT SYSTEM CALCULATIONS

PERIMETER DRAINAGE CHANNELS

Starting Ending Slope, Width, Depth of Left Right Post -Development Analysis results (3) Average
Free Riprap

Reach Length side side Traction Lining
NO(I) (ft)

Elevation Elevation So B channel, D
slope slope

25 -year, Depth Maximum
Stress

Overboard Type d50
(ft) (ft) (ft/ft) (ft) (ft) 24 -hour of flow Velocity (in) (inch)

H:IV H:IV Discharge (cfs) (ft) (fils) (pst)

Rl 617.6 786.58 759.39 0.0440 5.5 3.00 2.0 3.0 143.35 1,48 10.5 2.77 18.2 Riprap 12.41

R2 822.6 I 773.1 759.39 0.0167 5.5 3.00
I

3.0 2.0 216.31 2.32 8.2 1.52 8.2 Riprap 7.1

R3 870.4 781.2 773.1 0.0093 5.5 3.00 3.0 2.0 200.54 2,49 6.4 0.90 6.1 Grass .
R4 828.1 789.05 781.2 0.0095 5.5 3.00 3.0 2.0 153.80 2.23 6 0.83 9.2 Grass .
R5 869.2 800 789.05 0.0126 5.5 3.00 3.0 2.0 104.36 1.71 6 0.89 15.5 Grass -
R6 777.2 805.92 797.85 0.0104 5.5 3.00 3.0 2.0 79.37 1.56 5.2 0.68 17.3 Grass -

R7 908.9 815.32 805.92 0.0103 5.5 3.00 3.0 2.0 56.26 1.27 4.7 0.58 20.8 Grass -
R8 767.1 823.23 815.32 0.0103 5.5 3.00 3.0 2.0 12.05 0.53 2.9 0.28 29.6 Grass -
R9 611.2 823.23 816.31 0.0113 5.5 3.00 2.0 3.0 9.92 0,47 2.8 0.28 30.4 Grass -
RIO 578.9 816.31 809.39 0.0120 5.5 3.00 2.0 3.0 57,43 1.27 5 0.67 20.8 Grass -
Rll 655.3 809.39 786.59 0.0348 5.5 3.00 2.0 3.0 96.78 1.28 8.6 1.95 20.6 Riprap 9.59

Notes:
(1) Reach numbers as shown in the Schematic Surface Water Management Plan

(2) Maximum Allowable discharge computed using Manning's equation

(3) Surmnary ofpost-development analysis was obtained from HydroCAD output presented in Attachment 8
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TVA KINGSTON FOSSIL PLANT LANDFILL, ROANE COUNTY, TENNESSEE
SURFACE WATER MANAGEMENT SYSTEM CALCULATIONS

RUN-ON DRAINAGE CHANNELS

Starting Ending Depth of Left Right Post -Development Analvsis results (3) Average Free Riprap
Reach Length

Elevation Elevation
Slope, Width, B

channel, D
side side 25 -year 24 Depth Maximum Traction Overboard

Lining
d50NO(I) (ft)

(ft) (ft)
So (ft/ft) (ft)

(ft) slope slope hour Discharge of flow Velocity Stress (in)
Type

(inch)
H:IV H:IV (cfs) (ft) (fils) (pst)

RNI 528.7 828 768.08 0.1133 3.0 2.00 2.0 2.0 26.07 0.62 9.8 3.22 16.6 Riprap 17.23
RN2 432.3 828 818 0.0231 3.0 2.00 2.0 2.0 16.53 0.74 4.9 0.76 15.1 Grass -
RN3 371.4 818 810 0.0215 3.0 2.00 2.0 2.0 43.91 1.26 6.3 1.08 8.9 Riprap 5.14
RN4 731.1 861.9 808.75 0.0727 3.0 I 2.00 I 2.0 2.0 25.33 0.69 8.4 2.25 15.7 Riprap 11.15
RN5 591.7 808.12 791.5 0.0281 3.0 3.00 2.0 2.0 76.24 1.55 8.0 1.67 17.4 Riprap 7.60
RN6 947.6 861.9 829.92 0.0337 3.0 2.00 2.0 2.0 44.02 1.11 7.3 1.53 10.7 Riprap 7.48
RN7 490.9 848 829.92 0.0368 3.0 2.00 2.0 2.0 45.85 1.12 7.7 1.68 10.6 Riprap 8.21
RN8 69 829.12 817.64 0.1664 3.0 2.00 2.0 2.0 86.3 1.37 10.9 8.95 7.56 Riorao 36.11
RN9 855.7 848 834.16 0.0162 3.0 2.00 2.0 2.0 21.99 0.92 4.6 0.63 13.0 Grass -
RNI0 627.6 834.16 794.93 0.0625 3.0 2.00 2.0 2.0 37.64 0.88 8.8 2.36 13.4 Riorap 11.77
RNll 378.5 794.93 766.18 0.0760 3.0 2.00 2.0 2.0 44.06 0.91 9.9 2.94 13.1 Riprap 14.89
RN12 430 765.33 755.50 0.0229 4.0 5.00 2.0 2.0 123.66 1.89 8.4 1.69 53.5 Riprap 7.13
RN13 246.6 770.60 766.18 0.0179 4.0 5.00 2.0 2.0 93.86 1.75 7.1 1.24 39.0 Riprap 5.16
RN14 712.3 781.64 770.60 0,0155 4.0 5.00 2.0 2.0 95.09 1.82 6.7 1.11 38.2 \ Riprao 5.25
RN15 1158.2 814.27 781.64 0.0282 6.0 3.00 2.0 2.0 93.79 1.32 8.0 1.69 44.2 Riprap 8.61
RN16 311.5 817.5 814.27 0.0104 6.0 3.00 2.0 2.0 92.65 1.72 5.6 2.09 15.4 Riprap 8.44
RNl? 416.6 822.36 817.5 0.0117 0.0 3.00 2.0 2.0 7.43 1.05 3.2 . 0.34 23.4 Grass -
RN18 392.0 822.36 816.53 0.0149 3.0 5.00 2.0 2.0 7.73 0.54 3.3 0.38 53.5 Grass .
RN19 391.7 816.53 791.5 0,0639 3.0 6.00 2.0 2.0 13.30 0.50 6.6 1.52 66.0 Riprap 7.46
RN20 229.0 791.5 790.12 0.0060 3,0 29.00 2.0 2.0 86.61 2.37 4.7 0.51 319.6 Grass -
RN21 872.8 790.12 770 0.0231 3.0 8.00 2,0 2.0 101.66 1.86 8.0 1.59 73.7 Riprap 7.78
RN22 465.1 770 764 0.0129 18.0 3.00 2.0 2.0 120.56 1.09 5.5 0.77 22.9 Grass -
RN23 154.8 767.38 764 0.0289 1.0 2.00 2.0 2.0 25.31 1.02 6.2 1.01 11.8 Riprap 5.46
RN24 91.5 751.64 749.59 0.0224 4.0 5.00 2.0 2.0 140.94 2.03 8.6 1.75 35.6 Riprap 8.47
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NOTES:
(1) Reach numbers as shown in the Schematic Surface Water Management Plan
(2) Maximum Allowable discharge computed using Manning's equation
(3) Summary of post-development run·on analysis was obtained from HydroCAD output presented in Attachment 8
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DESIGN OF CULVERTS

Task No.: 06

TABLE 1. SURFACE WATERl\1ANAGEMENT SYSTEM CALCULATIONS - CULVERTS

Pipe
Starting Ending

Maximum 25-year
Designation in Diameter Length Slope Manning Flow 24-hour

Elevation ElevationHydroCAD (in) (ft) (ft) (ft)
(ftlft) n Capacity Discharge

ID Type (cfs) (cfs)

Cl Concrete (3) x 48" 54.2 759.39 758.31 0.020 0.013 608.3 335.25

C2 Concrete (1) x 36" 69.8 768.08 767.38 0.010 0.013 66.79 19.59

C3 Concrete (1) x 36" 69.8 810.00 808.37 0.023 0.013 101.93 43.26

C4 Concrete (1) x 36" 63.5 808.75 808.12 0.010 0.013 66.44 24.57

'; Concrete (1) x 48" 80 829.92 829.12 0.010 0.013 143.64 86.59

'.~ Concrete (2) x 48" 8004 766.18 765.33 0.011 0.013 295.39 123.53C6

C7 Concrete (3) x 48" 160 755.50 751.64 0.025 0.013 669.33 141.12

C8 Concrete (3) x 48" 60 749.59 748.05 0.025 0.013 690.38 140.77

----surface water-Attachments I-TVA AM 121306 final.doc
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METHODOLOGY

Task No.: 06

The design of culverts is analyzed for the governing hydraulic condition (i.e., inlet control versus
outlet control) using the computer program CulvertMaster, and the headwater depth (Hw ) to diameter (D)
ratio for the pipe under consideration is obtained from the output report generated by CulvertMaster,
based on the 100-year, 24-hour peak discharge from culvert and culvert diameter (input parameters).
Based on the headwater depth to diameter ratio the headwater depth at the culvert inlet is estimated. The
headwater depths for culverts CI to C8 are listed in table below. The CulvertMaster outputs for the
culvert C1 through C8 are presented in this attachment.

TABLE 2. SUMMARY OF RESULTS FROM CulvertMaster® OUTPUTS.

Pipe lOO-year,
Designation in Diameter 24-hour

Inlet Type Ke
Control

Hw/D
Hw

HydroCAD (in) Discharge Type (ft)
ID (efs)

Cl (3) x 48" 431.12
Square edge

0.5 Outlet 2.10 8.40w/headwall

C2 (1) x 36" 25.38
Square edge

0.5 Entrance 0.87 2.61
w/headwall

C3 (1) x 36" 56.11
Square edge

0.5 Inlet 1.49 4.47
w/headwall

C4 (1) x 36" 31.90
Square edge

0.5 Entrance 1.00 3.00w/headwall

C5 (l)x48" 112.3
Square edge

0.5 Inlet 1.46 5.84
w/headwall

C6 (2) x 48" 165.45
Square edge

0.5 Inlet 1.16 4.64
w/headwall

C7 (3) x 48" 189.69
Square edge

0.5 Inlet 0.98 3.90
w/headwall

C8 (3) x 48" 189.25
Square edge

0.5 Inlet 0.98 3.88
w/headwall

----surface water-Attachmentsl-TVA_AM 121306 final.doc
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Culvert Calculator Report

TVA Kinston Fossil Plant -100-yr 24-hr storm P=6.7 C1

, Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation

Computed Headwater Elev.

Inlet Control HW Elev,

Outlet Control HW Elev.

Grades

Upstream Invert

Length

Hydraulic Profile

0.00 ft

767.80 ft

767.24 ft

767.80 ft

759.39 ,ft

54.20 ft

Headwater Depth/Height

Discharge

Tailwater Elevation

Control Type

Downstream Invert

Constructed Slope

2.10

431.12 cfs

764.21 ft

Outlet Control

758.31 ft

0.019926 ftIft

Profile

Slope Type

Flow Regime

Velocity Downstream

PressureProfile

N/A

N/A

11.44 ftls

Depth, Downstream

Normal Depth

Critical Depth

Critical Slope

5.90 ft
2.49 ft

3.54 ft

0.008942 ftIft

Section

Section Shape Circular Mannings Coefficient 0.013

Section Material Concrete Span 4.00 fl
Section Size 48 inch Rise 4.00 ft

'-" Number Sections 3

Outlet Control Properties

Outlet Control HW Elev. 767.80 It Upstream Velocity Head 2.03 ft

Ke 0.50 Entrance Loss 1.02 fl

Inlet Control Properties

Inlet Control HW Elev. 767.24 It
Inlet Type Square edge wlheadwall

K 0.00980

M 2.00000

C 0.03980

Y 0.67000

Flow Control

Area Full

HDS 5 Chart

HDS5Scaie

Equation Form

SUbmerged

37.7 fl'
1

1
1

n:\...\100y 24-hr culverts c6 c7 c8.cvm
12107/06 OB:10:46 PM © Haestad Methods. Inc.

GeoSyntec Consultants
37 Brookside Road Waterbury. CT 06708 USA

Project Engineer: Sowmya Bulusu
CulvertMaster v3.0 [3.0003]
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Culvert Calculator Report

TVA Kinston Fossil Plant -100-yr 24-hr storm P=6.7 C2

Solve For. Headwater Elevation

Culvert Summary

Entrance Control

Allowable HW Elevation

Computed Headwater Elev,

Inlet Control HW Elev.

Outlet Control HW Elev.

Grades

Upstream Invert

Length

Hydraulic Profile

0.00 ft

770.69 ft
770.47 ft

770.69 ft

768.08 ft
69.80 ft

Headwater Depth/Height

Discharge

Tailwater Elevation

Control Type

Downstream Invert

Constructed Slope

0.87

25.38 cfs

0.00 ft

767.38 ft

0.010029 ftIft

Profile

Slope Type

Flow Regime

Velocity Downstream

S2

Steep

Supercritical

8.50 ftIs

Depth, Downstream

Nonnal Depth

Critical Depth

Critical Slope

1.32 ft
1.28 ft

1.63 ft
0.004429 ftIft

Section

Section Shape Circular Mannings Coefficient 0.013

Section Material Concrete Span 3.00 ft
Section Size 36 inch Rise 3.00 ft

\~ Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 770.69 ft Upstream Velocity Head 0.65 ft
Ke 0.50 Entrance Loss 0.33 ft

Inlet Control Properties

Inlet Control HW Elev. 770.47 ft
Inlet Type Square edge wlheadwall

K 0.00980

1\01 2.00000

C 0.03980

Y 0.67000

Flow Control

Area Full

HDS 5 Chart

HDS 5 Scale

Equation Fonn

Unsubmerged
7.1 ft2

1

1

1

n:\. ..\10Oy 24-hr culverts c6 c7 c8.cvm
12/07/06 08:22:06 PM © Haestad Methods, Inc.

Project Engineer: Sowmya Bulusu
GeoSyntec Consultants CulvertMaster v3.0 [3.0003]

37 Brookside Road Waterbury. CT 06708 USA +1-203-755-1666 Page 1 of 1
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Culvert Calculator Report
TVA Kinston Fossil Plant -100-yr 24-hr storm P=6.7 C3

. Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation

Computed Headwater Elev,

Inlet Control HW Elev.

Outlet Control HW Elev.

Grades

Upstream Invert

Length

Hydraulic Profile

0.00 ft

814.48 ft

814.48 ft

814.38 ft

810.00 ft

69.80 ft

Headwater Depth/Height

Discharge

Tailwater Elevation

Control Type

Downstream Invert

Constructed Slope

1.49

56.11 cfs

0.00 ft

Inlet Control

808.37 ft

0.023352 ftlft

Profile

Slope Type

Flow Regime

Velocity Downstream

S2

Steep

Supercritical

13.12 ftls

Depth, Downstream

Normal Depth

Critical Depth

Critical Slope

1.75 ft
1.59 ft

2.43 ft

0.007238 ftIft

Section

Section Shape Circular Mannings Coefficient 0.013

Section Material Concrete Span 3.00 ft

Section Size 36 inch Rise 3.00 ft

~1lIIIIIIf Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 814.38 ft Upstream Velocity Head 1.30 ft
Ke 0.50 Entrance Loss 0.65 ft

Inlet Control Properties

Inlet Control HW Elev. 814.48 ft

Inlet Type Square edge w'headwall

K 0.00980

M 2.00000

C 0.03980

Y 0.67000

Flow Control

Area Full

HDS 5 Chart

HDS 5 Scale

Equation Form

SUbmerged

7.1 ft·

1
1

1

n:\...\ 1OOy 24-hr culverts C6 c7 c8.cvm
12107/06 08:28:37 PM © Haestad Methods, Inc.

Project Engineer: Sowmya Bulusu
GeoSyntec Consultants CulvertMaster v3.0 [3.0003]

37 Brookside Road Waterbury. CT 06708 USA +1-203-755-1666 Page 1 of 1
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Culvert Calculator Report
TVA Kinston Fossil Plant -100-yr 24-hr storm P=6.7 C4

Solve For: Headwater Elevation

CUlvert Summary

1.00

31.90 cfs

0.00 ft

Entrance Control

Headwater Depth/Height

Discharge

Tailwater Elevation

Control Type

0.00 ft

811.74 ft

811.54 ft

811.74 ft

Allowable HW Elevation

Computed Headwater Elev,

Inlet Control HW Elev.

Outlet Control HW Elev.

Grades

Upstream Invert 808.75 ft Downstream Invert 808.12 ft

length 63.50 ft Constructed Slope 0.009921 ftlft

Hydraulic Profile

Profile S2 Depth, Downstream 1.51 ft

Slope Type Steep Normal Depth 1.46 ft

Flow Regime SupercriticaI Critical Depth 1.83 ft

Velocity Downstream 8.92 ftIs Critical Slope 0.004800 ftlft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 3.00 ft

Section Size 36 inch Rise 3.00 ft

~~ Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 811.74 ft Upstream Velocity Head 0.77 ft
Ke 0.50 Entrance loss 0.39 ft

Inlet Control Properties

Inlel Control HW Elev. 811.54 ft
Inlel Type Square edge w/headwall

K 0.00980

M 2.00000

C 0.03980

Y 0.67000

Flow Control

Area Full

HDS:5 Chart

HDS5 Scale

Equation Form

Unsubmerged

7.1 ft·
1

1

1

n:\...\1 DOy 24-hr culverts c6 c7 c8.cvm
12107/06 08:31:16 PM © Haestad Methods, Inc.

GeoSyntec Consultants
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Sowmya Bulusu
CulvertMaster v3.0 [3.0003J
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Culvert Calculator Report

TVA Kinston Fossil Plant -100-yr 24-hr storm P=6.7 C5

Section

Section Shape Circular Mannings Coefficient 0.013

Section Material Concrete Span 4.00 ft

Section Size 48 inch Rise 4.00 ft
~...., Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 835.65 fl Upstream Velocity Head 1.69 ft

Ke 0.50 Entrance loss 0.84 ft

Inlet Control Properties

Inlet Control HW Elev. 835.76 fl
Inlet Type Square edge w/headwall

K 0.00980

M 2.00000

C 0.03980

Y 0.67000

Flow Control

Area Full

HOS 5 Chart

HOS5 Scale

Equation Form

Submerged

12.6 fl'
1

1
1

n:\...\100y 24-hr culverts c6 c7 c8.cvm
12107/06 08:34:09 PM © Haestad Methods, Inc.

GeoSyntec Consultants
37 Brookside Road Waterbury. CT 06708 USA

Project Engineer: Sowmya Bulusu
CulvertMaster v3.0 [3.0003]
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Culvert Calculator Report
TVA Kinston Fossil Plant -100-yr 24-hr storm P=6.7 C6

. Solve For. Headwater Elevation

Culvert Summary

Entrance Control

Allowable HW Elevation

Computed Headwater Elev1

Inlet Control HW Elev.

Outlet Control HW Elev.

Grades

Upstream Invert

Length

Hydraulic Profile

0.00 ft

770.81 ft

770.59 ft

770.81 ft

766.18 ft

80.40 ft

Headwater Depth/Height

Discharge

Tailwater Elevation

Control Type

Downstream Invert

Constructed Slope

1.16

165.45 cfs

0.00 ft

765.33 ft

0.010572 ftlft

Profile

Slope Type

Flow Regime

Velocity Downstream

52
Sleep

Supercritical

11.30 ftls

Depth, Downstream

Normal Depth

Critical Depth

Critical Slope

2.26 ft

2.14 ft

2.76 ft

0.004933 ftlft

Section

Section Shape Circular Mannings Coefficient 0.013

Section Material Concrete Span 4.00 ft

Section Size 48 inch Rise 4.00 ft

~~ Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 770.81 fI Upstream Velocity Head 1.25 ft

Ke 0.50 Entrance Loss 0.62 ft

Inlet Control Properties

Inlet Control HW Elev. 770.59 ft
Inlet Type Square edge wlheadwall

K 0.00980

M 2.00000

C 0.03980

Y 0.67000

Flow Control

Area Full

HDS5 Chart

HDSS Scale

Equation Form

NIA

25.1 ft2
1

1

1

n:\...\100y 24-hr culverts c6 c7 c8.cvm
12107/06 08:38:23 PM © Haestad Methods. Inc.

GeoSyntec Consultants
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Sowmya Bulusu
CulvertMaster v3.0 [3.0003]
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Culvert Calculator Report

TVA Kinston Fossil Plant -100-yr 24-hr storm P=6.7 C7

Solve For: Headwater Elevation

Culvert Summary

0.98

189.69 cfs

0.00 ft

Entrance Control

Headwater Depth/Height

Discharge

Tailwater Elevation

Control Type

0.00 ft

759.40 ft

759.10 ft

759.40 ft

Allowable HW Elevation

Computed Headwater Elev,

Inlet Control HW Elev.

Outlet Control HW Elev.

Grades

Upstream Invert

Length

755.50 ft

160.00 ft

Downstream Invert

Constructed Slope

751.64 ft

0.024125 ftIft

Hydraulic Profile

Profile

Slope Type

Flow Regime

Velocity Downstream

S2

Steep

Supercrilical

14.58 fl/s

Depth, Downstream

Normal Depth

Critical Depth

Critical Slope

1.51 fI
1.46 fI
2.40 fI

0.004300 fIIft

Section

Section Shape Circular Mannings Coefficient 0.013

Section Material Concrete Span 4.00 fI
section Size 48 inch Rise 4.00 fI

~~ Number Sections 3

Outlet Control Properties

Outlet Control HW Elev. 759.40 ft Upstream Velocity Head 1.00 ft

Ke 0.50 Entrance Loss 0.50 fI

Inlet Control Properties

Inlet Control HW Elev. 759.10 fI

Inlet Type Square edge w/headwall

K 0.00980

M 2.00000

C 0.03980

Y 0.67000

Flow Control

Area Full

HDS 5 Chart

HDS 5 Scale

Equation Form

N/A

37.7 ft·

1

1
1

n:\...\100y 24-hr culverts c6 c7 c8.cvm
12/07/06 08:39:10 PM © Haestad Methods, Inc.

Project Engineer: Sowmya Bulusu
GeoSyntec Consultants CulvertMaster v3.0 [3.0003}
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Culvert Calculator Report
TVA Kinston Fossil Plant -100-yr 24-hr storm P=6.7 C8

-'\
~

I Solve For: Headwater Elevation

cfs

It

0.97

189.25

0.00

Entrance ControlControl Type

Headwater DepthlHeight

Discharge

Tailwater Elevation

0.00 ft

753.49 ft

753.18 ft

753.49 ft

Allowable HW Elevation

Computed Headwater Elevc

Inlet Control HW Elev.

Outlet Control HW Elev.

Culvert Summary

1-,.
I

/

Grades

Upstream Invert

length

749.59 ft
60.00 ft

Downstream Invert

Constructed Slope

748.05 It

0.025667 ft!ft

Hydraulic Profile

Profile

Slope Type

Flow Regime

Velocity Downstream

S2

Steep

Supercritical

13.01 ftIs

Depth, Downstream

Normal Depth

Critical Depth

Critical Slope

1.64 fl
1.43 fl

2.40 ft

0'-004296 fIIft

section

Section Shape Circular Mannings Coefficient 0.013

Section Material Concrete Span 4.00 It
Section Size 48 inch Rise 4.00 ft

''''' Number Sections 3

Outlet Control Properties

Outlet Control HW Elev. 753.49 fl Upstream Velocity Head 1.00 ft

Ke 0.50 Entrance loss 0.50 ft

Inlet Control Properties

Inlet Control HW Elev. 753.18 It
Inlet Type Square edge w/headwall

K 0.00980

M 2.00000

C 0.03980

Y 0.67000

Flow Control

Area Full

HDS 5 Chart

HDS 5 Scale

Equation Form

NlA

37.7 ft·
1

1

1

n:\...\100y 24-hr culverts c6 c7 c8.cvm
12107106 08:40:08 PM © Haestad Methods. Inc.

GeoSyntec Consultants
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer. Sowmya Bulusu
CulvertMaster v3.0 [3.00031
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ALTERNATIVE FINAL COVER SYSTEM DEMONSTRATION

PURPOSE OF ANALYSES

The purpose of the analyses presented in this calculation package is to demonstrate the
equivalency of an alternative final cover system for Kingston Fossil Plant Gypsum disposal facility
(herein referred as KIF Gypsum disposal facility) to the prescribed final cover system meeting minimum
technical requirements of Tennessee Department of Environment and Conservation (IDEC) Chapter
1200-1-7 [TDEC, 2005].

INTRODUCTION

Waste placement activities in the disposal area will be followed by the construction of a final
cover system. The proposed alternative final cover consists of (from top to bottom):

• a 12-inch thick vegetative layer;

• a geocomposite drainage layer, consisting of a High-Density PolyEthylene (HDPE) geonet with
geotextile filters heat bonded to both sides ofthe geonet;

• a 40-mil thick linear HDPE geomembrane; and

• a 12-inch thick compacted soil layer.

Regulations that describe the minimum technical requirements for final cover system at Class I
and Class II facilities are included in Chapter 1200-1-7 of "Rules of TDEC, Division of Solid Waste
Management" [TDEC, 2005]. According to this rule, the final cover system should consist of (from top
to bottom):

• a vegetative layer at least 12 inches in thickness; and

• a compacted soil layer below it, at least 24 inches in thickness with permeability no greater than
1 x 10-7 cm/sec.

The details of the prescribed and proposed alternative final cover systems are shown in Figure 1.

DEMONSTRATION OF EQUIVALENCY OF THE PROPOSED FINAL COVER SYSTEM

According to Rule 1200-1 ..7, the Department may approve alternative final cover designs if
determined by the staff to meet or exceed the minimum standards. The performances of the prescribed
and alternative final cover systems are compared in terms of the infiltration through the final cover. The
vegetative layer of the proposed final cover system (12-in thickness) is consistent with the Regulation

200-1-7 prescribed vegetative layer and therefore it will not be discussed further.
~~ --..-...-.. -
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In the proposed alternative final cover system, the upper component of the composite infiltration
barrier system is a geomembrane, below which is a 12-inch thick layer of compacted soiL In addition,
the proposed alternative final cover has a geocomposite drainage layer that is placed above the
geomembrane to reduce the hydraulic head on the infiltration barrier.

METHOD OF ANALYSIS

Comparison of hydraulic performances of the alternative and prescribed final cover systems is
carried out using the Hydrologic Evaluation of Landfill Performance (HELP) model, Version 3.07,
developed by the U.S. Environmental Protection Agency (USEPA) [Schroeder et aI., 1994 a, b]. The
HELP program is a quasi two-dimensional hydrologic model of water movement across, into, through,
and out of landfills. The program accepts climatologic, soil, and design data~ and uses a solution
technique that accounts for the effects of surface storage, runoff, infiltration, percolation, evaporation,
soil moisture storage, and lateral drainage,.

PARAMETERS USED IN HELP MODEL ANALYSIS

Climatic Data

• The mean monthly precipitation data was obtained from the National Climatic Data Center
CDROM "NCDC SUMMARY OF THE DAY" published by EarthInfo Inc. [EarthInfo, 2005].
Daily precipitation data between 1948 and 2005 for the closest weather station to the site (i.e.,
Kingston, Weather Station ID: 404871) were averaged to obtain the normal mean monthly
precipitation data. The precipitation was modeled in the HELP program using the synthetic daily
weather gen~ation option for Knoxville, Tennessee (over a laO-year modelling period) in
conjunction with the calculated normal mean monthly precipitation data.

• The temperature, relative humidity, and solar radiation were modeled for Knoxville, Tennessee
using the synthetic daily weather generation over a 1DO-year modeling period.

• The evaporative zone depth was selected as 12 in. from HELP default ,values, since the thickness
of the vegetative cover soil for the prescribed and alternative final cover systems is 12 in.

Layer Material Properties

Final Cover System Data

The material properties used to represent the different components of the final cover are
presented in Table I. The final cover system was assumed to be vegetated with good stand ofgrass and
runoffwas allowed.
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The analyzed drainage path is the length between the drainage benches on the final cover, i.e., 90
feet, at a slope of 33.3% (3 horizontal: 1 vertical).

Table 1. Layer Material Properties for Prescriptive and Proposed Alternative Final Cover System

HELP Saturated

Cover Component Thickness Material
Type! Total Field Wilting Hydraulic

Classification Porosity Capacity Point Conductivity, kTexture #
(cmIs)

Vegetative
12-inch 12 CL 0.471 0.342 0.210 4.2 x 10-5

Covel/)
Prescribed

Compacted Clay
24-inch 16 Barner Soil 0.427 0.418 0.367 1 x 10.7

Layer

Vegetative 12-inch 12 CL 0.471 0.342 0.210 4.2 x 10.5
Covell)

Geocomposite(3)
200-mil 20 Drainage Net 0.850 0.01 0.005 4.17 (3)

Drainage LayerAlternative
Geomembrane (2) 40-mil 35 GM 0.000 0.000 0.000 2 X 10-13

Compacted Soil
12-inch 26 CL 0.445 0.393 0.277 1.9 x 1O-{,

LayelJ)
Notes:
(1) It was assumed that soils obtained from the on-site borrow areas would be used as vegetative cover and compacted

soil layers. Infonnation on the on-site potential borrow soils was obtained from the report titled "Report of
Geotechmcal Investigation" prepared by MACTEC in April 2006 [MACTEC, 2006). Three types of soil s were
identified during MACTEC [2006J subsurface explorations and laboratory testing. These soils were classified as
MH, CH, and CL based on the Unified Soil Classification System (USCS). In the HELP analysis, CL and compacted
CL were used for the vegetative cover and the compacted soil layer,. respectively. HELP's default hydraulic
conductivities were used for these layers. The default hydraulic conductivities were within the range of hydraulic
conductivities obtained from laboratory testing (i.e., 2.8xlO-5 cmls to 6.7xI0-8 cmIs) for MR. CH, and CL soil
samples [MACTEC, 2006}.

(2) Geomembrane was assumed to contain one hole per acre assuming good placement quality can be achieved through
third-party CQA testing. The hole size was assumed to be 0.16 in2

, as reconunended for these types of calculations
by Giroud and Bonaparte [1989J.

(3) The geocomposite drainage layer hydraulic conductivity value was estimated using a procedure descn1>ed in the
Attachment 1 of this calculation package.

RESULTS

The results of the HELP Model analyses are summarized in Table 2. The HELP model output
files are included in Attachment 2.

----Alternative Final Cover demo.doc

TVA-00021175



GEOSYNTEC CONSULTANTS PAGE 4 OF 24

Written by: Sewmya BuJusu Date: 04/11106 Reviewed by:,-"Ba=sa~k~G~DI~~::-- _ Date: 04127/06

Oient:-'TV:...:...:.:A:...-__Project: Kingston Fossil Plant Gypsum Disposal Facility Project!Prnposal No.::..........:G=R3=73=1__----'-'Task No.: 06

Table 2. Inf"Iltration rate comparison for the prescribed and alternative final cover systems.

Head on the top ofthe

Final Cover System
Average Annual Peak Daily geomembrane

Infiltration (in/day) Infiltration (in/day) (in) (peak daily)
Average Maximum

Prescn"bed 3.20 x 10-3 5.1 0 x 10-3 12 12

Alternative 6.03 x 10-9 9.09 X 10-8 0.021 0.040

The results of these analyses (Attachment 2) show that less infiltration would occur through the
proposed alternative final cover system than through the prescribed (i.e., compacted clay) final cover
system.

In order to ensure that the synthetic component of the proposed final cover system will perform
as analyzed, it is presented that, the synthetic component of the final cover will be constructed in
accordance with the Material Specifications and Construction Quality Assurance and Quality Control
(QA/QC) plan presented as part ofthis pennit application.

~...."i:ONCLUSION

Based on the analyses above, less infiltration would occur through the proposed alternative final
cover system than for the prescribed (i.e., compacted clay) final cover system. The head in the final
cover protection layer will also be less for the alternative final cover system compared to the prescribed
one. Therefore, the alternative final cover system is considered superior to the prescribed final cover
system.
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VEGETATION (TYP)

(a) Prescribed Final Cover System

40-Mll TEXTURED
PE GEOhAEMBRANE

- DOUBLE-SIDED GEOCOMPOSlTE
DRAINAGE LAYER (NOlE I)

(b) Proposed Alternative Final Cover System

Figure 1. Details of Prescribed and Alternative Final Cover Systems
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Drainage Layer Hydraulic Conductivity Design Values

For geocomposite drainage layer (Alternative Final Cover System)

The hydraulic conductivity of a geocomposite drainage layer is related to the hydraulic
transmissivity (B) and the thickness of the geocomposite drainage layer (t) as follows:

where:

e
k =--

t

k = hydraulic conductivity (ern/sec);
e = hydraulic transmissivity (cm2/sec); and
t = drainage layer thickness (em).

(1)

The following equations proposed by Giroud et a1. [2000] are used to estimate an appropriate
transmissivity design value for the geocomposite drainage layer.

where:

9 - 9measured _ _ 9--=:measured== _
l.ns n(RF) RF1MCO x RF1MIN X RFCR X RFIN X RFCD X RFrc x RFcc x RFoc

(2)

n(RF)

RFIMCO

RFIMIN

RFCR

RFIN

=

.=

=

=

long-term-in-soil hydraulic transmissivity of the geocomposite;

value ofhydraulic transmissivity measured in laboratory tests;

product ofall reduction factors;

reduction factor for immediate compression, i.e. decrease of
hydraulic transmissivity due to compression of the transmissive core
immediately following the application ofstress;
reduction factor for immediate intrusion, i.e. decrease of hydraulic
transmissivity due to geotextile intrusion into the transmissive core
immediately following the application ofstress;
reduction factor for creep, I.e. time-dependent hydraulic
transmissivity reduction due to creep of the transmissive core under
the applied stress;
reduction factor for delayed intrusion, Le. decrease of hydraulic
transmissivity over time due to geotextile intrusion into the
transmissive core resulting from time-dependent defonnation of the

----Alternative Final Cover demo.doc
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RFCD

RFpc

RFcc

RFBC

9design

FS

=

geotextile;
reduction factor for chemical degradation, i.e. decrease of hydraulic
transmissivity due to chemical degradation of the polymeric
compound(s) used to make the geocomposite;
reduction factor for particulate clogging, i.e. decrease of hydraulic
transmissivity due to clogging by particles migrating into the
transmissive core;
reduction factor for chemical clogging, i.e. decrease of hydraulic
transmissivity due to chemical clogging ofthe transmissive core;
reduction factor for biological clogging, i.e. decrease of hydraulic
transmissivity due to biological clogging ofthe transmissive core;
geocomposite transmissivity appropriate for use in design; and

factor of safety to account for all possible uncertainties.

An overall factor of safety 1.5 is applied to the drainage layer transmissivity value. Therefore,
Bdesign can be calculated as follows:

where:

() _ ()ms
design - FS (3)

FS

geocomposite transmissivity appropriate for use in design; and

overall factor ofsafety to account for all possible uncertainties.

The selection of each reduction factor was based on certain mechanisms that reduce the flow
capacity of the geocomposite layer due to thickness reduction caused by applied stresses, and hydraulic
conductivity reduction caused by clogging. Recommendations on the selection of these reduction factors
were obtained from several sources available in the technical literature [Giroud et al, 2000; GRI-GC8,
200I; and Koerner, 1998]. Reduction factors incorporated for the alternative final cover are discussed as
follows:

The final cover system experiences a low confining pressure and is designed to function for a
long time. hnmediate compression, immediate intrusion, chemical degradation, and chemical clogging
win be negligible for the proposed final cover and therefore a RF of 1 was assumed for these factors.
Creep, delayed intrusion, and particulate clogging were assumed to happen to a small degree (RFCR =

RFIN = RFpc = 1.1); some biological clogging were also assumed to occur (RFoc = 1.2). The overall
factor ofsafety was assumed equal to 1.5.
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Table 1. Reduction Factors for Geocomposite Drainage Layer

Reduction Factors

Range of
Alternative Final Cover

Values

RF1MCo = Reduction factor for immediate compression 1.0 (1) 1.0

RF1M1N =Reduction factor for immediate intrusion 1.0 (1) 1.0

RFco =Reduction factor for chemical degradation 1.2 1.0

RFcc = Reduction factor for chemical clogging 1.0-1.2 (1) 1.0

RFcR = Reduction factor for creep 1.1-1.4 (1) 1.1

RF1N = Reduction factor for delayed intrusion 1.0-1.2 (1) 1.1

RFpc = Reduction factor for particulate clogging 1.2 1.1

RFsc = Reduction factor for biological clogging 1.2-1.5 (1) 1.2

Overall Reduction Factors = n(RF) 1.6

FS=
Factor of safety to account for all possible

1.5
uncertainties

~W' Range of published values.

For this project, a hi-planar geocomposite drainage layer with an assumed thickness of 200 mils

(i.e., 0.20 inches) and a measured hydraulic transmissivity (Bmeasured) of 5.08 x 10-4 m2/sec was
considered. A geocomposite product with these properties is a standard commercially available product.

Based on the reduction factors described above, Bdesign and ~esign values were calculated based on the

~easured using Equations (I) through (3). The corresponding ~esign values are presented in Table 2.

Table 2. Design Hydraulic Conductivity for Geocomposite Drainage Layer

Operation 9measured n (RF) °LTIS FS 9deslgR t kdesigR

Condition
(m2/s) (m2/s) (m2/s) (mm). (cm/s)

AlternatiVe
5.08E-Q4 1.6 3.18E-Q4 1.5 2.12E-04 5.08 4.17Final Cover
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******************************************************************************
********************************* .• ********************************************

**
**
**
**
**
**
**
**
**

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)

DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**
**
**.
**
**
**
**
**
**

************************************************************~*****************

******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP\TVA 1.04
C:\HELP\TVA-1.D7
C:\HELP\TVA-l.013
C:\HELP\TVA-l.D11
C:\HELP\TVA-:-D10
C:\HELP\TVA.OUT

TIME: 12:21 DATE: 5/ 5/2006

******************************************************************************

TITLE: TVA Kingston Fossil Plant Landfill

******************************~***********************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12

THICKNESS 12.00 INCHES
POROSITY 0.4710 VOL/VOL
FIELD CAPACITY 0.3420 VOL/VOL
WILTING POINT 0.2100 VOL/VOL
INITIAL SOIL WATER ccmTENT 0.4209 VOL/VOL
EFFECTIVE SAT. HYD. CONDo O. 419999997000E-04 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 5.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

----Alternative Final Cover demo.doc
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TYPE 3 .- BARRIER
MATERIAL TEXTURE

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDo

SOIL LINER
NUMBER 16

24.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL
0.4270 VOL/VOL

0.100000001000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: ses RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE i12 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 33.%
AND A SLOPE LENGTH OF 90. FEET.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

85.30
100.0

1.000
12.0

5.050
5.652
2.520
0.000

15.298
15.298

0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
KNOXVILLE TENNESSEE

DEGREES

INCHES
MPH
%
%

STATION LATITUDE
MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RE.LATIVE HUMIDITY

Alternative Final Cover demo.doc
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85
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12.0
7.10

68.00
69.00
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AVERAGE 4TH QUARTER RELATIVE HUMIDITY 72.00 %

NOTE: PRECIPITATION DAT.A WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR KNOXVILLE TENNESSEE

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG ll.1AR!SEP APR/OCT MAY/NOV JUN/DEC
------- ------- ---,_._-- ------- ------- -------

5.28 4.94 5.67 4.32 4.56 4.00
4.72 3.50 3. '78 2.88 4.55 5.48

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR KNOXVILLE TENNESSEE

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL

35.40
77.20

FEB/AUG

40.30
76.50

MAR/SEP

49.80
70.30

APR/OCT

59.10
60.20

MAY/NOV

67.10
50.30

JON/DEC

73.50
38.40

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR KNOXVILLE TENNESSEE

AND STATION LATITUDE 35.49 DEGREES

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

Alternative Final Cover demo.doc

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
------- ------- ------- ------- ------- -------

4.90 5.10 5.40 4.25 4.94 3.89
4.90 3.64 4.24 2.86 4.49 5.63

2.19 2.35 2.54 2.05 2.10 1. 80
2.25 1. 51 2.29 1. 75 2.33 3.09

3.659 4.094 2.718 0.999 0.563 0.223
0.295 0.124 0.570 0.606 2.492 4.138

2.455 2.374 2.353 1.350 1. 086 0.531
0.536 0.357 0.995 1.023 2.170 2.888

--...-.-~
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EVAPOTRANSPIRATION
------------------

TOTALS 1.009 1. 415 2.937 3.819 5.148 4.070
4.243 3.787 2.764 1. 440 1. 083 0.874

STD. DEVIATIONS 0.261 0.349 0.277 0.667 1. 035 1.493
1.549 1.231 0.957 0.334 0.150 0.173

PERCOLATION/LEAKAGE THROUGH LAYER 2
------------------------------------

TOTALS 0.1499 0.1347 0.1467 0.1314 0.0897 0.0331
0.0367 0.0307 0.0425 0.0928 0.1282 0.1518

STD. DEVIATIONS 0.0083 0.0084 0.0057 0.0077 0.0374 0.0377
0.0379 0.0367 0.0437 0.0578 0.0383 0.0115

AVER~GES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

DAILY AVERAGE HEAD ON TOP OF LAYER 2
-------------------------------------

AVERAGES 10.1261 9.6411 9.3980 6.9105 3.3748 1.1266
1.1828 0.8844 1. 9264 4.9000 8.7509 10.8001

'~..,
STD. DEVIATIONS 1. 8815 2.0931 1. 2863 1. 8024 2.4958 1.7182

1.6779 1.4301 2.4567 3.8209 3.3481 1.4147

*******************************************************************************

*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 2

AVERAGE HEAD ON TOP
OF LAYER 2

CHANGE IN WATER STORAGE

INCHES

54 .. 24 7.873)

20 .. 479 6.4228)

32.588 3.0575)

L 16835 0.15528)

5.752 ( 0.939)

0.005 1.2363)

CU. FEET

196891.6

74340.14

118293.12

4241.115

17 .20

PERCENT

100.00

37.757

60.080

2.15404

0.009

***********************************,********************************************

*****************************************************************************

-----Alternative Final Cover demo.doc
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PEAK DAILY VALUES FOR YEARS

ProjectlProposal No.:_G=R3=.;73:;.;J=-- _

1 THROUGH 100

Task No.: --=06.:.....__

PRECIPITATION

RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 2

AVERAGE HEAD ON TOP OF LAYER 2

SNOW WATER

(INCHES)

5.13

5.047

0.005102

12.000

7.25

(CU. FT.)

18621.900

18321. 5332

18.52133

26300.9785

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.4710

0.2100

******************************************************************************

******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 100

LAYER

1

2

SNOW WATER

(2:NCHES)

5.5243

10.2480

0.000

(VOL/VOL)

0.4604

0.4270

********************************-**********************************************
******************************************************************************

--......~Alternative Final Cover demo.doc
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ALTERNATIVE, FINAL COVER SYSTEM
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******************************************************************************
******************************************************************************
**
**
**
**
**
**
**
**
**

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)

DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**
**
**
**
**
**
**
**
**

***********************************·k~*****************************************

*******************************~k**********************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP\TVA 1.04
C:\HELP\TVA-1.D7
C:\HELP\TVA-1.D13
C:\HELP\TVA-1.Dll
C:\HELP\TVA=ALT.D10
C:\HELP\TVA-ALT.OUT

TIME: 12:33 DATE: 5/ 5/2006

**************~***************************************************************

TITLE: TVA Kingston Fossil Plant Landfill - ~ternative final cover

******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAl. TEXTURE NUMBER 12

THICKNESS 12.00 INCHES
POROSITY 0.4710 VOL/VOL
FIELD CAPACITY 0.3420 VOL/VOL
WILTING POINT 0.2100 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3008 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 0.419999997000E-04 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 5.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

Alternative Final Cover demo_doc
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LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 200

THICKNESS 0.20 INCHES
POROSITY 0.8500 VOL/VOL
FIELD CAPACITY 0.0100 VOL/VOL
WILTING POINT 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0100 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 4.17000008000 CM/SEC
SLOPE 33.30 PERCENT
DRAINAGE LENGTH 90.0 FEET

LAYER 3

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

0.04 INCHES
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL

0.199999996000E-12 CM/SEC
0.00 HOLES/ACRE
1.00 HOLES/ACRE

3 - GOOD

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDo
FML PINHOLE DENSITY
FML INSTALLATION DEFEC'I'S
FML PLACEMENT QUALITY

LAYER 4

TYPE 3 - BARRIER
MATERIAL TEXTURE

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDo

SOIL LINER
NUMBER 26

12.00 INCHES
0.4450 VOL/VOL
0.3930 VOL/VOL
0.2770 VOL/VOL
0.4450 VOL/VOL

0.190000003000E-05 CM/SEC

GENERAL DESIGN AND EVAPORATIVE'ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #12 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 33.%
AND A SLOPE LENGTH OF 90. FEET.

Alternative Final Cover demo.doc
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SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORA'I'IVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

89.30
100.0

1. 000
12.0
3.609
5.652
2.520
0.000
8.951
8.951
0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
KNOXVILLE TENNESSEE

STATION LATITUDE
MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE).
EVAPORATIVE ZONE DEPTH
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

35.49 DEGREES
4.50

85
307

12.0 INCHES
7.10 MPH

68.00 %
69.00 %
76.00 %
72.00 %

NOT,E: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR KNOXVILLE TENNESSEE

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
------- ------- --_._-_._. ------- ------- -------

5.28 4.94 5.67 4.32 4.56 4.00
4.72 3.50 3.78 2.88 4. 55 5.48

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR KNOXVILLE TENNESSEE

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

35.40
77.20

NOTE:

40.30 49.80 59.10 67.10 73.50
76.50 70.30 60.20 50.30 38.40

SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING

Alternative Final Cover demo.doc

TVA-00021193



GEOSYNTEC CONSULTANTS PAGE 22 OF 24

Written by: So_ya Bulasa Date: 04/11/06 Reviewed bY:,-,Ba=s::.:ak~Gu=I::::ec,,--- _ Date: 04mlO6

Client:....:TV'--'-"A=-- _ Project: TVA Kingston Fossil Plant Landfill Projec:tlProposal No.: ---:G::;.:R3=:.7=.;31=-- _ TaskNo.: --=.06=--_

COEFFICIENTS FOR KNOXVILLE TENNESSEE
AND STATION :LATITUDE 35.49 DEGREES

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100

JAN/;JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

4.90
4.90

2.19
2.25

1.117
0.495

1.294
0.562

1. 018
3.933

0.265
1.398

5.10
3.64

2.35
1.51

1.550
0.222

1.655
0.304

1. 423
3.474

0.351
1.092

5.40
4.24

2.54
2.29

0.766
0.599

0.925
0.717

2.945
2.653

0.281
0.951

4.25
2.86

2.05
1. 75

0.364
0.285

0.564
0.461

3.598
1. 438

0.833
0.377

4.94
4.49

2.10
2.33

0.497
0.713

0.647
0.770

4.200
1.131

1.191
0.152

3.89
5.63

1.80
3.09

0.326
1.168

0.413
1. 390

3.642
0.893

1. 301
0.183

LATERAL DRAINAGE COLLECTED FROM LAYER 2

TOTALS

STD. DEVIATIONS

2.6383
0.2278

1. 5492
0.4102

2.6616
0.1278

1.3948
0.3223

2.1160
0.5230

1. 5094
0.8198

0.7999
0.7721

0.9652
0.8974

0.4166
2.1893

0.6595
1.4411

0.1633
3.1477

0.3879
1. 7064

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS

STD. DEVIATIONS

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

~W' -------------------------------.---.-.--------------------------------------------

----Alternative Final Cover demo.doc
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AVERAGES OF MONTHIS AVERAGED DAILY HEADS (INCHES)

DAILY AVERAGE HEAD ON TOP OF LAYER 3
-------------------------------------

AVERAGES 0.0015 0.0016 0.0012 0.0005 0.0002 0.0001
0.0001 0.0001 0.0003 0.0004 0.0013 0.0018

STD. DEVIATIONS 0.0009 0.0009 0.0009 0.0006 0.0004 0.0002
0.0002 0.0002 0.0005 0.0005 0.0009 0.0010

******************************************************************************r

*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 2

INCHES CU. FEET PERCENT
------------------- ------------- ---------
54.24 7.873} 196891. 6 100.00

8.103 3.0361} 29414.05 14.939

30 .. 348 2.7853} 110161.85 55.951

1~i.78332 4.15610) 57293.441 29.09898

PERCOLATION/LEAKAGE THROUGH
LAYER 4

0.00000 ( 0.00000) 0.008 0.00000

AVERAGE HEAD ON TOP
OF LAYER 3

CHANGE IN WATER STORAGE

C'. 001 (

0.006

0.000)

1.3447) 22.24 0.011

*******************************************************************************.

******************************************************************************

PEAK DAILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH LAYER 4

AVERAGE HEAD ON TOP OF LAYER 3

Alternative Final Cover demo.doc

1 THROUGH 100

(INCHES)

5.13

3.817

0.97077

0.000000

0.021

(CU. FT.)

18621.900

13856.2451

3523.87769

0.00033
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MAXIMUM HEAD ON TOP OF lAYER 3

LOCATION OF MAXIMUM HEAD IN LAYER 2
(DISTANCE FROM DRAIN)

0.040

0.0 FEET

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

7.25 26300.9785

0.4567

0.2100

*** Maximum heads are computed using McEnroe's equations.

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No.2, March 1993, pp. 262-270.

***

******************************************************************************

******************************************************.'***********************

FINAL WATER STORAGE AT END OF YEAR 100

LAYER (INCHES) (VOL/VOL)
._._------ ---------

1 4.2219 0.3518

2 0.0020 0.0100

3 0.0000 0.0000

4 5.3400 0.4450

SNOW WATER 0.000

******************************************************************************
*********************************~********************************************

Alternative Final Cover demo.doc
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FINAL COVER SYSTEM STABILITY ANALYSIS
VENEER MODE

PURPOSE

The purpose of the analyses described in this calculation package is to evaluate static and seismic
stability of the final cover system in a veneer failure mode for the proposed Kingston Fossil Plant
Gypsum disposal facility (hereinafter referred to as KIF Gypsmn disposal facility) located at Peninsula
site.

METHOD OF ANALYSIS

Slope stability of a landfill final cover system can be analyzed assuming infinite slope conditions
or finite slope conditions. The infinite slope method considers a slope ofinfinite length whereby driving
and resisting forces occur only along or parallel to an interface (i.e., slip plane). The finite slope method
considers a slope of finite length and additionally takes into account soil strength above a slip plane,
primarily as a toe-buttressing effect. Due to the buttressing effect provided by graded-in benches of the
final cover system, the finite slope method is used for analysis of the final cover system for the KIF
Gypsum disposal facility (Figure I).

'''' The finite slope stability factor ofsafety equation, as formulated by Giroud, et. aI. [1995], is:

FS=[y,(t-t,.J+Yb1w ].tano + a/sinp
y/(t-t",)+Ysa,tw. tanp Y,(1-tw)+Ysa/1w

where: FS =

0=
a=

Ysat=
t

TVA-veneer.doc

,.:[Y, (t - 1*w) + Y"l *..!tan¢ I (2 sinpcos
2 fJ)]!-.

y,(t-l",)+Ysa/1w I-tan,Btan¢ h

[
I !1/(SinPCOS,8)]Cl

+ Yt(t-l,.,)+Ysa,t", l-tan,Btan¢ h

factor ofsafety;

interface friction angle;
apparent interface adhesion;

soil internal friction angle;
apparent soil cohesion;

moist soil unit weight;

buoyant soil unit weight;
saturated soil unit weight;
depth ofcover soil above critical interface;
water depth above critical interface;

(1)

----
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tw*=

f3
h =

water depth at slope toe;

slope inclination; and
vertical height ofslope.

It should be noted that while the above equation is specifically for an interface above a
geomembrane, or similar layers, it can also be applied to interfaces below the geomembrane by changing
the coefficientof the first term, (i.e., the coefficient of tan 5 I tan P) to 1.0. The slope geometry, which

is used to derive the above equation, is shown in Figure 2. The above Equations used to calculate the FS
above and below a geomembrane are coded in a spreadsheet presented herein as Tables 1 and 2, for peak
and residual final cover shear strength parameters, respectively.

The water depth (t,..) in the drainage layer above the geomembrane was calculated using the
HELP model [Schroeder, 1994] as presented in the calculation package titled "Alternative Final Cover
System Demonstration". Based on this analysis, the average head in the drainage layer was estimated to
be 0.021 in.

The final cover system static stability analyses were performed by solving the finite slope
stability equation, presented above, for various combinations of peak and residual internal/interface
~hear strength parameters (i.e., "8" and "a" for above and below a geomembrane) based on the target

ctors ofsafety.
~....,

Seismic Stability:

A pseudo-static slope stability analysis is performed for the fmal cover system. The pseudo-static
factor ofsafety is estimated by performing an infinite slope analysis using Equation 2 [Matasovic, 1991J:

c1(rzcos2 P)+tan ¢ [1-r (z - d",)/(fZ)J - k s tanp tan ¢
FS= '"

k s +tanp

where: FS = factor ofsafety;
ks = peak average horizontal acceleration as a fraction ofgravity;
y = unit weight ofslope material(s) in pef;

Yw = unit weight ofwater in pef;
c = cohesion in psf;

f3 = slope angle in degrees;

q. = angle ofintemal friction on the assumed failure surface in degrees;
z = depth to the assumed failure surface in ft; and

dw = depth to the water table (assumed parallel to the slope) in ft.

TVA-veneer.doc
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~w The peak: average horizontal acceleration (ks) is estimated using the mean horizontal acceleration
(MIlA) at the site and a chart (Figure 3) developed by Idriss [1990], as presented by Kavazanjian and
Matasovic [1995].

A calculated factor of safety greater than 1.0 suggests that no permanent seismic defonnation is
expected. A factor of safety less than 1.0, however, suggests permanent defonnation can occur. The
amount of seismic displacement can be computed based on ks and the yield acceleration, Ky. The yield
acceleration is the horizontal acceleration which results in a pseudo-static factor of safety of 1.0. The
yield acceleration may be calculated using Equation 3 [Matasovic, 1991]:

c/(r-z-cos1P) + tan¢[1-rw(z-dw)/(r-z)] - tanp
J + tanptan ¢

(3)

The seismic displacement, corresponding to the computed Kylks ratio, is estimated using the
results presented by Hynes and Franklin [1984] and the "modified mean + one standard deviation curve"
developed by GeoSyntec as presented in Figure 4. The "modified mean + one standard deviation curve"
considers data associated with only large earthquakes and therefore is more conservative to use. This

procedure is consistent with those given in the USEPA guidance docmnent [USEPA; 1995].

~ The seismic stability analysis, described above, was perfonned assuming the final cover
.., interfaces have the minimum shear strength values required to achieve a static factor of safety of 1.5

(i.e., peak shear strength parameters), as presented in Table 3.

PERFORMANCE CRITERIA

For the static stability analysis, the target FS for peak and residual internal/interface shear
strength is 1.5 and 1.2, respectively. Based on the recommendations of Seed and Bonaparte [1992] and
Anderson and Kavazanjian [1995], the performance criterion for seismic analysis is permanept
defonnation. The permanent defonnation is considered acceptable ifit is less than 6 to 12 in.

GEOMETRY AND MATERIAL PROPERTIES

The KIF Gypsum disposal facility will be constructed on outer slopes of the facility that has an
inclination of 3 horizontal to 1 vertical with graded-in benches that are spaced vertically every 30 ft. The
graded-ip benches are expected to provide a buttressing effect. Therefore, analysis is performed
considering the height of the final cover to be 30 ft.

Details of the proposed final cover system are shown in Figure 1. For the purpose of this
l.alysis, the vegetative soil was conservatively assumed to have a unit weight of 120 pcf and shear

'~a-engthparameters of ¢ = 30° and c = 0 psf.

--..,-,.-
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DESIGN PEAK GROUND ACCELERATION

The MHA at the site was assumed to be the maximum expected horizontal acceleration, depicted
on a seismic hazard map, with a 90% or greater probability that the acceleration will not be exceeded in
250 years. Therefore, the MHA was estimated to be 0.25g based on the 2002 United States Geological
Survey (USGS) Seismic Hazard Map. Based on this value, the corresponding peak horizontal
acceleration (ks) at the top of the KIF Gypsum disposal facility was estimated using the chart developed
by Idriss [1990] presented in Figure 3. According to Figure 3, ks is estimated as 0.32g .

RESULTS AND CONCLUSIONS

Results of the final cover system static stability analyses are presented in Figures 5 and 6. These
figures represent various combinations of peak and residual internal/interface shear strength parameters
(i.e., 8 and a) required for a target static FS of 1.5 and 1.2, respectively. It is noted that the minimum
requirements for internal/interface shear strength parameters are typical ofmany commercially available
products. Prior to construction, the peak and residual interface/internal strength properties of the soil
and geosynthetic materials selected for use shall be measured by performing site-specific testing to
verifY that they exceed the envelopes shown in Figures 5 and 6.

Calculated pseudo-static factor of safety for the fmal cover system using peak internal/interface
shear strength parameters was less than one, indicating pennanent defonnation can occur when subjected
to the design earthquake event. However, the maximum calculated seismic defonnation (illustrated in
Figure 4) was 3.2 in., which is considered acceptable (i.e., less than 6 to 12 in.).
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Modified Seismic Displacement Chart
source: Hynes and Franklin (1984]

-f!J. mean + Istd. deviation (all eanhquake)

--<J-mean (high magnitude eanhquake)

I

I

- -+ - mean (all eanhquake)

- -x - mean - I std. deviation (all eanhquake)

~mean+ Istd. deviation (high magnitude
?-- earthquake) (Used for DESIGN), ,

' ...

"'" r'.. " --j( Used for Design
" I" /11

I~ cit. .......... '" ' / .... , I

1000 ,
, ! ,

'-----
i ,

~ ,
i i,

! I I I...... i

I .....' ... ,
I,,

I

l~ l' ... '
I ......

i ......

~ I ;

I~ ......
i'--..............t'~

100 ""'-...... .... ,

5 I..... ...... ...
~

......
..... "'" ......

~

f
,-::I

"'-' i- I ,= I ,
~e

i I~
~

I i= -r-c.
! !"'-l

'....... .... ,
i

I~ I
!

I

I10 I

I

0.1
Yield Acceleration (ky)/Peak Average Acceleration ( maJ

IKy/PGA = 0.43

1------+---+I' --+--/i--f-++-t------+---'"~~;---+--t.~'-c---'I--i-;----tl-+--llf---'-·--+--------+---+---+--+----I--+-+-+------t-i-
iii ." I I" I 1

r---.I:::===;==:==±===±::::;-<---_-t'------__=.~+I' _+-I' -+i-+-+-__~\. : I 1 ~ J i i
Pennanent Displacement = ,---,--- 'I! I' ~ I I ~ I
8 cm = 3.2 inch !' ; i : 1\..' 1\.. I '

t---t-- I Ii:! .~ ! ,

L...---:~~~~~~~:,-!i_-_-_-:_+.,-I:!L--.-tl++~ ! 1 ~ II I i ,~,

I I Iii I II 'I ",' Ii :1'

I ' II ! i "Iii i I Iii
l+------'--~---'--.l..--'--'-..........l....i-----"---~-..L_;---'--.L...-.J......J-...l._;

0.01
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MINIMUM REQUIRED PEAK INTERFACE/INTERNAL SHEAR STRENGTH
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Table 1. Peak Interface/Internal Shear Strength

FS Above GEOMEMBRANE
n ut Parameters:

'YI (Unit wt ofsoil):
'Yoal (Saturated unit wt ofsoil):
'Y." (Unit wt of water):
'Yb (Buoyant unit wt of soil):
t .. (water thickness):
t* (water thickness at slope toe):
~ (weakest interface friction angle):
+(friction angle of soil):
a (interface adhesion)
c (cohesion ofsoil above geomembrane)
T (Tension in Geosynthetics)
h (height ofslope):
t (thickness ofsoil layer)
J3 (slope angle)
FS

120

120
62.4

57.6
0.002
0.002
10.00

30
35.28

o
o

30
1.0

18.4

pef
pef
pef
pef
ft
ft

deg
deg
psf
psf
psf
ft
ft

deg

FS Below GEOMEMBRANE
n ut Parameters,'

]VA-veneer.doe

11 (Unit wt ofsoil):
1,,1 (Saturated unit wt ofsail):
Yw (Unit wt ofwater):
1b (Buoyant unit wt of soil):
t." (water thickness):
t* (water thickness at slope toe):
o(weakest interface frietion angle):
+(friction angle of soil):
a (interface adhesion)
c (cohesion ofsoil above geomembrane)
T (Tension in Geosynthetics)
h (height ofslope):
t (thickness of soil layer)
J3 (slope angle)
FS

120
120

62.4

57.6

0.002
0.002
10.00

30
35.25

o
o

30
1.0

18.4

pef
pef
pcf
pcf
ft
ft

deg
deg
psf
psf
psf
ft
ft

deg
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Figure 6. Residual InterfacelIntemal Shear Strength Graph.
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Table 2. Residual Interface/Internal Shear Strength.

FS Above GEOMEMBRANE
In ut Parameters:

1. (Unit wt of soil): 120 pcf

'Yul (Saturated unit wt of soil): 120 pcf

'Y.. (Unit wt of water): 62.4 pcf

Yb (Buoyant unit wt ofsoil): 57.6 pcf

t.. (water thickness): 0.002 ft
t* (water thickness at slope toe): 0.002 ft
o(weakest interface friction angle): 5.00 deg
+(friction angle ofsoil): 30 deg
a (interface adhesion) 34.00 psf
c (cohesion ofsoil above geomembrane) 0 psf
T (Tension in Geosyntheties) 0 psf
h (height ofslope): 30 ft
t (thickness of soil layer) 1.0 ft
P(slope angle) 18.4 deg
FS

FS Below GEOMEMBRANE
n t Parameters:

,~
'YI (Unit wt ofsoil): 120 pef

'Y.I (Saturated unit wt ofsoil): 120 pcf

Y.. (Unit wt ofwater): 62.4 pef

Yb (Buoyant unit wt ofsoil): 57.6 pef

t,. (water thickness): 0.002 ft
t* (water thickness at slope toe): 0.002 ft
o(weakest interface friction angle): 5.00 deg
+(friction angle ofsoil): 30 deg
a (interface adhesion) 33.98 psf
c (cohesion of soil above geomembrane) 0 psf
T (Tension in Geos)nthetics) 0 psf
h (height ofslope): 30 ft
t (thickness of soil layer) 1.0 ft
P(slope angle) 18.4 deg
FS
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Table 3. Seismic Analysis Using Peak InterfacelInternal Shear Strength.

Calculation of Factor of Safety and Yield Acceleration
For Infinite Slope Conditions

Using Equation from Matasovic [1991]

(
_C_+ tan JI_!W(Z-dw») ~tanP}
/z cos2 p °l, '}Z )

k = .---------
Y 1+ tanptantS

Where:
ky = yield acceleration, g.;
y =unit weight of soil cover, pet;
¥w = unit weight of water, pcf;
c =cohesion along the assumed failure surface, psf;
0= friction angle along the assumed failure surface, degrees;
f3 = slope angle, degrees;
z = depth of the assumed failure surface, ft; and
dw =depth of water surface (assumed parallel to the slope), ft.
I<,. = peak average horizontal acceleration for potential slide mass, g. =Clmax

Input parameters: 0 C FS ky ky'a..-
y, pef 120 (degrees) (pst) (9)

z, ft 1 26.4 0 0.677 0.139 0.43 <==minimum
13, degrees 18.43 20.9 12.96 0.705 0.149 0.47

Yw' pet 62.4 15.5 24.85 0.730 0.158 0.49

dw,ft 0.996 10 36.34 0.756 0.169 0.53
ks,g 0.32

TVA-veneer.doc

TVA-00021211



DRAINAGE SYSTEM PIPE DESIGN

TVA-00021212



GEOSYNTEC CONSULTANTS

COMPUTATION COVER SHEET

Client: _TV_A Project: KlF Gypsum Disposal ProjectIProposal #: GR3731 Task #: 06
Facility

TITLE OF COMPUTATIONS DRAJNAGE SYSTEM PIPE DESIGN

COMPUTATIONS BY: Signature ~
--)()--:J~. :"-------- 01: Le:-\O~

DATE
Printed Name

and Title

Sowmya Bulusu
StaffEngineer

Engineer
Tamer Y. ElkadyPrinted Name

and Title

ASSUMPTIONS AND PROCEDURES
CHECKED BY: Signature

--------,r--~f6.'L=""'"""'_=_=+----

(peer Reviewer)

COMPUTATIONS CHECKED BY: Signature &!sal: 0~ 05 {II {Do
DATE

Printed Name Basak: Gulec
and Title Engineer

C0!'v1!UTATIONS BACKCHECKED._B_Y_:__b'. _
(Origmator) Si~ture _ _

'llw' DATE

APPROVED BY:
(PM or Designate)

Printed Name Sowmya Bulusu

mTIde . ,~~
Signature2~
Printed Name Neil Davies

and 'fitle PrincipalNice President

APPROVAL NOTES:

REVISIONS (Number and initial all revisions)

NO.. SHEET DATE BY CHECKED BY APPROVAL

calc-eover-PIPE DESIGN.doc 5110/2006

TVA-00021213



GEOSYNTEC CONSULTANTS Page I of 25

Written by: Sowmya Bulusu Date: 06 104 112 Reviewed by: Basal;: Gulec
yy-~--OO--

Date: 06 105 103
YY MM Ill>

'lIIiIIf .:ot: TVA Project: Kingston Fossil Plant GyPsum Disposal Facility ProjectlProposal No.: GR3731

DRAINAGE SYSTEM PIPE DESIGN

Task No: 06--=...:=------

PURPOSE OF ANALYSES

The purpose of this calculation package is to evaluate the performance of the drainage
corridor pipes used in the proposed gypsum disposal facility located at the Kingston Fossil
Plant - peninsula site (herein referred to as KIF Gypsmn disposal facility). Analyses were
preformed to verify that the proposed pipes have adequate structural resistance to withstand
applied loads.

DESCRIPTION OF THE DRAINAGE CORRIDOR SYSTEM

The proposed drainage system for the KIF Gypsum disposal facility is a gravity flow
system, which consists of six perforated high density polyethylene (HDPE) pipes (herein
referenced as drainage corridor (DC) pipes), 12-in. in diameter, running along the length
(northeast to southwest) of the disposal facility. The DC pipes are embedded within a gravel
media that is wrapped with a geotextile filter. Plan layouts of the proposed drainage system for
Phases 1 and 2 of the disposal facility are shown on Engineering Drawing IOW427-5 and
10W427-9 respectively, included as part of this permit application. Gypsum slurry will be

,....., sluiced from the dewatering facility to disposal facility and then allowed to settle. The purpose
of the DC pipes is to facilitate dewatering of the gypsum in the disposal area in order to
minimize the potential buildup of hydraulic head on the liner system. Water collected by the
DC pipes will be conveyed to an underdrain lift station, which will in turn pump the water into
the stormwater pond.

In addition to the DC pipes, a 24-in diameter decant outlet (DO) pipe is embedded in the
gravel media of the central corridor. The purpose of this pipe is to convey decant water
collected from Phases I and 2 to the underdrain lift station.

METHOD OF ANALYSIS

Pipe Structural Stability:

Calculations are performed to verify the proposed DC pipes and DO pipe are able to
withstand the loads applied on it with an adequate factor of safety. Failure mechanisms that
will be checked are: (i) wall crushing; (ii) wall buckling; (iii) excessive ring deflection; and
(iv) excessive bending strain. Plastic pipe can be designed to resist failure by the above

GR373 I\pipe design-TVA (bg).doc
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mechanisms using design methods presented in the technical literature [Chevron Phillips,
2oo3}.

Stresses applied on the proposed DC and DO pipes will be estimated for two conditions: (i)
the active operation condition and (ii) the post-closure condition. The active operation
condition assumes that in areas where truck traffic is anticipated, 3 ft of soil/aggregate cover
will be maintained on top of the pipe. The stresses due to traffic are assumed to be applied by a
loaded truck with a total wheel load of40,000 lb when full. The total stress on the pipe is then
the sum of the stresses applied by the gravel layer and the stresses applied by the loaded truck,
which can be calculated as described by Chevron Phillips [2003] as follows:

(1)

where:
PL =
Yp =
H =

D =
CH=

stress on the pipe (pst);

average unit weight ofthe overburden materials (pcf);
thickness of the overburden materials (ft.);
pipe outer diameter (ft.);
load coefficient [Chevron Phillips, 2003; Table I}, which is a function of
D/(2H) and U(2H).;
wheel load (lb);
impact factor accounting for dynamic loads; and
effective length ofpipe, which is arbitrarily defined as follows by Chevron
Phillips [2003]: L == 3 ft ifpipe is longer than 3 ft, and L = actual pipe length
ifpipe is shorter than 3-ft.

During the post-closure condition, the stress applied to the pipe is due to the overburden
materials above the pipe (i.e., gravel, gypsum, and final cover soils). This stress is calculated
as follows:

where:
PL =
YP =
H =

stress on the collector pipe (pst);
average unit weight of the overburden materials (pet); and
thickness of the overburden materials (ft.).

(2)
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Wall Crushing: Wall crushing can occur when the stress in the pipe wall, due to external
vertical pressure, exceeds the compressive strength of the pipe material. The compressive
stress on the pipe wall can be calculated by the following equation [Chevron Phillips, 2003]:

where:
S
Pt

D =

t =

P·DS=_t__
288·t

pipe wall compressive stress (Psi);
vertical load applied to the pipe (pst);
pipe outside diameter (in.); and
pipe wall thickness (in.).

(3)

The pipe wall compressive stress is compared to an allowable material stress value. The
recommended, Iong-tenn compressive strength design value for a HDPE pipe is 800 psi as
reported in the Chevron Phillips Manual [2003].

Wall Buckling: Wall buckling, a longitudinal wrinkling in the pipe wall can occur when the
external vertical pressure exceeds the critical buckling pressure of the pipe/bedding aggregate
system. The allowable wall buckling may be calculated using the following equation:

where:

Pwc
SF
R

Hw

H
B'

E'
E
SDR

P. =: 5.65 R S' E' E
we SF 12(SDR-IY

= allowable wall buckling pressure (pst);
= safety factor;

=buoyancy reduction factor; R =1- ( 0.33i )
= groundwater height above pipe (ft.);
= cover above pipe (ft.);
= elastic support factor; B'= I

1+ 4e-O.065H

= modulus ofsoil reaction for pipe bedding (pst);
= modulus ofelasticity of the pipe material (pst); and
= standard dimension ratio of the pipe.

(4)
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Based on recommendation presented in Chevron Phillips [20m], a minimum factor of
safety of2 is applied. If the total vertical stress on the pipe (Pt) is less than the critical buckling
pressure calculated, no buckling ofpipe wall is anticipated.

Excessive Ring Deflection: Excessive ring deflection, a horizontal over-deflection of the pipe
causing a reversal of curvature of the pipe wall, can occur where large external vertical
pressures are applied to the pipelbedding aggregate system. In addition, excessive ring
deflection can lead to substantial loss in flow capacity. Ring deflection is calculated using the
Spangler's Modified IOwa Fonnula [Chevron Phillips, 2003]:

M
LU.'"%=-10()=

D i

_~ . KL

144 ( )3. 2£ 1 + (0.06 IE)
~ 3 SDR-I

100 (5)

where:

LiX% =

LiX
L =

''''''' K
D j

Pt

E =
E'
SDR

ring deflection, (%);

horizontal deflection or change in diameter, (in);
deflection lag factor (assume 1.5) [Chevron Phillips, 2003];
bedding constant (assume 0.1) [Chevron Phillips, 2003];
inside pipe diameter, (in);
pipe crown vertical pressure, (pst);
short-term modulus ofelasticity ofthe pipe material, (psi);
modulus of soil reaction for pipe bedding material, (psi); and
standard dimension ratio.

An allowable ring deflection of 7.5 % is assumed based on guidance from Chevron Phillips
[2003].

Excessive Bending Strain: When a pipe deflects under load, bending strains are induced in
the pipe waH. Bending strain occurs in the pipe wall as external pressures are applied to the
pipelbedding aggregate system. Bending strain is calculated using the following equation
[Chevron Phillips, 2003]:

where:

GR3731\pipe design-TVA (bg).doc
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Eb = bending strain, (%);
LlX = vertical deflection or change in diameter, (in);
C distance from outer fiber to wall centroid, (in);

0.5 * (I.06 * pipe wall thickness), [Chevron Phillips, 2003];
fd defonnation shape factor; and
Dm = mean pipe diameter, (in);

= D - (1.06 *pipe wall thickness), [Chevron Phillips, 2003J;
D = pipe outer diameter, (in).

Task No: 06-..:..=-----

The following are recommendations for allowable bending strain from the literature and
plastic pipes manufacturers:
• An allowable bending strain of 5% is recommended by Wilson-Fahmy and Koerner [1994],

based on ASSHTO guidelines..
• An allowable bending strain of 4.2% is recommended as conservative in Chevron Phillips

[2003J, where it is noted that strains up to 8% are reported in the literature as acceptable for
a design period of 50 years.

• An allowable strain from I to 1.5% is recommended as conservative in Phillips 66, [1991J.
This range is based on Equation 6 where fd = 4. Chevron [J 994] recommends an allowable
bending strain between 1.5 to 2.25% for fd = 6. This range incorporates a factor of safety
varying with stress intensity and time duration of applied stresses.

Based on the above infonnation and recognizing that Lly (assumed equal to the ring
deflection, LlX) is calculated very conservatively (neglecting the effect of arching), an
allowable strain"of5 % is selected. A defonnation factor (fd) of6 was also selected.

PARAMETERS USED IN ANAI..YSES

The characteristics of the DC and DO pipes to be used in ~ructural stability calculations, as .'
estimated from manufacturers' literature [Chevron Phillips, 2003], are as follows:

For DCpipes:
12-in. nominal diameter HDPE, SDR-7.3
• nominal outer diameter, D = 12.75 in.;
• minimum wall thickness, t = 1.747 in.;
• average inner diameter, Di = 9.046 in; and
• mean diameter, Dm = 10.898 in.

GR373 I\pipe design-TVA (bg).doc
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For proposed DO pipe:
24-in. nominal diameter HDPE~ SDR-9

nominal outer diameter~ D 24 in.;
• minimum wall thickness, t = 2.667 in.;
• average inner diameter, Dj 18.346 in; and
• mean diameter, Dm 21.173 in.

Task No: 06

Pipe Perforation Sizing:

For proposed DCpipe:
• d85 = particle size of the pipe bedding material for which 85 percent by

weight of the particles are finer; assuming #57 gravel, d85 =16 to 22
mm as shown in Figure 1. Conservatively assume d85 = 16 mm (0.630
in.); and

• F = factor varying from 1.2 to 2 (assume 1.2).

Structural Stability:

• Unit weight ofoverburden materials
- bedding (gravel) layer = 120 pcf;
- final cover system = 120 pcf; and
- waste (gypsum) = 100 pef.

Information.on the unit weight of gypsum in these analyses is obtained from MACTEC
[2004]~ and MACTEC [1995]. The overburden material on the pipe will consist of dry stack
gypsum and fine gypsum. Dry stack gypsum, which will be dewatered at the plant before it is
transported to the disposal facility, will be placed above an elevation of approximately 900 feet.
The unit weight of dry stack gypsum is approximately 107 pcf as indicated in MACTEC
[1995]. Fine grained gypsum is a by-product of the rim-ditch method of sluiced material
placement. The unit weight of 100 pef is reported for fine grained gypsum [MACTEC, 2004].
Since a majority of the gypsum on the pipes (upto an elevation of approximately 900 ft) will be
fine grained gypsum, a unit weight of 100 pefis used in the analyses for overburden gypsum.

• Stresses on DC and DO pipes

active-operation condition:
H = 3.0 ft.;

GR373 I\pipe design-TVA (bg).doc
----

TVA-00021219



GEOSYNTEC CONSULTANTS Page 7 of 25

Written by: Sowrnya Bulusu Date: 06 104 /12 Reviewed by: Basak Gulec
---y:;;-- MM -~

Date: 06 105 /03
YY MM DO

lVA Project: Kingston Fossil Plant GyPsum Disposal Facility ProjectlProposal No.: GR373 I Task No: 06
~'------

• WL = wheel load = 40,000 lb (assumed based on a standard loaded
truck) [Chevron Phillips, 2003];

II = impact factor accounting for dynamic loads = 2.5
[Chevron Phillips, 2003];

L = effective length ofpipe = 3 ft;
• CH = load coefficient (Table I) = 0.140 (for proposed DCpipe),

= 0.242 (for proposed DO pipe); and
D = outer pipe diameter

= 1.061 ft = 12.75 in. (for proposedDCpipe),
= 2.0 ft = 24.0 in. (for proposed DO pipe).

post-closure condition:
bedding layer (gravel) = 3.0 ft

• final cover system = 3.0 ft;
• waste = 218 ft (thickness ofwaste only, excluding final

cover and gravel thicknesses, i.e., 221-3 = 218ft.,
see Figures 2 and 3); and

O"mlU = 3.0 * 120 + 218 * 100 + 3.0 * 120
= 22, 520 psf= 156.39 psi

Wall Crushing:

P t = vertical pressure applied to the pipe (psi);
cry = allowable pipe wall compressive stress = 115200 psf= 800 psi

[Chevron Phillips, 2003];

Wall Buckling:

SF = safety factor = 2;
• Hw = groundwater height above pipe = 0 ft;

(Due to the relative high permeability of the gravel layer, it is
anticipated that the central drainage corridor will facilitate drainage
ofwater during facility operations and therefore reduce head on top
of the pipe. Therefore, for the purpose of the analysis presented
herein, the height of water above the pipe (Hw) is assumed to be
zero.)

GR3731 \pipe design-TVA (bg).doc ---
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• H = cover above pipe = 224 ft (height of gypsum + final cover + gravel;
see Figures 2 and 3);

E' = modulus of soil reaction for pipe bedding
= 4.32 xl05 psf(3,000 psi) (Table 2);

E = modulus of elasticity ofthe pipe material (Table 3)
= 4.06 X ]06 psf(28,200 psi) (for 50 years @ 73°F); and

• SDR = 7.3 (for proposed DCpipe),
= 9.0 (for proposed DO pipe).

Excessive Ring Deflection:

• L
K

• Di

• E

E'

~-.."

= deflection lag factor (assume 1.5) [Chevron Phillips, 2003J;
= bedding constant (assume 0.1) [Chevron Phillips, 2003];
= inside pipe diameter = 9.046 in. (for proposed DCpipe),

= 18.346 in. (for proposed DO pipe);
= short-term modulus ofelasticity ofpipe material (@ 73°F)

= 1.58 x 107 psf= 110,000 psi, [Chevron Phillips, 2003];
= modulus ofsoil reaction for pipe bedding material = 3,000 psi,

[Chevron Phillips, 2003];

Excessive Bending Strain:

C = distance from outer fiber to wall centroid
= 0.5 * (1.06* pipe wall thickness);

• fd = deformation shape factor = 6; and

• Drn = mean diameter
= pipe outer diameter D - (1.06 * pipe wall thickness)
= 10.898 in. (for proposedDCpipe),
= 21.173 in. (for proposed DO pipe).

CALCULATIONS

See following pages for calculations.

GR3731\pipe design-TVA (bg).doc
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CALCULATIONSFORSTRUCTURALPERFO~CE

(PROPOSED DC PIPE)
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PROPOSED DC PIPE DESIGN

Pipe Tvpe:
Name: 12-in nominal diameter HDPE Pipe

Nonninal Outer Diameter D = 12.75 in
Minimum wall thickness t = 1.747 in
Average inner diameter Dj = 9.046 in

Standard Dimension Ratio ofpipe SDR = 7.3

Pipe PerfOration Sizing

M.teri~ , "'urn;••r~"'''''i5 =16-22mm
dss = 16 mm·

Factor varying from 1.2 - 2.0 F = 1.2
dlunax = dss / F

,= 16/1.2
,= 13.3 mm

,= 0.52 inch UseI 0.50 linch

Df (2*H) = 0.1 8

From Chevron Phillips, 2003

From Chevron Phillips, 2003

Note: L =3-ft ifpipe> 3-ft, L =actual length Ifpipe < 3-ft

L / (2*H) = 0.50
[Chevron Phillips, 2003], Table J

ft
pcf

ft

Ibs40000
25

- 3.0
- 120
- 3
= 0.140

WI. =
1,=
L'

Yp=
H=-

CH =

Wheel Load

Impact Factor
Length ofpipe

Unit weight ofoverburden soil

Thickness ofoverburden soil
Load coefficient

Stress on coUector pipe
Active Operation Condition

II,WL
Po:'V ·Ht r .-

L 'I' '11 L.D

4752 psf

Post Closure Condition

UO 3.0
100 218.0
120 3.0

Layer No.

I (Final Cover)
2 (Waste)
3 (Liner System)

4
5
6

Post Closure Condition

'Yp (pet) H (ft) 'Yp x H (pst)

360
21800
360

Total = 22520 psf= 156.39 psi

Maximum Vertical Stress = PI = 22520 psf= 156.39 psi

GRJ731 \pipe design-TVA (bg).doc
----

TVA-00021223



GEOSYNTEC CONSULTANTS Page II of 25

Written by: Sowmya Bulusu Date: 06 /04 /12 Reviewed by: Basak Gulec
~,:..;.;.;:::.:.<.:::..;o.==-___ -yy- ---.::.iI~ Date: 06 105 /03

YY Mill OD

lVA Project: Kingston Fossil Plant Gypsum Disposal Facility ProjectJProposaJ No.: GR373I Task No: 06---0.-"--- _

WaD Crushing
Allowable Compressive Stress cry =1 115200 Ipsf= 800 psi From Chevron Phillips, 2003

Actual Wall compressive stress S
PI ·D

From Chevron Phillips, 2003=
2&8 . t

570.68 psi ~ 800 psi <=OK

WaD Buckling
Height ofwater table above Pipe H = 0 itw

Height ofWastetFinal Cover above Pipe H= 224 it From Chevron Phillips, 2003

modulus ofelasticity ofpipe E= 4060800.0 psf= 28200 psi For 50 years @73°F
modulus ofsoi! reaction E'= 432&00.0 psf= 3000 psi From Chevron Phillips, 2003

p~ = ~.65 . JR . B'.E'. E From Chevron Phillips, 2003-lYSF . 12 - (SDR

From Chevron Phillips, 2003
B' = 1 __

I + 4 . e - 0.065 •H
and

= 1.0000
= 1.0000
.

2

R = J - (0.33 .H .2!:-)
H

Water Buoyancy Factor R =

Coefficient ofElastic Support B' =

Factor ofSafety SF

where

Allowable Critical Buckling Pressure Pwc =4 68307 Ipsf

PI <: Pwc ?1...__Y_ts__ <=OK

GR373l\pipe design-TVA (bg).doc
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MAXIMUM RING DEFLECTION AND RING BENDING STRAIN

Ring Deflection Using the Modi(ied Spangler Equation:

ax = maximwn horizontal deflection or change in diameter, in;

L = deflection lag factor (assume 1.5) [Chevron Phillips, 2003);

K = bedding constant (assume 0.1) [Chevron Phillips, 2003};
P, = pipe Crown Vertical Pressure, psf;

E = short-term modulus ofelasticity of the pipe material
@73° F, [Chevron Plnllips, 2003], psi;

E' = the modulus ofsoil reaction for pipe bedding material
[Chevron Phillips, 2003), psi;

SDR = standard dimension ratio [Chevron Phillips, 2003)

ax% = ring deflection, '%,
=IOO(~i)-

Di = inside nine diameter in..

1.5
0.1

I 22520.00

i 9.046 i
110000

3000

7.3

L
K

P psf

D n.
E psi
E psi

SDR

~ P, K·L

1:>; =144·(2'E__1_)-+~-O.-06-1-'E-·)
3 (SDR-IJ

Change in diameter, lU( = 0.45 in.

6.X
6.X% = -.100

Dr

4.93 % <= Ring Deflection < 7.50/0, OK

Ring Bending Strain

DmJ--_~10;,;.;.8;,;;.948
fdJ- 46
C 0.926 in

Bending strain, f:t, = 4.17 %

Eb = bending strain, %;

AX =maxirnwn vertical deflection or change in diameter, in;
Om = mean pipe diameter, in,

= D - (1.064 pipe wall thickness); [Chevron Phillips, 2003)

fd = deformation shape factor

C = distance from outer fiber to wall centroid, in.

= 0.5 * (1.06* pipe wall thickness); [Chevron Phillips, 2003].

<= Bending Strain < 5.00/0, OK

GR373 ] \pipe design-1VA (bg).doc
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CALCULATIONS FOR STRUCTURAL PERFORMANCE
(PROPOSED DO PIPE)
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PROPOSED DO PIPE DESIGN

Pipe Tvpe:

= 24 i
= 2.667 i
= 18.346 •
= 9

Name: 12-in nominal diameter HDPE Pipe
Nonninal Outer Diameter D n
Minimum wall thickness t n
Average inner diameter Dj m

Standard Dimension Ratio ofpipe SDR

Stress on collector pipe
Active Operation Condition

DI (2*H) = 033

From Chevron Phillips, 2003

From Chevron Phillips, 2003
Note: L = 3-ft ifpipe> 3-ft, L = actual length Ifpipe < 3-ft

L/(2*H)= 050
[Chevron Phillips, 2003], Table I

bs

ft

pcf
ft

40000 I

2.5
3.0
120
3

0.242

Wheel Load WL =

Impact Factor I. =

Length ofpipe L=

Unit weight ofoverburden soil yp =
Thickness ofoverburden soil H=

Load coefficient CD =

I) •\\{.
P. =1 ·Htr .-
L p '"'H L.D

4393 psf

Post Closure Condition

120 3.0
100 218.0
120 3.0

Layer No.

I (Final Cover)
2 (Waste)
3 (Liner System)

4
5
6

Ilost Closure Condition

Yp (pet) H(ft) 1, x H(pst)

360
21800
360

Total = 22520 psf= 156.39 psi

Maximum Vertical Stress = PI == 22520 psf= 156.39 psi
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Wall Crushing
Allowable Compressive Stress cry =1 115200 Ipsf= 800 psi From Chevron Plullips, 2003

S
P, ·D

Actual WaIl compressive stress = From Chevron Phillips, 2003
288 . t

703.66 psi ~ 800 psi <=OK

703.6620422

Wall Buckling

Height ofwater table above Pipe H = 0 ftw

Height ofWaste+Fmai Cover above Pipe H= 224 ft From Chevron Phillips, 2003

modulus ofelasticity ofpipe E= 4060800.0 psf= 28200 psi For 50 years @73"F
modulus ofsoil reaction E'= 432000.0 psf= 3000 psi From Chevron Phillips, 2003

P
wc

= 5.65 . IR . 9'.E'. E
SF V 12 . (SDR - 1)3

From Chevron Phillips, 2003

'W" where

R = 1 - ( 0 .33 . :w ) and

Water Buoyancy Factor R=~.oooo
Coefficient ofElastic Support B' ,= 1.0000

Factor ofSafety SF 2

E' = ------__
1 + 4. e-O.065.H

From Chevron Phillips, 2003

Allowable Critical Buckling Pressure PW(: 0=1 47735 IpSf

GR3731 \pipe design-TVA (bg}.doc
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MAXIMUM RING DEFLECTION AND RING BENDING STRAIN

RingDeflection Using the Modified Spangler Equtdion:

AX = maximum horizontal deflection or change in diameter, in;
L = deflection lag factor (assume 1.5) [Chevron Phillips, 2003];
K = bedding constant (assume 0.1) [Chevron PhiUips, 2003];
P, = pipe Crown Vertical Pressure, psf;

E = short-term modulus ofelasticity ofthe pipe material
@ 73° F, [Chevron Phillips, 2003], psi;

F = the modulus ofsoil reaction for pipe bedding material
[Chevron Phillips, 2003], psi;

SDR = standard dimension ratio [Chevron Phillips, 2003]
dX% = ring deflection, %,

= 100 (AXlDj ).

Di = ·nside nine di,nnetM" in

I.S
0.1

t 22520.00

i 18.346 .

110000
,

3000
9

L
K
P psf

D m.

E psi
E psi

SDR

~ P K·L
-- --'- .-:;-----_.
~ 144 (2.E 1 )+(0.061.E)

3 (SDR-t'j

Change in diameter, AX'= 1.32 in.

L\X%
.1X= -.100
D;

7.19 % <= Ring Deflection < 7.5%, OK

Ring Bending Strain

Dm 2I.J73

fd 6

C 1.414 in

&t, = bending strain, %;

AX =maxirnum vertical deflection or change in diameter, in ;
Dm = mean pipe diameter, in,

= D - (1.06* pipe wall thickness); [Chevron Phillips, 2003]
fd = deformation shape factor

C = distance from outer fiber to wall centroid, in.
= 0.5 * (1.06* pipe wall thickness}; [Chevron Phillips, ~OO3J.

Bending strain, G, = 4.99 % <= Bending Strain,< 5.0%, OK

GR3731 \pipe design-TVA (bg).doc
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SUMMARY AND CONCLUSIONS

Assumptions:

Proposed DC pipes:
• 12-inch HDPE SDR-7.3 perforated pipe

Proposed DO pipes:
• 24-inch HDPE SDR-9.0 solid pipe

Installation ofproposed pipes:
• Pipe bedding consists of# 57 stone (crushed)
• Minimum 2.5-ft ofdrainage gravel and cover soil placed before construction

vehicles are pennitted to pass over the pipes.

Analysis summary and conclusions:

Structural Stability:

~...., For proposed DCpipe

• Wall crushing
Pipe wall compressive stress = 570.68 psi < Allowable compressive stress (800 psi)

-7 OK

• Wall buckling
Allowable critical buckling pressure = 68,307 psf> Total vertical stress on pipe

(22,520 pst) -7 OK
• Ring deflection = 4.93 % < allowable ring deflection (7.5 %) -7 OK
• Bending strain = 4.17% < allowable strain (5%) -7 OK

For proposed DOpipe

• Wall crushing
Pipe wall compressive stress = 703.66 psi < Allowable compressive stress (800 psi)

-7 OK
• Wall buckling

Allowable critical buckling pressure = 47,735 psf> Total vertical stress on pipe
(22,520 pst) -7 OK

• Ring deflection = 7.19 % < allowable ring deflection (7.5 %) -7 OK

GR3731\pipe design-TVA (bg).doc
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• Bending strain = 4.99 % < allowable strain (5%) ~ OK

Based on the above results" the specified pipes are anticipated to perfonn satisfactorily
under the active and post-closure conditions for the KIF Gypsum Disposal Facility.
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Table 1. Load Coefficient, CD (Chevron Phillips, 2003J

Task No: 06

I
,

'"

D/2H . lJ2H
..~0.1 0.2 0.3 0.4 0.6 0.7 0.8 0.9 1.0 12 1.5 2.0 20.0...

@ ~0.1 O.<M9 0.031 0..053 0.061 .t ~.f.!89 0.097 0.103 0.108 0.112 0.117 0.121 0.124 0.127
",_,_M -,<-"""..}-' . M'"

, 02 0.037 0.072 0.103 0.131 ~ 0.174 0.189 0.202 0211 0219 0229 0.238 0244 0.248

Gill ~fl·~ 0.053 0.103 0.149 0.190• 0.252 0274 0.292 0.306 0..318 0333 0.346 0.355 0.361
.,

/0.4 0,{)67 0.131 0.1ro 0241 0.320 0.349 0.373 0.391 0.405 0.425 0.442 0.454 0.462

0.5 0.D79 0.155 0.224 0..284 0..336 0.379 0.414 0.441 0.463 0.481 0.505 0.525 0.540 0.550

0.6 0.089 0.174 0.252 0.320 0379 0.428 0.461 0.499 0.524 0.544 0.572 0.596 0.613 0.625

0.7 0.097 0.189 0274 0.349 0.0414 0.467 0.511 0.546 0.574 0.597 0.628 0.655 0.674 0.688

0.8 0.103 0.202 0292 0373 0.441 0.499 0.546 0.584 0.615 0.639 0.674 0.703 0.725 0.740

0.9 0.108 6.211 D.:ni 0.391 O.MiJ 0.524 0.574 0615 0.647 0.613 0.711 0.743 0.766 0.783
~....._.

1.0 0.112 0.219 0.318 0.405 0.481 0.544 0.597 0.639 0.613 0.701 0.740 0.775 0.800 0.818
..

12 0.117 0.229 0.333 0.425 0.505 0512 0.628 0.674 0.711 0.740 0.783 0.821 0.849 0.871

1.5 0.121 0.238 0.346 0.422 0.525 0.596 0.655 0.703 0.743 0.775 0.821 0.863 0..895 0.920

2.0 0.124 0244 0.355 0.454 0.540 0.613 0.674 0.725 0.166 0.800 0.849 0.695 0.930 0.960..
20.0 0.127 {)248 0.361 D.462 0.550 0.625 0.688 0.740 0.783 0.818 0.871 0.920 0.960' 1.000
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Table 2. Bureau of Reclamation Average Values ofE' for Iowa Formula (Initial
Deflection [Chevron Phillips, 2003]

E' for Degree of8edd;,~

SOlI type - pipe bedding mateJ1aJ (UfIltfed
Classffroation)t Dumped

Slight
«85% Proctor
<40% relative

density)

Moderate
(48%-95%

Proctor
40%-70%

relatiVe
density)

High
(>95% Prodor
>70% relative

density)

Fine-grainet1 soils (ll>5O};t
SOils wittI mediUm 10 Iligt1 plaSticity

CH, UH< gH-:MH

No data available; consuJt a competent soils engineer; olherwise. use
E'=O.

Fme-iJfilined soils (U<50)
Soils with medifRTJ to no plasticity

Ct, AlL, CL-Mt... with <25%~ gtained
~~:;

Fine-grained soils (LL<50)
Soils wit1I medium to no plasticity

CL, AlL, CL-ML, WlIJI >25% cocm;e gliline<l
paTticles

Coarse-grained soils with tines
GAl, GC, SM, SC~

contains>12% tines

Coarse-grained soils witIlliflJe or no fi/pes
GW, GP, SW, SPO

contains < 12% tines.-.. . ....~ ,

Accutaey in lelmS ofpercentage
c1e1IecI1on ,.

50

100

200

1000

200

400

1000

3000

±2%

400

1000

2000

±1%

1000

2000

3000

±D.5%

t ASTM D 24a7; USSR Designation E-:J'. *Ll = Liquid limit. 0 or any borderline soil beginning wiIh one of these
symbols, i.e.• GM-GC. GG-SC. ... RJr ±" % ~uracy and predicted <!election of 30/... actual deflection would be
between 2% and 4%.

Note - Values appIcabIe only for fills less than 50 n (15 m). No safely factor included in fable values. For use in
predicting inilia! deIIedions ooJy; appropriate DetIection Lag Factor must be apprted for Iong-tenn deflections. If
bedding falls 00 the border1ine between !we compaclion cal.egortes. select the tower E' value or average lhe two
valUes. Pelt:~Proctor based on laboratory maximum dry denSity from test standaJds USIng 12,500It~
(598,OOO.lInf) (A$!M 06!18.A.ASHTO T:99, LisBR~tlortt:::f1)... 1 1bJIn2 =6_895 !CPa.
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Table 3. Typical Elastic Modulus for DriscoPlex@ [Chevron Phillips, 2003]

LoatJDumtion
Elastic Modufu:;t. }(j(J()psi (MPa), at Iemperrztura, "F rCJ

-20 (:29) 0(-18) 40(4) 60(16) 73 (23) 100(38) 120(49) 140(60)

ShoIt-Term
300.0 260.0 170.0 130.0 euw 100.0 65.0 SO.O
(2069) (1793) (1l72) (896) (158) (690) (448) (345)

lOb
140.8 1220 79.8 61.0 57.5 46.9 30.5 23.5
(911) (841) (SSG) (421) (396) (323) (210) (162)

l00h 125.4 108.7 71.0 54.3 51.2 4l.8 27.2 20.9
(865) (749) (4-90) (374) (353) (288) {I88) (144)

l000h
107.0 9'-8 60.7 46.4 43.7 35.7 23.2 17.8
(73&) (640) (419) (320) (301) (246) (16l7) (123)

ly no !(1-6 52.7 403 38.0 31.0 20.2 15.5
(641) (556) (363) (218) (262) (214) (139) (107)

lOy 77.4 67.1 43.9 33.5 31.6 25.8 16.8 12.9
(534) (463) (303) (231) (218) (118) (116) (89)

SOy 69J 59.9 39.1 29.9 ~ 23.0 15.0 11.5
(476) (4B) (270) (200) (194) (159) (103) (19)

t Typical l.'3lues based on ASTM D 638 testing ofmolded plaque material specimens.

GR3731\pipe design-TVA (bg).doc
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Figure 1. Grain Size Distribution Curve for # 57 Stone
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PURPOSE

Project: Kingston Fossil Plant ProjectlProposal No.:-,G...R3~73=1 Task NO.:,-,O=6__

LIQUEFACTION ANALYSIS

TIlls analysis was perfonned to evaluate the liquefaction potential of foundation soils during the

design earthquake event and the potential effect of liquefaction on the integrity of the gypsum disposal

facility located at the Kingston Fossil Plant-Peninsula Site (hereafter referenced as the KIF gypsum

disposal facility).

METHOD OF ANALYSIS

Guidelines for the evaluation of the liquefaction potential of cohesionless soils in Tennessee is

provided in the Tennessee Division of Solid Waste Management (a division of the Tennessee Department

of Environment and Conservation (IDEC» guidance document [IDEC, 1993]. The native material

present within the footprint ofthe KIF gypsum disposal facility is generally classified as a fine-grained soil,

~...., .herefore, the IDEC guidelines may not apply. The liquefaction analysis presented herein is based on

procedures recommended in the Southern California Earthquake Center (SCEC) guidance document

[SCEC, 1999] which can be applied to fine-grained soils. Specifically, the SCEC guidance states:

"Ifclayey soil f!laterials are encountered during site exploration, those materials may be considered

non-liquefiable. For purposes of this screening, clayey soils are those that have a clay content

(particle size <0.005 mm) greater than 15 percent. However, based on the "Chinese Criteria,"

[Seed and Idriss, 1982J clayey soils having all ojthefOllowing characteristics may be susceptible to

severe strength loss.-

• Percentfiner than 0.005 mm less than 15Percent

• LiquidLimit less than 35

• Water Content greater than 0.9 x Liquid Limit"

ANALYSIS RESULTS

Grain size distributions from 25 samples taken from the foundation soils at the KIF gypswn disposal

-....cility are summarized in Figure 1. As illustrated in this figure, the range of percentages ofmaterial finer
~...., ~

GR373 ]/Liquefaction_ ] .doc
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''''''than 0.005 mm is 45 to 95 percent (which is greater than 15 percent). Results from 68 index property tests

indicate that only one sample has a liquid limit of less than 35 and a water content greater than 0.9 x the

liquid limit. Grain size information for another sample from this same borehole indicate that the percent

finer than 0.005 mm is greater than 15 percent. Based on this, no native soils below the KIF gypsum

disposal facility meet all ofthe "Chinese Criteria" and therefore these soils are not anticipated to experience

severe strength loss (or liquefaction) during the deisgn earthquake event.

An additional screening method suggested by Tsuchida (1970) is also illustrated in Figure 1. The bold

lines indicate the grain size distribution for the lower boundary for potentially liquefiable soils and the

lower boundary for most liquefiable soils. The grain size distributions for all samples from the KIF

gypswn disposal facility do not fit within these boundaries due to the appreciable amounts ofsilt and clay

size particles.

Based on the above analyses, no potentially liquefiable soils were identified in any ofthe borings.

"'ONCLUSIONS
~...,.

Based on the soil stratigraphy, sample grain size distribution, and index property information, it is

concluded that no potentially liquefiable zones exist within the native soils below the KIF gypsum

gypsum disposal facility.

----n
GR373 I!Liquefaction_I.doc
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Grain Size Distribution Curves of Potentially Liquefiable Soils

lower Boundary for Potentially Uquefiable
Soils (after Tsuchida. 1970)
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Figure 1. Summary of Grain Size Distribution for Native Material.
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GEOTEXTILE DESIGN ANALYSIS

PURPOSE

The purpose of this calculation package is to evaluate the minimum requirements of the
geotextile filter to be used for the internal drainage system of the gypsum disposal
facility at Kingston Fossil Plant-Peninsula Site. The filter will be located around the
gravel material of the central drainage corridor and perimeter drainage trenches to
separate the sluiced gypsum from the drainage gravel material. The geotextile filter will
be specified as needlepunched and non-woven.

TIris design evaluates the filtration and survivability requirements for the geotextile, and
minimum specifications to meet these requirements are provided.

METHODOLOGY

Geotextile FIltration

The filtration characteristics of the geotextile will be evaluated using a retention
criterion, a penneability criterion, and an anti-clogging criterion, based on methods
presented in the technical literature (Christopher and Holtz 1984, Giroud 1982, Koerner
et aI. 1994, USEPA 1987).

Geotextile Survivability

Survivability requirements (grab, tear, puncture, and burst strengths) will also be
considered so that the geotextile will have adequate resistance to stresses applied on the ..
geotextile during construction (i.e., when concentrated stresses should be the highest),
using the method presented in GRl-GTI3 (2004).

As each criterion is evaluated and specifications are derived, characteristics of
geotextile products on the current market will be checked to make sure the specification
is reasonable and that products are available that can meet the specification.

GR3731/Filter Design.doc
--=---
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FILTRATION EVALUATION RESULTS

The filtration criteria used for the geotextile filter design are presented below in Table
1, followed by a description justifying selection of the required design values.

Table 1. Filtration Criteria for Geotextile (adapted From Christopher and Holtz, 1984; Giroud,
1982; and USEPA, 1987)

iI Linear coefficient ofuniformity ofthe

soil

1 <C'u<3 C'u> 3

9
% 0 95 < C'u d50 0 95 < -d5oC'u

13.5
,65% 0 95 < 1.5 C'" dso 0 95 < -- dsoC'u

18
% 0 95 < 2 C'u d50 09S < --d50

C'u

10 <35

10 > 65

35%< 10 "--

loose soil

medium

dense soil

dense soil

1. Retention Criterion
1.1. Soils with less than 50% particles < 0.075 mm (US Sieve No. 200)

Density index of the so

(Relative density)

1.2. Soils with more than 50% particles < 0.075 mm (US Sieve No. 200)

0 95 < 210 IJJIl (US Sieve No. 70)

2. Permeability Criterion
2.1. Critical and/or Severe Applications

kgeotextile > 10 ksoil

2.2. Noncritical and Nonsevere Applications

kgeotextile > ksoil

3. Anti-Clogging Criterion

Nonwoven geotextiles.: porosity, fig > 30%

GR37311Filter Design.doc
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Table 1 (Continued). Filtration Criteria

Notes: - 0 95 is the apparent opening size (AOS) of the geotextile

-C'M = linear coefficient ofunifonnity == .Jd'I00 / d'o

where d' 100 and d'0 are the top and bottom extremities, respectively, of a line drawn through the central
portion of a soil particle-size distnbution curve

- dso and d8s are soil particle sizes fOT which 50% and 85%, respectively, of particles are finer by weight

- ID = relative density or density index = (e - e",;")/(e,,,ax - e".;.,), where e = soil void ratio; e".;., = soil
minimum void ratio, and l:max = soil maximum void

ratio
- kgcolcxtiJe =geotextile hydraulic conductivity; k.oa = soil hydraulic conductivity

- porosity, nB(dimensionless) is calculated as follows: nB= I - ~/(PB tg), where: ~B = geotextile mass per

unit area, Pg =polymer density, and tg =geotextile thickness.

Geotextile Retention (Filter Design)

The geotextile must have openings that are small enough to retain fine-grained soil
particles to avoid clogging or flow capacity reduction of the gravel in the drainage

~...., corridor. Therefore, the apparent opening size (AOS, hereafter referred to as 095) of the
geotextile must be less than a required minimum value. The retention criterion is given
in Table 1.

The gravel drainage material will be wrapped by the geotextile which in turn will be
overlain by sedimented gypsum with primarily silt-sized particles. A copy of a typical
grain size distribution curve for fine grained gypsum material obtained from a similar
TVA gypsum disposal facility is shown in Figure I. According to this grain size
distribution curve, the gypsum material is characterized as having more than 50%
particles finer than 0.075 mm (i.e., U.S. Sieve No. 200). As shown in Table I, for this
type ofsoil, the geotextile retention criterion is as follows:

095 < 210 urn (U.s. Sieve No. 70>

GeotextiJe Permeability

[USE AS PRODUCT SPECIFICAnON}

The geotextile must have openings that are large enough to allow gypsum drainage
water to pass through the gypsum/geotextile interface without significant flow
impedance. Thus, the hydraulic conductivity or permeability of the geotextile must be

GR37311Filter Design.doc
----

TVA-00021249



GEOSYNTEC CONSULTANTS

Written by: JFR Date: 06 /04 /12 Reviewed by: B. Gross
-------- -yy- ---.:i:I~ ----..:..:.::..-----

Page 4

Date: 06 04 19

~.., _Iient: _TV_A_____ Project: Kingston Fossil Plant ProjectlProposal No.: GR373 I------ Task No: 06

greater than a minimum required value. The permeability criterion is given in Table 1.
For severe or critical applications, the hydraulic conductivity of the geotextile kgeotextile

should be at least ten times greater than the hydraulic conductivity of the retained soil
ksoil . Given the importance of long-tenn function of the drainage layer, the geotextile is
designed so that:

kgeotextile > I 0 ksoil

As discussed previously, the upgradient side of the geotextile will be in contact with
gypsum. A typical hydraulic conductivity evaluated for gypsum material from a similar
disposal facility [MACTEC, 2004J is approximately ksoil = 5 x 10-4 cm/s (Figure 2).
Therefore the geotextile permeability criterion is as follows:

kgeotextiJe > lOx (5.0 x 10-4 cm/s) = 5.0 x 10-
3 cmIs. [USE AS PRODUCT SPECIFICATION]

Note that some manufacturers report the permeability property as "pennittivity" ('1'),
which is defined as 'P=k/t. Based on the range of geotextile mass per unit areas and
thicknesses anticipated for the project (6 to 16 ozlyd2 (200 to 540 glm2

) and 1.3 to 5.7
mm, respectively), typical kgeotextile values (calculated from typical pennittivities and
thicknesses) for needlepunched non-woven geotextiles are 0.2 to 0.4 cmIsec. Therefore,
needlepunched non-woven geotextiles for this project are anticipated to have
penneabilities well above the minimum required permeability value recommended to
prevent flow impedance.

Geotextile Anti-Clogging

The geotextile filter must have enough openings so that blocking some of them will not
significantly clog the geotextile and inhibit flow into the granular drainage layer. Thus,
the porosity of the geotextile must be greater than a required minimum value. The
clogging criterion is given in Table I. As shown in Table 1, for non-woven geotextiles,
the geotextile porosity ng is required to be:

ng > 30%

Geotextile porosity is not a property that is directly measured or reported by
manufacturers, however it can be calculated as indicated in Table 1 above (i.e., ng = I 

p/(pg tg»). Typical resulting ng values for non-woven geotextiles are 50 to 95%. Based
on the geotextile density of polypropylene or polyethylene and the range of mass per
unit areas and thicknesses anticipated for the project (6 to 16 oz/yd2 (200 to 540 glm2

)

GR3731 /Filter Design.doc
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and 1.3 to 5.7 mm, respectively), the calculated ng values range from approximately
80% to 90%, which is well in excess of the minimum required porosity required to
prevent clogging.

SURVIVABILITY EVALUATION RESULTS

Survivability refers to the ability of the geotextile to withstand the stresses during
installation and handling in the field. The survivability criteria used for the geotextile
filter design are presented below in Tables 2 and 3 using a two-step method outlined by
GRI-GT13 (2004), followed by a discussion on the assumptions used to select the
required design values.

Table 2. Required Degree of Survivability as a Function of Subgrade Conditions
and Construction Equipment (GRI-GT13)*

Low ground-
Medium gronnd-

High gronnd-
pressure

pressure equipment
pressure

Subgrade Conditions
equipment (~ 25

(> 25 kPa, ~ 50 kPa)
equipment (> 50

kPa) kPa)
Subgrade bas been cleared of all obstacles except grnss,
leaves, and fme wood debris. Surface is smooth and level '/ Low
so that any sballow depressions and humps do not exceed ."-.. Moderate High
450 mrn in depth or height. All larger depressions are filled.
Alternatively, a smooth walking table may be placed.

Subgrade bas been cleared of obstacles larger than small to
moderate-sized tree limbs and rocks. Tree trunks and
stw1IpS should be removed or covered with a partial

Moderate High Very High
working table. Depressions and humps should not exceed
450 mm in depth or height. Largerdepressions should be
filled.

Minimal site preparation is required. Trees may be felled, ."
delimbed, and left in place.. Stumps should be cut to project
not more than ± 150 rom above subgrade. Fabric may be
draped directly over the tree trunks, stumps, large

High Very High Not Recommended
depressions and humps, holes, stream channels, and large
boulders. Items should be removed only ifplacing the
fabric and cover material over them will distort the fwished
mad surface.

* Recommendations are for ISO to JOO rom initial lift thickness. For other initial lift thicknesses:

300 to 4"50 rom: reduce survivability requirement one level;
4SO to 600 rom: reduce survivability requirement two levels;
> 600 rom:reduce survivability requirement three levels

For special construction tectmiques such as prerutting, increase the fabric survivability requirement one level. Placement of
excessive initial cover material thickness may cause bearing failure of the soft subgrade.

GR373I lFilter Design.doc
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Table 3. GRI-GTI3 Geotextile Strength Property Requirements

Geotextile Classification (I)

Class I Class 2
(high) (moderate)

Tests Test Elongation Elongation Elongation Elongation
Units

Methods <50% ~50% <50% ~50%

Grab strength ASTM
N 1400 900 1100 700 800

D4632

Trapezoid Tear ASTM
N 500 350 400 250 300

strength D4533

CBR Puncture ASTM
2250N 2800 2000 1400 1700

strength D6241

Permittivity ASTM S·I 0.02 0.02 0.02 0.02 0.02
D4491

Apparent ASTM
0.6 0.6 0.6D4751 rom 0.6 0.6

opening size
----

~~
Ultraviolet ASlM 0/0 Ret.

stability (2) D4355 @500 50 50 50 50 50
hrs

Notes: (I) All values are MARY except UV stability (which is a minimum value) and AOS which is a
maximum value).

(2) Evaluation to be on 50 mm strip tensile specimens afteF 500 hours exposure.

As shown above, the degree of survivability is first evaluated using Table 2 with the
anticipated installation conditions. The following conditions are assumed to apply: (i)
smooth and level subgrade condition; and (ii) maximmn equipment ground pressure of
less than 3.6 psi (25 kPa) (i.e., low ground-pressure due to equipment use considering
the material is sluiced into place). Using Table 2, a "low" degree of survivability is
used.

In the second step, the minimmn required values for the mechanical properties of the
geotextile are established from Table 3 based on the "Jow" or "Class 3" survivability
requirement. The chart provides minimmn required values for two ranges of geotextile
extensibility. Values were selected for the more extensible range because this range is
applicable to non-woven materials that are proposed for the geotextiIe filter.
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Based on the evaluations herein, the following mInImum specifications are
recommended for the geotextile filter.

• Retention and Filtration:

o Apparent Opening Size, 095 ~ 210 /lm (U.S. Sieve No. 70)

o Water Permeability, kgeotextile 2: 5.0 X 10-3 cmIs

• Survivability, Mechanical Properties:

o Grab Strength = 500 N (113 Ibs)

o Trapezoid Tear Strength = 180 N (41 Ibs)

o CBR Puncture Strength = 1,000 N (2251bs)

GR373 I!Filter Design.doc
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Figure 1. TYPICAL GRAIN SIZE DISTRIBUTION CURVE
FOR CUMBERLAND GYPSUM (Unpublished Data)

I. Excel Geotechnical Testing, tnc.
Projed Name: KIF-Peninsula Site

-Excellence in Testing- Project No: 182

941 Forrest Street. Roswell. Georgia 30075 CIi..t Sample fD: SampJe-D1

Tel: enol 650 1666 Fax: (770) &!iO 5786 Lab S_pIe No: 0017

AS'IMCI,m.,Pz:t16 SOIL INDEX PROPERTIES M......C......c...-sa.. ...........
• lUI,. JIo4U.Dau .......~

OIl ~bW5 CSFme t::;:} "-me I 5;11 I CbIy I fr....

I
u.s._s;cves___

I,,- )" r'1S' t~tn"JJr .. .,. .,. ... 1IlCIO'loo ""'"1 , I I I 11 t! 1 , I , I , I , I

tOO
1· I '! "

I II L
90 'i, !

~I

I- ; i ,
j ~ ~

~ 80

1'1 j, I- ; ,I
it 70 ":I I : i , f; I~60

t; I, \
j,; t ·1 If • \ I I I

ESO
I, i.. ,:11

,
: f

,
. ~ I !oS 40

, I

hr I
,
I' I

,
I... , ;, 'I 'I:=30 lr: l ' I if i \ I r::

; 20
"- iI· f i ;! . I i. l I

J(}
~ : i

11. i ; I ~ i! r i
0

1000 100 10 1 0.1 0.01 0.001 0.0001
Grain Size ( DUD )

Sl...N..
Sluf__>

%Fl_ HytlrOllld:" to
Panidr DiaJDrlcr % FIner

3" 7S 100.0 ,-..\ 70
2" 50 100.0 0.0332 7S..3 Ji3.IS 37.5 '00.0 0.0142 12.8 - 60

I· 2S 100.0 0.0071 11.9
ii:

50
314" 19 100.0 0.0035 10.5 ] ·A"Lmc

318" 9.5 100.0 0.0015 10.5 ~

40_._--
N4 4.75 100.0 ~ JO

#10 2.00 100.0 en... (%): 0:
20 •.~ ~- Mifort)H ..

#20 O.RSO 99.7 So""(%1' 1.3

. ML.JIUO 0.425 99.4 ..... (%1' 98.7 10 -_._- .-- O.1SO 99.1 SilIt%): 87.7 0
#100 0.'50 ')g.9 0.,-(%): ~ 0 10 20 ]0 40 50 60 70 80.90 100 110 120

Il2OO 0.075 91.7 Liqold UJIIII ( LL )
IC..n: u",r. (Ca): I

\Spoc;Ile C.-hy (-J: I 2.45 I C_. Curv. (Cel:

Oicut Lab Moisture Fines Conlent Attetberg limits Engineering Classification

Sample Sample COnlet1l <No. 200 LL PL PI

!D. No: (%) (%) (-) (-) (- )

Sample·OI 00/7 34.6 98.7 Nt' NP NP ML-Sill

No1c:(5):

S.-eof. tests fJJ.Iy 801 be appJiabJc: ror die- _crUd (CJJSUID} tared..

AD assulblDClli spccitK. gnriIy of2.45 was .at wbeD ..alysiDg die~ test resull$.

GR37311Filter Design.doc
----

TVA-00021255



GEOSYNTEC CONSULTANTS Page 10

Written by: JFR Date: 06 104 112 Reviewed by:
-yy- --.::ii4-.;o-

B. Gross Date: 06 04 19
-YY~Di>

TVA~..." Client: Project:-------- Kingl;ton Fossil Plant ProjectIProposal No.: GR373 I------ Task No: 06

Figure 2. TYPICAL PERMEABILITY
FOR CUMBERLAND GYPSUM (MACTEC, 2004)
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The purpose of this calculation package is to evaluate the foundation settlements below the
proposed gypsum disposal facility at the Kingston Fossil Plant-Peninsula Site. The gypsmn will be
placed using the rim ditch method to approximately Elevation 900 ft MSL, and placed using the dry
stack method to approximately Elevation 985 ft MSL. A subgrade layer comprising
re1ocatedlrecompacted native soils will be placed on top of the existing ground, followed by a 3-ft thick
layer ofcompacted clay comprising the geologic buffer.

The calculated settlements were used to evaluate the post-settlement grades of the subgrade and
geologic buffer and tensile strains in the geologic buffer.

METHOD OF ANALYSIS

~~ Settlements of the foundation material were calculated using equations for conventional one-
dimensional compression settlement. It was assumed that the settlements are caused by primary
consolidation of the foundation soil layers due to overburden stresses resulting from the gypsum load..

Settlement calculations were performed using a spreadsheet created in Microsoft EXCEL®. The
spreadsheet calculates the magnitude of settlement due to one-dimensional consolidation at sections
taken at horizontal locations approximately every 100 ft along a selected cross-section. Calculation
layers in the foundation material JUT each vertical section were at most lOft thick. This calculation
method allows for the geometry ofthe bedrock and subsurface soil layers to be modeled.

In the EXCEL® spreadsheets, settlements resulting from primary consolidation of soil layers are
calculated using the following equations for one-dimensional compression ['Lambe, I969J:

<" Cr HI {CT:' +l1u Jfi 'A tup = -- 0 , or CT vo + uav < a p

l+eo avo

co Cc HI {u:o +8a) Cr I {a~ Jfi' ,up=-- 0 +----H 0 - ora +8CT >u
I ", ' vo v p+eo CTp ' +eo u"o

(1)

(2)

GR373 I\Settlement_Drainage Corridor_I.doc
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compression index;
recompression index;
initial void ratio;
initial thickness ofcompressible layer (ft);

initial vertical effective stress in the ground before waste placement (psf);
preconsolidation stress (psf); and
increment ofvertical stress (psf).

Alternatively, the modified compression index, CCE, and the modified recompression index, ~, can be
used in Equations I and 2. These parameters are defined below:

(3)

(4)

Tensile Strains in Geologic Buffer Layer

~....., Foundation settlements due to gypsum loading have the potential to induce tensile strains in the
geologic buffer. Tensile strain was calculated using the following formula:

E = (Lr - 1.0) / Lo

where:
E = strain in the geologic buffer (tension is positive)
La = initial (pre-settlement) length between calculation points
Lr= final (post-settlement) length between calculation points

(5)

Calculated tensile strains were compared to allowable values. Typical allowable tensile strains
for compacted clays are on the order of0.1 to greater than I percent [La Gatta et al., 1997].

SUBSURFACE STRATIGRAPHY

Information on the site stratigraphy used in these analyses is summarized in MACTEC [2005],
MACTEC [2006], and TVA [2005]. The top of bedrock elevations were obtained from a contour map
developed from a series of site investigations that included soil borings, CPT soundings, and GeoProbe
soundings performed at the site as presented in TVA [2005]. Current ground elevations were obtained
from the Kingston Fossil Plant topographic map provided by TVA. Nearby borings were projected to

i~. the cross section to develop the thicknesses of the compressible native material along the cross section.

GR373 I \Settlement_Drainage Corridor_ I .doc
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~w This native material was subdivided into two groups based on the Standard Penetration Test (SPT)
blow count and water content of the material. A description of the subsurface stratigraphy is presented
below.

Native Material

The onsite native material is primarily classified as a medium stiff to stiff silty clay. The blow
count of the material onsite ranges from 6 to 20 blows per foot (bpf). "Soft" material, classified by
Standard Penetration Test (SPT) N values less than or equal to 4 bpfwas found in several borings. This
soft material ranged in thickness from 0 to 20 ft along the cross sections selected for the settlement
analyses and occurred just above the bedrock material. For the analyses perfOlmed herein, compression
properties were selected for two layers of foundation material (i.e., N>4 and Ng).

• N>4: Three one-dimensional consolidation tests were performed on samples representative of
material with SPT blow ,counts greater than 4. The maximum past pressure of the native
material was determined using the Casagrande construction method [Holtz and Kovacs, 1981].
According to the consolidation test results, the preconsolidation stress ranges from 7,350 psf to
10,850 pst: The average calculated preconsolidation stress is 9,121 psf (see Casagrande
selection ofpreconsolidation stress on test result curves in Attachment A).

• N:54: A single one-dimensional consolidation test was performed on a sample representative of
material with SPT blow count less than 4. The calculated preconsolidation stress of this native
material is 5,650 psf(See Attachment A).

Geologic Buffer/Subgrade Fill

A preconsolidation stress was selected for the geologic buffer and subgrade fill assuming that
the material is placed at 95 percent ofthe maximum dry density, at or near optimum water content. The
selected preconsolidation stress is 1,000 psf.

Ground Water Table

The groundwater table was found to be directly related to the sUrface water elevation of the
Watts Bar Reservoir adjacent to the site. Based on the normal operating zone for the reservoir, the
maximum reservoir elevation is 741 ft MSL during the months of May through October and is
decreased to a low elevation of737 ft MSL during the remainder of the year. The design ground water
table was selected as approximately Elevation 741 ft MSL near the sump, based on the July 2005
potentiometric map presented in TVA [2005]. The July 2005 potentiometric map was used in this
design to represent the historical high groundwater table because: (i) the July 2005 data were obtained
during the maximum reservoir elevation and (ii) the recently obtained March 2006 elevations were
lower than the July 2005 elevations. For the purposes of this analysis, the constant ground water table
ofElevation 741 ft MSL was used.

----GR3731\SettIement_Drainage Corridor_i.doc
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''''' ANALYSIS CROSS SECTION

Foundation settlements were calculated along the central drainage corridor (see stratigraphy in
Figure I and Figure 2). The location of the cross section is provided on Figure 3. This cross section is
selected to demonstrate that positive drainage will be maintained through the corridor after placement
of the dry stack material.

The central drainage corridor is designed with a pre-settlement compound grade. From the
eastern most limit of waste to horizontal location 1600 ft near the boundary between the Phase I and
Phase n footprints, the corridor is designed at a 0.3 percent grade; and from horizontal location 1600 ft
to the west towards the sump, the corridor is constructed at a 0.76 percent grade. These design grades
were selected based on preliminary- settlement calculations.

MATERIAL PARAMETERS

Input parameters for the EXCEL® spreadsheet calculations include the surface and subsurface
topography profiles, unit weights, modified compression and recompression indices, and ground water
surface. Unit weights and compressibility parameters were interpreted from consolidation test results
provided in the Report of Geotechnical Exploration prepared by MACTEC [2005]. A discussion
regarding the material parameters used in this analysis are presented below. A sununary of the

'....., foundation material parameters is presented in Table 1.

Native Material (N)4)

For the modified compression index, Ca;, a value ofO.14 was selected as the average value from
three consolidation tests (as summarized in MACTEC [2005]) perfonned on foundation material
samples at an average loading interval equal to 16,000 to 64,000 psf. The maximum load expected on
the foundation material due to gypsum is approximately 25,000 psf. For the modified recompression

index, CrE, a value of 0.0037 was calculated as the average of the unload cycle (i.e., from 4,000 psf to
1,000 pst) from three consolidation tests performed on foundation material samples as summarized in
MACTEC [2005]. A total unit weight of ]20 Ib/ft3 for the foundation material was selected based on
dry unit weights and natural moisture content ofthe tested samples.

Native Material (N~)

A modified compression index, Cc&, of 0.24 was selected from one consolidation test performed
on a sample of low blow count material identified by the high moisture content of the material (i.e.,
moisture content of 54 percent). This modified compression index was selected for an average loading
interval of 16,000 to 64,000 psf. For the modified recompression index, en:, a value of 0.01 was
calculated as the average ofthe unload cycle from 4,000 to 1,000 psf. A summary of the consolidation

GR373 I\Settlement_Drainage Corridor_I.doc
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~..., test perfonned on this material is in MACTEC [2005]. A total unit weight of IDS Ib/ft3 was used based
on the laboratory results.

Geologic Buffer/Subgrade and Soil Fill

On site material will be used to construct the subgrade, the initial soil benn around the gypsum
pond, and the geologic buffer. Standard Proctor tests were run on 17 samples of native material from
depths ranging from 6 to 12.5 ft. The unit weight of the soil fill material was selected as 95 percent of
the average of the maximum dry unit weights resulting from the Standard Proctor tests. A total unit
weight of 117 Ib/ft3 was selected. In the absence of data, the compression and recompression indices

chosen to represent the compressibility of the geologic buffer and soil fill materials were a CC& value of

0.14 and a Cn: value of0.0037.

RESULTS

Calculated settlements along the central drainage corridor under final configuration (i.e., end of
dry stack operations) are presented in Table 2 .. As mentioned above, the calculated settlements account
for the compressibility of the native material, subgrade layer, and geologic buffer. The initial (Le., 0.3
to 0.76 percent) and calculated final post-settlement grade along the gravel drainage corridor are

~., illustrated in Figure 4

Tensile strains in the geologic buffer were calculated along the gravel drainage corridor and are
summarized in Table 3. The maximum calculated tensile strain is 0.01 percent.

Details of the consolidation settlement calculations for the native material, subgrade layer, and
geologic buffer due to final waste loading along the gravel drainage corridor are provided in
Attachment B.

SUMMARY AND CONCLUSIONS

Foundation settlements under final configuration of the gypsum disposal facility were calculated
for a cross section along the centerline of the central drainage corridor. Based on settlement results, the
maximum calculated settlement is 5.9 ft occurring at horizontal location of 1500 ft. Results indicate
that the minimum calculated post-settlement grade is 0.03%, indicating that positive drainage will be
maintained along the central drainage corridor.

Maximum tensile strains in the geologic buffer were calculated to be 0.01 percent. Typical
allowable tensile strains for compa<-ied days are on the order of 0.1 to greater than I percent [La Gatta
et al., 1997). Therefore tensile strains in the geologic buffer are considered to be acceptable.
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TABLEt
SUMMARY OF COMPRESSION PARAMETERS

. Unit Compression
Weight Properties

Material
cr'

(pet) Ca; em p

(pst)

Dry Stack
107 - - -

Gypsum

Coarse
90 - - -

Gypsum

Fine
100 - - -

Gypsum

Subgrade
II? 0.14 0.0037 1,000

Fill

Geologic
117 0.14 0.0037 1,000

Buffer

Native Soil
120 0.14 0.0037 9,121

(N)4)

Native Soil
lOS 0.24 0.01 5,650

(N<4)

Bedrock 155 - - -

TaskNo.:~_

GR3731 \Settlement_Drainage Corridor_I.doc
----F

TVA-00021266



GEOSYNTEC CONSULTANTS PAGE 9 OF.....ll-

Written by::-:JFR~ _ Date: 5/2312006 Reviewed by: ~PJ=S -..:Date: 5/412006

Oient: TVA Project: Kingston Fossil Plant Gypsum Sbck ProjectlProposal No.:..."G=R3,,-,-,73:=1__ Task No.:=06~_

TABLE 2
SUMMARY OF CALCULATED SETTLEMENT

ALONG CENTERLINE OF DRAINAGE CORRIDOR

Horizontal Initial Settlement Grade Changes(I) Final Gradell )

Location, (ft) Grade (%) (ft) (%) (%)
3450 0.3 0.1 -0.02 0.32
3400 0.3 0.1 -0.58 0.88
3300 0.3 0.7 -0.69 0.99
3200 0.3 1.4 -1.12 1.42
3100 0.3 2.5 0.00 0.30
3000 0.3 2.5 -0.11 0.41
2900 0.3 2.6 -0.25 0.55
2800 0.3 2.8 -0.33 0.63
2700 0.3 3.2 0.13 0.17
2600 0.3 3.0 0.15 0.15
2500 0.3 2.9 0.04 0.26
2400 0.3 2.8 -0.32 0.62
2300 0.3 3.2 -0.55 0.85
2200 0.3 3.7 -0.29 0.59
2100 0.3 4.0 -0.40 0.70
2000 0.3 4.4 -0.10 0.40
1900 0.3 4.5 -0.67 0.97
1800 0.3 5.2 0.19 0.11
1700 0.3 5.0 -0.53 0.83
1600 0.76 5.5 -0.41 1.17
1500 0.76 5.9 0.43 0.33
1400 0.76 5.5 0.12 0.64
1300 0.76 5.4 0.06 0.70
1200 0.76 5.3 -0.40 1.16
1100 0.76 5.7 0.62 0.14
1000 0..76 5.1 0.73 0.03
900 0.76 4.4 0.66 0.10
800 0.76 3.7 0.66 0.10
700 0.76 3.0 0.40 0.36
600 0.76 2.6 0.64 0.12
500 0.76 2.0 0.56 0.20
400 0.76 1.4 0.45 0.31
300 0.76 1.0 0.20 056
200 0.76 0.8 0.69 0.07
100 0.76 0.1 - -

Note: (J) The reported value is calculated between the honzontal locatIOn where the value IS presented and the adjacent
illilllllf horizontal location (i.e. between J500 and 1400 ft, a grade change of0.43 percent occurs).
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TABLE 3
SUMMARY OF CALCULATED STRAINS DUE TO GYPSUM LOADING

Horizontal 1.0, (ft) 4. (ft)
Strains

Location, (ft) e (I), (%)
3450 50.0025 50.00242 -0.0002
3400 100.005 100.0009 -0.0041
3300 100.005 100.0005 -0.0045
3200 100.005 100.0001 -0.0049
3100 100.005 100.005 0.0000
3000 100.005 100.004 -0.0010
2900 100.005 100.0028 -0.0022
2800 100.005 100.0023 -0.0027
2700 100.005 100.0064 0.0014
2600 100.005 100.0066 0.0016
2500 100.005 100.0054 0.0004
2400 100.005 100.0023 -0.0027
2300 100.005 100.001 -0.0040
2200 100.005 100.0025 -0.0025
2100 " 100.005 100.0018 -0.0032
2000 100.005 100.004 -0.0010
1900 100.005 100.0006 -0.0044
1800 100.005 100.0071 0.0021
1700 100.005 100.0011 -0.0039
1600 100.005 100.0017 -0.0033
1500 100.005 100.0103 0.0053
1400 100.005 100.0063 0.0013
1300 100.005 100.0056 0.0006
1200 100.005 100.0018 -0.0032
1100 100.005 100.0132 0.0082
1000 100.005 100.0149 0.0099
900 100.005 100.0137 0.0087
800 100.005 100.0139 0.0089
700 100.005 100.0098 0.0048
600 100.005 100.0134 0.0084
500 100.005 100.0122 0.0072
400 100.005 100.0105 0.0055
300 100.005 100.0072 0.0022
200 100.005 100.0144 0.0094
100 - - -

'ilIIIIIIf Notes: (l) Positive strains are considered tensile. The reported value is calculated between the horizontal location where the
value is presented and the adjacent horizontal location (i.e. between 1500 and 1400 ft, a strain ofO.OOS3 percent occurs).
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FIGURE 4
PRE- AND POST-SETTLEMENT GRADES

CENTERl.JINE OF DRAINAGE CORRIDOR
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FIGURE 1
SUBSURFACE STRATIGRAPHY BENEATH CENTERLINE OF DRAINAGE CORRIDOR
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FIGURE 2
SUBSURFACE STRATIGRAPHY AND GYPSUM LOADING ALONG CENTERLINE OF DRAINAGE CORRIDOR
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PURPOSE

FOUNDATION STABILITY ANALYSES

The purpose of this calculation package is to evaluate the static and seismic slope stability of the
proposed gypsum disposal facility at the Kingston Fossil Plant (hereafter referenced as KIF gypsum
disposal facility). For these analyses, potential slip surfaces passing through the gypsum material and
underlying native foundation soils are considered.

METHOD OF ANALYSIS

Static Stability Analysis:

Slope stability analyses were performed using the simplified Bishop method [Bishop, 1955] for the
circular search method for potential slip surfaces, and the Spencer method [Spencer, 1973] for block surfaces
as implemented in the computer program SLIDE [2003]. The program was used to generate potential slip
surfaces and calculate the factor ofsafety thr each ofthese surfaces. SLIDE identifies the slip surface with the
lowest factor ofsafety. Information required for the analyses include:

• the geometry ofthe gypsum disposal facility at the cross section location;
• the subsurface soil stratigraphy at the cross section location;
• the material properties for gypsum, subgrade fill, and subsurface materials;
• the water level within the gypsum stack; and
• the groundwater table elevation along the cross section location.

Analyses were performed for an interim construction phase representing the top elevation of the wet stack
gypsum material (approximate Elevation 900 ft mean sea level (msl»; and for the final build out phase
representing the top of dry stack gypsum material (approximate Elevation 985 ft msl). Both drained and
undrained analyses were performed.

Seismic Stability Analysis:

Seismic slope stability analyses were performed using a procedure consistent with the guidance
document prepared by the U.S. Environmental Protection Agency [USEPA, I995J. The procedure is as
follows:

Stability.doc
-----
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• Estimate the maximum horizontal acceleration (MHA) in lithified earth material and the peak
horizontal acceleration at the ground surface (PGA) for the site.

Based on the most recent current USGS seismic hazard map (2002), the MHA is 0.25g.
The PGA is conservatively assumed equal to the MHA (i.e., 0.25g).

• Estimate the peak horizontal acceleration of the potential sliding mass. This value is assumed to be
equal to the PGA.

• Perform pseudo-static slope stability analyses of potentially critical cross sections to evaluate the
yield acceleration. Yield acceleration is the acceleration value which produces a calculated pseudo
static factor ofsafety equal to one.

Ifthe calculated yield acceleration exceeds the peak horizontal acceleration ofthe potential
sliding mass (equal to PGA), it is concluded that permanent seismic deformations will not
occur.
If the calculated yield acceleration is less than the PGA, it is concluded that pennanent
seismic deformations will occur and their magnitude is evaluated in the following step.

• Estimate the magnitude ofthe permanent seismic deformation using a seismic deformation analysis.
The ratio of yield acceleration to PGA is used with relationships presented by Hynes and

Franklin [1984] and to estimate the magnitude of permanent seismic deformation. These
relationships were based on analyses performed using the Newmark [1965] method of
seismic deformation analysis and several hundred recorded time histories for earthquakes
from around the world as well as six synthetic time histories, representing earthquakes up
to 7.7 in magnitude. lbe "modified mean + one standard deviation curve" developed by
GeoSyntec considers data associated with only large earthquakes, and therefore, is more
conservative and is used herein.

For the pseudo-static slope stability analyses described, the computer program SLIDE [2003] was used.
The analyses were performed using the simplified Bishop method [Bishop, 1955] for circular potential slip
surfaces and the Spencer method [Spencer, 1973] for block surfaces.

Design Water Levels Within Disposal Facility

The gypsum material at the KIF gypsum disposal facility will be sluiced in up to Elevation 900 ft msl;
therefore, the interim construction stability was evaluated assuming a water level within the gypsum stack to
be at Elevation 900 ft msl (thus assuming no drainage has occurred). Under final configuration (i.e., wet and
dry stack configuration), it is assumed that the water level within the gypsum stack will reduce as waters are
removed via the internal drainage system. Analyses to estimate the water level within the KIF gypsum
disposal facility at different time periods are presented in the calculation package titled "Seepage Analysis."
According to this calculation package, and neglecting the effect ofthe central drainage corridor, the water level
within the gypsum stack is calculated to drop by approximately 40 ft after five years. Considering that it will
take more than 10 years to reach the maximum elevation of the dry stack material and since the beneficial
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effects of the central drainage corridor are neglected (i.e., assuming drainage only occurs through the perimeter
drainage system), a 40 ft drop in the water level in the gypsum stack is considered to be a conservative
assumption.

Target Factors of Safety:

The target calculated factor ofsafety for static stability analyses is 1.5.

The criterion for seismic stability is based on calculated permanent deformation. Based on the
limiting seismic slope stability design c.riteria of the Tennessee Division of Solid Waste Management a
division of the Tennessee Department of Environment and Conservation (IDEC) [IDEC, 1993], "No
landfill shall be acceptable if the predicted seismic induced deformations within the waste fill exceed one
halfthe thickness ofthe clay liner component ofthe liner system:' Since there is no liner mandated for this
facility, the 3-ft thick layer of geologic buffer (compacted clay) may be considered to be the clay liner
component and therefore the maximum acceptable calculated permanent seismic deformation is 1.5 ft (18
inch).

CROSSSECTlONSANALYZED

Two cross sections (i.e., Cross Section A and Cross Section B) were analyzed. The location of the
cross sections with respect to the final cover system ofthe KIF gypsum disposal facility features is shown in
Figure I. The cross section geometries at each location (including dry stack and wet stack gypsum, coarse
gypsum, soil stratigraphy, water table, and piezometric surface within the dry stack material) are shown in
Figures 2 and 3. Each cross section is considered critical since the maximum waste height and grade is
obtained at these locations.

SITE STRATIGRAPHY

Information on the site stratigraphy used in these analyses is summarized in MACTEC [2005],
MACTEC [2006], and TVA [2005]. The top of bedrock elevations were obtained from a contour map
developed from a series of site inv(~stigations that included soil borings, CPT soundings, and GeoProbe
soundings performed at the site as presented in TVA [2005]. Current. ground elevations were obtained from
the Kingston Fossil Plant topographic map provided by TVA. Nearby borings were projected to the cross
section to develop the thicknesses of the compressible native material along the cross section. This native
material was subdivided into two groups based on the Standard Penetration Test (SPT) blow count and
water content of the material. A description of the subsurface stratigraphy and the corresponding material
properties are presented in the following section.
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MATERIAL PARAMETERS

Information on the material parameters used in these analyses is obtained from MACTEC [2004],
MACTEC [2005], and MACTEC [1995]. Material parameters used for the stability analyses are
summarized in Table I.

Gypsum

Samples of gypsum are not yet available from the Kingston Fossil Plant. Material from the
Cumberland Fossil Plant is considered representative of the material that will be produced at the Kingston
Fossil Plant once the scrubber is brought online. For design purposes, material properties of the
Cumberland gypsum are used herein.

• Dry Stack Gypsum: The dry placed gypsum material will be dewatered at the plant before it is
transported to the KIF gypsum disposal facility. This material will be placed at elevations above
approximately 900 ft msl. Material properties for the dry stack gypsum are provided in the report
titled Use of Coal Combustion By-Products as Engineered Fills prepared by MACTEC [1995].
According to this report, consolidated undrained (CU) triaxial tests were performed on specimens
remolded to approximately 95 percent ofthe Standard Proctor maximum density at or near optimum

,~ moisture content. Based on these test results, an effective stress friction angle of 38 degrees was
reported. For the stability analysis described herein, a friction angle of 35 degrees and a zero
cohesion intercept was selected.

• Coarse Gypsum: Coarse grained gypsum is a by-product ofthe rim-ditch method of sluiced material
placement. Coarser grained gypsum settles out in or near the rim ditch and is scooped out to fonn
the perimeter dikes. Relatively undisturbed samples representing a coarser grained sluiced gypsum
material at the Cumberland Fossil Plant were obtained by MACTEC [2004]. Based on a three-point
consolidated undrained (CU) triaxial test a friction angle of 40 degrees was obtained and is used in
the analyses presented herein.

• Fine Gypsum: Fine grained gypsum is also a by-product of the rim-ditch method of sluiced material
placement, however the finer grained material travels further from the discharge point towards the
center of the gypsum pond than the coarser material. Like the coarser grained gypsum, undisturbed
samples representing the fine grained gypsum were obtained at the Cumberland Fossil Plant by
MACTEC [2004]. Shear strength parameters were estimated based on a three-point CU triaxial test
assuming failure occurs where the shear induced excess pore pressures are zero. Based on these
results, the effective stress shear strength parameters used in the analyses presented herein are an
effective stress friction angle of 30 degrees and a zero cohesion intercept. An undrained shear
strength ratio (SJcrvo') of 1.5 was selected.
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On site material will be used to construct the initial soil berm around the gypsum pond and the
subgrade fill. Standard Proctor tests were run on 17 samples of native material from depths ranging from 6
to 12.5 ft. The unit weight of the soil fill material was selected as 95 percent of the average of the
maximum dry unit weights resulting from the Standard Proctor tests. Effective stress properties for the soil
benn and subgrade material are average values from three, three-point CU triaxial tests perfonned on
remolded samples taken from depth~; ranging from 6 to lOft. Based on these results, the effective stress
shear strength parameters used in the analyses presented herein are an effective stress friction angle of 30
degrees and a zero cohesion intercept.

Geologic Buffer

The geologic buffer effective stress properties for the geologic buffer have been estimated from
averaging typical peak drained strengths for CL, MH, and ClI soils as presented by Duncan and Wright
[2005]. The effective stress shear strength parameters used in the analyses presented herein are estimated as
an effective stress friction angle of24 degrees and a zero cohesion intercept.

Native Soil

The onsite native material is primarily classified as a medium stiff to stiff silty clay. The average
blow count of the material onsite ranges from 6 to 20 blows per foot (bpf). Approximately one-half of the
borings encountered a "soft" materiai!, classified by Standard Penetration Test (SPl) N values less than or
equal to 4 bpf. This soft material ranged in thickness from 0 to 20 ft along the cross sections selected for
the stability analyses and occurred just above the bedrock material. For the analyses perfonned herein,
drained and undrained shear strength parameters were selected for two layers of foundation material (i.e.,
N>4 and N:s4). Triaxial tests summarized in MACTEC [2006] and CPT soundings summarized in TVA
[2005] were used to develop the short and long term shear strength ofthe native material.

• N>4:
(Undrained shear strength for analyses where gypsum disposal facility is at Elevation 900ft
msl)

CU and unconsolidated undrained (ud) triaxial tests were performed on eight samples
obtained from depths ranging from 13 to 41 ft below ground surface. This triaxial data in
combination with data from ten Cone Penetration Test (CPT) soundings performed across the
site to depths of 42 ft were used to estimate native soil undrained shear strength. The
undrained shear strength can be estimated from the measured tip resistance according to the
following equation devc~loped by Schmertmann [I 978J:
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where Nk is a normalizing factor that ranges from 12 to 19 and is related to the plasticity
index of the in situ material. For the native soil at the KIF gypsum disposal facility, an Nk
factor of 19 was chosen to calibrate the calculated CPT undrained shear strength data to the
undrained shear strength developed from the triaxial test data.

The undrained shear strength data were plotted versus effective confining pressure to develop
an undrained shear strength profile for the native material (i.e., a best fit linear trend line
through the data as shown in Figure 4) resulting in the following equation:

Su = 1,792 psf+ 0.27*Confining Pressure (pst)

Conservatively assuming that the native soil is saturated, and a unit weight of 120 pc£, an
undrained strength profile with depth can be estimated using the fonowing equation:

Su = ] ,792 psf+ 15.6*depth

where depth is measured in feet below the pre-construction ground surface (i.e. at the
elevation of the top of the native material).

(Undrained shear strength for analyses where construction of gypsum disposal facility is
above Elevation 900it msl up to Elevation 985fl msl)

For analyses with gyp:mm placement above Elevation 900 ft msl (dry stack material
placement), it was assumed that the native material would experience some improvement in
undrained shear strength due to consolidation which will occur as a result ofthe weight of
the previously place wet stack material. Based on a construction period of 14.5 years (i.e.,
assuming IO ft ofwet :~tack gypsum would be placed per year), the native soil will
experience approximately 50 percent consolidation, and a corresponding increase in effective
confining pressure at the approximate time when placement of the dry stack material is
anticipated to commence. lois improved undrained shear strength is evaluated in three
zones under the wet stack loading: (i) beneath the maximum gypsum height of 900 ft msl;
and (ii) two zones beneath the side slope. No shear strength improvement was assumed
beneath the toe ofthe slope. Calculations to evaluate improvements in undrained strengths
due to the consolidation ofthe native material under the weight of the wet stack gypsum are
provided in Attachment A.

For the drained analyses, an average effective stress friction angle of34 degrees was used based on
triaxial testing results.

• N:s4: No triaxial tests were performed on native material with SPT blow counts of less than or equal
to 4 bpf. Four of the ten CPT soundings performed at the site encountered the soft native material.
The average undrained shear strength of this material was developed from these CPT soundings and
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is 800 psf for the analyses performed herein. The improved undrained shear strength of the "soft"
native material was not developed.

For the drained analyses, an effective stress friction angle for the soft native material was estimated
based on the plasticity index (PI) using the following relationship [Mitchell, 1976]:

sin¢~ ~ 0.8-0.094 In(PI)

Considering an average PI of the soft native material to be 43, an effective stress friction angle of
26.5 degrees was calculated. A friction angle of 25 degrees was used for the analyses described
herein.

Bedrock

Due to the anticipated high shear strength of the bedrock, the top of bedrock elevation is considered
the lower limit for the potential critical slip surface therefore; reasonable cohesion, friction angle, and unit
weight values were selected as required by the computer simulation.

RESULTS

Table 2 summarizes the results of the static slope stability analyses for both left and right potential
slip surface directions (Le., towards or away from the Clinch River). Analyses were performed for Cross
Section A-A' at the interim wet stack material height of 900 ft msl and the final dry stack material height of
985 ft msl. As shown for Cross Section A-A', the critical geometry (Le., the lowest calculated factor of
safety) is the maximum height of dry stack gypsum of 985 ft ms!. Therefore, for Cross Section B-B', the
interim geometry of wet stack gypsum material height of900 ft msl was not investigated. For Cross Section
B-B', analyses were performed for the final dry stack gypsum material height of980 ft msl.

Table 3 summarizes the results of the seismic slope stability analyses performed for the KIF gypsum
disposal facility. Seismic slope stability analyses were performed for the final maximum height of gypsum
of 985 ft msl. The calculated displacements were selected based on the modified Hynes and Franklin
(1984) chart as shown in Figure 5, where the ··modified mean + one standard deviation curve" developed by
GeoSyntec was used for this analysis. Associated output files and figures from SLIDE are presented at the
end ofthis package in Attachments B through E.
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SUMMARY AND CONCLUSIONS

The stability of the KIF gypsum disposal facility was evaluated with respect to static and seismic
foundation stability. The most critical cross sections with respect to foundation stability were analyzed.
Results indicate that the minimum st.atic stability factor of safety for a potential slip surface through the
gypsum and foundation soils is 1.60, which is greater than the target factor of safety.

Results indicate that the minimum yield acceleration for slip surfaces through the waste and the
foundation soils is 0.155 g. For the analyses considered herein, the maximum calculated pennanent
defonnation evaluated by the modified Hynes and Franklin (1984) chart is 1.97 inch (as shown in Figure 5)
which is less than half the clay liner thickness (I8 inch) as prescribed by the IDEe Earthquake Evaluation
Guidance document. Therefore, the calculated permanent seismic deformations are considered acceptable.
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Table 1. Summary ofMaterial Properties.

Unit
Effective Stress

Undrained Strength
Weight Su

For
For

Placement of
Placement of

Material
Cohesion Friction Gypsum up

Gypsum
(pet)

(pst) Angle to Elevation
above

Elevation
900 ft

90aft
(pst)

(pst)

Dry Stack
107 0 35 - -Gypsum

Coarse
90 0 40 - -Gypsum

Fine
100 0 30 Su/ayo'=l.5 Su/ayo '=1.5

Gypsum

Soil Fill 117 0 30 - -
Geologic

117 0 24 - -
Buffer

Native Soil 1,792+15.6*
Varies (See

(N)4)
120 0 34

depth
Attachment

A)

Native Soil
105 0 25 800 800

(NS4)

Bedrock 155 10,000 30 - -
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Table 2. Summary of Static Foundation Stability Analyses.

Potential Maximum

Cross
Slip

Search Drained!
Height of Factor

Section
Surface

Method Undrained(l )
Gypsum of Figure File Name

Directio
(ft IDsl)

Safety

n

A-A' Left Circle Undrained 900 2.20 B-1 Cross SectionA-A'_la

A-A' Left Block Undrained 900 1.93 B-2 Cross Section A-A'_I a_block

A-A' Left Circle Undrained 985 1.98 B-3 Cross Section A-A'_2

A-A' Left Block Undrained 985 1.67 B-4 Cross Section A-A'_2block

A-A' Left Circle Drained 900 2.28 B-5 Cross Section A-A'_la_dmined

A-A' Left Circle Drained 985 1.64 B-6 Cross Section A-A'-.2_dmined

A-A' Right Circle Undrained 985 2.13 B-7 Cross Section A-A'_2_right

A-A' Right Block Undrained 985 2.12 B-8 Cross Section A-A'_2_right_b1ock

A-A' Right Circle Drained 985 1.92 B-9 Cross Section A-A'_2_dmined_right

B-B' Left Circle Undrained 980 2.31 C-l Cross Section 8-B_1

B-B' Left Block Undrained 980 1.88 C-2 Cross Section B-B_'_block

B-B' Left Circle Drained 980 1.60 C-3 Cross Section B-B_I_drained

'......." B-B' Right Circle Undrained 980 2.70 C-4 Cross Section B-B_'_rigbt

B-B' Right Block Undrained 980 2.62 C-5 Cross Section B-B_1_rigbt_block

B-B' Right Circle Drained 980 2.05 C-6 Cross Section B-B_J_dmined_rigbt

Notes: (1) For all analyses, the coarse gypsum, soil fill, and dry stack gypsum were modeled as drained materials. For analyses
indicated as "Undrained", only the fine gypsum and native material (foundation soils) were modeled as undrained materials.

Table 3. Summary ofSeismic Foundation Stability Analyses.

Cross
Drained!

Section
Undrainecf l

)

A-A' Undrained

A-A' Drained

Minimum Design
Yield Peak

Acceleration Acceleration (lIy)/(amax)

B-B'

B-B'

Undrained

Drained

O.175g

O.17g

0.18g

0.155g

a.nax(PGA)

O.25g

O.25g

0.25g

O.25g

0.7

0.68

0.72

0.62

Calculated
Displacement

(inch)

1.67

1.7

1.65

1.97

Figure

D-I

D-2

E-I

E-2

File Name

Cross Section A
A' 2block seis

Cross Sectioo A
A' 2 drained seis

,~"", ,);,,~, ..~~,". ,~~}

Cross Section B
B I block seis

Cross Section B
B J dmined seis

Notes: (J) For aU analyses, the coarse gypsum, soil fill, and dry stack gypsum were modeled as drained materials. For analyses
indicated as "Undrained", only the fine gypsum and native material (foundation soils) were modeled as undrained materials.
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Notes:
I-Undrained shear strengths were derived from the CPT soundings based on the method developed by Schmertmann (1978]. An

Nk factor of 19 was chosen to calibrate the CPT data to the triaxial data.
2-Undrained shear strengths based on CPT soundings in the soft native material (N<4) are indicated. An average undrained shear

strength of 800 psfwas chosen based on these data..

Figure 4. Determination of Undrained Shear Strength Profile for Foundation Material.
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Note: The example shown is for the Cross Se~tion B-B' seismic stability analysis as shown in Figure E-2.

Figure 5. Selection of Calculated Displacement.

Stability.doc
-----

TVA-00021317



GEOSYNTEC CONSULTANTS

Written by:....!<JF.....R"-- _ Date: 51512006

PAGE 21 OF 42

Reviewed by: ~PJ=S'-- Date: S/5/2006

Client: TVA Project: Kingston Fossil Plant ProjectIProposal No.:..>!G""RJ"-!..73"-'!1 Task No.:~__

\~

ATTACHMENT A
IMPROVEMENT IN UNDRAINED SHEAR STRENGlR

IN NATIVE SOIL

..::=---Stability.doc

TVA-00021318



GEOSYNTEC CONSULTANTS Page of 7

Written by: VE~ Date: 06 'OS ,Q5.. Reviewed by: Date: I ,
YY M1II DO --yy- ""Mi:4~

Client: TVA Project:~E - Fthinsv.let ProjeetlProposaI No.: 6T< 3"7~ I

.:r;l'1'lprovervten;- ih UYldrtt-ined S~a~

stre..h.~-rh 1)"~ ft:l Wcl- S-rack.
\..00. a i 1'\9 a,.,d UY1S0 lida-tiOl'7

<if f\.!rxr I ve- ' M a-le~ ia..l

Task No:,--""O,-",b:--_

In lA,he(~ained ~y
tA..jtev- r'acemen+- ~

8"\fC\ 11lll.tt:. +n.c. irY\ ~YO Vem~Vl1-
ettreVlqth oj No.:t'i ve t1'lC1-k .... iet-I
We-t ~-r()..c.#< 9ypsv.rn.

(]) Ve\ri\fy -tha.t- 145 1+ Cave'rt1je hti~ht eJ We+
.sto...c.~ l"r.A+e-dal) ("c..~ Pe ~a.ced insf-al'l+aneous/y
as'S~rnirq -the.. \,tn.J,,-oll1ed S~GlY Sf-Ye~+~ Of the
nll-t-. ve ~Gl tcy I'll IS :

, S",-::: 1,792 -t 15., b ~ deprh

~ CD leula-le bu.i Id ....4~ Ql'\d +i~ +0 "each
fop oJ W€.r rSra.c}(-

Deie-Yt'Yl i ne % cpnSol i e:tc:x rfOh ~f na.-H ve
"""0..+e Y' a I catk-Y placc-men-t c:f .:ru II I-K ;1'+
OJ wet- stock h\(:I.+C~ jet I.

® D~+c. .... Y'n \ he n e V'J insi "tt-t f!it~C Ti "2 .J"h-es s- o.r
\'V\i dd 1(:' oj nat-I ~e.. mo..+CH Ct1 Ic>-ye rr 3 iven
0/0 consc>lidoTfOh -fDY eo.Ch qf jo\..lY ~s
uY\~eY we-t S'tac \-! ~YpSum.

@) 't:>~+e-rrnine hew v.hclyained sh-eaJ,- Q'ty-ers-H1
.qi'l/en u:paa-+cd cOnjinivtj pre.ssuYe. (CfV(/'~w).
Qhe! lU~e +-hiS cqlculak.cl l4ndrtl1il'led stYenqrh a't
The l'\'\i d~ i ght qf -t-h! Io.y(:v y" S(O~ st-abi I;+y ~naly~S".

CalcUla.-r-rolllS /'

CD Pi Ie-hame: CroSS ~cr iDn A - A ' _ Ia _ h lc>clc:.

S-rG\t-i c J0\,(.Y'>d a+ io h s;>f-abi Ii +y t:lncdys j s feY cress Sect-ion
A. -A" dehloy\sf-ya+es +herr 145:/+ 'if we+ gypr~

load C'Gth be placed ihstanfanl!!'Cl.d.ly. CS~e Te:tble 2)
Rt'SU,I+l~ r=:S: 12. '8.

--......"
TVA-00021319



GEOSYNTEC CONSULTANTS Page 2. of 7

Written by: ~FI2- .Date; 06 ,OS ,.QSReviewedby: Date:__'_'_
YY MM DD YY MM DO

Client iVA Project )< IF-- Peninsu./4 Project/Proposal No.: GzI2 ?>13 I Task No: 00

6/0 CohSOI ic:::{aTiOh :

lASe J=:iBv.Yf /3 qf NAVFAC- 7.} p. 7.1- Za2. To
j- i V)C:;{ '10 c.vn&o , j d a+ i on . (see. F i{1 t.\"e A - ;;.. )

. Con'$tl'" Ll ct-iOh rin,e : 14,5 yy ~-to

• Ihic~nes.s OJ Com pyeS" S"i I> Ie ~t\.y~::: 45.tt

1;;, = 0.47

Also) .foY" {;, =' 14· .5yy ( 3b5d/~y ) : S293 411\.Y

10 :: o. 47 (SO-'rfle as above -find)
de..y 'tt (lWI5h-- lot c. 11 CH...J

t).v = So ~/() ~ ~yceY\+ cOh~ol"dcrt-ion

@ Di"ide hative, mcd'Cyia 1 bCheath wet 8mct:: toad
'ht-O jow" U>nes ., ~ rcui Q tc he W e;I<fccH v.e l.onfi Vl i Y":J
pn~SSlAye ba~.ed on ..sD~o Consol idcrhoh and
\Ne\~\t'\,. tj- we-r .!'to.CK h'lClte..-ia/. See Filp.cve A-3

No-k -tha.t -z..one 4 do~s not" see" ;t'Y'p....oven-aevd J ,.,

IW \Ahch-ai ned Sh~Cl~ .styers th '-o)'\a.inS' ~ .same.

ovo'j .. " J ; 3f-ft-( 120 - 62. ., pet) = /:J.qh p.rJ-
o...~' tvA rJ .;;;:;-

~......
F

TVA-00021320



GEOSYNTEC CONSULTANTS Page .3 of 7

Date:6h 105 ,05 Reviewed by: Date:_,_,_
yy MM DD YY M" DD

Written by: ;:J F Q.

Oient: TVA Project. Kl F - Peh i nSlll a ProjectJProposai No.: QR 313 I Task No: Ob

;
; -

i~

o,/v'ItHW: :joD/o ( cq 500) t- 129 b psi

-- .354~ psJ-

® De+-CYYV\ lne ne.'N uV'\oyaitled Sha~_Y .stve~Th

(5ee Fi8lAy,e A-4-o.....d A-~)

Lone (7) ;~Ll = 1-050 pst

Z.one @ 8o~ 34-00 PSf

'Z.t>ne. @) ~5tc :: 2.700 PSJ

Nok :@})"f. +0 Simi I a~ geometry I load; h:J geOtylet-ry
u.se Sanle va ll.\fS fW Cfo~ Sectlon B-s'

--..-.~F
TVA-00021321



4 o,J 7

100,0001,000 10,000

Vertical Stress (pst)

.... I

....NB-44 (9-11 ft)

-.-NB-44 (16.5-18.5 ft)

___ NB-44 (21-23.5 ft)

I~
~NB-44 (31-33 ft)

"~~
4_

1\ I'VI\
\ 1.'
\ 1I r1':--

IA ,
I \

u \ I' \
\ "0~~, :,

~ I....

~
",II ,.. m ~ r-.....
~~ IJ "- ~

~[' ... '.
• ~, !'I ............- ~"'lII~ i""'oo ... ... -

0.01

o
100

0.008

0.004

0.012

0.002

>o

u
CD
en
i; 0.006

A- I

TVA-00021322



flND DEaREECll"c:oaa IDlTlOtt 's a.rs IIfD
IOOIlllYS AFTP THESTMT OF t'ONSTfIJCJDl
(Il CXlNSOlIIW'IDH Wmt VOTICAl. DItAlNMJE
CONSTRUCTION TlWE 'o'3000'Y$.
THICXHE5S OF aM'RESSI8l.E STJUTllM'IOFT.
DRAINMilE alNOITJON • DOUIIlE OftAINAGE •

Cv",om rTZ/~... (Q05)('O)

,,- ""'Hr" • (:liZ '00&

FOR'
t : "a-n T: Q.

05V51
=0.03 r; -T-• (~) ,uy ..

NC) l'tIt

• '" JOOQIlYS,T' Q.C:::fl! -0.2 ,U, -"'%

CONSOU~TlON WITH IlEUJCAl DftAItW>E.
10.0 GRADUAL QlN5'JIt.CrI(IC T1M£(LlJI fOR

OIS1IUIlJTION OF NT.... fICH 1'flESSU'lE).
0.1 1.0

TIME FACTOR,J

·"r-...N ~}-......
~

~~ I Z
~ .....

'\. ""-
'\

1\., 1'\, .\ \, \

... THE CIACL£ ME. ""'" \ ,

TMECONSTRlK;r~ \

_"OE~V 'I-Dlz- a~·
oJ ; • \

I I I ~I "" t I --.r\

o

~ 10...
U
It: llOr
!" ;,0

.540

i~

i :
~ IK)

I 90

~IOO
ODI

t ell Ill.a.a -
, • 15 ..15,TIt= k!e/2)Z : TDnJ!·Q.~ur

MD t '00Dtt.YS.TR- (':2:t' :Cl4JiR=55%

To: (MI:50J =O.lZ fOil
(lO/Z1

IZ) CCNSOLtMTION WITH RADIAL atAlHMOE
Cfl : 0.1 FtZ/DIf:f
dw - LOFt; de-lOfT.

II =~:JO T~'..!...9l.
d. '" (delZ)Z

lCON:lOUOOlON WITH RADIAL DfWNAGE I
TO !WID IlIWNS.

IQO0.1 1.0
.fIt t

RADIAL liME F'AClOR.TR:~

I-- i::::I 0 0. &
~'\" I tn,-- z "-.."

1\

f-ln:..10 rt \ 1\,
\ ',

tDTE'NUM8£RS IN t1Rtl£S
IHDICP:TE VAUJES OFlo

:To-~_ (d,/Z

I I- I I' II/III IIlIIr.
1111 ,

,.::::: @

F".~ij,{"()

20 -.;

;,0

~
1\ .

40
\

~
I \

I

10 \-t2I=10 _0

;:~ .
110
_f- '0 t

~~
I "-"~ ...

80

90

70

100
om

fiCURE 13
Time Rate of Consolidation for Gradual Load Application

7.1-232

TVA-00021323



£ OJ 7

oo
<')

o

oo
'It'

oo
0>

oo....

o
o........

.&

Q

Z.

II

~

Ir.t·,·t-~T-·"

":>
------- -LQ/O ~ ::s

CO~.~

.u-

f~
----- -t.-t ifl

'"

".

·~~~M'N~
. ~ :~~'~;4f::

,:~••~~•••~.:~. r ... •

:.:~:..!

t I I ' II ' I .
OOOL

I I IT· r .- ,_., r r I I • I

l~ -'£\ OOU

<:C "j;>

"'<t::
a...

(J
<:)

~ ~(;)

,~ iT
\I

8 ~
~

VI U1 ~
CL

V'\ 8~
\j

t-
N
1\

Of

TVA-00021324



( ( (

8,000 T'-------------------------------.,

•

y == 0.2709x + 1792.4
R2 =0.735

~"' ... {,92-t ().27(J'20~''':}.4)r=fr.J.ep+l.,

- {-r9z..,.. I~,,,"*" c:J(,pth

• 5'L-\=" {7'12 + 0, 27", C~ti~ina
P"-<:S''s"I,tYe

• Triaxial Data

o OPT

ZOYltCDZoneG)

•
••

•
.. t" o/fI.

•
o.~ 0\0

• • ;z.o'nt®

7,000

C' 6,000 T
S
::len
- 5,000

:§,

~ ~..b 4<'&0 .
C/) 4 000 _: r---o---... '
~
~ :3400

"i 3,000 -~
c • e~.~ ?7~O"0 n
"0
C

:::> 2,000 .L00

1,000 "

o f ' ! I ! I I ! ,I I I I I I I II !! I I " I I I I ' ! I ! I I I ! I I I I I ! I ! ! I I I I I ! ! !
.3$(\'" (,e4C. 8SHo 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000

Confining Pressure (psf)

....,
-<
~
o
o
o
tv.......
W
tv
VI

Fi8 lA'(€ A- 4, \).~~ va in eel ~~(}.Y S11'"ehJ!"h ( SIA.)
o,S ~ j U~ C-t-I Oh oJ Orr:ji VI i "'3 preSS \Are.

....j

4
""'-.1



GEOSYNTEC CONSULTANTS rAGE 29 OF 42

Date: 5/512006 Reviewed by: =PJ=S Date: 5/512006,~ WritteB by:.-",JFR~ _

OieDt:,-,TV,--,-=A Project: Kingston Fossil Plant ProjectIProposal No.:-"!G.."R3u..,73"-!.1 Task No.:'----__

ATTACHMENT B
SLIDE OUTPUT

CROSS SECTION A-A' - STATIC

----Stability.doc

TVA-00021326



GEOSYNTEC CONSULTANTS PACE 30 01' 42

Written by:-'J!..!f~R~ _ Date: 5/5/2006 R~..iewecl by: ..:.[>-",1.:::5 Date: 5/5/200_6__

Client:'-'.T.::.V..:./l."- Project: Kingston l"gssll Plant rroje~t/.ProposlllNo.:c;G"'R"'J=-"7'-'3'-'1'-- Tas!, 1'10.:'-- _

~.., -

S.JOJD

•• SID

gJ
<OJ

J
I

, . . ~

g.,
" .
-.rem I

~OQ dOO
• I
SOO

I'
"1000

Figure 8-2

" '
1200

, I

'14.00
, I'
1600

, I'
'1300

,. I' I I

2000
, I

220

1-..,.
S,abi Iity .doc

----

TVA-00021327



GEOSYNl'EC CONSULTANTS PAG:': 31 OF 47

Written by:-"JC-"F....R>-- _ Date: 5/512006 Reviewed by: "-P.::..l;e:S :Date: 5/5/200_6__

Project/Proposal No.: "'G"-'R:"'3"-'7"'J:..;1 Tasl, Nn.: _Project: Kingston Fossil Plan'.

4. SO

6.00+

S.50

S.OO

3. SO

4.00

3.00

2.00

2. SO

1. so

I
/ .

I < - •

g!J --'-ji~/_IS~O=,'=F=,'='I~~=!"~/I:::.,;.~--"';;;;:;;;===.-:::.::::~:=~::::.-c::~:..::.:::-.::.-::.: .. =:=:;;;-:::-"'..:::--::.--~--~:::---=~=-:::--=.~:;:rj.=j~F~In=e~~~y:~:~:u:~-=1 :.:_:..._=-=-;:-=--=--=-. ....:..-=-:---~~-;:.......:::::::::::=::!....

I
fG<I1',O~ic"'S,~If.rf ~r-'----, ·ISedrock,

i1-..,-~_,-,-_,"",_~_._,"",-,.,._,..,~~,....~,.,....,._.,....,--.-.,..,~,'~g,1I_re,.,.8~-3....- ...-.,..~.
200 it ~o aDo t~;i~ 'tOOl] 1200 "!4bo 1600 -1:300 2000 ' ':'l'"'"

Client: TVA

. , .
2250

----

. ,
2000

. ,
1760

. ,
1500

I'
U51J

F~gureB·4
• I'
,",}O

• I

500

\",

\

:l,~~ IOf~ She!, GVPs'Jm1--\: .----;>
rco;;~J----------,.""'7,....;:/===~---- ..

'I"ISoil Fill~::::;;:;"'" j / IFi,," Gypsuml ~
----<".... /f'· " -

,~

,I
::5a''c>:'C'F F'iC'COJ:

~
O. 00

o. SO

··_-·~---1 1.00

. 1. 50

." !---" 2.00\2
i r- Z.50

J
j j..=':'. 3. 00

"
h~.~ 3.50

.'-
"

4.00
l.~'--

§ 4. SO

.5. 00

S. SO

8 6.00f- Ig

."
~

:~

0

",~
, I

Qit 250

''-'
Stability.doc

TVA-00021328



GEO,sYNTEC CONSULTANTS PAGE Oi' 42

Written by:,-',',..,f--'R"-' _ llate: 5/5/2006 Reviewed by: ::.1i'~J~§:....- Dale: 5/5/2006

I
~"

~I'

:moo"1:300

if'mjecVI"Ii"Or,lOS>lln No.: .==G"iU.,,''-'7'''3'-'' Task No.: _

1000

Figure 8-5

IGeologic BUffe,1'

400

~ . ~"""----IF-in-e-G-yp-su-m-I-----....~
w~~_/ /' T =
y -. -'."=.::''':''::'. ..... ._-_.•• -

5. so

15.00+

5.00

4.00

3. so

3.00

4.50

2.50

Clieilt:c.......:."...:v..:.".:...... l'mjec': Kiilgston fOi.iI Plant

Figure B-6

Sta.bility.doc
----a

TVA-00021329



GKOSYNTEC CONSULTANTS --'P~A~G.:i:.~:---:3",-3......:.:.Of~42=---

W,·Well oy:-',l'-'f'-'R"-- _ D"te: 5/5/2006 Reviewed by: -'P-',J"'S'-- Date: 515/2006

Client: TVA

\~

G
SaCe";Y fac,;ol:§

~
0.00

0.50

"
1000

?i i~ 1. so

1=-1 2.00
1--
L 2. SO

8 I-~-;!:
3.00

f 3. SO

8 r 4.00

>:! f---._- 4g50

;.'t;¥.
5.00

~
5.50

6.00·:-

" ,
"CD

Projecl: l<il1'!StOil Fo".;] j'11;.!fi"-t !ProjectlProposal No.: ~G,-,R",3,,-7,-,3,-,1,-- Tasl. i\lo.: _

"

j

Figure B-8
""~.,....,~.,,~,-,-.,....,-.T,"'"'.,',.....~--.-......'T,T.....,..,TT~.·-,-.-,-

o 1'1: 200 ~oo ,~co

Stability.doc

., .
ac@

,. ,
1000 . "12.00

, .
I~OO

" ,1000
, .

1000
,. I'

zooo

----

, .
'1200

TVA-00021330



GEOSYN1'EC CONSULTANTS

Written by:.~.!.!IF,-,R~ _ !h~e: 5/5/2306

PA(;l 34 OF LL2

Ihvie"ed by: ~P~J",S,--- Dnte: 5/SIZOllo

Clienl: TVA

3alety Faccor;: :

~o.oo

! r"1 :::
! 2.00
J-

"9-

l'rlljee,: Ki:np,s<oll ';Fos';ill'lailt~_' ProjecliProposa! ;\jo.:~G~'R~3;;.7!..o3~1c- Tns:. i'lo.: _

S1ability.doc
-----

TVA-00021331



GEOSYNTEC CONSULTANTS

Written by.:-,!J£.!FR~ _ Date: 5/5/2006

PAGE 35 OF 42

Reviewed by: ~PJ~S Date: 5/5/2006

Client: TVA Project: Kingston FOSliil Plant ProjectIProposal No.: ~G~R3>L!7d.231!- Task No.:. _

I..,

ATTACHMENT C
SLIDE OUTPUT

CROSS SECTION B-B' - STATIC

----Stability.doc

TVA-00021332



GEOSYNTEC CONSULTANTS

'Nrittel1 ;;y:,-"I,-,F,-!R~' _ Date: 5/5/2006

PAG:;: 36 OF 42

Reviewed by: ~P.::.I"'S Dute: 5/5/2006

ClieO'l': TV,c\ Projectll'ro!JosilH i'lo.:."G""!<"'J"-7'-'J""i Inslt i'iD.=- _

,]: f,~•• IIDOj:-

" 1__" _llr--'o-lin-c\n--:'!<l'--"a-'rl

,
',joo

lOry Stacl< G~(Jsuml

~'~":,S.O" (N~
.,. -rl'--

= 18~drock I
i

Stability,doc

, "800 , "1000

Figure C-2

12Dci ;d::o , '
'1600

•• I'

2000

.---
, '

:200

TVA-00021333



GEOSYN1'EC CONSULTANTS PAGE 37 OF 42

'Written by:-"J"-F"-R'-- _ !.:)>l'e: 5/5/W06 Reviewe<illl~': _'.:..!',,,,OS,,-' [lu,e: 5/5/21)06

Clien,: TVA Project: Kings,Oil fossil I'I'!il'~ P,rlJ)jec,/P'!i",f}ij1)osaH No.: -"G""R""3",7,,,3.:..i Tuslt l'iO.: _

~i Set.~ :.~~oc

:1 0, so

:j ,... _. 1. 00

~~. --- 1.50

2,00

01
~.,

,11 0rY St@el, Gypsuml

Figure C-3

,
O.'i 200

, ,
--lOa eoo' , '

hJOO .:ho
i I

1~O

I \,

2000

5.00

Figure C-4

~<~.....
"'-......·lr~,-;,ri-iv-e."S--,Oi-1(-N-<4"""1l!

IDry S!@c!, GYP';um!

4,00

5,50

3. SO

.1.1.50

Stability .doc
----

TVA-00021334



GEOSYNTEC CONSULTANTS PAGE 38 OF 42

WrWeil by:,-'J'-'-l'--"R"---- _ lla,e: 5/5/2006 Reviewed by: ----"-P.::.I"'S Date: 5/512006

Clien!:: TVA Projec,: :,,In'!s!ol1' Jf(}6:;i~1 PJalll~,- Pmject/Proposal No.: "'G'-'.R""J:..c7.::;3-'..1 Task No.: _

Safe;:y jYacto~

r .::::
ql.OO
, ~j

3.50
1/

/
/1/

/~---iD'ySlack Gypsuml
~ ~ ~

~--:-::-::l . -'. -_........ !
C02rsa GYP:lUml ' ~ ~r-~_...L---- . -"---~"'< ,, Native Soil (N)4TI

/ !FlI1e Gypsum] : :;'-;;··~bi:::f"-"-'-....:
SoilFill\N • - ,:~'-:--:r

JClinch Rive,I--::__·"_---=,,,=-"--:..", ' _"_'-_'__,--_.":"'J''''''"-' ._-..~. ~.-L
/,/~ ."'$~-.~ __~~~.~

IGeologic BufferI - Nat",e SOil (N<4)

4.50

4.00

0.00-1-

5.50

5.00

3.00

Z.OO

1. 50

2.50

~.

o
:~ .

,
1000

,
I) :t

Figure C-5
. ,
1400 '/800

i I
2000

g 3.00
~

r;r;jl
t;::..:.l

"-"- .,.-.1.- _

Stability.doc
----

TVA-00021335



GEOSYNTEC CONSULTANTS

Written by:,~J.!:.lFR~ _ il>ate: 5/512006

PAGE 39 OF 42

Reviewed by: -,P=J=--S Date: 5/5/2006

Client: TVA Project: Kingston Fo!;sil Plant ProjectfPrnposal No.:~G~R3~7d.!31,-- Task No.:. _

ATTACHMENT D
SLIDE OUTPUT

CROSS SECTION A-A' - SEISNIIC

----Stability.doc

TVA-00021336



GEOSYNTEC CONSULTANl'S PAGE 40 OF 42

Written hy:.:.:.j,",F-,R~ _ l)ale: 5/5/2006 Reviewed by: -,-p.:.:.J::::S~ Date: 5/5/20~

,
2150

. ,
1750

,
-1500

,
1250

11 " I.
tODD

Figup~ D·l

'\

/ .-4Dry Slack Gypsum!~

~ ,_..<;.-_.~~=---~~~~
~ •=~:::-:_--_._------r !Fine Gypsuml
2_~-->.. r ",',

"i: •

g1
,0 ~

!I-'I~'"""'-"""""'''''''"-''-'''''''0-"",,,,-;-,..,...,~.-;"-,,r.,.-,~r,.,....,,-.-,-..
·2'30 fi: I] 250 ·500

Client: TVA

8-,,,

3.50

Figure D-2

, .
800

, .
'1000

, .
'1200

, .
1600

. ,.
'1800

, .
2000 no,

Stability.doc
----F

TVA-00021337



GEOSYNTEC CONSULTANTS

Written bY:.2.JF~R~ , Date: 5/5/2006

PAGE 41 OF 42

Reviewed by: ,-'P:..;:.JS=- Date: 5/5/2006

\~

Client: TVA

Stability.doc

Project: Kingston Fossil Plant ProjectiProposal No.:~G~R3'!.!..7~31~ Task No.:C--.__

ATTACHMENT E
SLIDE OUTPUT

CROSS SECTION B-B' - SEISrvllC

.---

TVA-00021338



GEOSYNTEC CONSULTANTS PAGE 42 Or 42

VYrltten by:-",l'"'-F.-"R"- _ Date: 5/512006 Re'lie"ea by: l',IS Date: 5/5/2006

C1iellt:,-::T..:.V..:.A..:- Praject: King"to., l'oSHii I'hmt i'mjectiPropo"u~~;<l.: "',L<.::f'~...J~·7!..o3~J'__ T~"l, [')".: _

i~3.."eC"! ~~~~O~

0, " ',. -j~~.',~ 0.50
:a-i r 1.00

-j ~~~l l.SO

< ~__ 2.00

°:7-1
-1

2.50

zoo
,

~QO 1000 noci " '
I~OO 1800 I 10bci

!
'-, ,1 .-.. ---.-'----~--

I~~-;;;Jmj ~"
j ':""~~_-,"--0""'--;--~--_
.-~~_.,=,=:~.

-,' ;(
!Clinch Riverl

Figure E-2

Stability.doc

zoo
,. I'

!'lOO
6&-'-,-,i . I

1300 lObo
•• I'

1200 2obo '

-----
,. I"

1200

TVA-00021339



1-...,.

SEEPAGE ANALYSIS

TVA-00021340



GEOSYNTEC CONSULTANTS

COMPUTAnON COVER SHEET

Client: _TV__A Project: . KIF GyPsum Disposal ProjectJProposal #: GR373 I Task #: 06
. Fa_ci_li-"ty~ _

TITLE OF COMPUTATIONS SEEPAGE ANALYSIS
-------------~------------

COMPUTAnONS BY: Signature

Printed Name Tamer Y. Elkady
and Title Engineer

~~
DA

Neil DaviesPrinled Name

ASSUMPTIONS AND PROCEDURES
CHECKED BY: Signature

-----+-"-'--L----:7'---,~------

(Peer Reviewer)

and Title

COMPUTAnONS CHECKED BY: Signature

Printed Name

PrincipaJNice President .

rz~.
Neil Davies

~lZ-,~
DAT

and Title PrincipalNice President

COMPUTAnONS BACKCHECKED BY:
'~(Originator) Signature ~ iZr2a?6

DAT '

Printed Name

APPROVED BY:
(PM or Designate)

Printed Name Tamer Y. Elkady

::::: ~~~e~~E~:~~~~n~ee~:~~~~~.~~~~~~::=--..
Neil Davies

M.j} fl,~
DAT

and TitJe PrincipalNice President

APPROVAL NOTES:

REVISIONS (Number and initial all revisions)

NO. SHEET DATE BY CHECKED BY APPROVAL

\~
""-----

caIe-cover-seepage

TVA-00021341



GEOSYNTEC CONSULTANTS

Written by: Tamer Elkady Date: 5fl012006

PAGE I OF 19

Reviewed by: :..::R.N=:..:.D::;:a:..;;vi:;::es=--- ---'Date: 511012006

Client: TVA Project: Gypsum Disposal Facility - KIF ProjectlProposal No.:,-"G"."R3=<-'73'-'<.I"--__ Task No.: =06:.-_

\~

SEEPAGE ANALYSIS

PURPOSE

The purpose of this calculation package is to present the results of seepage analyses perfonned for
the proposed Gypsum Disposal Facility at the Kingston Fossil Plant (KIF) located in Roane County,
Tennessee. This gypsum disposal facility will be owned, constructed, and operated by Tennessee
Valley Authority (TVA). The analyses were perfonned to: (i) evaluate the effectiveness of the internal
drainage system for the gypsum stack; (ii) estimate flow quantities through the internal drainage system;
and (iii) estimate water levels within the disposal facility at different time periods throughout the life
and post-closure period of the facility.

DESCRIPTION OF THE PROPOSED INTERNAL DRAINAGE SYSTEM FOR THE GYPSUM
DISPOSAL FACILITY

The purpose of the internal drainage system for the proposed gypsum disposal facility is to
facilitate drainage of water and nxluce' pore-water pressures within the gypsum stack. The internal
drainage system consists of a central drainage corridor and perimeter drainage trenches. The central
drainage corridor is located in Phase I and II and consists of a series of high density polyethylene
(HDPE) perforated pipes encased in highly-permeable, geotextile-wrapped gravel surround. Water
collected by the central drainage corridor is conveyed to an underdrain lift station, located outside the
waste footprint and pumped into the proposed stonnwater pond. A layout of the proposed central
corridor for Phase I and II and location of the underdrain lift station is shown on Drawings IOW427-5
and lOW427-9. During gypsum disposal operations and as gypsum perimeter dikes are constructed,
perimeter drainage trenches will be constructed at consistent vertical spacing within the constructed
gypsum dike. The purpose of these perimeter drains is to minimize pore pressure build up along the
inside of the outer slopes of the facility. The perimeter drainage trench will consist of a perforated pipe
encased in highly-permeable, geotextile-wrapped gravel. Water collected by the perimeter trenches will
be directed towards equally spaced outlet pipes which in turn convey collected water to the fimil cover
drainage bench and/or perimeter channel. This water will then flow by gI:avity to the stonnwater pond
for subsequent disposal at the KIF discharge channel. Details of the perimeter drainage trenches are
shown on Drawing IOW427-18.

METHOD OF ANALYSIS

Seepage analyses for the proposed disposal facility were perfonned using a two-dimensional finite
element program SEEP/w V4.24. The program was used to model the movement of water and pore
pressure distribution within the gypsum stack under steady-state and transient conditions. The program
was used also to estimate flow quantities through the proposed internal drainage system. Infonnation
required for the analyses includes:

• the geometry of the gypsum stack at the cross section location;

GR3731 \seepage Analysis-final.doc
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• the geometry of the internal drainage system (i.e., central drainage corridor and perimeter
drainage trenches);

• the hydraulic properties offor gypsum; and
• boundary conditions and initial conditions (in case oftransient analysis).

ANALYSIS CROSS-SECTION

The analysis of seepage flow within the gypsum disposal facility is considered a three-dimensional
problem due to the limited lateral ,extent ofthe central drainage corridor and the discrete locations of the
perimeter drainage trenches. Because of the limitation of SEEPfW in analyzing three-dimensional
seepage flows, analysis can be approximated by analyzing seepage flow at several cross sections
oriented perpendicular to the central drainage corridor. Flow through the central drainage corridor can
then be computed by summing the contribution of flow quantities estimated from the selected cross
sections.

To reduce computational effort and time, analysis presented as part of this calculation package
were perfonned for one cross sectIon that contribute the maximum flow to the central drainage corridor
(i.e., cross section with maximum width). Assuming the quantity of flow towards the central drainage
corridor to be the same along the entire drainage corridor, the resulting estimate of flow volume through
the central drainage corridor will be conservative. Location of analysis cross section with respect to
final cover grades at the end of W(:t stack operations is shown in Figure 1. Cross section geometry and
stratigraphy are shown in Figure 2. Details description of cross section stratigraphy is presented in the
following section.

CROSS SECTION STRATIGRAPHY AND MATERIAL PARAMETERS

Material contained within the gypsum disposal facility consists mainly of coarse grained gypsum
and fine grained gypsum. A brief description of the genesis of the gypsum anticipated to be
encountered within the disposal facility is presented as follows:

• Coarse Gypsum: Coarse grained gypsum is a by-product of the rim-ditch operations of sluiced
material placement. Coarser grained gypsum settles out in or near the rim ditch and is scooped
out and compacted to fonn the perimeter dikes.

• Fine Gypsum: Fine grained gypsum is also a by-product of the rim-ditch method of sluiced
material placement, however the finer grained material travels further from the discharge point
and tends to be located towards the center of the gypsum pond than the coarser material.

The only characteristic of interest for the calculation of seepage flow and pore-water pressure
distribution within the gypsum disposal facility is the hydraulic conductivity. Gypsum is currently not

'~ generated from the TVA Kingston Fossil Plant. Therefore, information on the hydraulic conductivity of
gypsum was obtained from laboratory tests performed on similar gypsum material generated from other----GR373 1\seepage Analysis-fmal.doc
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TVA fossil plants (MACTEC, 1995; MACTEC, 2004). Hydraulic conductivity test results perfonned
on representative gypsum material obtained from other TVA fossil plants are presented in Appendix A.
According to these test results, the hydraulic conductivity of gypsum ranges from 1.5 x 10-4 em/sec to

6.65 x 10-4 cm/sec. The average hydraulic conductivity of the coarse gypsum was calculated to be
approximately 5 x 10-4 cm/see.. It is worth noting that the permeability tests performed on

representative gypsum samples under a confining pressure ranging between 7 to 14 psi. To account for
higher confining pressures anticipated within the gypsum stack, the hydraulic conductivity of fine
gypsum was assumed to be 1 x 10-5 cm/sec.

The horizontal hydraulic conductivity (Kh) of the gypsum material is anticipated to be greater than

the vertical hydraulic conductivit:V (Kv) due to the layered nature of the sedimented gypsum. Field
measurements of water levels and hydraulic conductivity measurements within existing TVA disposal
facilities indicated that the ratio of horizontal and vertical hydraulic conductivity (KWKv) ranges
between 2 to 4. For the pUlpose of this analysis, a KJlKv of2 was considered. A summary ofhydraulic
conductivity used in the analysis are presented in TabIel.

Table 1. Summary of Hydraulic Conductivity Used in the Seepage Analyses
Material Hydraulic Conductivity (K, em/sec) KWKv

Fine Gypsum 1 x 10-5 2

Coarse Gypsum 5 x 10-4 2

ANALYSIS CASES

Seepage analyses were preformed for the selected cross section considering three analysis cases.

Description ofthese analysis cases is presented below:

Case 1- Considering No Central Drainage Corridor (Steady State Condition): This case was analyzed

to evaluate the effectiveness of the perimeter drainage trenches in reducing seepage pressures
along the inside face of the facility outbound slope and estimate the maximum seepage flow

towards the perimeter drainage trench.

Case 11- Considering No Central drainage Corridor (Transient Condition): This case was analyzed to
provide a base for comparison in demonstrating the effectiveness of the proposed central

drainage corridor in facilitating water drainage and reducing water levels in the gypsum stack.
Water levels within the wet gypsum stack was estimated at different time periods.

Case III - Considering a Central Drainage Corridor (Transient condition): This case was analyzed to
evaluate water levels within the facility at different time intervals and the corresponding

seepage flow into the proposed central drainage corridor.

GR373 I\seepage Analysis·finaLdoc
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FINITE ELEMENT MESH AND BOUNDARY CONDITIONS

Figure 3 presents the finite element mesh used for the analyses. Figure 4 presents boundary
conditions for analysis cases I through III. For transient analyses (i.e., Case II and III), initial boundary
condition assumes the initial water level to be at the top of the wet stack at an elevation approximately
928 ft above ms!. Stated differently, it is assumed that flow towards the internal drainage system will
commence when the wet stack reaches the end of wet disposal operations. This is considered to be a
very conservative approach since the drainage through the central corridor will occur during the earlier
stages of wet disposal resulting in water levels within the stack being lower than the assumed starting
elevation. For analysis case III, the width of the central drainage corridor is considered 150 ft.

RESULTS AND CONCLUSIONS

Graphical output of the seepage analysis for Case I (i.e., steady state conditions - considering no
central drainage corridor) is presented in Figures 5. Based on analysis results, the seepage flow towards
perimeter drainage trenches drains is estimated to range from 7.76 x 10-6 to 5.51.0 X 10.5 ft3/seclft,
which is equivalent to approximatdy 5 to 35 gallons/day/ft.

Graphical output for the seepage analysis for Cases II and III are presented in Figures 6 and 7,
'.....,. respectively. Based on the results of modeling, it is noted that water levels within the stack will be

reduced considerably quicker using the central drainage corridor (i.e., Case III) when compared to the
case without a central drainage (Case II). The rate of reduction is estimated to be approximately twice
that of the case with no internal drainage. This is considered beneficial in terms of: (i) reducing the
head on the geologic buffer layer; and (ii) the factor of safety for slope stability will be improved as
water levels are reduced in the stack.

Finally, it is worth noting that for the analyses presented herein, the following assumptions were
made:

(i) the hydraulic conductivity of the gypsum are representative of gypsum material to be
disposed of in the proposed facility; and

(ii) outlet pipes of the perimeter drainage trenches and central drainage corridor discharge will
be inspected and maintained periodically to ensure that there is no clogging.

I~
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APPENDIX A
Permeability Laboratory Testing of Gypsum
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Table A-I. Summary of Hydraulic Conductivity Test Results performed on Gypsum
Obtained from different facilities

TVA Facility Name
Hydraulic Conductivity

(ern/sec)

Cumberland 6.65 x 10-4

Cumberland 5.02 x 10-4

Cumberland 6.65 x 10-4

Widows Creek 3.9 x 10-4

Paradise 1.5 x 10-4
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Project: TVA Kingston Foss:; I Plont - CUJ:'" Gypsum Project No. : .3043041009

Locot ion; Fi Ie No. : Asil 2651

Dote: 05-04--04 Lob No. : 62215

Tested by: JA
PERMEABILIT''l' TEST REPORT

Checked by: MH

Test: CH - Constant heed
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~MEABILITY TEST\-REPORT
TEST OATp.: . SAMPLE DATA:
Specimen Hei9~t (CI\t): 5.04 Somple Identification: Hole 13
Specimen Diometer (em) : 7 . .3}

Dry unit Weight (pd) : 159.0 Visuol Descript ;01'1: Gypsum
!wIQi=sturc Before Test (~); 29.0
Moisture Af ter test (~): 48,,8 Relhorks:
Ru" Number: I • 2 ~

Cell Pressure (psi): 57:0 ".. li'~ (oS; Uc>cimum Dry Density (pef) :
Test Pr9sosoure(psi): 52.0 ,/ /,:7 Opt im\.Jm Moisture Content (~):

Back Pressure(psi): SO.7
Oi ff. Heod (psi): 1 . .3 Percent Compoc t ; on:
Flew RQte (ce/sec): 4.14 • 10--1 Permeometer type: Flexible Wo"
Perm. (em/sec): 5.02 c 10--4 Semple type: Shelby Tube

TIME - t (sec)
0 50 100 150 200
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0 5 10 15 20
AVERAGE HYDRAULIC GRADIENT - dH/L (em/em)

Project: TVA Kin9ston F.:>ssi I Plont - CUI=" Gypsum Project No. ; .304.3041009

Locot Ion; Fi /e No. : 11,Sff 26:51

Dote: 05-04-04 Lob No. : (;Z26

Tested by: JA
PERMEABILITT TEST REPORT

C"ecked by: ~l-I

Test: CH - Constant head
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. PL.kMEA8ILITY TEST 'JEPORT

TEST DATA: SAMPLE OATA:
Specimen Height (em): 5.05 Sample Identification: Hole 15-A
Specimen Diameter (ell'l): 7 . .33.

u"il Weight (pet) : VisualDry 65.6 Desc rip lion: Gypsum
Moisture Before Test-(%): 34.3
Moisture Afler Test (7.:>: 51.1 RemQrks:
Run Number: 1 • 2 A-

Cel I Pressure (psi): 57.0 Maximum Dry Densi ty (pef) :
Test Pressure(psi): 52.0 opt imum Moisture Content (X):
Bock Pressure(psi): 50.8
o iff. Head (psi): , .2 Perc::enL CoMpoct. ion:
Flow Rete (eel~ec:) : 4.U. 10--1 Permeometer type: Flexible Wall
Perm. (ern/sec) : 6.15 l< 10--'1 Sample type: Shelby Tube

TIME - t (sec)
0 50 100 150 200
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q 5 10 15 20
p.VERAOE HYDRAULIC GRADIENT - dH/L (em/el'll)

Proj ect : TVA Kin9ston F'os5 i I Plant - CUr Gypsum Project No. : 3043041009

Local ;0": F; Ie No.: Asl 2651

Dote: 05-04-04 Lob No. ; 6226
Tested by: JA

PERMEAaILrry TEST REPORT
Chee~ed by: lotH

Test: eH - Constont heod
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HYDRAUllC CONDUCTIVITY
- lAW £NGIHEEJtIt(c

Project No.

Project Name

Boring No.

SamPIE:No.

Sample Depth

Sample Description

5810860101

TVA -Widows Creek

Scruhber Gypsum .

Bag

Gypsum

Tested By

Test Date

Reviewed By

ReviewDafe

HEJ

10/09195

RLB
Hl/19t</S

ASTMD5084 Fj U' Heild.' - >a -In}!
" -- -

sample Type: Sag

Sample Orientation: Veitical

Initial Water Content. %: -22-~
-- - -

Wet Unit Weight, pet: 106.5

Dry Unit Weight, pet: 87.2

Compaction, %: 94.7

Hydra~licConductivity, cm/sec. @20 ·C: 3.9E-04

TVA-00021357
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"ERhn.;.ABILITY TEST .. FALLING HEAD
ASTM D5084 .. 90)

ob Numbel' 5810860101 Tested By HEJ
Project Name TVA·Widows Cre~K

~,

Test Date 10/09/95
~oring No. Scrubber Gypsum Reviewed By RLB
Sample No. Bag Review Date/aIM 1'.$·
Sample Depth
Sample Description Gyps}lm

Samnle Data
Lenlzth, in Diameter, in Pan No. AB·'O

Location 1 6.000 Location t 2.630 DI'Y Soll+Pan, grams 947.13
Location 2 6.000 Location 2 2.830 Pan Weight, grams 83.66
Locatlon3 6.000 Location 3 2.830
Average 6.000 Averalte 2.830 Moisture Content, 0/0 22,2 Chambel' PreSSlil'e, psi 49

Wet Soil +Tare,grams 1054,96 Wet Unit Wt, pef IQ6,5 Back Pressure, psi 35-Tare Weiltht iralns 0,00 Drv Unit Wt, pef 87,2 Confining Pressure, psi 14

Date Date Time Time Time Division Division Ho Hf k. Temp k
Start finish Start Filttsh (sec) Start Finish (em) (cm) . em/sec (OC) em/sec

.. . at 20°C......
242 50.0 0.0 93.94 43.94 4.08-04 21 3.9E·04 ;
242 50.0 0,0 93.94 43.94 4.0e-04 2\ 3.9£-04
243 50,0 0.0 93.94 43.94 4.0E·04 21 3.9~·O4

-

No .. ofTria Sample Max.Oenslt Compaction Sample
Type (pet) % Ol'ientatlon Avg.l{ at 20, DC 3.9E-04 em/sec

3 Bal!. 92 94.7 Vertical

a =area of bll1'ette in cm2 Ho :;: initial head in em a= 0.34 cmz

L :;: length of sample in em Hr- final head in cm A= 40.582 cl'n2

.A=area of sampIe in em2 t =time in s~?~ds L= 15.24 em

U ~,

k .. I!l: If j -.._,-,....-'"_."...~

.....,
-<
~o
o
o
N
I-'
VJ
VI
00



Tested By H=:;;.EJ;..-,-~ _
Test Date 10/17/95

Reviewed By RLB __"__
Review Date Wlq/~~

(

(.~\W ENGINURING

...
(

ob Number, 581Q860101
Project Name IVA~Paradise

aoring No. Scrubber GXEsum
~ample No.!!'!L._ ,_
~ample Depth --;-__-;:-__
Sample Description G~yp~s~um:.:.=.- _

IPER~_AaILITY TeST. FALLING HEAO
ASTM D5084 - 90)

Samnle Data
LenRth, in Diameter, in p,,, No. T-Ie)

...~.~~

"-Location I 6,000 Location 1 2.830' Dry Soil+Pan, grams 820.30 I

Location 2 6,000 Location 2 2.830 Pan Weight, grams I 50.64
Locatlon3 6,000 Location 3· 2.830
Avcl'Illte 6,000 Averalle 2.830 Moisture Content, % 37.1 Chamber Pressure, psi 44

I Wet Soil +Tare, grams IOSS,SI Wet Unit Wt, pef 106.5 Back Pressure, psi 30- I .-
Tare Wehtht. Il.rams 0,00 Dry Unit Wt, pcf 77.7 Confining Pressure, psi 14

Date
Start

Date
Finish

Time
Stal1

Time
Finish

Time \ Division \ Division \ Ho \ ' Hr
1 cl1l~see \

Temp
\ k(sec) Start Finish (em) (em) , (OC) em/sec

at 20°C
4521 0.0 I 22.0 I 127.111 105.11 1.6E-04 21 1,5E·04
..1« I 0.0 I 22.0 I 127.111 105.11 t.6E-04 2\ 1.SE-04

4SJ I 0.0 I 22.0 I 127.\1 I 10',11 J.6E.04 21 1.58-041 l..-'

I I I - I I I I - I I I I I I

No. ofTl'\a I Sample
Type

3 IBa2.

Max. Densit \ Compaetion
(pet) %

86\ 90.7

Sample
Orientation

Vertical

Avg. k at 20°C l.SE-04 em/sec

...,
-<
~
o
o
o
N.......
UJ
VI
'-0

i •
\".,;...I

a =area of burette in cm2

L =length of sample in em
A=area of sample in cm2

Ho -= initial head in e111
Hr =final head in Cln

t =time in ser..aods
,
"...---

a • 1.00 cm2

A = 40'.582 cm2

L = 15.24 em
I

\....~.
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HYDRAULIC CONDUCTIVITY •

•

., . .--.- :'

", . • ',c;, , .

Project No.

Project Name

Bonng No.

SampJe:No.

Sample Depth'

Sample Description

5810860101

TVA-Paradise

Scrubber Gypsum

Bag

Gypsum

Tested By

Test Date

Reviewed By

Review Date

HEJ

10/17/95

RLB
IfJ/,e;/'i5

ASTMD5064 p; 11.· ~ it- a t(1t2 ell··

Sample Type: Bag

SampJe Orientation: Vertical

Initial Water Content. %: ,37.1

Wet Unit Weight. pet: 106.5

Dry Unit Weight, pet: 77.7

Compaction, %: 90.7

Hydraulic Conductivity, cm/sec.@20 °c: 1.5E-D4
.'

.l~)

TVA-00021360
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i

Laboratory data presented in Appendix C "Gypsum Testing and Physical
Properties" were from the report titled "Use of Coal Combustion By
products As Engineered Fills" prepared by Law Engineering, Inc. dated
November 10, 1995.

TVA-00021362
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TVA· Fly As". Bottol/l AsII (m(l SCl'llbbe,' SIIItige Stmly
Voll/metric Testh.g Sill/,ll/my

Lmll Ellgineerillg Project No. 5810860101

Standard Proclor Modified Proctor Relative Donsll • CI'Y Method (pcO
Soune Code M81erl81 MIX. Dr)' Don'. (pet) Ope. Mol,lul'o W.) M••• Dr)' Den•• (pel) Olle. Mollfurc (%) Minimum MaxImum

AlI~n ALF Boiler SlaJlIFine Recd Reiects) 95.3 21.' 102,6 23.2 .... .....

Bull Run BRF Drv Flv Ash 91.6 17.4 95.7 15.1 .... ....
BOllom Ash. From Pond 91.9 22,6 98.7 18.5 73.9 92.1

Colbert COF Drv Fly Ash <Units 1-4) '6,7 45,4 62.9 40,3 .... ......
Bottom Ash· From Pond 64,2 27.4 73.2 17.2 ".7 71.2

CU1l1beriand CUF Drv Fly Ash (Units 1-21 111.4 13,2 116,3 11.5 .... ....
Bottom Ash· From Pond 90.1 15.4 103.3 15.7 67.0 87.1

Senlbber GVDsmll 77.6 40.6 85.9 29,7 ..... .....

Oallatin OAF DI'Y Fly Ash <Unit 2 Hoppers) 86.6 21.4 88.9 18.8 .... ......

Bottol11 Ash. From Pond 92.0 25,S 102.5 20.9 71.3 90.7

John Sevier JSF Drv Flv Ash (Units 3-4) 83,7 18,6 86.7 17.8 ..... .....
Bottom Ash· From Pond 78.9 30.3 96.2 21.9 55.7 73.9

Johnsonville lOF Ponded Fly Ash (New Dredae Cell) 75.8 31.4 92.5 20,6 ..... ..•.
Ponded Fly Ash (Old Dredae Ct:lJI) 89.5 20.5 96.0 16.1 .... ....
Pondod Fly Ash (Actlvc Ash Pondl 86.6 22.8 91.7 18.0 .... ....
Bottom Ash. From Pond 99,2 18.0 104.1 12,0 80,2 99.2

Kingston KIF Ponded Fly Ash (Cell 1) 81.0 25.2 84,7 24,1 • oo.oo ......
Ponded Fly Ash (Cell Ill) 81.0 23.5 84.4 23,7 .... ....
Boltom Ash· From Pond 89,0 24.1 97.6 21.0 71.0 88.4

Pnradise PAF Ponded Flv Ash rEnst Cern 110.0 16.5 114.4 13.7 .... .....

Boller SIRI! fReed Reiects) 112.5 18.2 116.0 18.7 .... ....
SClllbber OVIlSUIIl 85.7 31,7 87.4 30.8 .... ....

ShRlI'ne~ SHF Dry Fly Ash 72.4 28.3 77.2 24.4 ..... .....

Bottom Ash'· From Pond 71.7 30.5 81.4 26.1 57,4 74,0

Spent Sed Materipl (SSM) .... ...... .... .... .... ....

ChAr ..... ....oo .... .... • oo•• .....

Widows Creek WCF Ponded Fly Ash (Ash Pond) 67.0 39.8 73.5 27,8 .... .....
Scnlbber OVDSUIll 92.0 23.1 99.9 19.4 ...... ....
Bot(om Ash· From Pond 106.2 17,6 120.8 15.8 83.0 103.3

Il'b·,oll'..n·-p,~rm, ... h lrrltctorl
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1. INTRODUCTION

This Groundwater Monitoring Plan has been prepared to satisfy the requirements of
Tennessee Department of Environment and Conservation (TDEC) Rule 1200-1-7 for the
Proposed Coal Combustion Byproduct (CCB) Disposal Facility at the Kingston Fossil
Plant (referenced hereafter as CCB disposal facility). The CCB disposal facility is
located at the base of a peninsula at the confluence of the Clinch and Emory Rivers in
Roane County, Tennessee. Tbe CCB disposal facility will extend from the central
portion of the peninsula to its southern margin adjacent to the Clinch River. The CCB
disposal facility must confonn to the Class II landfill regulations promulgated by the
Division of Solid Waste Management (nSWM) ofTDEC. The Groundwater Monitoring
Plan describes procedures and protocols to evaluate the potential impacts from the
proposed CCB disposal facility on groundwater quality beneath the Peninsula Site.

1.1 Summary of Site Geology and Hydro2eology

A hydrogeologic evaluation of the CCB disposal facility site was conducted by the
Tennessee Valley Authority (TVA) in 2005 (Julian and Boggs, 2005). The evaluation
compiled hydrogeologic data collected during previous geotechnical studies and site

'1IIIiIIf investigations. Groundwater conditions are currently monitored in five residuum
piezometers, 'nine residuum monitoring wells, and four bedrock monitoring wells. The
following is a summary of geologic and hydrogeologic characteristics of the site as
presented in Julian and Boggs (2005):

• The CCB disposal facility site is hydraulically bounded on all sides - the Clinch
River to the south forms a constant head boundary and the ridge-line to the north
and northwest fOnDS a no-flow boundary.

• The uppermost geologic unit at the site is a silty to clayey residuum. Silty
alluvium is also occasionally present but is primarily encountered along the low
lying areas at the Site's western margin. The residuum deposits range in
thickness between 8.5 to 120 feet. Vertical hydraulic conductivity (~) of
Wldisturbed residuum samples ranged from 10-4 to 10-8 centimeters/second
(cm/s).

•. Carbonate bedrock, primarily dolomite, of the Knox Group underlies the
unconsolidated residuum and alluvium. The .Knox Group is regionally
characterized as being prone to solution weathering particularly along joints and
joint sets, resulting in a highly variable top ofrock surface elevation. The top of
bedrock surface at the CCB disposal facility is similarly variable, ranging in

GRJ 73 ]/GA060288.RPT.doc 1
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•

•

•

elevation from 677 to 851 feet mean sea level (msl) in the disposal area. The
bedrock surface dips to the south-southeast.

Dolines (sinkholes) present within the proposed disposal boundary have been
found to be closed and not directly draining into the bedrock. Stable soil
conditions have been observed at each of the dolines due to the presence of at
least 35 ft. of void-free overburden and no evidence of soil stoping.

Groundwater flow in the residuwn generally follows topography, flowing from
the ridge along the northern to northwestern Site boundary to the southeast
towards the Clinch River. Saturated thickness of the residuum is variable based
on seasonal influences (i.e., recharge via precipitation) and stage of the Emory
and Clinch Rivers.

Groundwater flow direction in the bedrock was not discussed in Julian and
Boggs (2005). However, the bedrock flow direction -was inferred to· be
southeasterly from the ridge based on water level measurements collected on
March 2, 2006. This c:onclusion regarding the flow direction is tentative since it

is based on only four bedrock monitoring points.

• Downward vertical hydraulic gradients have been documented at the two well
pairs closer to the ridgc~ (MW-I0A/IOB and MW-63N63B). Downward vertical
gradients at well pairs along the central portion of the disposal area have been
negligible.

• Zones of varying hydraulic conductivity and flow were observed in six residuum
wells and two bedroc:k wells using an electromagnetic borehole flowmeter
(EMFM). In the residuum, zones of higher hydraulic conductivity tended to
correlate to sandy intervals; the highest horizontal hydraulic conductivity (Kh)

value for the higher zones was measured at 8xl0-2 cm/s. The lowest Kh values
were less than 10-6 cm/s and correlated with silty clay zones.

• The flowmeter profiles in the bedrock monitoring wells suggest that the epikarst
interval (weathered zone near the top of bedrock) is potentially the most
transmissive bedrock interval; however, the presence of well-connected fracture
zones below the epikarst may also have similar hydraulic conductivity.

1.2 Proposed Groundwater Monitoring System

A groundwater monitoring ~;ystem will be developed at the CCB disposal facility for
the purposes of meeting TDEC monitoring requirements. The groundwater monitoring
system is designed to assess the quality of groundwater unaffected by disposal processes

GR3731/GA060288.RPT.doc 2
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and to monitor groundwater quality at the downgradient compliance boundary of the
disposal facility. To meet these objectives, the proposed groundwater monitoring system
includes upgradient and downgradient monitoring wells located outside of the projected
limit of land disturbance of waste disposal development and operation. The limit of
disturbance, therefore, becomes the effective groundwater compliance boundary.

The existing site residuwll and bedrock monitoring wells lie within the footprint of
the proposed disposal area, and thus, will not be used in the groundwater monitoring
system. These wells will be plugged and abandoned in accordance with TDEC
regulations prior to commencing disposal activities.

The proposed monitoring system includes upgradient and downgradient monitoring
wells installed in both the residuum and bedrock units. Monitoring of both
hydrogeologic units is warrant<:<J for two reasons: l) the lDlits are hydraulically connected
with documented downward vertical flow potentials, and 2) groundwater flow in both
units discharges into the Clinch River. Figure 1-1 depicts the 10 proposed monitoring
well pair locations, their relation to the groundwater compliance boundary, the existing
residuum monitoring wells and piezometers, and the residuum potentiometric surface
from the March 2, 2006 gauging event. Residuum and bedrock wells at proposed pair
locations are designated with "A" and "B" suffixes, respectively. The proposed locations
may be shifted in the field depending upon access conditions.

The proposed disposal boundary will extend to the base of the ridge along the north
and northwest Site boundary. \VeIl pair MW-IA/IB will serve as an upgradient
monitoring location for the Phase I disposal area and will be situated near the top of the
ridge. Groundwater conditions upgradient of the Phase II disposal area will be evaluated
at the MW-2A/2B well pair, located slightly below the ridge top. Although residuum
locations are tentatively proposed at these two upgradient locations, it is possible that
residuum monitoring in these locales may not be feasible since unsaturated conditions
may be present in the thinly-developed residuum near the ridge top. Well pairs MW
3A/3B through MW-IOA/lOB are all intended to monitor groundwater quality
downgradient from both the Phase I and II disposal areas.

1.2.1 Monitoring Well Design and Construction

The proposed monitoring well borings will be advanced using a combination of
drilling technologies that are commonly used in the region, such as hollow-stem auger,
air rotary drilling, and bedrock coring. Selection of the drilling technology will be made
by TVA based on a number of important considerations such as site accessibility and
appropriate drilling technology. The proposed monitoring wells will be constructed of 2-

~....,. inch diameter PVC well screen and casing and shall be installed in 6-inch diameter
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boreholes in order to comply with IDEe monitoring well regulations. The design of
each type ofmonitoring well is discussed separately below.

Residuum Monitoring Wells

The residuum monitoring wells will be constructed in the manner depict~ in Figure
1-2. The residuum well borings will be advanced to bedrock refusal, which was found to
vary between 35 and 59 feet below ground surface (bgs) during previous investigations at
the Site. The well screen shall have a minimum length of lOft. and a slotted interval of
0.010 inches. The well will be set on a 6-inch thick footing of environmental-grade filter
pack sand (20/40 grain size unless otherwise noted). The top of the filter pack will
extend a minimum ofsix inches above the top slot of the well screen. A minimum 2-foot
bentonite seal will be placed on top of the filter pack. The filter pack material and
bentonite seal will be placed in the annulus through a I-inch PVC trernie pipe when
practical. The remaining annulus will be filled with a cement-bentonite grout.

The monitoring wells will be completed above grade with a stickup. Each well will
have a vented PVC cap and a lockable, steel outer casing secured in a 4 ft. x 4 ft. concrete
pad. The steel casing will be protected by four, 6-inch diameter steel bollards installed to
a 4-foot height at the four comers of the concrete pad. The bollards will be set in
concrete approximately 4 feet bgs.

Upon completion each well will be developed using a combination of methods such
as air lift, surging, and pumping. After development the wells will be surveyed by a
licensed surveyor for location and elevation of the top ofcasing.

Bedrock Monitoring Wells

Groundwater monitoring in the bedrock will utilize a single monitoring interval
unless field observations indicate that multi-level monitoring is warranted. Bedrock
monitoring wells will be constmcted in the manner depicted in Figure 1-3, unless field
conditions necessitate modifications. Bedrock borings will be advanced into the upper
20-30 feet of the bedrock to target the more permeable epikarst zone. The existing
bedrock monitoring wells have total depths that vary between 61 and 104 feet bgs. The
total depth of the proposed bedrock monitoring wells will be determined in the field
based on observations during drilling such as fluid loss or gain, the presence of voids or
fractures, or overall rock competency based on penetration rate. A IO-inch diameter
borehole will be advanced through the residuum· and into the upper 2 to 5 feet of
competent bedrock. An 8-inch diameter, steel surface casing will be installed and
grouted in place using a cement-bentonite grout, which will be allowed to cure for 24
hours. Bedrock borings will be advanced using drilling methodologies such as air rotary
or wire-line coring to ultimately produce the 6-inch annular diameter required by IDEe
for monitoring well borings.
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The well screen shall have a minimum length of 20 feet to account for seasonal
fluctuations in the groundwater levels. The screen will have a slotted ipterval of 0.010
inches. The bedrock well shall be completed, developed and surveyed in the same
manner as the residuum monitoring wells, discussed previously above.
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2. GROUNDWATER MONITORING PROGRAM

The following section discusses the Groundwater Monitoring Program that is
proposed for the Site in accordance with the TDEC Solid Waste regulations established
in Rule 1200-1-7-.04.

2.1 Detection Monitoring Program

Sitewide groundwater monitoring will consist of a Detection Monitoring Program.
The requirements of Rule 1200-1-7-.04 state that the Detection Monitoring Program
includes quarterly sampling during the landfill's first year of operation to establish a
statistical baseline and initial background concentrations in the wells before waste is
placed in the facility. Thereafter, the Detection Monitoring Program is reduced to semi
annual sampling. During the quarterly and semi-annual sampling events, groundwater
samples from the proposed monitoring wells (Figure 1~1) will be analyzed for the 17
inorganic constituents listed in Table 2-1. As stipulated in Rule 1200-7-.04, none of the
volatile organic compounds listed in Appendix I of IDEe Solid Waste Regulations are

required in the Detection Monitoring Progranl for Class II disposal facilities.

Table 2-1: Jnorganic Constituents and Analytical
MetllOds for Detection Monitoring

-
Parameter EPA Method

Antimony 6010/6020

Arsenic 6010/6020-
Barium 6010/6020

Beryllium 6010/6020

Cadmium 6010/6020.
Chromium 6010/6020
Cobalt 6010/6020
Copper 6010/6020

Fluoride 6010/6020

Lead 6010/6020
Mercury 747017471

Nickel 6010/6020

Selenium 6010/6020

Silver 6010/6020

Thallium 6010/6020

Vanadium 6010/6020

Zinc 6010/6020

Adapted from Appendix I (IDEe 1200-1-7.04)
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Upon completion ofthe quarterly events conducted in the first year, the groundwater
concentrations of the constituents in Table 2-1 will be evaluated to determine a
representative background concentration. These background concentrations, approved by
TDEC, will then be used to screen all subsequent groundwater samples collected during
the Detection Monitoring Program.

Field procedures for all groundwater sampling events are discussed in Section' 3.0.

2.1.1 Reporting

Within 60 days of the end of each sampling event, TVA will submit a report to
IDEe that serves as a summary of the sampling event procedures, analyses and results,
and statistical evaluation. As specified in IDEC's Ground Water Monitoring Guidance
for Solid Waste Landfill Units (GW Monitoring Guidance Document). the report will
include the following items:

1. Description of sampling procedures, field measurements (i.e, water quality
parameters), purge volumes, dates and times of sampling, and weather
conditions;

2. Elevation (mean sea level) of each monitoring well's top of casing and ground
surface;

3. Groundwater flow direction and rate across the site;

4. Scaled site basemap that includes all monitoring well locations, the
potentiometric surface elevation for the sampling event, the property boundary,
and the active and closed fill areas;

5. Summary ofsampling parameters and analysis method;

6. Copies ofchain of custody fonns and laboratory reports;

7. Tabulated sample results compared against background groundwater quality
concentrations and groundwater protection standards;

8. Summary ofthe statistical method used for determining a statistically significant
increase (SSI) (meeting the requirements ofRule 1200-1-7-.04) and the results of
the statistical analysis;

GRJ73 IIGA060288.RPT.doc 7
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9. Scaled site basemap that presents the location of each monitoring well and
concentrations of the constituents/parameters that were found to statistically
exceed background concentrations or groundwater quality protection standards;

10. A schedule for the next sampling event; and,

11. A certification meeting the requirements ofRule 1200-1-7.02(2)(a) 7,8, and 10.

2.1.2 Statistical Data Evaluation

In accordance with the Detection Monitoring Program requirements, TVA will
evaluate the semi-annual resuJ~s to detennine if any constituent exhibits a SSI in
concentration. Statistical analyses will be perfonned using non-parametric prediction
intervals (NPI) with an intra-well basis (Gibbons 1990, 1994). This statistical method is
currently being used by TVA for assessing groundwater compliance data from the GCB
Disposal Facility at KIF and is discussed in detail in Appendix E of the report prepared
by Boggs (2005). In general, the NPI method assumes that the distribution of baseline
and future compliance sampling data are identical in the absence of contamination from a
disposal facility. An upper prediction limit (UPL) for each constituent is determined
based on the maximum concentration detected during the baseline sampling period. If

'..... the UPL is exceeded during a subsequent sampling event, the well is independently
I'esampled a statistically detetmined number of times to achieve the desired level of
confidence. If all the resample measurements exceed the UPL, the original exceedance is
considered an SSI. If at least one of the resample results is below the UPL, the original
exceedance is considered insignificant.

If an SSI is detennined, TVA will comply with the requirements of Rule] 200-1-7
.04 which requires:

1. notifying TDEC within 14 days' indicating which constituents have shown an
SSI;

2. establishing an Assessment Monitoring Program within 90 days; or,

3. demonstrating, at TVA's discretion, that the SSI is the result of contamination
from source other than the proposed CCB disposal facility or is the result of an
error in sampling, analysis, statistical methods, or natural variability.

If the demonstration is not made within 90 days, an Assessment Monitoring Program
must be established.

GR373I1GA060288.RPT.doc 8
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2.2 Assessment Monitoring Program

Within 90 days of triggering an Assessment Monitoring Program, TVA will sample
groundwater from the groundwater monitoring system. TVA proposes that these samples
be analyzed for the Appendix I inorganic constituents and any parameters specified by
IDEC as being characteristic of the waste, but not for the Appendix II constituents of
Rule 1200-1-7-.04. Due to the composition and geochemical reactivity of the disposed
gypsum, analysis of the Appendix II constituents is unwarranted since they are primarily
organic compounds, such as volatile organics, semi-volatile organics, pesticides, and
PCBs. As a result, the remaining discussion in this section will refer to the Appendix I
constituents and any parameters specified by TDEC as being characteristic of the waste
as the Assessment Monitoring Constituents.

The Assessment Monitoring Program consists of Phase 1, 2, and 3 as stipulated in
IDEC's GW Monitoring Guidance Document. Each phase is described separately
below.

2.2.1 Phase 1

Phase 1 consists of two separate sampling events and several reporting requirements.

Initial Assessment Sampling Event - During this sampling event, all downgradient
monitoring points are sampled and analyzed for the Assessment Monitoring Constituents.
TVA may request deletion of some constituents ifjustification can be provided that they
should not be reasonably expected to be derived from waste contained in the landfill.
This request must be made within the first 30 days of the 90-day timeframe.

Background Sampling (or Identified Assessment Monitoring Constituents - This
Phase I task entails four independent samplings of upgradient and downgradient
monitoring points for the Assl;:ssment Monitoring Constituents detected in the Initial
Assessment Sampling Event that had not been previously detected. The four events will
be used to establish background groundwater concentrations for any Assessment
Monitoring Constituents without a published background concentration.

Additionally, TVA must;

I. notify IDEC of all detected Assessment Monitoring Constituents within 14 days
ofreceipt of results; and

2. submit a summary report of the results that complies with the reporting
requirements ofSection 2.1.1 above.

GR3731/GA060288.RPT.doc 9
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If the Assessment Monitoring Constituents are below groundwater protection
standards, TVA will proceed to Phase 2; if any Assessment Monitoring Constituents
exceed groundwater protection standards, TVA will notifY TDEC within 14 days of the
exceedances and proceed to Phase 3 (Groundwater Quality Assessment Program).

At the end of Phase 1, TVA may also submit a written request for alternative
groundwater protection standards for constituents without MCLs. The request must
satisfy criteria set forth in Rule: 1200-1-7-.04(7)(a) ii.

2.2.2 Phase 2

Phase 2 requires two semi-annual sampling events. The first sampling event
includes all Appendix I inorganic constituents, any additional approved parameters, and
any Assessment Monitoring Constituents previously detected. The second sampling
event includes all Assessment Monitoring Constituents and any other approved
parameters. As with Phase 1, TVA may request in writing 60 days before sampling to
delete any Assessment Monitoring Constituents that are not reasonably expected to be

derived from gypsum disposed at the facility.

Each semi-annual sampling event will be summarized in a report that adheres to the
''''' requirements discussed previously in Section 2.1.1. If all Assessment Monitoring

Constituents are below their groundwater protection standards, the site remains in Phase
2 until these constituents are shown to be statistically below their representative
background concentrations for two consecutive sampling events. If any Assessment
Monitoring Constituents excee:ds groundwater protection standards, TVA must notify
IDEC within 14 days of the exceedance and proceed to Phase 3 (Groundwater Quality
Assessment Program).

2.2.3 Phase 3 - Groundwater Quality Assessment Program

TVA will submit a Groundwater Quality Assessment Plan (GWQAP) to TDEC
within 45 days ofdiscovering an exceedance ofa groundwater quality protection standard
by an Assessment Monitoring Constituent. Furthennore, TVA must initiate a corrective
measures assessment within 90 days of discovering the exceedances as stipulated in Rule
1200-1-7-.04(7)(a)7. During this time, IDEC is authorized to require TVA to take any
measure necessary to protect human health and the environment. TVA may not return to
Detection Monitoring until the Assessment Monitoring Constituent concentrations are
below groundwater protection standards for 3 years or a negotiated timeframe approved
byTDEC.

The GQWAP must include the following tasks:

GRJ731 /GA060288.RPT.doc 10
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1. Detennine a) if solid waste or its constituents have entered groundwater, b) the
rate and extent of waste migration or its constituents in groundwater, and c) the
concentration of the waste or its constituents in groundwater;

2. Specify the number of additional groundwater sampling locations and the
depth(s) of additional well(s) to define the horizontal and vertical extent of
release (at least one monitoring well must be installed at the compliance
boundary in the direction ofmigration);

3. Identify domestic and commercial water use sources within a one-mile radius
from the center of the disposal facility and report the findings ofthis survey (i.e.,
topographic map with sources identified by name, address, coordinates and
phone nmnbers) to IDEe with 45 days; and

4. Conduct quarterly sampling of selected groundwater monitoring points for
analysis ofparameters with SSIs.

In accordance with Rule J200-1-7-.02(2)(a) 7, 8, and 10, a qualified groundwater
scientist and TVA representative must certify the GQWAP.

As the GQWAP is being developed and approved and throughout its
,...,. implementation, TVA will conduct quarterly sampling and analysis of all monitoring

points and submit results in quarterly reports. The analytes for each quarter include:

Ouarters I and 3: all Assessment Monitoring Constituents (i.e., Appendix I
inorganics, waste-characteristic constituents, and any additional approved parameters);
and

Quarters 2 and 4: all constituents with an SSI.

GR373I IGA060288.RPT.doc 11
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3. GROUNDWATER SAMPLING AND ANALYSIS METHODS

The following section briefly summarizes the primary components of the
groundwater sampling and analysis plan to be utilized at the CCB disposal facility Site.
These components are described in detail in TVA's Quality Assurance Procedure
Groundwater Sample Collection Techniques (Attachment A);. the document contains
requirements for initial groundwater level measurements, groundwater sample collection,
preservation, shipment, record-keeping, chain of custody, quality assurance and quality
control, and copies of groundwater quality data field worksheets and other pertinent
forms.

3.1 Groundwater Level Gauging

Each sampling event will commence with a Sitewide groundwater level gauging
event to provide a "snapshot" of groundwater head distribution. These measurements
will be collected to the nearest 0.01 ft. and will be used to prepare Sitewide
potentiometric surface maps of residuum groundwater and bedrock groundwater to

represent groundwater conditions at the time of sampling. The groundwater level data
are documented on the Groundwater Level Measurements FOlID included in Attachment
A.

3.2 Groundwater Purging and Sampling

The volume of stagnant groundwater inside each monitoring well will be calculated
and removed by purging prior to sampling to ensure that a representative groundwater
sample is obtained. The appropriate purging equipment (i.e, bailers, submersible pumps,
bladder plDllpS, etc.) will be chosen based on factors such as groundwater level depths,
turbidity, and well recharge. At least two well volumes will be removed from each well
during purging while minimizing the amount of water level drawdown to the extent
practicable. Wells with poor n::charge may be completely purged dry and sampled upon
recovery within a 24-hour period. The total volume purged at each well will vary based
on its recharge rate and the chemical stability of the groundwater water quality field
parameters shown in Table 3-1. The field instruments used to collect water quality data
will be appropriately calibratc~d each day in accordance with TVA's policies and
procedures and the manufacturer's instructions,

GR3731/GA060288.RPT.doc 12
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Table 3-1: Field Parameters

PuM b dp arameter et 0 Irpose
Conductivity Field instrument with sensor and Determine groundwater geochemical

probe stability
Dissolved Oxygen (DO) Field instrument with sensor and Determine groundwater geochemical

probe stability
Temperature Field instrument with sensor and Determine groundwater geochemical

probe stability
pH Field instrument with sensor and Determine groundwater geochemical

probe stability
Redox Potential (ORP) Field instrument with sensor and Determine groundwater geochemical

probe stability
Depth to Water Water 14~vel indicator Determine amount ofwater level

drawdown
Acidity!Alkalinity Standard titration method Geochemical parameter; one-time

measurement

All field parameters except acidity/alkalinity are recorded at regular time or volume
intervals during purging on a Groundwater Data Field Worksheet (Chemical Data)
(shown in Attachment A) to monitor the variability in groundwater chemistry. Once two
well volumes have been purged and groundwater pH, conductivity, temperature,
dissolved oxygen (DO), and n~ox potential (ORP) parameters are stable (i.e., within 5%
during three consecutive readings with no apparent upward or downward trends), it can
be reasonably assumed that groundwater chemistry is consistent and that a sample would
be representative of conditions in the aquifer; otherwise, purging continues until these
parameters stabilize as specified above. Groundwater sampling generally uses the same
equipment that purged the well, unless that equipment is not practical for sampling (i.e., a
high discharge pump that cannot reduce flow enough to carefully fill sample containers).
Groundwater samples will be unfiltered and collected in appropriate, pre-preserved
sample containers. The containers will be labeled with the well name, date/time of
sample collection, requested analyses, and preservative. This infonnation will also be
recorded on a chain of custody fonn after sample collection. A final reading of water
quality parameters will be conducted immediately after sample collection but not from
the sample aliquot itself.

The sample containers will be stored on ice at 4°C inside a cooler. The sample
containers will be secured inside the cooler to prevent breakage while in transit to the
receiving laboratory. The samples will be shipped to a Tennessee certified analytical
laboratory with adequate lead time to ensure holding times are met.

ORJ 73 IIGA060281l.RPT.doc 13
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3.3 Laboratory Analys~

During Detection Monitoring, the analytical laboratory will conduct analyses for the
17 Appendix I inorganic constituents shown previously in Table 2-1. With the exception
ofmercury, the inorganics will be analyzed by EPA Method 601016020. Mercury will be
analyzed by EPA Method 7470/7471.

3.4 llecordUkeep~g

A project field logbook will be maintained by TVA personnel or their representative
during each groundwater sampling event. The logbook will be used to record pertinent
data and observations throughout the entire sampling event. The field logbook are
maintained by the lead engineer and will remain in the office at all times when not in use.

Field fonns for all sampling activities are included as part of Attachment A. These
include:

• Groundwater Quality Data Field Worksheet (Chemical Data) - TVA 30066A

• Groundwater Quality Data Field Worksheet (physical Data) - TVA 30066B

• Groundwater Level Measurements (Field) - TVA 11552

• Acidity and Alkalinity Worksheet - TVA 30533

GR373J/GA060288.RPT.doc 14
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1.0 OBJECTIVE

To prescribe specific, detailed instructions for Engineering Services
(ES) personnel involved in the collection of vater samples in accordance
with standard practices generally accepted by the U.S. Environmental
Protection Agency (EPA), U.S. Geological Survey (USGS), and TVA.

2.0 ~

The techniques described herein are limited to those to be used by
ES personnel for routine studies. They do not apply to special studies
that may require special apparatus and/or handling or specially trained
personnel. For example, the collection of groundwater samples at
Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) sites (i.e., ·Superfund" sites), certain Resource Conservation
and Recovery Act (RCRA) sites, and those activities vbich fall under the
scope of the Superfund Amendments and Reauthorization Act (SARA) of 1986
are not within the scope of this procedure. This procedure applies to
collection of routine groundwater samples in connection with TVA's
regional water management program activities and assessment of
groundwater quality in the vicinity of TVA power facilities.

3.0 REFERENCES

3.1 National Handbook of ReCommended Methods for Water Data Acquisition,
Chapter 2, "Groundvater" (January 1980), U.S. Geological Survey,
Reston, VA. 1977.

3.2 HandboOk--Groyndvater, Environmental Protection Agency, EPA/625/6-87/016,
Cincinnati, OH, 1987.

3.3 A Guide to GtQUndgater Sampling-Technical Bulletin No. 362, National
Council of tbe Paper Industry for Air and Stream Improvement, Inc., Nev
York, NY, 1982.

3.4 Practical Guide for GrOundwater Sampline, Environmental Protection
Agency, EPA/600/2-85/104, Ada, Oklahoma, 1985.

3.5 Macrodispersion Experiment Management Policies and Requirements
(EPRI RP 248$-05), TVA Engineering Laboratory Report No. WR28-Z-S20-136,
Chapters 4.2.6, -Field Tracer Sampling," and 4.2.7, ·Field Monitoring and
Sampling,- 1987.

3.6 Fletcher G. Driscoll, Groundvater and Wells, Johnson Division, St. Paul,
Minnesota, Second Ed., 1982.
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3.7

'3.8

3.9

3.10

3.11

3.12

3.12.1

.......... 12.2

3.12.3

3.13

3.14

3.iS

3.16

3.17

3.18

3.19

3.20

3.21

'w

40 CFR 136, "Guidelines EstabliShing Test Procedures for the Analysis of
Pollution," Table II - Required Containers, Preservation Techniques, and
Holding Times.

Methods for Chemical Analysis of Water and Wastes, Environmental
Protection Agency, EPA-'600/4-79-020, Cincinnati, OH, 1979.

Standard Hethods for the Ex~ination of Water and Wastev'ter, 18th Ed.,
American Public Health Association, Washington, D.C., 1992.

Handbook for Sampling and Sample Preservation of Water and Wastewater,
Environmental Protection Agency, EPA-600/4-82-029, Cincinnati, OR, 1982.

Sampling Guidelines for Groundwater Quality, Electric Power Research
Institute, EA-4952, Research Project 2485-1, Palo Alto, CA, 1987.

Croundvater Manual for the Electric Utility Industry, Electric Power
Research Institute, CS-3901, Research Project :BOl-l (volumes 1, 2, and
3), Palo Alto, CA, 1985'.

Volume 1: Geological Formations and Groundwater Aquifers.

Volume 2: Groundwater Related Problems •

Volume 3: Croundwater Investigations and Kitieation Techniques.

Resource Conservation and Recovery Act (RCRA) Groundwater Monitpring
Technical Enfprcement Guidance Document, Environmental Protection Agency,
PB87-1077H, OSWER-99S0.1, Washington, D.C., 1986.

ES-41.l, "Collection oid Handling of Samples."

ES-41.2, "Water S.-ple Collection Techniques."

ES-41.4,"Trace Organics Sample Collection Techniques."

ES-42.I, 42.3,42.4, 42.7, 42.8, and 42.11, "Water Quality Field
Analyses."

ES-43.1, 43.2, 43.3, 43.7, and 43.8, "Standardization of Field
Instruments."

ES-S.20, "STORET - Water Quality Data Management.··

Lysimeter Evaluation Study, American Petroleum Institute, Publication
No. 4433, 1986.

Handbook of Ground"ater Development, Roscoe Moss Company, Los Angeles,
California .. Published by John Wiley and Sons, 1990.
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4.0

4.1

4.1.1

4.1

4 .~.l

4.1.2

4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

,..." 4.2.8

4.1.9

4.2.10

4.2.11

4.2.12.

4.2.13

4.2.14

4.2.15

4.2.16

4.2.17

-

ABBREVIATIONS AND DEFINITIONS

Definitions

Definitions of job titles and general responsibilities of managerial and
supervisory personnel in ES are given in section 5.0.

Abbreviations

BOD--Biochemical Oxygen Demand

DQ--Dissolved oxygen

CHATT ENGG--Chattanooga Engineering Services

Dv--Depth of well in meters

Dvs--Dis~ance to vater surface from top of veIl ll.P. in meters

EDK--Environmental Data Management (CHATT ENGG)

ES--Engineering Services

ENVIll CHEK--Environmental Chemistry, Water Management Services

EPA--United States Environmental Protection Agency

HLS--Kultilevel sampling veIl

NPDES--National Pollutant Discharge Elimination System

QRP-Oxidation-reduction potential (REDOX)

pH--Heasure of hydrogen ion concentration

QAC--Quality AssuI:'ance Coordinator

R.P.--lleference Point

USGS--United States Ceological Survey

Vv--Volume of vater in veIl measured in liters
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5.0

5.1

5.2

5.3

5.5

5.6

RESPONSIBILITIES

Functional Area Hanager--The manager responsible for various functions
such as field engineering projects in a geographical area (i.e., eastern,
central, or vestern geographical locations). The manager directly
supervises project engineers and team members in his geographical area.

Project Engineer-·The person responsible for a particular area of
expertise, subfunction p or specific projects within the geographical
area. The project engineer assists and reports directly to the
functional area managel:', advises and acts as a resource to teams vithin
his area of expertise and provides technical help to other teams as
needed.

Technical Lead Engineer'--The person responsible for a particular
project(s) or task.s. These responsibilities include coordination 'lith
client organizaion(s), ~rk.plan preparation, budget, estimates, scheduling
of field studies to meet project deadlines, technical adequacy of the
york performed and report preparation. All of these lead engineer
responsibilities are as:sumed by team members for their own support of the
team.

Quality Assurance Coordinator--The QAC is tne functional area manager or
his desig~te and is responsible for Engineering Services procedures that
are assigned to that functional area. The QAC assigns a technical writer
or reviewer for each p:z'ocedure. 'The QAC assures that procedures are
correct and up-to-date by requiring technical writers and reviewers to
certify in writing on ~l yearly basis that assigned procedures have
received a thorough re~riev. The QAC works closely 'lith the organization
Qual i ty As surance Hana~;er ..

Survey Leader--The survey leader is the individual responsible for a
particular piece of vo:z'k. This individual is responsible for seeing that
field work. is perfo~eCl in a technically adequate, timely, and safe
manner. 'The survey leader is responsible for the equipment and supplies;
technical supervision elf personnel while in the field; collection,
handling, and shipping of samples. The survey leader, more than any
other person, is responsible for being familiar with the procedures. The
survey leader reports directly to the lead engineer for which the work is
being done.

Engineering Services personnel--Personnel assigned to a particular vork
activity or team. Responsible for conducting tasks in a technically
adequate manner and fOJ' folloving QA procedures. Any certification IDUSt
be current for collection or handling samples (i.e., radiological,
hazardous vaste, vater quality, etc.).

TVA-00021397



CRDDNDWArEJ. SAMPLE COLLECTION TECHNIQUES ES-41.6, Rev. 0
4/29/94
Page 5 of 29

5.7

5.8

6.0

6.1

6.1.1

6.1.2

6.2

6.2.1

6.2.2

The Environmental Chemistry Lab, Water Management Services (ECHEH),
per£o~s chemical, and physical analyses.

CHATT ENGC Emf is responsible for coding, keypunching, processing,
reviewing, validating, retrieving, and reporting field and laboratory
data related to ambient groundvater quality.

PROCEDURES IREQUI1lEKENTS

WQrkplans

A vritten uorkplan is usually prepared in advance of the sampling
activities. This written vorkplan must be coordinated with the client
organization and ocher service organizations. The vorkplan must receive
concurrence by all affected organizations and will address, at a minimum,
the purpose of the monitoring activities, the choice of water
characteristics to be measured, the method or methods to be employed in
collection of the samples, the locations and frequency of sampling,
project deadlines, schedules, parameters to be analyzed by the
laboratory, budget requirements, and collection of auxiliary data.

If special sample 4:011ection requirements, handling tec}miques, or
analyses are requil~ed (otber than the standard procedures contained in
this manual), they will be spelled out in detail in the vorkplan or in
supplemental procedures. All items which vill affect the quality of the
data to be collect4!d must be addressed in the written vorkplan and/or
referenced to the appropriate ES procedures. The written vorkplan .ust
be approved by the lead engineer prior to any fieldvork. Also, any
vorkplan revisions must be approved by the lead engineer prior to any
field activities auociated with a particular workplan revision.

Ceneral Requirements and. Instructions for Croundvater Samplin&

"Collection and B~ldling of Samples" (reference 3.14) viII be followed as
appropriate. In addition, particular attention must be given to the
following requi rellll4mt S ..

The survey leader ,rill reviev the vorkplan in detail and consult with his
or her lead engineer prior to the first survey to ensure tbat no
misunderstanding eJcists about hov, when, where. and vhat samples are to
be collected.
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6.2.3

6.2.4

2.5

6.2.6

6.2.1

6.3

6.3.1

6.3.1.1

Before starting a nev vork activity at a TVA facility (i.e., nuclear,
steam, hydro, etc.), the survey leader viII contact' the facility manager
or his/her designee (usually the Results Section supervisor at a steam
plant> and inform them of the vork to be performed and on "hat schedule
it will be done. To ensure recognition of any situations ~ich may
require special safety avareness, the survey leader viII communicate vith
the plant manager or bis/ber designee and discuss safety procedures vhicb
need to be observed, unusual conditions to be aware of, and names of ES
personnel working at the TVA facility.

The survey leader viII select and assemble the needed equipment (pumps,
meters, Hydrolabs, filtration apparatus, tapes/plunkers, compressor,
generators, titration equipment, pH/conductancelORP standards, buckets,
etc), sample containers, workplan,' ..ps, veIl driller logs, and forms and
field vorksheets. The survey leader will e~sure that all equipment and
supplies are appropriately cleaned, in good working order and vithin
their laboratory calibration interval as specified in ES-43.l,
attachment 1 (reference 3.18). It is recommended that an equipment
checklist be prepared on tbe initial field survey and that it be referred
to and updated on eacb subsequent survey.

The survey leader may obtain a summary of the last four sets of field
data for use to validate and compare information at the time it is being
collected. A computer printout can be obtained f~om CHATT ENGG-EDH to
facilitate this data validation p~ocess.

Generally, the survey leader should monitor the vells in a partiCUlar
o~der as determined by their typical pH values. For instance, all vells
belov a pH of 1.0 should be sampled, then all veIls above a pH of 1.0
should be sampled. The monitoring equipment should be restandardized
betveen the tvo ranges of veIls using tbe appropriate pH buffers.

Also, vater levels of the veIls and reference points should be measured
prior to any sampling and recorded. These measurements should be made in
as short of a time interval (brs.) as possible. These "snapshot
measuresents" should be converted to vater level elevations (meters above
MSL). Both values should be recorded in a table and presented vith
velljR.P. description, time of measurement, and depth to veIl bottom (in
meters) along vith any pertinent ~emarks.

Croundvater Sample Collection Techniques

Quality Control of Sampling OperationS

Every effort will be _de to collect a representative and uncontaminated
sample. After each sample is collected, it viI! be visually examined for
any foreign material that is Dot representative. If any foreign material
is observed, or suspected, the sample viII be discarded and nev sample
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.-

6.3.1.2

6.3.1.3

6.3.1.4

recollected in a fresh sample container. Do not immerse anything--even a
thermometer--in the sample. Always pour the.sample directly into the
specified containers one at a time. Transferral to another container
will greatly increase the opportunity for contamination and cross
contamination.

Hany sample containers contain chemical preservative.. These
preservatives may be a source of contamination to other samples, may be
ineffective if diluted, or may be ha~ful if allowed to contact skin or
eyes. Use care vben handling sample containers with chemical
preservatives. Fill sample containers individually, one at a time, to
prevent cross contamination of preservatives: uncap the container, fill
it directly from the sampler, and recap the sample container
immediately. Do not place flexible sample tubing inside the containers
unless specifically instructed to do so. Do not lay caps on surfaces
that might contaminate them. Do not overfill containers. If any of
these potential sources of contamination occur, discard the affected
portion of the sample, and collect another portion in a fresh container.

Sample collection methods for groundwater may include the use of a
submersible centrifugal pump, pneumatic bladder pump, single or
IO-channel peristaltic pump, check valve bailer, lysimeter, or perhaps a
gas lift pump. The method used to collect a groundwater sample must be
compatible with the vater quality characteristics of interest. All of
these methods, in (tne or more ways, alter the quality of the sample while
it is being collected. In IDOSt instances, the submersible centrifugal
(low flow, variablE! speed) pump, the pneumatic bladder pump, or check
valve bailer, when used properly, will collect the most representative
(least altered) sample for a variety of constituents (particularly
volatile organics and reduced/dissolved species). The use of gas lift
devices for collect.ion of groundwater quality samples is not
recommended. Chapter 6 of reference 3.2 provides additional details.

When collecting groundwater samples, the sample should be obtained as
close to the discharge of the source or vellhead as possible to reduce
the potential for cont&IDination, precipitation of solute, and loss of
dissolved gasses. Treated (chlorinated or filtered) or stored
groundwater samples, such as from some private or domestic wells are of
limited value. Care must be taken to limit sample contact with air and
agitation that ~uld interfere with the field dete~ination of pH, ORP,
dissolved gasses, acidity, and alkalinity, or the laboratory
dete~ination of volatile organics and reduced species .
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6.3.1.~

6.3.1.6

'-"'"

On occasion it may be desirable to determine concentrations of dissolved
inorganic constituents (i.e., dissolved minerals or dissolved Retals) in
groundwater. In such cases, by definitiop, the sample is .filt~red

through a 0.45 II1II average pore diameter cellulose ester membrane filter
(Killipore Cat. No. HAWP04700 or equivalent) during (pressure filtration)
or immediately after ('vacuum filtration) sample collection. Techniques
used to filter groundvater samples should be discussed in detail in the
project's vorkplan. In most cases, the preferred Rethod for filtration
of groundvater is an "in-line" pressure filtration technique vhich
eliminates sample contact vith the atmosphere and utilizes the sampling
'pwap's pressure for filtration. The field vertsbeets and request for
laboratory analysis forms mullt clearly indicate wben $amples are filtered
in the field. Also, all bottles must be properly lUrked for vhicb
constituent tbe s..ple was performed (e.g., DK, dissolved metals
and etc.). Samples for field analysis (temperature, DO, pH, conductance,
DIP, alkalinity, etc.) and certain laboratory analyses (ferrous and
manganous ions, sulfide, organics, turbidity, suspended solids, etc.) are
never filtered. Additional details in regard to sample filtration
procedures are given in section 6.2.2 of reference 3.15.

Condition the filter prior to sampling with 200 to 300 mL of deionized,
distilled water <Super Q). This hydrates tbe filter to lessen the chance
of channelization througb the filter during sampling. Collect & filter
blank"vith Super Q vater after conditioning at the frquency specified in
section 6.3.1.7. If filtration difficulties are. anticipated because of
high solids concentrations, try to develop tbe veIl to reduce the level
of solids. If too mucb mud is still present, measure the Hydrolab
parameters and pump up as much sample as possible. Let it stand in a
sealed, clean containell.",and decant enough sample for filtering.

Samples collected for I~xtremely low levels{i .e. 1 less than one part per
bi Ilion) of trace orgallics and/or trace elements may easily be
contaminated by contacl: with foreign materials. Motor oil, gasoline,
soft plastics, etc., may be potential sources of contamination for trace
organic/pesticide sampling, while soil and dust, which is ubiquitous at
fossil plants, may be potential sources of contamination for Bany trace
elements. Reference 3 .. 16 and section 6.3.3.5 belov discuss routine
precautions which are taken to Ilinimize potential sources of
contamination. The pel~nent installation of a groundwater sampling
device in each moni toriLng veIL has many advantages. It vill eliminate
the possibility of the introduction of foreign material during the
lovering of sampling eCluipment into the well and tbe potential for cross
contamination between 11el15 caused by the possible carryover of
contaminants on the sampling equipment from one well to anotber. In
those cases were special attention must be paid to extremely lov levels
of organics or trace elements, permanent installation of sampling
eqUipment/pumps in each groundvater monitoring veIL is recommended.

TVA-0002140 1
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6.3.1.7

6.3.2

6.3.2.1

Unless Qthervise specified in the prQject's vorkplan, duplicate
groundvater samples viII_be collected at every 20th veIl (i.e., five
percent site specific of the samples collected). Further details in
regard to collection of duplicate samples are given in section 6.15.3 of
reference 3.14. Also, filter blanks shall be taken when dissolved
samples are collected.

Standardization of field EQgipment and Field Measurements

ES prQcedures for standardization of field instruments (reference 3.18)
must be follQwed, as appropriate, with particular attention given to the
follQwing instruments which are commQnly used by £S in the collection of
groundwater quality samples.

6.3.2.1.1 Field Instruments (reference 3.18)

Hydro labs
YSI CQnductance Heters
OriQn pH Instruments
Thermometers

. ES Procedure

£S-43.2
£8-43.3
£8-43.7
£S-43.8

6.3.4.1.2

6.3.2.2

Field instruments will be standardized as specified in the above
referenced procedures. At a minimum, instruments viII be standardized
before and after field measurements are made and whenever the accuracy of
the instrument is questioned. Form TVA 30035, "Instrument
Standardization, Field Standardization of Instruments," will be completed
tQ dQcument all field standardizatiQns of instruments.

ES procedures fQr wal~er quality field analyses (reference 3.17) must be
followed, as appropriate, with partiCUlar attention given to the
following analyses which are cOIIIDonly used byES in the collection of
groundwater quality samples.

6.3.2.2.1 Water Quality Field Analyses (reference 3.17)

Alkalinity and Acidity (Ref. Attachment 6 for
summary worksheet)

TQtal and fecal coliform bacteria
Conductance
Dissolved Oxygen (00)
Oxidation-Reduction' Potential (ORP)
pH
Temperature .

ES Procedure

ES-42.1
ES-42.2
ES-42.3
ES-42.4
ES-42.7
ES-42.8
ES-42.11

_.
6.3.3

6.3.3.1

Collection of Weil Samples Usin& a Submersible Pump

To obtain a represent.ative sample of groundwater, it lDust be understood
that the composition of the water within the well casing and in close
proximity to the veIl is probably not representative of the overall
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6.3.3.2

6.3.3.3

groundvater quality at the sampling site. This is due to the possible
presence of drilling contaminants near the veIl, introduction of foreign
material from the surface, casing corrosion, and/or because environmental
conditions such as the oxidation-reduction potential (ORP or REDOX) may
differ drastically near the veIl from the conditions in the surrounding
vater-bearing materials. Consequently, each vell must be flushed
(purged) of standing (i.e., stagnant) ~ter until it contains fresh vater
from the surrounding aquifer. The recommended length of time required to
pump a veIl and the rate at which a well can be pumped before sampling
are dependent on many factors including the physical characteristics of
the veIl, the hydrogeological nature of the aquifer (i.e., hydraulic
conductivity), the type ,of sampling equipment being used, and the vater
quality parameters of interest.

Prior to any sampling or pumping of a veIl, measure and record tbe
distance to tbe vater surface (Dvs) with an acoustic or electric
plunker. Also measure and record the depth of the veIl (Dw) on each
survey. Do not rely on past yell depth data, since the' veIl may be
silting in. Depth measu:rements (measured to the nearest 0.01 meter Le.
nearest em.) are usually referenced to the top of the inner veIl casing
and not the outer protec1tive casing. All data, Illeasurements,
observations, and cOlllput,ltions are to be recorded on form TVA 30066A,
"Groundwater Quality Dat~l Field Worksheet (Chemical Data),"
attachment 1. In addi tic)n, if the vell to be sampled is a new well or
has never been sampled, form TVA 30066B, ··Groundwater Quality Data Field
Worksheet (Physical Data),·· attachment 2, 'Which documents information
about type of well, owner of vell, location of ~ll, well drillers
log/information, etc., must also be completed.

Calculate the volume of l1ater in the veIl as shov.n belov:

Well Casing Liters
ID (nun) Per Meter

51 ('ZII) 2.027
76 4.560

1B2 (If") 8.107
12.7

(~ ..) 12.668
ISJ 18.228 '.

Vv (in liters) = (Dw - Dws) x liters/meter
vhere:

Vw =Volume of veIl, liters;
Dv = Depth of veIl, meters; and

lhls = Depth to vater surface, in meters

TVA-00021403
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6.3.3.4

6.3.3.5

6.3.3.7

If a submersible pump is not already permanently installed, such as might
be the case at "dedicated" pump veIls, private or domestic wells, the
preferred method of purging and sampling a veIl is to use a lov flow
(variable speed controlled) centrifugal pump, a pneumatic bladder pump,
or a peristaltic pump (shallov wells). However, in situations where
large volumes of vater must be purged from a veIl, resulting in long
pumping times (i.e., greater than one bour), a centrifugal pump vith a
higber pumping capacity (4 to 16 liters per minute) may be used for
purging only instead of the lover capacity bladder pump (1-3 liters per
minute). All such cases should be specifically addressed in each
project's vorkplan. Domestic veIls vith a submersible pump already
permanently installed can be s8IIlpled from a convenient tap or faucet
after letting the ,,,,tel" run for several minutes.

While purging the well, continuously monitor the tiae, pumping rate, and
distance to vater surface. The pumping rate should be adjusted (vhen
possible or reasonable) to minimize the dravdovn of the vater surface in
the veIl. Using a Hydrolab flow-through cell system to avoid
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6.3.3.8

6.3.3.9

6.3.3.10

groundwater-air contact·, also moni tor the groundwater's temperature, pH,
DO, conductance, and ORP. Record all tbe stabilization test data on form
TVA 30066A, "Groundwater. Data Field Worksheet," attachment I,
approximately every five minutes or ,less if purge time is expected to be
of a short duration. AI: each well, 'While recording and IDOnitoring the
field stabilization tesl: data (i .e., pumping rate, vater surface,
temperature, pH, DO, conductivity., and ORP), the survey leader 'Will
compare the data being c:ollected vith previously collected field data. A
computer printout of the last four sets of field results, obtained from
the CHAT! KNGG, will fac:ilitate this comparison and ensure, on the spot~

that valid and comparable data are being obtained.

Unless otherwise stated in th~ workplan, when at least two well volumes
of 'Water have been purged from the well and the Hydrolab readings
(temperature, pH, DO, conductivity, and ORP) have stabilized, (i.e., do
not change by more than 5 percent or have essentially ceased any
obviously upward or downvard trend betveen readings), samples may be
collected. If the water' quality readings have not stabilized after
removal of two veIl volWlles, remove a third vell volume (if conditions
permit), then begin sampling. When filling the various sample
bottles/containers, care must be taken to minimize sample aeration, and
to gently fill each bottle. This will often necessitate the lovering of
the pumping rate to less than one liter per minute to avoid the
tUrbulence caused by the high velocity of the vater as it is discharged
frOlll the pump tubing. Be sure to record the pumping rate, temperature,
pH, DO, conductivity, ORP, etc., at the time of sample collection and
record the distance to the water surface immediately upon completion of
sampling.

If the veIl's recharge is slow, the pumping rate viII need to be reduced
to minimize the dravdovn of the vater surface level in the 'Well. If a
veIl becOlIIes dry during the purging, it must be allowed to recover before
sampling to avoid taking a nonrepresentative sample. It may be necessary
to allov 24 hours or lon;ger for recovery. If circumstances are
encountered which are not addressed in this procedure or in the project"s
vorkplan, notify the lead engineer illllllediately for instructions.

After purging and sampling, sample vater should be removed from the pump
and tUbing before sampling another veIl. A centrifugal pump should have
tbe check valve removed liO that vater vill drain back into the well wen
the pump is turned off. Before reuse of any pump/sample tubing at any
successive veIl, place the pump head in a container of deionized vater
(Super Q) and pump through two line volumes of Super Q vater to flush the
pump and lines thoroughly. llOTE: The IODI" flush vater must. be removed
'lith two line volumes of sample vater. The outside of lines sbould be
viped vith a clean rag or paper tovel soaked rith DI vater. This process
shall be repeated at each vell that is sampled.

TVA-00021405



GROUNDWATER. SAMPLE COLLECTION TECIDlIQUES ES-41. 6, Rev. 0
4/29/94
Page 13 of 29

6.3.4

6.3.4.1

6.3.4.2

6.3.4.3

6.3.4.4

6.3.4.5

6.3.5

6.3.5.1

6.3.5.2

Collection of Samples Using a Bailer

Prior to sampling a well vith a bailer, measure and record the distance
to the water surface and the depth of the veIl as given in section
6.3.3.2.

Calculate the volume of vater in the well as shown in 6.3.3.3.

Prior to sampling a well with a bailer, thoroughly flush the sampler with
deionized water. (As an alternate method, a pre-cleaned disposable
Teflon bailer may be used.) Carefully lower the sampler to the water
surface. Do not droop the sampler or let it free fall to the water
surface, as this viII cause aeration of the sample. Cently lower the
sampler into the V6.ter. Retrieve the bailer. Repeat this process until
two well volumes of vater have been re.oved or as specified in the
project's vorkplan.

Collect the samples by carefully lowering the sampler to the veIl screen
or the perforated section of tbe well casing or to the depth specified in
the vorkplan. Care should be taken to avoid striking the bottom of the
veIl with the sampler.

Fill the specified bottles/containers directly from the sampler. Slow
and careful transfer is important to minimize sample aeration. When
filtered samples are requested, use a bailer fitted with an in-line
filter. Measure and record temperature, pH, DO, conductivity, ORP, and
the distance to the vater surface immediately after collection of the
sample.

Collection of Samples From Multilevel Sampling (HLS) Wells

A typical KLS well, see attachment 3, viII consist of several (often 20
to 30) small diametl!!r, flexible sampling tubes. Each tube vi 11 have a
filter, usually a n:r1on mesh, on the intake end of the tube with the
intake ends of these tubes spaced at known distances below the ground
surface. These flexible sampling tubes are housed and extand to the
surface inside a PVC pipe as shown in attachment 3.

Croundvater samples viII be collected from HLS veIls using peristaltic
lO-cbannel pumps (Le., tve IO-channel pumps for 20 flexible sampling
tubes, three lO-channel pumps for 30 flexible sampling tubes, etc.). In
all sample collectic)Ds from KLS wells, tbe lO-channel peristaltic pumps
viII be used in parallel to purge all tubes and collect all samples
si_ultaneously. Every effort viII be made to collect representative and
uncontaminated samples. An important consideration in obtaining a valid,
representative sample is first the removal of the standing vater which
has been trapped in the multilevel flexible sample tubing since the last
sample collection. Hovever, to avoid stressing the aqUifer and perhaps
altering its natural. movement. this purging of the trapped vater in the
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tubing viII be minimized. One of the reasons for using the small
diameter flexible tubing is that it minimizes the amount of vater vhich
is purged.- For example, one meter of 5 mm ID tubing contains
approximately 19.6 mL of vater. Therefore, the purging of tve tubing
volumes vould result in the purging of approximately one liter of vater
from each sample tube (assuming 25 meter lengths of 5 mm ID tubing) prior
to collection of the samples. Specific purging instructions for
individual HLS wells will be detailed in each project's vorkplan.

6.3.5.3 To collect samples at KLS veIls, connect the HLS flexible sampling tubes
to the 10~channel peristaltic pump tubes by mating like numbered
(colored) tubes number :L through 30 (assuming there are 30 flexible
sample tubes and that three l~-channel pumps are used).

6.3.5.4 Place vaste containers beneath each sampling tube, turn on the IO-channel
peristaltic pumps, and simultaneously purge all the sample tubes of
stagnant vater by pumping approximately tvo volumes of vater from each
sample tube. (One metez~ of 5 mm ID tubing contains approximately 19.6 mL
of vater.) Discard the purge vater as appropriate or as outlined in tbe
customer's request documentation. Record on the field vorksheets any
tubes whicb do not produce vater or produce only small quantities of
vater.

''-''~.3.5.5 After purging the MLS sample tubes, place sample bottles/containers
marked vith sample identification numbers and in proper numerical order
under each correspondingly numbered sample tube. Fill the
bottles/containers to tbe required volume and -repeat this step until all
types of sample bottles (i.e., metals 7 minerals, nutrients, sulfide,
etc.) have been collected.

6.3.5.6 During the collection of the KLS groundvater samples, it is important to
keep track of the fluid volume in each bottle/container, because each
sampling tube will not discharge at tbe same rate. As a bottle or
container reaches tbe proper volume of sample, the sample collector viII
clamp off the appropriate peristaltic pump tube vbile alloving tne
remaining bottles/contaLoners to continue to fill. Finally, after the
last bottle or container has filled and tbe pump tube has been clamped
off, the 10-channel peristaltic pumps can be shut off.

6.3.5.7 Immediately after collection of KLS veIl samples, make field measurements
for those vater quali ty I:haracteristics specified in the project' S

vorkplan (e.g. 7 temperature, pH, DO, conductivity, ORP, aikaiinitY7 etc.).

6.3.6 Collection of Samples Using a Peristaltic Pump

6.3.6.1 A peristaltic pump can be used to ,collect a sample from a shallov veIl
(vater surface less than 7.6 meters belov ground surface), spring or seep.
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6.3.6.2 Prior to sampling a shallov veIl, measure and record the distance. to the
vater surface and the depth of the veIl as given section 6.3.3.2.

6.3.6.3 Calculate the volume of vater in the veIl as shovn in ~.3.3.3.

6.3.6.4 Lover the tygon or teflon tubing connected to the peristaltic pump into
the vater. Remove at least tva volumes of vater before collection of
samples from a shallov veIl. No purging of vater is necessary if
collecting a sample from a spring or seep, since the vater is naturally
floving.

6.3.6.4 Fill the specified containers, process the samples, and make the vater
quality field measurements as specified in the project's vorkplan.

. Heasure (or estimate:) and record the spring or seep discharge rate (or
the puuping rate if sampling a shallov veIl) on form TVA 30066A,
"Croundvater Quality Data Field Worksheet," attachment 1.

6.3.7 Collection of Samples Using a Lysimeter (Pressure-Vacuum Soil Water
Sampler)

-

6.3.7.1

6.3.7.2

Ceneral InstructioDs"-Lysimeter (pressure/vacuum soil vater samplers) caD
generally be installed and used at any depth up to approximately
15 meters. The access tubes (i.e., pressure/vacuum tube and sample
discharge tube) from the lysimeter can extend above tbe ground surface
directly above the lysimeter, or if conditions require, the access tubes
can be laid in a trench, te~nating above the ground surface at some
distance from the lys:imeter. The ends of the access tubes should be
installed so that the:y vill be protected from damage by mechanical
equipment, livestock, etc. The tube ends should be covered or plugged to
prevent debris from entering the tubes and later contaminating the
saaples. The ground surface directly above the lysimeter should not be
covered in any manner that would interfere vith the no~l percolation of
soil moisture down to the depth of the lysimeter. Attachment 4 shovs a
typical lysimeter installation.

Access Tubes--The "pressure/vacuum'· access tube and the "sample
discharge" access tube are usually small diameter polyethylene tubes
(e.g., 5 mm I.D.) that extend from the porous ceramic collection device
to the ground surface. Typically the tubes are inserted through a cap or
plug at the open end of the porous collection cup as shovn in
attachment 4. One end of the "sample discharge" tube extends nearly to
the botto- of the porous ceramic collection cup vith the other
(discharge) end extending to the ground surface. The discharge end of
this tube must be marked and identified as the tube fro- which the
samples are collected. The "pressure/vacuwa" access tube is installed
slightly differently. One end of the "pressure/vacuum" tube is inserted
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6.3.7.3

6.3.7.3.1

6.3.7.3.2

6.3.7.3.3

only about an 2.5 cm past the cap or plug with the other end also
extending to the ground surface. The fit of the tubing through the cap
or plug and the fit of the cap or plug at the open end of the porous
collection cup must be tight and well seated so as to be able to maintain
a pressure-vacuum seal.

Installing a Soil Water Sampler--Installation of a lysimeter can be
performed in several vays. Methods for installation of a lysimeter must
be specified in the project·s vorkplan. Typically a 102 mm hole is cored
using a T-bandle bucket auger. The augered soil should be sifted through
a 6.0 mm mesh screen to remove any larger rocks and pebbles. This sifted
soil will provide a reaslr:mably unif;orm. backfill for filling in around the
inplaced lysimeter. The following discussion details some of the more
common methods for installation of a lysimeter. The primary concern in
all the methods is that Ithe porous ceramic cup of the lysillleter be in
tight, intimate contact l11ith the soil so that soil moisture can move
readily from the soil th:rough the pores of the ceramic cup vhere it can
then be withdravn through the sample discharge tube.

Native Soil Backfill Hethod--After the hole has been cored to the desired
depth, insert the lysimeter and backfill the hole with native screened
(sifted) soil, tamping continuously with a small-diameter rod to ensure
good soil contact vith the porous <ceramic cup and to prevent surface
vater from channeling down the cored hole.

Soil Slurry Method--After the hole has been cored, mix a substantial
quantity of the sifted soil from the bottOlD of the hole vith water to
make a slurry which bas a consistency of cement mortar. This slurry is
then poured into the bottom of the cored hole. Immediately after the
slurry has been poured, push the lysimeter into the hole so that
approximately the bottom third of the lysimeter is completely embedded in
the soil slurry. Backfill tbe remaining voids around the lysillleter with
sifted soil, tamping ligbtly with a small-diameter rod to ensure good
soil contact 'lith the ly!<imeter. Backfill the remainder of the bole,
tamping firmly, to prevent surface vater from running dovn the cored
bole. The first set(s) of soil water samples collected after installing
a lysimeter by this soil slurry method may need to be discarded to avoid
differences in vater chemistry between the water used to prepare the
slurry and tbe natural S(llil vater.

Sand and Soil Method--Core hole to the desired depth. Pour into the
hole, to a depth of about 51 mill, crushed 200 mesh pure silica sand of
almost talcum povder consistency (commercially available under trade
names of Super-Sil and Silica Flour). Insert the lysimeter and pour in
additional sand until" at least the bottom third of tbe lysimeter is
covered. Backfill ~he remainder of the hole vith sifted native soil,
tamping to ensure good soil contact with the lysimeter and to prevent
surface water from channeling dovn. between the lysim.eter and tbe soil.

TVA-00021409
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6.3.7.3.4 Bentonite-Sand-Soil Kethod--Core hole to the desired depth. Pour into
the hole, to a depth of about 51 mm, a small quantity of vet bentonite
clay. This viII isolate the lysimeter from soil below. Next, pour in a
small quantity of 200 mesh silica-sand and insert the lysimeter. Pour in
additional sand untll at least the bottom third of the lysimeter is
covered. Backfill with sifted native soil to a level about 51 mm above
the lysimeter, tamping lightly. Again add about two inches of vet
bentonite clay as a plug to further isolate tbe lysimeter and guard
against possible I~hanneling of vater down the hole. Finally, backfill
the remainder of tbe hole slowly with sifted native soil, tamping
continuously. Allov sufficient time for the vet bentonite clay to harden
before using the lysimeter to collect soil vater samples.

6.3.7.4 Collecting a Soil Water Sample--After the lysimeter has been installed, a
pinch clamp is securely tightened on tbe sample discharge tube, and a
vacuum is applied to tbe pressurelvaeuam tube. A vacuum of approximately
60 centibars (46 l:Dl of mercury) is applied. A pincb claJDp is then
securely tigbtened on the pressure/vacuum tube. The lysimeter is then
left undisturbed for a predetermined period of time, detenRined by
experience and trial and error or as set forth by work plan instructions.

6.3.7.4.1 The vacuum witbin tbe lysimeter causes tbe soil moisture to move from tbe
soil through and into the porous ceramic cup. The rate at whicb the soil
vater vill collect in the lysimeter depends on tbe capillary conductivity
of the soil and the amount of vacuum tbat bas been created vithin tbe
lysimeter. In most soils of good conductivity, substantial soil vater
samples can be collected witbin a few bours. Under more difficult·
conditions it may require several days to collect an adequate volume of
sample.

6.3.7.4.2 In general, vacuums of 50-85 centibars (38 aD - 64 em of mercury) are
normally applied to the lysimeter. However, in very sandy soils it has
been shown that bigh vacuums may result in a slov rate of sample
collection. In coarse, sandy soils, the high vacuums may deplete the
soil moisture in the immediate vicinity of the porous ceramic cup and,
hence, reduce the capillary conductivity, whicb results in lower sample
collection rates. In loam and gravelly clay 10", collection rates of
300-S00 mL/day at SO centibars (38 em of .ercury) are common. On waste
vater disposal sites, collection rates of up to 1500 mL/day have been
observed.

6.3.7.4.3 To recover tbe soi.l water from the lysimeter, attach the pressure/vacuum
access tube to the pressure port on a pump. Place tbe sample discharge
tube into the sample bottle or container being careful to avoid and
minimize sample contamination from the surrounding soil excavation. Open
both pincb clamps (one on the pressure/vacuum tube and one on the sample
discharge tube) and gently apply pressure to develop .enough pressure
vi thin the lysimeter to force the collected soil vater out of the
lysimeter and inte. the sample bottle or container.
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6.3.7.4.4 Subsequent samples are collected by again creating a vacuum vithin the
lysimeter and repeating tbe above steps, sections 6.3.7.4 through
6.3.7.4.3

7.0 HANDLING Of SAMPLES

7.1 Sample IdentificatiQD--All sample bottles and sample containers shall be
labeled vitb a permanent: sample identification number. This sample
identification number or tag number must be unique for each sample
collected and BUst be cross referenced on all field sheets (£o~s

TVA 30066A and 30066B), and Analysis Request and Custody Record fOnDS
(TVA 30488). Prior to packaging and shipping of samples, all containers
and bottles shall be inspected for tag numbers and cross checked against
all field sheets, and Analysis Request and Custody Record fo~s.
Additional explanation of sample identification requirements are given in
section 6.11, reference 3.14 .

7.2 ~ Packin~ and Shipping of Samples--Sample containers should be closely
protected against contamination while transporting them to the survey
site, during sampling, field handling and analysis processes, and vhile
transporting them back to the laboratory. Detailed instructions for
packing and shipping the various kinds of samples are given in
reference 3.7. These requirements are suamari"zed in attachment 1 of
reference 3.15. As soon as possible, samples shall be packed on ice. To
avoid breakage, care must be taken when packing bottles and containers in
shipping chests. Copies of "the Analysis Request and Custody Record forms
must be sent to the laboratory vith the samples~ Check to make sure all
papervork has been accurately completed and sealed in a plastic bag to
prevent vater damage. All shipping containers shall be clearly addressed
and shall be sealed and closed vith strapping tape.

7.3 Holding Times--The time 'i1hieh elapses between sample collection and
sample analysis is criti,t:al for many constit~ents (e.g., BOD,
ortho-phosphorus, turbidity, nitrite, ett.). So that the laborato.ry can
complete the analyses vi'thin the appropriate holding times, samples must
be "shipped or transported so as to arrive vithin the time limits given in
attachment 1, reference 3.15. (ES 41.2} Any time samples are to be
collected vith holding times less than 48 hours, the laboratory must be
notified" in advance. All collections of samples should be coordinated
with the laboratory.

7~4 Cbain-of-Custody--The sample collector is responsible for the care and
custody of the samples Wltil they are properly dispatched to the
receiving labora~ory. TIle sample collector vill ensure that each sample
is Wlder his/her control at all times. When samples are dispatched to
the laboratory for analyses, the sample collector vill retain a copy of
the completed Analysis Request and Custody Record form(s), the originals
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7.S

8.0

8.1

8.1.1

of vhich accompany the samples. All samples shipped to the laboratory
viII be listed on the custody record form and cross referenced vith their
unique sample tag (identification) number. The custody record form
should reveal the name and telephone number of the sample
collector/shipper and the date of shipment. Shipping record receipts for
shipments CUPS, Cr'eyhound bus, etc.) will be retained by t.he sample
collector/shipper as part of tbe permanent chain-of-custody
documentation. Upon receipt, t.he laboratory viII inspect for the
shipping container for broken seals and viII inspect the samples for
breakage, missing samples, tampering, etc. The laboratory will verify
all samples by cross referencing tag numbers between the custody record
and the sample bottles received to ensure that all samples which vere
shipped have been received complete and intact. The laboratory viII
illllllediately notify the sample collector/ES/shipper of any discrepancies.
For non-routine sampling or if shipping after Wednesday of a given veek,
the shipper should verify the arrival of the samples at tbe laboratory.

Field Data Worksheets--Copies of all field data worksheets will be sent
to the CHArT ENCG-EDM in Chattanooga. Section 8.3 gives additional
details.

RECORDlCEEPING

Project Notebooks

A project field notebook and/or file shall be Dlintained by the ES survey
leader to record p,ertinent infonD8.tion and observations. The project
field notebook acc10mpanies the survey leader to the field. The survey
leader shallrecorlli and/or file all physical measurements and field
analyses performed in the project notebook/file. In addition, auxiliary
data often prove vll!ry useful in the interpretation of tbe results. Thus,
water surface elevations of nearby ash ponds, basins, lakes, streams,
etc., gas bubbles in the sample line, rapid development of turbidity or
color in the sampll!, equipment problems, clogged sampling ports at HLS
wells~ lieather conliitions~ d,eviations from 1olOrk.plans or this procedure,
or any number of olther observations could prove very helpful and should
be recorded. Projl!ct field notebooks, should there be a change in
personnel, should include all information necessary to properly conduct
the field survey. At a minimum this uould include: the original project
workplan with all approved revisions; sample identification (tag) numbers
and descriptions of the veIl locations; copies of past survey field
worksheets and gro,mdwater level observations; computer printouts of
prior field data; a survey equipment checklist; and all field instrument
calibration recordl~. Also included in tbe field notebook might be maps,
sample collection and handling inst.ructions, bus schedules, names and
telephone numbers ()f project personnel, and any miscellaneous notes to
aid in conducting the survey.
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8.1.2

8.2

8.3

8.3.1

8.3.2

8.3.3

A project office notebook and/or file are maintained by the lead
engineer. The project office notebooks remain in the office at all times
and are available for l"eference by ES, client, and other project
organizations. In addition to containing the original approved project
vorkplan and all appro,"'ed revisions, it sbould contain informatiOn
relating to the project, such as memoranda, budget estimates, progress
reports, data reports, correspondence vith client organizations, etc.

Survey Reports--Folloving completion of each groundwater field survey,
tbe ES survey leader vill prepare a draft report to the client
organization vhich will. be finalized by th.e lead engineer. 'The report
shall contain:

a. A cover letter addr'essed 'to the client from the lead engineer vhic:h
describes the field activities and notes any unusual conditions
(weather, equipment problens, breach of veIl security, etc.);

b. The Ground Water Quality Data Field Worksheets;
c. Special worksheets (e.g., Acidity and Alkalinity);
d. Instrument Standardization Forms;
e. Groundvater Level M:easurements Form; and
f. Analysis Request and Custody Record Form.
g. Other Forms (i.e. bacterial organism worksheet)

Note: The survey leader is responsible for proper routing of the five
(color coded) field sheets).

Disposition of FOrmS

Forms TVA 30066A and 8, Groundvater Quality Data Field Worksheets,
attachments 1 and 2, are used any time physical and/or chemical
groundvater measurements are made. The original (white copy) is sent to
and is filed by CHAIT ENCG-EDK. Copies are retained by ES field office
per attachment 7 (distribution) and may be sent to the client
organization(s) at their request.

Form TVA 11552 (or similar project specific form/table), Groundvater
Level Measurements (Field), attachment 5, is· used as required, vben
groundwater elevations ,are observed or recorded on ash ponds, coal pile
runoff ponds, metal cleaning vaste ponds, rivers, lakes, groundwater
wells, etc. The original (vhite copy) is sent to and is filed by
CHAIT ENGG (EDM). Copies are retained by ES field office per
attachment 7 (distribution) and may be sent to the client
organization(s) at thei:t' request.

Form TVA 30488, Tennessee Valley Authority, Water Management Services,
Environmental Chemistry Analysis and Custody Record, is used to ship
samples to the ECHEH Laboratory and identify the desired analyses. It
is to be used anytime samples are shipped or delivered to the ECHEK
Laboratory' to ensure t~lt the proper number and types of samples as
specified in the approv4l!d project vorkplan, are 'in fact received by the
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8.3.4

8.3.5

8.3.6

8.3.7

CE 0127V

ECHEK Laboratory. The original (vhite copy) is sent vith the samples to
the laboratory. Copies are retained by ES field office per attachment 7
(distribution) and Cloe copy (pink) is sent to CHATT ENCC-EDK.
Reference 3.15 contains an example of form TVA 30488.

Po~ TVA 11064, Sample Custody Record, is only used when samples are
shipped or delivered to an external TVA laboratory to aid ES in its
internal record keeping functions, or as an aid for shipping/record
keeping, for sample custody to an external TVA laboratory. Reference
section 3.15 of ES-41.2, contains an example of form TVA 11064.

FOnD TVA 991, Request for Analysis, is only used for samples requiring
external IVA laboratory analyses. It specifies which analyses are to be
performed or which vorkplan is to be folloved for sample analyses. The
original is sent vith the samples to the exte~l TVA laboratory,
additional copies viII be retained by ES. Reference 3.15 contains an
example of form TVA 991.

Form TVA 30533, Acidity and Alkalinity Field Yorksheet is to be used by
ES, the original is sent to CHATT ENCG-EDK and copies distributed per
attachment 7 (distribution).

Retention periods and file locations for these forms are given in
attachment 7.
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1.

:3.

5.

4i.

"'j •

Groundwater Quality Data Field Worksheet (Chemical Data), form TVA 30066A.

Groundwater Quality Data Field Worksheet (Pbysical Data), form TVA 30066B.

Schematic Drawing of a Multilevel Sampling (MLS) veIl.

Typical Lysimeter Installation.

Groundwater Level Measurements (Field), form TVA 11552.

Acidity and Alkalinity Field Worksheet, TVA Form 30533.

Records (Use, Distribution, and Retention).
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'ATTACHMENT 1
GROUNDWATER QUALITY DATA FIELl'! WORKSHEET (CHEMICAL DATA) I FORM TVA 30066A
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ATTACHMENT 2
GROUNDWATER QUALITY DATA FIEIJ) WORKSHEET (PHYSICAL DATA), FORM TVA 30066B

Ground Water Quality Data Reid Worksheet
IPhysical Data}

Project
Well Name/Number , Spring Name/NumDer _
Owner's Nam.' , _

Address =::-:-::- __:-----.--------------.......;-------Phone Number _

Well/Spring information
Lat Long 5tate _

Location=--=7------------------------------
WeR Depth Ift.1
Depth of WeB Screen Ift.1
Approximate Water Surface Depth Ift.1
Description of Reference Point Used to M:~ak:-e-:::O:-e-pth::-M;:-e-as-u-r-em-en-t------------

Elevation of Reference Point IMSL·ft.J _
Water use-==:-;-;::-;;:::;;;:;:;- _
Volume of Water Use IGPO)

Tvpe Casing==:-~-------Z;-:~------::-:--:----:-------_
Casing Dimensions 10 _ Ii'" 00 lin' Length (ft)
Does well haye permanentlv installed pump? If so. type of pump ------

clpaoty Igpm) _ discharge flew rate 19pm) _

Well Drillers Log Data

IAttach sketch and/or proyide written detaited description)

R.m.r":

"'A~_ .." - ..._------_ ...._---
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ATTACHMENT J
SCHEMATIC DRAWING OF A MULTILEVEL SAHPLING OILS) WELL
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ATTACHHElIT 4
TYPICAL LYSIMETER INSTALLATION (PRESSURE-VACUUM SOIL WATER SAMPLER)

OEPTH AS
REQUIRED

PRESSURE-VACUUM PUMP

1
W1TH VACUUM GAUGE

PRESSURE/VACUUM TUBE

SAMPLE OISCIIARGE lUBE
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~•.'. II ':.-:

SCREEHED BACKrtlL..-// :':':~. II '::.:.-
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ATTACHMENT 6
ACIDITY AND ALKALINITY FIELD WORKSHEET, FORM TVA 30533

ACIDITY AND AlKAUNITY FIELD WORKSHEET PRELIMINARY DATA

~ I~OOT£

-;. NORUAUTY
( _lEODEII ACID

~CllEW -
-.E AIJlAUN Ift'TJnI,l; --

-. -..elL TorAL lOTAL. .1NEJUlL lOrA&. COo
"- _ACID AUC ..- AUt. _BAlI AaDITY ..... ACIllAY
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~~
e-.L.I
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.
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V
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ATTACHMENT 7
RECORDS (USE, DISTRIBUTION, AND llEiEHTION)

Record ""'Us...e........ _

TVA 30066A 6W Data Chemical,
Field Worksheet

~,b,c

20 yrs
as needed
2-3 yrs
2-3 yrs
2-3 yrs

ZO yrs

2-3 yrs
2-3 yrs
2-3 yrs

Retention

Files
as needed
Office notebook
Fie ld notebook
lead Engineer

Files
lead Engineer
Office notebook
Field notebook
Lead Engineer

ES as needed
slllllPle analysis
(marked up copy
lnnediately to
£S if
discrepancies occur)
Files 20 yrs
Office notebook 2-3 yrs
Field notebook 2-3 yrs
Lead Engineer 2-3 yrs

Return to ES 2-3 yrs
wI sample analysis
(Field notebook)
Lead Engineer
Office notebook 2-3 yrs
Field notebook 2-3 yrs
leacs Engineer 2-3 yrs

Return to ES 2":3 yrs
wI sample analysis
(Field notebook)
Lead Engineer
Office notebook 2-3 yrs
Field notebook 2-3 yrs
lead Engineer 2-3 yrs

Files 20 years
Lead Engineer
Office notebook 2-3 yrs
Field notebook 2-3 yrs
Lead Engineer 2-3 yrs

Files STOREr 2 yrs

Office notebook 2-3 yrs
as needed as needed

Z-(o~~ (pink) to CHATT ENGG -EDN
3-eopy (blue) [S Field Office
4-Copy (green) ES field Office
5-Copy (yellow) ES Field Office

Suple CustOdY Record' I-Original to Lab (outside
TVA]I

2-CoPl' (pink) extra
3-Cop)' (blue) ES Field Office
4-CoPJI' (green) ES Field Office
5-CoPJl' (yellow) ES field Office

Request for Analysis I-Original to lab (outside
TVA)

.Q.ittribut iond _

I-Original to (HAll £NGG-EDM
2-Copy (pink) ECHEM
3-Copy (blue) ES Field Office
4-Copy (green) ES Field Office
5-Colly (yellow) ES Field Office

TVA 11552 Groundwater Elevations I-Original to CHAll ENGG-EDM
(wells. water bodies, 2-Copy lPink) extra
etc.) 3-Copy blue) ES Field Office

4-Copy green} ES Field Office
S-Copy yellOW} £5 Field Office

TVA 30488 - Request for Analysis I-Original to £CHEH
and Custody Record

2-Copy (pink) extra
3-Copy (blue) ES Field Office
4-Copy (green) ES Field Office
S-Copy (yellow) ES Field Office

TVA 30533 Acidity and Alkalinity I-Original to CHAll EHGG-EDM
Field Worksheet 2-Copy (pink) extra (client)

3-Copy (blue) ES Field Office
4-COpy (green) [5 Field Office
5-Copy (yellow) £5 field Office

Various laboratory Results I-Original to CHATT ENGG
by lab

2-Copy to £S Field Office
3-Copy to client as

required by ES
after review

TVA 991

'.,-
TVA 11064

a. Retention ti.e for STORET-related data and field sheets is 20 years
b. Retention tille for STOREr-related laboratory results report fonas is Z years beyond project

cOlllPletion. -
c. ES retention time is 2 years MINIMUM after total COIIIPletion of project and 3 years

MINIMUM for on-voing projects.
Color coded Cpples Illy not be avai1abll~ for all foms.
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1 INTRODUCTION

1.1 Purpose
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The following Closure and Post-Closure Plan (CIPC Plan) has been developed for
the proposed Coal Combustion Byproduct (CCE) Disposal Facility located at Tennessee
Valley Authority's (TVA's) Y...ingston Fossil Plant (KIF). This plan is submitted in
accordance with the Tennessee Department of Environment and Conservation's
Division of Solid Waste Management (TDSWM), Rule 1200-I-7-.03 (2). Closure and
post closure activities will be:: conducted in accordance with the current Subtitle D
regulations adopted by the Te::nnessee Department of Environment and Conservation
(IDEC). The purpose of this document is to: (i) describe necessary activities associated
with the closure of the disposal facility; and (ii) describe the monitoring and
maintenance activities for the facility during the post-closure period. A copy of this
C/PC Plan will be kept at the facility, or another approved location.

1.2 Site Location and Description

The CCBdisposal facility is located on land currently owned by TVA at the
Kingston Fossil Plant (KIF). KIF is located near the city ofHarriman in Roane County,
TN. Access to the Site is via the plant main entrance which is located on Swan Pond
Road. Swan Pond Road is located off Highway 70 between the cities of Kingston and
Harriman.

The proposed CCB disposal facility will be located on a peninsula landfonn at the
confluence of the Clinch and Emory Rivers. The CCB disposal facility will extend
from the central portion of the peninsula to its southern margin adjacent to the Clinch
River. Existing ground surface elevation across the proposed disposal site ranges from
approximately 735 ft. to 860 ft. Mean Sea Level (msl).
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TVA estimates that approximately 547,500 cy of settled gypsum will be produced
each year. Under worst case conditions (i.e., no marketing of gypsum), TVA estimates
the facility life expectancy indicated in the following sections of the plan. Facility life
expectance should be considerably greater than these worst case projections, but is
subject to external factors (e.g;., demand for gypsum) that are beyond TVA's control.

1.3.1 Phase I

Drawing No. IOW427-8 (Phase II Initial Grading Plan and Soil Dikes) depicts the
final grades for Phase I at the end ofwet cast operation. Based on this design, there are
6,513,000 cy of disposal capacity available. Assuming a disposal rate of 547,500 cy
annually gypsum, Phase I will provide 12 years of disposal capacity under worst case
conditions. Completion ofdisposal operations in Phase I is expected by 2021.

1.3.2 Phase II

Depending on the success of gypsum marketing, TVA may construct Phase II. The
final grading plan for Phase I and II at the end of wet cast operation is shown in
Drawing No. 10W427-11 {phase I and Phase II Final Cover Grading Plan (Wet Stack»).
Phase I and Phase II combined have an estimated disposal capacity of 13,371,000 cy.
Therefore, under worst case conditions, and assuming a disposal rate of 547,500 cy
annually, the combined life of Phase I and Phase II wet stack is approximately 24.5
years.

1.3.3 Dry Stack

The CCB disposal facility has been designed to allow dry stacking of gypsum
above elevation 900 ft. msl. The additional dry stacking capacity of Phase I and Phase
II combined is approximately 2,634,000 cy. With this additional capacity, the estimated
life ofthe facility under worst case conditions is 29 years.
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The following is a list of responsible parties involved in the permitting, design,
operation, maintenance, quality control and quality assurance of the CCB disposal
facility at TVA's Kingston Fossil Plant.

1. Owner:
Contact:

Tennessee Valley Authority (TVA)
Plant Manager
Tennessee Valley Authority
Kingston Fossil Plant
714 Swan Pond Road
Harriman, Tennessee 37748
Phone (865) 717-2501

As of the date of this revision, the plant manager is Mr. Michael T. Beckham.

Please direct any correspondence in regards to this document to the designated
~. Solid Waste Specialist. The Solid Waste Specialist for Kingston Fossil Plant is:

Larry C. Bowers
1101 Market Street, LP 5D-C
Chattanooga, Tennessee 37402-2801
Phone: (423)751-4947
Fax: (423)751-7011

2. State: Tennessee Department ofEnvironment and Conservation
Division of Solid Wastc:~ Management
Tennessee Department ofEnvironment and Conservation
2700 Middlebrook Pike, Suite 220
Knoxville, Tennessee 37921-5602
Phone: (865) 594-6035
Fax: (865) 594-6115
Contact as of the date of this manual is Mr. Larry Cook, Environmental Field
Office Manager.
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Tennessee Department of Conservation
Division of Solid Waste Management
Central Office
401 Church Street
5th Floor, L&C Towel'
Nashville, TN 37243-] 533
Phone: (615) 532-0780
Fax: (615)532-0886
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Contact as ofthe date of this manual is Mr. Mike Apple, Division Director.
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2 CLOSURE PLAN
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Infonnation presented in this document has been organized and presented
consistent with the pennit application requirements presented in Rule 1200-1-7-.04 (9)
(d) and Rule 1200-1.-:03 (2). Sections within this document have been titled and
enumerated consistent with the regulations to facilitate the review process. The
regulatory requirements are cited in italics at the start ofeach section followed by a text
description indicating how the specific requirement has been or will be addressed.

2.1 Closure Requirements (ref. 1200-1-7-.04 (8»)

Regulatory requirement:

(a) General Performance Standard

J. The operator must close the disposal facility or disposal facility parcel in a
manner that:

(i) Minimizes the needforfurther maintenance; and
(ii) Controls, minimizes, or eliminates, to the extent necessary to prevent

threats to public health and the environment, post-closure escape of
solid waste, solid waste constituents, leachate, contaminated rainfall,
or waste decomposition products to the ground or suifi:lce waters or to
the atmosphere.

2. The operator must care for a disposal facility or disposal facility parcelfor
the period oftime after closure, specified in subparagraph (d) ofthis Rule,
in a manner that assures that the performance objectives ofpart J ofthis
subparagraph are continuously met.

This Closure Plan provides: direction to close the disposal facility in a manner that
will minimize the need for further maintenance of the facility. It further specifies
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measures to control, minimize, or eliminate threats to public health and the
environment.

(a) Adherence to plan - Th.e operator must initiate and complete closure activities
and conduct post-closure care activities in accordance with the approved
closure/post-closure care plan, if such plan has been prepared and approved

Jor the disposalJadlity or disposalJacility parcel being closed.

The operator will initiate imd complete closure activities and conduct post-closure
activities in accordance with the approved cloSllre and post-closure plan at the time of
closure ofthe facility.

(b) Closure Requirements - The following requirements apply to active portions oj
the facility:

1. The operator must ,notw the Division Director ofhis intent to close at least
60 days prior to the date he expects to begin final closure oj the disposal
facility or disposalfacility parcel.

2. The operator must complete closure activities including grading and
establishing vegetative cover in the shortest practicable time, not to exceed
J80 days, after any fill areas or any portion ofthe fill areas have achieved
final grade, unless the Commissioner allows otherwise in the permit.
,Permits may provide, or be modified to provide, minimum areasJor closure
which will be shown in closure plans. Such modifications ofclosure plans,
for the sole purpose ofidentifying minimum closure areas, shall be deemed
minor modifications. When these complete closure areas reach final grade,
these areas shall be closed as otherwise provided in this part and within the
180 day timeframe provided herein.

TVA will notify the Director of the Tennessee Division of Solid Waste
Management of its intent to close the facility at least 60 days prior to closure. Closure
activities will begin within 30 days, after the date on which the disposal unit receives
the known final receipt of waste, and the closure activities (including final cover
placement, grading, drainage, and establishment of vegetative cover) of each unit will

GR3731/GA060287.RPT.doc 6
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be completed within 180 days following the beginning of closure as previously
mentioned, except where an extension is requested and approved by the Tennessee
Division of Solid Waste Management.

2.2 Final Cover and Alternative Final Cover Systems (ref. 1200-1-7-.04 (8) (e»

Regulatory requirement:

3. Unless otherwise noted in the permit a depth of compacted final cover
material (e.g., soil) shall be placed on the disposal facility or disposal
facility parcel in the shortest practicable time, not to exceed 90 days, after
achieving final grade ofany fill area or any portion ofa fill area. At least
the top twelve inches ofthis cover material shall be soil which will support
the growth ofsuitable vegetation (e.g., topsoil).

(i) At Class 1 and Class 11facilities the depth offinal cover system shall be
at least 36 inches ofsoil ofwhich a minimum of12 inches shall befor
the support ofvegetative cover.

The design ofthe final cover system shall be such that the infiltration
volume of water will be equal to or less than the percolation volume
through the bottom liner system or a design which includes a
compacted soil layer ofat least 24 inches which has a permeability no
greater than 1 x 1(J7 em/sec, whichever is less. This design shall be
supported by the use of the HELP model or other equivalent method
approved by the Commissioner.

An alternate final cover system may be used provided that it is
demonstrated to the satisfaction of the Commissioner that the final
cover system prOVides equivalent or superior perfOrmance to the
minimum performance standard in this subpart.

(ii) At Class III and Class IV facilities, unless the Commissioner
determines that a greater depth is needed to achieve the general
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performance standard ofsubparagraph (a) ofthis paragraph, the depth
offinal cover shall be at least 30 inches of compacted soil. The final
cover consists ofan 18 inch low permeability layer overlain by a J2
inch protective layer.

(iii) At Class I, 11, Ill, and IVfacilities, with approval ofthe Commissioner
any other low permeability layer construction techniques or materials
may be used' to provide the final cover, provided that it provides
equivalent or sZlperiorperformance to ihe requirements ofthis part.

Final cover will be placed over the disposal facility or disposal facility parcel in the
shortest time practical, not to exceed 90 days, after achieving final grade.

Details of the final cover system are illustrated on Drawing No. IOW427-20 (Final
Cover System Details). As shown in the drawing, the final cover system will consist of
the following profile, from top to bottom:

• a 12-inch thick protc::ctive cover soil (vegetative cover) that is capable of
sustaining native plant growth;

• a 24-inch thick compacted clay layer exhibiting hydraulic conductivity of less
than or equal to I x 10-7 em/sec; and

• a 6-inch thick intennediate cover soil.

The final cover grading plan is presented in Drawing No. lOW427-12 (phase I and
II Final Cover Grading Plan ~let and Dry Stack»). As shown in this drawing, the final
cover will be graded to a minimum slope of 4 percent and a maximum slope of 33.3
percent.

Consistent with the regulations, the use of alternative final cover systems are
acceptable if it can be demonstrated that the alternative system provides equivalent or
superior performance to the minimum perfonnance standard. An alternative final cover
has been developed for this facility and may be ·substituted as an alternative. The
proposed alternative final cover consists of (from top to bottom):

GR37311GA060287.RPT.doc 8
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• a 12-inch thick vegetative layer that is capable of sustaining native plant
growth;

• a geocomposite drainage layer, consisting of a High-Density PolyEthylene
(HDPE) geonet with geotextile filters heat bonded to both sides of the geonet;

• a 40-mil thick HDPE geomembrane; and

• a 12-inch thick compacted soil layer.

The calculation package titled "Final Cover System Demonstration", included in
this permit application demonstrates, using the Hydraulic Evaluation of LandfiU
Performance (HELP) model, that the alternative final cover system provides equivalent
or superior performance, (in tenns of equivalent reduction in infiltration) to the
minimum requirements of the prescribed final cover system. The alternative final cover
system will be implemented only after approval of the Commissioner of the Tennessee
Division of Solid Waste Management.

2.3 Drainage System (ref. 1200-1-7-.04 (8) (e))

Regulatory requirement:

4. The final surface ofthe disposal fizcility or disposal facility parcel shall be
graded and/orprovided with drainage facilities in a manner that:

(i) Minimizes precipitation run-on from adjacent areas onto the disposal
fizcility or disposaljacility parcel;

(ii) Minimizes erosion ofcover material (e.g.• no steep slopes);
(iii) Optimizes drainage ofprecipitation fizlling on the disposal facility or

disposalfacili~yparcel (e.g., preventpooling); and
(iv) Provides a surface drainage system which is consistent with the

surrounding area and in no way significantly adversely affects proper
drainage from t~ese adjacent lands.

GR3731/GA060287.RP'T.doc 9 06.05.24
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The proposed grading pl,m of the drainage system (surface water management
system) for the TVA Kingston Fossil Plant disposal facility is provided in Drawing No.
IOW427-13 (Surface Water Management Plan). Runoff from primarily undisturbed
areas to the north of the disposal area (referred to as "run-on") will be intercepted by a
system of drainage channels to prevent from "running-on" to the active portion of the
disposal area. This system ofdrainage channels will collect and convey run-on to Watts
Bar Lake Clinch River to the south of the disposal area, through a drop inlet and culvert
system which will be located underneath the bottom of the stonnwater pond. The
stormwater management system for this facility is designed such that run-on from
undisturbed areas (i.e., outside the limits of the disposal area) will bypass the
stormwater pond located to the south-west of the disposal area.

Erosion ofsoil material on the final cover system will be minimized through slope
stabilization techniques. The final cover slope will not exceed a 33 percent (i.e., 3

horizontal: 1 vertical) slope. The maximum slope length of the steepest slope (between
drainage benches) is 90 feet. The cover system optimizes drainage and precipitation
run-offby maintaining minimum top slopes of4 percent to prevent ponding of water on
top of the cover. Benches will intercept surface water runoff from the cover slopes and
convey the runoff to downdrain pipes, which will convey the runoff to the perimeter
drainage channels located at the toe of the cover system. The perimeter drainage
channels are sloped towards the:: south-west comer of the disposal area and will connect
to a drop-inlet and twin 36-inch diameter culvert system under the perimeter access
road conveying runoff to the stOmlwater pond. All drainage structures have been
designed to accommodate at least a 25-year, 24-hour storm event. The surface water
management system has been clesigned to be consistent with the surrounding area and
does not significantly affect proper drainage from or to adjacent lands.

In addition, vegetation will be established on the final cover system surface as the
fill progresses to prevent erosion of final cover material.

2.4 Vegetative Cover (ref. 1200-1-7-.04 (8) (e»

Regulatory requirement:

GR3731/GA060287.RPT.doc 10 06.05.24
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5. In order to minimize soil erosion, as soon as practicable afterfinal grading,
the operator shall take steps as necessary to establish a protective
vegetative cover of acceptable grasses over disturbed areas of the site.
These steps shalllnclude seeding, mulching, and any necessary fertilization
at a minimum, and may include additional activities such as sodding of
steeper slopes and drainage ways ifsuch are necessary.

As soon as practical after final grading, the operator will take necessary steps to
establish a protective vegetative cover of acceptable grasses over disturbed areas of the
site. These steps shall includ.e seeding, mulching, and any necessary fertilization at a
minimum, and may include additional activities such as sodding of steeper slopes and
drainage ways if necessary. Application rates for seeding and fertilizing of indigenous
grass/vegetation are provided in the Material Specifications and Construction Quality
Assurance and Quality. Control (QAlQC) Plan included as AppendiX F in this permit

application. Temporary erosion control blankets may be used if necessary to provide
seedbed protection and prevent wash-out of seed and fertilizer during vegetation
establishment. The closure will be scheduled to ensure at least one month remains in

1II....,. the growing season to establish a grass cover, or alternatively the entire cover will be re
seeded at the start of the next growing season, after confirming that the grades of the
cover and the condition of the <cover soil are in accordance with the QAJQC plan.

2.5 Other Erosion and Sc~dimentControl Measures (ref. 1200-1-7-.04 (8) (e))

Regulatory requirement:

6. In addition to the drainage and grading requirements and vegetative cover
requirements, the operator shall take other measures as may be necessary
to minimize and control erosion and sedimentation (e.g., soil stabilization,
sediment ponds) at the site.

In addition to the drainage, grading, and vegetative cover requirements, other
measures such as soil stabilization through riprap protection, and sediment ponds will
be implemented to minimize lmd control erosion and sedimentation at the site. The
perimeter ditches, drainage benches, and culvert outlet areas will be lined with riprap.
The stonnwater pond located to the south-west of the disposal area was sized to accept
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sediment of 67 cubic yards per acre of disturbed area. Additional erosion control
problems will be addressed with appropriate structural and non-structural sediment and
erosion control practices as plrescribed within the plans or the most recent edition ofthe
Tennessee Erosion and Sediment Control Handbook.

2.6 Leachate Collection System (ref. 1200-1-7-.04 (8) (el)

Regulatory requirement:

7. As required in hi-r permit, or as otherwise necessary to prevent threats to
human health and the environment, the operator shall establish and/or
complete a systemfor collecting, removing, and treating leachate generated
by the disposal facility or disposalfacility parcel.

Leachate from this facility will consist of consolidation water resulting from the
self-weight consolidation ofthe gypsum material. Consolidation water will be collected
using the perimeter drains depicted on Drawing No. lOW427-16 (Operational and
Typical Details 1) and the central drainage corridor depicted on Drawing No. lOW427
18 (Drainage System Details I). Consolidation water will be managed together with
stonnwater run-off and win be routed through the stonnwater pond prior to being
pumped (with stonnwater) to the plant's discharge channel for discharge under KlF's
existing NPDES pennit. In addition, decant water from the sluicing operations will also
be routed to the stormwater pond.

2.7 Gas Collection System (ref. 1200-1-7-.04 (8) (e»

Regulatory requirement:

8. As required in his permit, or as otherwise necessary to prevent threats to
human health and the environment, the operator shall establish and/or
complete a system for collecting and venting or otherwise controlling the
vertical and horizontal escape ofgases generated in the disposal facility or
disposalfacility parcel.
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Since this disposal facili~y accepts only gypsum waste, and no gas is expected to be
generated from the waste, Rule 1200-1-7-.04 (8) (c) 8 is not applicable to this facility.

2.8 Borrow Area Reclamation

Borrow areas which are used for excavation and construction of final cover soil
will be reclaimed by regrading, stabilizing, and establishing permanent vegetation,
within 30 days of ceasing bor:row activities. Borrow and stockpile areas will be graded
to allow positive drainage off:'site. Additional erosion controls will be addressed with
appropriate structural and non-structural sediment and erosion control practices as
prescnbed within the plans or the most recent edition of the Tennessee Erosion and
Sediment Control Handbook.

2.9 Closure Sequence

Upon achieving the appropriate final grades for the gypswn waste, the disposal
facility will be closed in the following sequence (for clarity, this closure sequence refers
only to the proposed final COV(:f system, rather than the alt<::rnative fmal cover system):

1) Prior to construction of the final cover system, an on-site or off-site borrow
source for soil material will be identified, and both field and laboratory tests
will be performed to ,ensure that the properties of the soil from. the proposed
borrow area satisfy material acceptance criteria provided in the QAJQC plan.

2) Closure will then begiin by installing the compacted soil layer in a controlled
manner in lifts using materials from the designated borrow source. The QAlQC
plan will be followed to monitor the consistency of the compacted soil layer as
it is placed.

3) The vegetative soil cover will be installed on top of the compacted soil layer
under the supervision of the TVA site construction manager and a professional
engineer registered in 1he State of Tennessee. To aid in root development, this
layer will be moderately compacted.

'W
GR373) /GA060287.RPT.doc 13 06.05.24

TVA-00021440



Tennessee Valley Authority
Kingston Fossil Planl- CCB Disposal Facility
Closure and Post-Closure Plan

Revision 0

4) Finally, the surface of the cover will be seeded and/or vegetated, and fertilizer
will be added to promote germination and growth. Application rates for
seeding and fertilizing are provided in the QAlQC plan.

IIi case of contingent closure, the disposal facility shall be re-graded to prevent the
ponding of water. The grade of the final cover surface of the facility may not be less
than 4 percent and no greater than 33.3 percent.

2.10 Closure CertificatioD. and Notification (ref. 1200-1-7-.04 (8) (e»

Regulatory requirement:

9. The operator must notify the Division Director in writing within 60 days of
his completion ofclosure ofthe disposal facility or disposal facility parcel.
Such notification must include a certification by the operator that the
disposal facility or disposal facility parcel has been closed in accordance
with the approved closurelpost-closure care plan. Within 21 days of the
receipt of such notice the Division Director shall inspect the facility to
verify that closure has been completed and in accordance with the approved
plan. Within 10 days ofsuch verification, the Commissioner shall approve
the closure in writing to the operator. Closure shall not be consideredfinal
and complete until such approval has been made.

TVA will close the Kingston Fossil Plant Disposal Facility in accordance with the
closure plan approved by l1DEC Division of Solid Waste Management. Upon
completing all the requirements outlined in the closure plan, TVA will provide the
Division of Solid Waste Man.agement with certificatio~ signed by an independent
professional engineer registered in the State of Tennessee, verifying compliance with
closure requirements within 60 days after completing the closure requirements.
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3.1 Post-Closure Care Period (ref. 1200-1-7-.04 (8) (a) and (d»

Regulatory requirement:

(a) General Performance Standard
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(ii) The operator must care for a disposal facility or disposalfacility parcel for
the period oftime after closure, specified in subparagraph (d) ofthis Rule,
in a manner that assures that the performance objectives ofpart I oj this
subparagraph are continuously met.

(d) Post-Closure Care Period - For Class I and Class II disposal facilities, post
closure care must continue for 30 years after the date offinal completion of
closure of the disposal facility or disposal facility or parcel unless a shorter
period is established in the approved closurelpost-closure care plan. For Class
III and IV disposal facilities, post-closure care must continue for 2 years after
the date offinal completion of closure of the faCility or facility parcel. The
postclos~re care period may be reduced or extended based on cause by
amendment ofthe approved closurelpost-closure care plan as provided in rule
1200-J-7-.03(2)(e).

TVA will provide post-closure care for the disposal facility for a period of thirty
(30) years after completion ofdisposal facility closure activities, in accordance with this
Post-Closure Plan.

3.2 Post-Closure Care Activities

3.2.1 Final Contours and Drainage System (ref. 1200-7-.04 (8) (e»

Regulatory requirement:
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(e) Post-Closure Care Activities - During the post-closure care pen'od, the
operator must, at a minimum, perform the following activities on closed
portions ofhis facility:

1. Maintain the approved final contours and drainage system of the site
such that the objectives ofpart (c) 4 ofthis paragraph are continuously
met;

The approved final contours and drainage system will be maintained at the site.
The effectiveness ofthe final cover will be maintained by making repairs to the cover as
necessary to COIT~ct the effects of subsidence and erosion, as well as preventing run-on
and run-off from eroding/damaging the final cover system. If settlement or other
structural problems occur in the final cover system, the cover will be regraded. The
problem area will be stripped of the vegetation layer and fill dirt will be applied to the
area. The disturbed area will be covered with soil and reseeded as specified in the
design. If excessive surface cracks appear on the soil cover, the cracks will be properly
graded with suitable soil and appropriate vegetative cover will be re established to

'......, prevent the infiltration of surface water.

The disposal area final cover has been designed with a series of benches and
downdrains to provide for positive, non-erosive drainage of run-off into the perimeter
ditches located along the toe of the disposal area cover. The ditches convey water and
sediment to a stormwater pond located on the south-west portion ofthe site as shown on
Drawing No. IOW427-13 (Sumlce Water Management Plan). The pond is designed to
control run-on and run-off from all storms up to the 1DO-year, 24-hour storm event.
Based on the analyses included in Appendix B in this pennit application, additional
storage volume has been reserved in these ponds to provide sediment storage of at least
67 cubic yards per acre ofsite ar'ea.

The sediment will be removed when the sediment level reaches the specified
sediment cleanout elevation of the silt gauge, or when the specified elevation is
obscured by water for a long peIiod of time. The sediment cleanout elevation has been
specified for the stonnwater pond in the Surface Water Management analyses package.
The sediment ponds will be c1elmed using a dragline, clamshell or dredge, or drained
and excavated using a backhoe, front-end loader, dozer, or other equipment. The outlet
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Kingston Fossil Plant - CCB Disposal Facility
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Revision 0

and inlet structures of the stormwater pond will be maintained by the operator
throughout the life ofthe disposal facility and during the post-closure period.

3.2.2 Vegetative Cover (ref~ 1200-7-.04 (8) (e»

Regulatory requirement:

2. Ensure that a healthy vegetative cover is established and maintained
over the site.

The vegetative cover will be inspected on a monthly basis so as to maintain a
healthy stand of vegetation. Areas containing distressed vegetation will be reseeded.
The vegetative cover over the site will be maintained by mowing on a"regular schedule.
Initially the grass will be cut quarterly; however, once the grass is established, it will be
cut twice a year. The mowing schedule is intended to limit the growth of weeds or
rooting of brush species that could undermine the final cover. If an area has less than
25 percent coverage by grass, the area will be reworked and reseeded. Fertilizer may be
applied to promote the re-€::stablishment of a self-sustaining vegetative cover.
Significant depressions or gullil~s that develop will be promptly repaired by filling with
soil and seeding. The details of the vegetative cover are provided in the QAJQC plan.

Regulatory requirement:

3. Maintain the drainage facilities, sediment ponds, and other
erosion/sedimentation control measures (if such are present at the
landfill), at least until the vegetative cover is established sufficiently
enough to render such maintenance unnecessary.

Until vegetation of the final cover is fully established, sediment transport will be
retarded by temporary silt fences. Sediment transported from the cover before
vegetation is fully established win be conveyed to the stormwater pond. Should
excessive cleaning and maintenance of the stormwater pond be needed due to erosion of
soil from the cover, temporary sl~diment control measures will be installed to reduce the
sediment load until the vegetative cover is fully established. Stonnwater channels will
be lined to prevent erosion. Thle channels will be inspected monthly and after major
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stonn events for structural ,md erosion problems. If damage to the channel IS

discovered, it will be repaired as appropriate.

3.2.3 Leachate Collection System (ref. 1200-7-.04 (8) (e»

Regulatory requirement:

4. Maintain and monitor the leachate collection, removal, and treatment
system (ifsuch ispresent at thefacility);

Leachate from this facility will consist of consolidation water resulting from the
self-weight consolidation of the gypsum material. Maintenance of the collection system
will include inspecting the underdrain lift station, removing sediment and debris (if
needed), verifying operation ofpumps, ins.pecting perimeter drains on outer sideslopes,
ensuring that outlets are clear and unobstructed.

3.2.4 Gas Collection System(ref.1200-7-.04 (8) (e»

Regulatory requirement:

5. Maintain and monitor the gas collection and control system (ifsuch is
present at the.fi"-.:rcility);

Since this disposal facility ,accepts only gypswn waste, and no gas is expected to be
generated from the waste, Rule 1200-1-7-.04 (8) (e) 5 is not applicable to this facility.

3.2.5 Groundwater MonitOling Plan (ref. 1200-7-.04 (8) (e»

Regulatory requirement:

6. Maintain and monitor the ground and/or surface water monitoring
system (if such is present at the facility). The monitoring system and
sampling and analysis program established in the permit shall be
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continued during the post-elosure care period, unless the permit is
modified to establish a different system or program. Monitoring data
must be reported in writing to the Division Director within 30 days
after the completion ofthe analyses.

The groundwater monitoring during the post-closure care period will be perfonned
in conformance with the Groundwater Monitoring Plan presented in Appendix D of this
pennit application. The locations of existing and proposed groundwater monitoring
wells are shown on Drawing No. lOW427-3 (Site Development Plan). Monitoring data
will be reported in writing to the Division Director within 30 days after the completion
ofthe analyses.

3.2.6 Inspections

Personnel from TVA will make visual inspections of the site on a regular basis, at
least quarterly, for the duration of the post-closure care period. Maintenance or other

~...... corrective measures needed to prevent the deterioration of the closure syst~ will be
identified during the inspections.

Features to be inspected include the disposal site, surface-water and ground-water
monitoring points, security devices, and stonn-water control features. Each inspection
will be documented and will include, at a minimum, the following infonnation: date and
time of inspection, name of inspector,·· notation of observations made, nature of any
remedial actions to be taken, and recommendation for corrective measures.

3.2.7 Post-Closure Certification (ref. 1200-7-.04 (8) (e»

Regulatory requirement:

7. Following completion of the post-elosure care period for each SWLF
unit, the owner or oPerator must file with the Department a
certification verifying that post-elosure has been completed in
accordance with the post-closure plan.
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The operator will notify the Division Director in writing of its completion of the
post-closure care period of the disposal facility within 60 days of completion of the
post-closure care period. An independent professional engineer in the State of
Tennessee will certify that the post-closure activities were completed in accordance
with the post-closure care plan.
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4 NOTICE IN DEED TO PROPERTY (ref. 1200-7-.04 (8) (f))

Regulatory requirement:

Revision 0

(fJ Notice in Deed to Property - the operator must ensure that, within 90 days of
completion offinal closure of the facility and prior to sale or lease of the
property on which the facility is located, there is recorded, in accordance with
State law. a notation on the deed ofproperty or on some other instrument which
is normally examined during a title search that will in perpetuity notify any
person conducting a title search that the land has been used as a disposal
facility and its use is restricted in accordance with the approved closure/past
closure plan.

Within 90 days of completion of final closure activities of the facility and prior to
final sale or lease of the property on which the facility is located, TVA will ensure that
there is recorded, in accordance with State law, a notation on the deed to the property or

'w some other instrument, which :is nonnally examined during a title search that will in
perpetuity notify any person conducting a title search that the land has been used as a
disposal facility, and the use of the property is restricted in accordance with the
approved closure/post-closure plan.
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Cost Estimate
WorkSheet A

Closure Activities - Compacted Clay Final Cover Option
Notes:

1) TIris worksheet is to be submitted as part of the CIPC Plan.

2) Provide a cost for all activities that apply.

3) Additional cost information may be attached as needed.

4) All soils used for fmal cover construction are from on-site sources.

I. Establishing Final Cover

A. Top Soil
1. Quantity Needed (cu.yd.)
2. Excavation Unit Cost ($teu.yd.)

3. Excavation Cost (1. * 2.)
4. Placement/Spreading Unit Cost ($/cu.yd.)

5. Placement Cost (l'. * 4.)
TOTAL Top Soil (3. + 5.)

179,147.05

$3.95
$707,630.85

$9.21

$1,649,944.33
$2,357,575.18

B. Landfill Cap

1. On-Site Clay

'....... a. Quantity Net:ded (eu.yd.) 394,123.51

b. Excavation Unit Cost (Steu.yd.) $3.95
c. Excavation Cost (a. * b.) $1,556,787.86
d. Placement/Spreading Unit Cost (S/cu.yd.) $9.21

e. Placement Cost (a. * d.) $3,629,877.53

f. Compaction Unit Cost ($/cu.yd.) $] .32

g. Compaction Cost (a. * f.) $520,243.03
TOTAL On-site Clay (c. + e. + g.) $5,706,908.42

2. Off-Site Clay

a. Quantity Needed (eu.yd.)

b. Purchase Unit Cost (S/cu.yd.)

c. Purchase Cost (a. * b.) SO.OO
d. Delivery Unit Cost ($/cu.yd.)
e. Delivery Cost (a. * d.) $0.00

f. Placement/Spreading Unit Cost ($/cu.yd.)

g. Placement Cost (a. * f.) SO.OO
h. Compaction Unit Cost ($Icll.yd.)

t. Compaction Cost (a. * h.) $0.00
TOTAL Oif-Site Clay (c. + e. + g. + i.) SO.OO

'W
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3. Quality ControllTesting ofClay
a.
b.
c.

TOTAL Clay Testing (LS)

TOTAL Landfill Cap

C. Synthetic Membrane
1. Quantity Needed (sq.yd.)
2. Purchase Unit Cost ($/sq.yd.)
3. Purchase Cost (1. ,. 2.)
4. Installation Unit Cost (S/sq.yd.)
5. Installation Cost (I. * 4.)

TOTAL Synth~cMembrane(3. + 5.)

D. Geotextile Filter Fabric
1. Quantity Needed (sq.yd.)

2. Purchase Unit Cost ($/sq.yd.)
3. Purchase Cost(l. * 2.)
4. Installation Unit Cost ($/sq.yd.)
5. Installation Cost (1. * 4.)

TOTAL Geotextile Filter Fabric (3. + 5.)

TOTAL for Establishing I~inal Cover
(A. + B. + C. + D.)

ll. Establishing Vegetative Cover

A. Labor ($Iacre)
B. Seeding (S/acre)
C. Fertilizing ($/acre)
D. Erosion Control Matting ($/acre)
E. Nmnber of Acres

TOTAL for Establishing Vegetative Cover
(A. + B. + C. + D.) * E.

$26,318.64

$5,733,227.06

$0.00

$0.00
$0.00

$0.00

$0.00
. $0.00

$460.58
$460.58
$328.97
$65.80

101

ill. Establishing/Completing a System to Minimize & Control Erosion/Sedimentation

A. Sedimentation Pond
1. ExcavationiConstlUction ($)
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2. Materials (e.g. pipe. Riprap) ($)

TOTAL ~or Sedimentation Pond (1. + 2.)

B. Diversion Ditch
1. Construction ($)
2. Materials ($)

TOTAL fc>r Diversion Ditch (I. + 2.)

C. Temporary Structures (Filtrexx Siltsoxx)
1. Quantity needed (ft)

2. Materials unit cost (Sift)
3. Materials cost ($)
4. Construction unit cost (Sift)
5. Construction cost ($)

TOTAL for Temporary Structures (3. + 5.)

TOTAL for establishing or completing a system to
minimize & control erosion & sedimentation
(A. + B. + C.)

$0.00

SO.OO

6550.36
$2.00

SI3,100.72
$1.50

$9,825.54
$22,926.26

IV. Establishing or Completing Leachate Collection Removal, & Treatment System

A. Installation
I. Number ofFeet
2. Piping System Unit Cost (Sift)
3. Piping System Cost (I .. * 2.)
4. Storage Tanks ($)
5. Pumps(S)

TOTAL for Establishing or Completing Leachate
System (3. + 4. + 5,.)

V. Establishing or Completing a System to Collect or Vent Gases

A. Installation
I . Materials (e.g. piping)
2. Equipment (e.g. pwnps)
3. Labor (e.g. drilling)

TOTAL for Establishing or Completing a System to
Collect or Vent Gases (1. + 2. + 3.)

GR3731fGA060287JC-PC Cost Estimate_final.xIs

TVA-00021452



VI. Establishing or Completing Groundwater/Surface Water Monitoring System

A. Installation
1. Nwnber of Wells
2. Drilling Unit Cost ($IWell)
3. Drilling Cost (1. * 2.)
4. Materials Unit Cost ($/Well)
5. Materials (1. * 4.)
6.' Equipment (e.g. pumps)
7. Labor

$0.00

$0.00

TOTAL for Establishing or Completing Groundwater
Monitoring System (3. + 5. + 6. + 7.)

TOTAL CLOSURE COSTS
(SUM OF TOTALS FOR SECTIONS 1. THOUGH VI.)
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Cost Estimate
Work Sheet A

Closure Activities- Composite Final Cover Option
Notes:
1) This worksheet is to be submitted as part of Ithe CIPC Plan.
2) Provide a cost for all activities that apply.
3) Additional cost infonnation rnaj' be attached as needed.

1. Establishing Final Cover

A. Top Soil
1. Quantity Needed (eu.yd.)
2. Excavation Unit Cost (Stcu.yd.)
3. Excavation Cost (1. * 2.)
4. Placement/Spreading Unit Cost (S/eu.yd.)
5. Placement Cost (1. * 4.)

TOTAL Top Soil (3. + 5.)

179,149.05
$3.95

S707,638.75
$9.21

SI,649,962.75
$2,357,601.50

B. Landfill Cap
1. On-Site Clay

a. Quantity Needed (eu.yd.) 179,149.05

'.... b. Excavation Unit Cost ($tcu.yd.) $3.95
e. Excavation Cost (a. * b..) $707,638.75
d. Placement/Spreading Unit Cost ($Ieu.yd.) $9.21

e. Placement Cost (a. * d.) $1,649,962.75
f. Compaction Unit Cost ($Icu.yd.) $1.32
g. Compaction Cost (a. * f.) $236,476.75

TOTAL On-site Clay (c. + e. + g.) $2,594,078.24

2. Off-Site Clay
3. QuantityN~eded(eu.yd.)
b. Purchase Unit Cost ($/cu.yd.)
c. Purchase Cost (a. * b.) $0.00
d. Delivery Unit Cost (Stcu.yd.)
e. Delivery Cost (a. * d.) $0.00
f. Placement/Spreading Unit Cost (Stcu.yd.)
g. Placement Cost (a. * f.) $0.00

h. Compaction Unit Cost (S/eu.yd.)
J. Compaction Cost (a. * h.) SO.OO

TOTAL Off-Site Clay (c. + e. + g. + i.) SO.OO
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3. Quality Controllffesting ofClay

'''''' a.b.
c.

TOTAL Clay Testing (LS)

TOTAL Landfill Cap

C. Synthetic Membrane
I. Quantity Needed (sq.yd.)
2. Purchase Unit Cost ($/sq.yd.)
3. Purchase Cost (1. * 2.)
4. Installation Unit Cost ($/sq.yd.)
5. Installation Cost (I. * 4.)

TOTAL Synthetic Membrane (3. + 5.)

D. Geotextile Filter Fabric
1. Quantity Needed (sq.yd.)
2. Purchase Unit Cost ($/sq.yd.)

3. Purchase Cost (1. * 2.)
4. Installation Unit Cost ($/sq.yd.)
5. Installation Cost (I. * 4.)

TOTAL Geotextile Filter Fabric (3. + 5.)

TOTAL for Establishing Final Cover
(A. +B. + C. + D.)

II. Establishing Vegetative Cover

A. Labor ($/acre)
B. Seeding ($Iacre)
C. Fertilizing ($Iacre)
D. Erosion Control Matting ($/acre)
E. Number of Acres

TOTAL for Establishing Vegetative Cover
(A. + B. + C. + D.) * E.

$26,318.64

$2,620,396.88

488,583
$4.50

$2,198,622.86
$0.10

$48,858.29
$2,247,481.15

488,583
$4.50

$2,198,622.86
$0.10

$48,858.29
$2,247,481.15

$460.58
$460.58
$32&.97

$65.80
101

ill. Establishing/Completing a System to Minimize & Control Erosion/Sedimentation

A. Sedimentation Pond
1: Exc3vmion/Consrruction($)
2. Materials (e.g. pipe. Riprap) ($)
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TOTAL for Sedimentation Pond (1. + 2.) $0.00

B. Diversion Ditch

1. Construction ($)
2. Materials ($)

TOTAL for Diversion Ditch (1. + 2.)

C. Temporary Structures (Filtrexx Siltsoxx)

1. Quantity needed (ft)

2. Materials unit cost ($/ft)

3. Materials cost ($)

4. Construction unit cost ($/ft)
5. Construction cost ($)

TOTAL fi>r Temporary Structures (3. + 5.)

TOTAL for establishing or completing a system to
minimize & control erosion & sedimentation
(A. +B.+C.)

$0.00

6550.36

$2.00

S13,100.72
$1.50

S9,825.54
S22,926.26

N _ Establishing or Completing Leachate Collection Removal, & Treatment System

A. Installation
1. Number of Feet

2. Piping System Unit Cost (SIft)

3. Piping System Cost (]. * 2.)
4. Storage Tanks ($)

5. Pumps ($)

$0.00

TOTAL for Establishing or Completing Leachate
System (3. + 4. + 5.)

V. Establishing or Completing a System to CoHect or Vent Gases

A. Installation
1. Materials (e.g. piping)

2. Equipment (e.g. pumps)

3. Labor (e.g. drilling)

TOTAL for Establishing or Completing a System to
Collect or Vent Gases (1. + 2. + 3. )
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VI. Establishing or Completing Groundwater/Surface Water Monitoring System

A. Installation
1. Number ofWells
2. Drilling Unit Cost ($IWell)
3. Drilling Cost (1. *2.)
4. Materials Unit Cost ($/Well)
5. Materials (1. * 4.)
6. Equipment (e.g. pumps)
7. Labor

$0.00

$0.00

TOTAL for Establishing or Completing Groundwater
Monitoring System (3. + 5. + 6. + 7.)

TOTAL CLOSURE COSTS
(SUM OF TOTALS FOR SECTIONS I. THOUGH VI.)
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Cost Estimate
WorkSheetB

Post Closure Activities
Notes:
1) This worksheet is to be submitted as part of the C/PC Plan.

2) This facility will be maintained and monitored for 30 years after final closure of Class I and

n landfills and 2 years after final closure of Class ill and IV landfills.

3) Fill in blanks for all activities wbich apply.

4) All costs are to be calculated on ~m ANNUAL BASIS

I. Survey Inspections to Confinn Final Grade and Drainage are Maintained

A. Transportation

B. Labor

TOTAL for Surveying Inspections (A. + B.)

n. Maintain Healthy Vegetation

A. Transportation
B. Labor

C. Seeding
D. Fertilizing

E. Mulching

F. Rodent Control

G. Mowing

TOTAL for Maintaining Healthy Vegetation

(A. + B. + C. + D. + E.. + F. + G.)

INCLUSIVE

INCLUSIVE

-
INCLUSIVE

$3,947.80

$3,947.80
$2,763.46

$657.97

$15,791.18

m. Maintain Drainage Facilities, Sediment Ponds, & Erosion/Sediment Control Measures

A. Transportation

B. Labor
C. Cleaning out of Systems

D. Repair of Gullies or Rills

1. Soil Acquisition
a. Quantity

b. Purchase Unit Cost ($/cu.yd.)

c. Purchase Cost (a. * b.)
d. DeliverY Unit Cost ($/cu.yd.)

GR3731/GA060287/C-PC Cost Estimate_final-Rev A.xls
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e. Delivery Cost (a. * d.)
2. Placement/Spreading/Compaction

3. Revegetation

TOTAL D.

TOTAL for Maintaining Drainage

(A. + B. + C. + D.)

IV. Maintain and Monitor Leachate Collection, Removal, & Treatment System

$5,260.00

$5,000.00
$3,000.00

$14,580.00-
A. Treatment ofLeachatl~

1. On-Site
a. Quantity (cll.yd.)

b. Treatment Unit Cost (S/cu.yd.)
c. Treatment Costs (a. * b.) $0.00
d. Sewer Discharge Unit Cost

e. Discharge Costs (a. * d.) $0.00
TOTAL 1. On-Site (c. + e.) $0.00

2. Off-Site
a. Quantity (ctl.yd.)

'''''''
b. Hauling Unit Cost ($/cu.yd.)
c. Hauling Costs (a. * b.) $0.00
d. Treatment Unit Cost ($/cu.yd.)
e. Treatment Costs (a. * d.) $0.00

TOTAL 2. Off-Site (c. + e.) $0.00

TOTAL for Treatment of Leachate (A.) $0.00

(1. or 2. TOTAL)

B. Maintenance of Leachate Collection System
1. Transportation
2. Labor
3. RepairslMateria1s

a. Pumps
b. Cleaning out System
c. Leak Detection
d. Lift station.

TOTAL 3. (a. + b. + c. + d.)

TOTAL B. (1. + 2. + 3.)

TOTAL for Monitoring and Maintaining Leachate System
(A. + B.)

GR3731/GA0602B7/C-PC Cost Estimate_final-Rev A.xls

$3,000.00
$3,000.00

$4,000.00

$10,000.00

$10,000.00

TVA-00021459



V. Maintain and Monitor Gas Collection or Venting System

A. Transportation

B. Labor

C. Repairs/MateriaIs

I. Cleaning

2. Caps

3. Other

TOTAL C. (1. + 2. + 3.)

TOTAL for Maintaining & Monitoring Gas Control Systems

(A. + B.+G)

VI. Maintain and Monitor Groundwater and/or Surface Water Monitoring System

A. Installation
1. Number ofWells/Springs
2. Number ofSampleslWell
3. Unit Costs ofAnalysis
4. Cost of Sampling + Analysis (1. * 2. * 3.)
5. Labor Cost'Welll
6. Labor Costs (I. ,. 5.)
TOTAL A. (4. +6.)

B. Inspection & Maintenance ofSystem
1. Transportation

2. Labor
3. Repairs/Materials

a. Caps
b. Tubing

c. Pumps
d. . Well Replac:ement

. e. Other

TOTAL 3. (a. + b. + c. + d. + e.)

TOTAL B. (1. + 2. + 3.)

TOTAL for Maintaining & Monitoring Groundwater Systems

(A. + B.)

TOTAL CLOSURE COSTS, ANNUAL BASIS
(SUM OF TOTALS FOR SECTIONS I. THOUGH VI.)
INFLATION RATE UTILIZED

,.., 30 YR BASIS (Annual Cost * Inflation Rate Over 30 Years)
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I.....,. SUMMARY OF ANNUAL COST, 30 YEAR BASIS

I Annual Cost with InflationAnnual Cost Year Inflation Rate

$135,907.85 1 5.0% $142,703
2 5.0% $149,838

3 5.0% $157,330

4 5.0% $165,197

5 5.0% $173,457
6 5.0% $182,130

7 5.0% $191,236
8 5.0% $200,798

9 5.0% $210,838
10 5.0% $221,380

11 5.0% $232,449

12 5.0% $244,071

13 5.0% $256,275
14 5.0% $269,088
15 5.0% $282,543

16 5.0% $296,670
17 5.0% $311,503
18 5.0% $327,078,......,
19 5.0% $343,432
20 5.0% $360,604
21 5.0% $378,634
22 5.0% $397,566
23 5.0% $417,444
24 5.0% $438,316
25 5.0% $460,232
26 5.0% $483,244
27 5.0% $507,406
28 5.0% $532,776
29 5.0% $559,415
30 5.0% $587,386
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1 INTRODUCTION
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This Material Specifications and Construction Quality Assurance/Quality Control
Plan (QNQC Plan) is prepared for the proposed Coal Combustion Byproduct (CCB)
Disposal Facility located at the Tennessee Valley Authority (TVA) Kingston Fossil
Plant - Peninsula Site (hereinafter referenced as CCB disposal facility). The CCB
disposal facility will be developed in two phases; namely Phase I and II. The purpose
of this QNQC Plan is to outline procedures for verifying that proper materials,
construction techniques, and installation procedures are used by the Constructor, and
that the design intent is met. This QNQC plan has been developed to satisfy the
requirements of rule 1200-1-7-.04(9)(c)19. In addition, this QNQC Plan is intended to
define problems that may occur during construction and to provide a mechanism for
resolving these problems as they occur.

The elements of construction of the CCB disposal facility requmng field
monitoring and documentation under this plan include: subgrade/structural fill, soil dike
for Phases I and II, geologic buffer, gypsum dikes, and final cover system construction.

The program described by this Plan is independent of the quality control (QC)
program conducted by the Constructor. This QAlQC Plan is intended to provide
verification that the Constructor has met his obligation in the supply and installation of
the specified materials. This plan does not replace the contract documents (design
drawings and documents) regarding the selection and installation ofmaterials.

The construction and operation of this facility involves initial facility construction,
as well as on-going construction operations. TVA conducts dike inspections at all fossil
plants yearly, and will be perlonned for the CCB Disposal Facility. Because this
facility will be raised during the operational phase, certification activities should be an
on-going process during operation, but limited to those periods where dikes are being
raised. This can be viewed as an extension of the yearly dike inspections. It is
anticipated that during dike raising activities, surveillance by technicians to sample and
test material and observe construction techniques would also provide assurance that
construction activities are in conformance with the drawings. As construction proceeds,
the Certification Engineer c:an adjust the frequency and type of testing and
inspection/surveillance as need,ed.
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2. DEFINITIONS AND USE OF TERMS

This section provides definitions for tenns used in the QA/QC Plan.

Owner - Tennessee Valll~Y Authority

Revision 0

Constructor - the individual or finn, responsible for disposal facility-related
construction and operational activities. This definition applied to any party perfonning
work defined in the construction documents. TVA may use their own construction
organization, Heavy Equipment Division (HED), for initial construction activities, and
plant operations personnel (TVA Yard Operations) may perform dike raising activities
descnoed herein. TVA may alIso subcontract construction at it's discretion.

Construction Manager -- the official representative of the Owner responsible for
overseeing construction of the:: project. If TVA uses the HED for initial construction,
and TVA Yard Operations for operation, the Construction Manager and Constructor are
one in the same.

...., Conformance Testing - includes testing that is perfonned by the Certification
Engineer to conform and qualify material prior to their use.

Certification Engineer - individual appointed by the Owner who is responsible
for performing tasks outlined :in this QNQC Plan. The Certification Engineer will be
selected by TVA FES and shall be a registered Professional Engineer in the state of
Tennessee.

Design Engineer - the individual(s) or finn(s) responsible for the preparation of
design documents and significlmt design changes during construction as determined by
the Certification Engineer. The design engineer shall be a registered Professional
Engineer in the state of Tennessee. TVA Fossil Engineering Services (PES) is the
responsible en~eering organi.zation for design and certification ofthis facility.

Earthwork - an activity involving the use of soil or rock materials. It also
includes activities involving th(: use ofbyproducts in the construction ofwaste disposal
facilities.

Performance Testing - includes those activities that occur during and following
material installation including dike raising activities during facility operation.
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Project Design Drawings and Documents - all project related drawings and
documents, including design modifications and record drawings.

Project Documents - includes Constructor submittals, construction drawings,
record drawings, specifications, shop drawings, field inspection reports, and project
schedule.

Quality Control (QC)- functions performed by the Constructor and material
supplier to verify that work performed confonns to project design drawings and
documents.

Quality Assurance (QA) - provides verification that QC functions have been
performed in substantial compliance with the project design drawings and documents,
this function will normally be provided by a Certification Engineer chosen by TVA.

Record Drawings - drawings recording the locations, elevations, and details of the
facility after construction is completed.

Surveyor - the individual responsible for preparation of as-constructed surveys of
~....." the completed subgrade, geologic buffer, soil dike fill, final surface ofgypsum fill, final

cover compacted clay layer, and completed vegetation layer. The surveyor shall be a
registered Surveyor in the state ofTennessee.

Testing Laboratory - om~ or more laboratories capable of conducting the required
conformance and performance laboratory testing of soils and geosynthetics required by
this QA/QC Plan.
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3 CERTIFICATION ENGINEER
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The Certification Engineer (or personnel under his direct supervision) will closely
monitor construction of the various components of the CCB disposal facility which
includes: structural fill, soil dike fill, geologic buffer, gypsum dike construction; and the
construction of the soils and geosynthetic components of the final cover system. The
Certification Engineer will be a Professional Engineer licensed to practice in the state of
Tennessee, who is knowledgeable in the field of soil mechanics and geosynthetics, and
will have a good working knowledge of the equipment and procedures generally used in
the construction of landfills.

The Certification Engineer has the following duties:

• provide written, certified documentation attesting to conformance with the
design requirements and the Q,l\/QC Plan with respect to conditions of
structural fill, soil dike fill, geologic buffer, gypsum dike construction, and the
construction of the soils and geosynthetic components of the final cover system;

• be present at appropriate intervals during construction of the soil components,
perform appropriate tests, and obtain samples for laboratory analyses;

• observe material delivery and unloading;

• use the results of tests and laboratory analyses to document confonnance with
project requirements;

• provide to TVA and thl~ Constructor the results of observations and test as the
work progresses. Coordinate with Constructor when modifications to the plans
are necessary to ensun~ compliance with the design drawings, specifications,
and QA/QC Plan;

• schedule and coordinate inspection and testing activities; and

• reject defective work and veri:!)' that corrective measures have been
implemented.

The Certification Engineer may utilize qualified field technicians to perform testing
described and to provide as necessary additional oversight during construction.
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4. PROJECT MEETINGS

4.1 Design Review Meeting (Optional)
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Following the completion of the design and after review and approval by the State
of Tennessee Department of Environment and Conservation (TDEC), Division of Solid
Waste Management (DSWM), a design review meeting will be held. The purpose of
this meeting, which the Owner, Construction Manager, and the Certification Engineer
shall attend, is to accomplish the;: fonowing activities:

• identify key personnel;

• provide all parties with relevant documents;

• review the project design drawings, documents, and QA/QC Plan;

• confirm responsibilities ofeach party;

• review reporting and documenting procedures;

• define lines ofcommunication;

• establish work area procc~dures; and

• review sampling and testing procedures.

The meeting will bedocumented by the Certification Engineer or person designated
by the Construction Manager. Copies of the minutes and relevant documents will be
provided to all parties.

4.2 Pre-construction Meeting

A pre-construction meeting will be held at the site prior to the start ofconstruction.
The Owner, Construction Manager, Certification Engineer, Constructor, and others
designated by the Owner win attend this meeting. In certain cases, many, if not most of
these functions may be perfonned directly by the Owner. The purpose ofthe meeting is
to accomplish the following activities:
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• review the construction drawings and documents, QA/QC Plan, work area
procedures, construction procedures, and other related issues;

• define lines ofcommunication and authority;

• review the project schedule;

• review best management practices for erosion and sediment control and
construction stonnwater management during each phase ofconstruction;

• review testing procedures· and procedures for correcting and documenting;
construction deficiencies, repairs, and retesting;

• review testing and record drawing documentation procedures; and

• conduct a site inspe:ction to discuss work areas, work plans, stockpiling,
equipment and materiallaydown areas, access roads, and related items.

This meeting will be documented by the Construction Manager or authorized
representative, and copies ofthe documentation will be distributed to all parties.

4.3 Progress Meetings

A progress meeting will be held daily just prior to commencement or just following
the completion of work. This: meeting will be attended by the Construction Manager,
and the Constructor's on-sit(~ superintendent and the Certification Engineer. The
following activities will be disl:;TIssed during this meeting:

• review the previous days activities and accomplishments;

• review work locations and scheduled work;

• discuss problems; and

• review test data.
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This meeting will be documented by the Certification Engineer, and copies of the
documentation will be distributed to the Owner, Construction Manager, and
Constructor.

4.4 Deficiency Meetings

As required, meetings will be held to discuss problems or deficiencies. At a
minimum, these meetings will be attended by the Construction Manager, Certification
Engineer, and the Constructor's on-site superintendent. If the problem requires a design
modification, the Design Engjneer and Constructor's project manager should also be
present. The meeting will be documented by the Certification Engineer.
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5. BASE GRADE SOIl, COMPONENT CONSTRUCTION

5.1 Introduction
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This section addresses material specifications and CQA activities associated with
preparation and construction of the soil and aggregate components of the base grade
system. Details of the soil components of the base grade system are provided in the
Drawings Plans. These components include:

• subgrade/structural fill;

• soil dikes;

• geologic buffer; and

• gravel drainage layer.

The soil and aggregate components of the base grade system shall meet
'...... requirements related to material characteristics and construction quality. Both field and

laboratory tests shall be perfonned prior to construction to evaluate if the characteristics
of soil and aggregate from proposed sources meet the material acceptance requirements
of the permit and design specifications. Thoughout construction, additional field and
laboratory testing shall be ptrlorrned to evaluate if the placed material meets the
requirements of the permit and construction documents with regard to material
acceptance and construction quality.

5.2 Test Methods And Sampling Requirements

Tables I and 2 present the laboratory and field test methods which shall be used to
determine material characteris1ics and evaluate construction quality for the soil and
aggregate components of the base grade system. The tests shall be conducted in
accordance with the current ver.~ions ofthe corresponding standard methods given.

Table 3 provides information regarding the minimum test frequencies. The table
also includes the.locations at which samples shall be collected, the sample size, and the
acceptance criteria.
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5.3 Subgrade/Structura] }'j]]
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Subgrade refers to a surface which is exposed after stripping topsoil, excavating or
filling to design grades. The prepared subgrade should confollIl to the contours shown
on the grading plan, as indicate:d in the Design Drawings and verified by the Surveyor.
Vegetation shall be stripped and the surface proof rolled. Potentially deleterious
materials such as organics or soft materials shall be removed and the resulting voids
filled with acceptable material" appropriately compacted. As required, structural fill
will be used to establish design subgrade elevations.

After proof rolling and/or other suitable techniques, visual examination of the
subgrade preparation by the Certification Engineer should be sufficient to evaluate its
suitability as a foundation for the geologic buffer.

Conformance and perfomlance testing of the subgradeistructural fill shall be
accomplished in accordance with Table 3. The subgrade should be accepted by the
Certification Engineer if it does not pump or rut excessively. If excessive pumping or
rutting occurs, the area should bl~ reworked or removed by undercutting to more suitable
material if possible. The surface of the finished subgrade will be surveyed in
accordance with Section 11 of tins QA/QC Plan to provide as-built documentation prior
to placement of the geologic buffer.

5.4 Soil Dikes

Soil dikes refers to the soil material that will be used to construct the perimeter soil
dikes shown on the Design Dmwings. Soil dike material shall consist of relatively
homogenous, silty, and clayey soils which are substantially free of debris, rock, plant
materials, frozen materials, fon~gn objects, and organics. The soil dike· geometry
should conform to the contours shown on the grading plan, as indicated in the Design
Drawings, and verified by the Surveyor.

Conformance and performance testing of the soil dike material shall be
accomplished in accordance with Table 3. The surface of the finished subgrade will be
surveyed in accordance with Section II of this QNQC Plan to provide as-built
documentation prior to placement of the perimeter gypsum dike.
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5.5 Geologic Buffer
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Geologic buffer material shall consist of relatively homogenous, silty, and clayey
soils which are substantially :free of debris, rock, plant materials, frozen materials,
foreign objects, and organics. The geologic buffer may be constructed from
recompacted soils from within the disposal factory footprint (if suitable) or from the
borrow area The borrow area for the geologic buffer material will be identified in the
Design Drawings and the material will be tested to provide an Acceptable Permeability
Zone (APZ) to meet the required permeability of less than or equal to 1 x 10-7 cm/s.
The Certification Engineer shaH obtain samples from within the identified borrow area
and subject the soils to conformance testing procedures, frequency, and requirements
indicated in Table 3 to verify that the APZ that has been developed is acceptable and
that the material does meet the project requirements.

Geologic buffer material shall be placed in 8 to lOin. loose (6 to 8 in. compacted)
lifts. The lift depth shall be verified by a manual method (i.e., use of stakes or cones).
Soil clods shall be broken down, and moisture conditioning shall be conducted to
preserve the homogeneity of the soil and to obtain a relatively uniform moisture content
through the soil mass. The moisture content of the geologic buffer soils shall be field
tested during processing, placement, and compaction. The action of heavy equipment
on the geologic buffer shall be observed for penetration, pumping, and cracking which
would indicate that the material is unsuitable and should be re-conditioned.
Performance testing shall be accomplished to verify the requirements listed in Table 3
are met.

The finished surface of the geologic buffer shall be finn, uniform, and relatively
smooth. Surveying shall be performed to verify that the finished geologic buffer
thickness is equal to or greater than 3 ft and that the minimum drainage grade to the
central drainage corridor is met.

Perforations created by nucllear density probe, stakes, or any other methods shall be
filled with bentonite, a soil-bentonite mixture, or an Engineer approved equal.

5.6 Gravel Drainage Layer

Gravel drainage layer shall be placed around pipes located within the central
drainage corridor 'and the perimc~ter drainage trenches. The gravel drainage layer shall
be composed of aggregates meeting the Conformance testing requirements provided in
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Table 3. The gravel drainage aggregate shall be substantially free of organics, frozen
material, foreign objects, or other deleterious materials.

5.7 Potential Problems And Deficiencies

During construction, the frequency of testing may be increased at the discretion of
Certification Engineer or the Construction Manager when visual observations of
construction performance indicate a potential problem. Additional testing for suspected
areas will be considered when:

• excessive pumping or cracking ofmaterial occurs;

• under adverse weather conditions;

• work is conducted in difficult areas; and

• high frequency of failiing tests is observed.

~~ If a defect is discovered in the earthwork product, the Certification Engineer shall
innnediately determine the extent and nature of the defect. If the defect is indicated by
an unsatisfactory test result, the Certification Engineer shall determine the extent of the
deficient area by additional tests, observations, a review of records, or other appropriate
means and notify the Constructor and Construction Manager.

The Certification Engineer shall schedule appropriate retests after the work
deficiency has been corrected. Retests recommended by the Certification Engineer
must verify that the defect has been corrected before any additional work is performed
in the area ofthe deficiency
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6. GYPSUM DIKE CONSTRUCTION AND PLACEMENT

6.1 Placemnent
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The sequence for the construction and placement of the perimeter and outer
gypsum dikes is illustrated in the Design Drawings and described herein. After the soil
dikes are constructed, sluiced gypsum will be placed within the disposal area and the
perimeter gypsum dike will be constructed from gypsum sedimented within the disposal
area. The perimeter gypsum dike is considered an extension to the soil dikes and will
provide a platfonn for the construction of the outer gypsum dikes. Once the perimeter
gypsum dikes are constructed, a rim ditch operation will commence and outer gypsum
dikes will be constructed using gypsum. Gypsum will continue to be disposed and the
outer dikes will be raised progressively using the upstream method ofconstruction.

Gypsum can also be us(:d to divide the disposal area, as required, into smaller
subareas areas. This arrangement allows for the sedimentation of gypsum in one
subarea while the other subarea is filled with sluiced gypsum. Once rim ditch
construction has been comple:ted, and a subarea has been filled, another subarea will
begin to receive sluiced gypsum. During the inactive phase of the first subarea, raising
of the outer gypsum dikes may begin. Gypsum is excavated from the rim ditch using
long-reach trackhoes and placed along the perimeter of the outer gypsum dikes.
Leveling, spreading, and compaction will be accomplished using a small dozer. The
outer gypsum dikes will generally be raised in five-foot height increments, with
individual lift thicknesses being approximately one to two feet thick. The individual lift
thicknesses should be such that material can be placed, spread, shaped and compacted
to obtain a unifonn consistency and be constructed to the lines and grades on the Design
Drawings. Perimeter drainage trenches shall be installed as shown on the Design
Drawings. It is important that elevations be. checked during construction and
adjustments made to avoid damage to the drains. The Design Drawings contain
instructions and procedures to prevent this from occurring.

6.2 Monitoring and Testin"g

Monitoring and testing for gypsum dike construction will include the following
activities:
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• Monitoring of the perimeter gypsum dike construction is required to verifY that
material has the d,esired consistency, and is being placed, shaped, and
compacted to the proper shape. It is anticipated that surveillance and
monitoring activities: will be more frequent in the beginning, and will be
reduced as successfbI operation is being demonstrated. The frequency of
monitoring will be determined by the Certification Engineer in concert with
TVAFES.

• After the completion ofperimeter gypsum dike construction, and the area filled
with gypswn, outer gypsum dike raising can begin from the second lift. The
technician shall take random samples at four locations along the rim ditch along
the outer dike at approximate evenly spaced locations. Samples will be tested
for grain size to detennine variation in material. This infonnation shall be
reviewed by the Certification Engineer. Additionally, if considered necessary
by the Certification Engineer, strength testing of material at the beginning and
end points of the rim ditch along the outer dike may be perfonned to determine
any variation in strength parameters. Operation of the rim ditch may be
adjusted at the discretion of the Certification Engineer. This process can be
repeated if detennined necessary by the Certification Engineer in concert with
TVA FES, but it is expected that as stack progression continues, the need for
such testing will diminish over time if satisfactory results are obtained. This
process may need to be repeated when Phase II construction begins, or if more
frequent testing is de(mled necessary by the Certification Engineer in concert
with TVA FES.

• It is anticipated that quarterly inspections will be perfonned by the Certification
Engineer during dike raising activities as a minimwn, and the frequency
increased ifnecessary. The technician should be present to inspect construction
of the drains to ensure that the requirements on the Design Drawings are being
met. The frequency of these visits shall be determined by the Certification
Engineer in concert wilth TVA FES.

• As stack construction progresses, TVA will perfonn surveys to detemrine the
remaining life of the::: facility. These surveys will be reviewed by the
Certification Engineer to ensure that grading is being adequately maintained on
the side slopes.
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7. FINAL COVER SYSTEM SOIL COMPONENT CONSTRUCTION

7.1 Introduction

This section addresses material specifications and CQA activities associated with
the construction of the soil components for the final cover system. Details of the soil
components of the fmal covc::I" system are provided in the Design Drawings. These
components include:

• intermediate cover;

• compacted clay layer;

• compacted soil Layer; and

• vegetative soil layer.

The soil components of tbe final cover system shall meet requirements related to
material specification and construction quality provided in this QAJQC Plan. Both field
and laboratory tests shall bc~ performed prior to construction to evaluate if the
characteristics of soil from proposed sources meet the material acceptance
requirements.

7.2 Test Methods and Sampling Requirements

Tables 1 and 2 present the laboratory and field test methods which shall be used to
determine material characteristics and evaluate construction quality fOf the soil
components of the final cover system. The tests shall be conducted in accordance with
the current versions of the cOfn:sponding standard methods given.

Table 4 provides information regarding the minimum test frequencies and values.
The table also includes the locations at which samples shall be collected, the sample
size, and the acceptance critma.
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7.3 Intermediate Cover
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Intermediate cover refers to the layer of soil covering the gypsum by-product in the
facility to reach the planned grades for the bottom ofcompacted clay layer material.

Vegetation and other potentially deleterious materials such as organics or soft
materials shall be removed and the resulting voids filled with acceptable material and
appropriately compacted. The surface shall be proof rolled prior to the placement of
subsequent lifts or layers.

After proof rolling and/or other suitable techniques, visual examination of the
intermediate cover preparation by the Certification Engineer should be sufficient to
evaluate its suitability as a foundation for the compacted soil layer.

The intennediate cover should be accepted by the Certification Engineer if it does
not pump or rut excessively. If excessive pumping or rutting occurs, the area should be
reworked or removed by undercutting to more suitable material.

The surface of the finished intermediate cover will be surveyed in accordance with
Section 11 ofthis QA/QC Plan to provide for as-built documentation prior to placement
ofthe compacted clay layer or compacted soil layer.

7.4 Compacted Clay LaYE~r

Soils for the compacted clay layer shall consist of relatively homogenous, silty, and
clayey soils which are substantially free of debris, rock, plant materials,fTozen
materials, foreign objects, and organics. If an approved borrow source is not identified
in the permit or permit applic:ation, the Construction Manager and Constructor shall
identify a borrow area for the compacted clay layer. The Certification Engineer shall
obtain samples from within tne identified borrow area and subject the soils to the
Confonnance testing requirements indicated in Table 4 to and develo~ an APZ for the
soil to achieve the required penneability ofless than or equal to 1 x 10- cm/sec.

Based on the results of these laboratory tests, material which may meet the
requirements of compacted clay layer material shall be identified. A range of
moisture/density values which results in the required permeability should be determined
based on the laboratory testing data. This range will then be used as the acceptable
range ofmoisture/density values for field compaction control.
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The compacted clay layer material shall be placed in 8 to 10 in. loose (6 to 8 in.
compacted) lifts. The lift depth shall be verified by a manual method (i.e., hand
auguring). Soil clods shall be broken down, and moisture conditioning shall be
conducted to preserve the homogeneity of the soil and to obtain relatively unifonn
moisture content through the layer.. The moisture content of the compacted clay layer
may be field tested during processing and placement when requested by the Constructor
for verification purposes. The action of heavy equipment shall be observed for
penetration, pumping, and cracking of the compacted soil layer surface. Perfonnance
testing shall be accomplished in accordance with Table 4.

The finished surface shall be finn, unifonn, and relatively smooth. Perforations in
the compacted clay layer created by nuclear density probes, stakes, or any other
methods shall be filled with bentonite, a soil-bentonite mixture, or an Engineer
approved equal.

The surface of the finished compacted soil layer will be surveyed in accordance
with Section 11 of this QNQC Plan to provide for as-built documentation prior to
placement of the geomembrane.

7.5 Compacted Soil Layer:

Material for the compacted soil layer shall consist of relatively homogenous, silty,
and clayey soils which are substantially free of debris, rock, plant materials, frozen
materials, foreign objects, and organics. If an approved borrow source is not identified
in the permit or permit application, the Construction Manager and Constructor shall
identify a borrow area for the compacted soil layer. The Certification Engineer shall
obtain samples from within the identified borrow area and subject the soils to the
Conformance testing requiremtmts indicated in Table 4. Based on the results of these
laboratory tests, material which may meet the requirements of compacted soil layer
shall be identified.

-The compacted soil layer material shall be placed in 8 to 10 in. loose (6 to 8 in.
compacted) lifts. The lift depth shall be verified by a manual method (i.e., hand
auguring). Soil clods shall be broken down, and moisture conditioning shall be
conducted to preserve the homogeneity of the soil and to obtain relatively unifonn
moisture content tluuugh the layer. The moisture content of the compacted soil layer
may be field tested during procc::ssing and placement when requested by the Constructor
for verification purposes. The action of heavy equipment shall be observed for
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penetration, pumping, and cracking of the compacted soil layer surface. Performance
testing shall be accomplished in accordance with Table 4.

The finished surface shall be firm, unifonn, and relatively smooth. Perforations in
the compacted soil layer created by nuclear density probes, stakes, or any other methods
shall be filled with bentonitc~, a soil-bentonite mixture, or an Certification Engineer
approved equal.

The surface of the finished compacted soil layer will be surveyed in accordance
with Section 11 of this QA/QC Plan to provide for as-built documentation prior to
placement ofthe vegetative cover.

7.6 Vegetative Soil Layer

The soil to be utilized flJr establishing the vegetative cover shall be capable of
sustaining a healthy stand of vegetation, and shall consist of soil reasonably free from
subsoil, noxious weeds, stones larger than two inches in diameter, or other deleterious

"lIIIIIIlf matter that would prevent the formation ofa suitable seed bed.

Low ground-pressure equipment shall be used to place the material for the
vegetative soil layer over the geosynthetics (if geosynthetics option is used). The
equipment shall be operated oyer the full depth ofthe layer. In areas traversed by heavy
trucks and other non low ground-pressure equipment a minimum material thickness of
three (3) feet shall be maintained. Care should- be exercised when material is being
placed around pipes and other appurtenances to prevent damage to these components.
The material shall be placed by pushing the material upslope only. Vegetative soil layer
material should not be placed from the top of the slope. The finished surface of the
vegetative soil layer shall be roughened to help prevent erosion from occurring, seeded
as descnbed in the Vegetation Specification included in Attachment 1 of this QA/QC
Plan. The final surface shall be surveyed in accordance with Section 11 of this QA/QC
Plan for as-built documentation. Soil thickness verification will be performed by
manual methods (i.e., hand auguring and/or thickness markers) due to possible
settlement ofthe gypsum layers during final cover construction activities.

7.7 Potential Problems And Deficiencies

During construction, the frequency of testing may be increased at the discretion of
the Certification Engineer or 1he Construction Manager when visual observations of
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construction perfonnance indieate a potential problem. Additional testing for suspected
areas will be considered when:

• excessive pumping or cracking ofmaterial occurs;

• under adverse weather conditions;

• work is conducted in difficult areas; and

• high frequency offailing tests is observed.

If a defect is discovered in the earthwork productt the Certification Engineer shall
immediately detennine the extent and nature of the defect. If the defect is indicated by
an unsatisfactory test result, the Certification Engineer shall detennine the extent of the
deficient area by additional tests, observations, a review ofrecords, or other appropriate
means. All deficiencies shall be corrected by the Constructor.

The Certification Engineer shall schedule appropriate retests after the work
deficiency has been corrected.. Retests recommended by the Certification Engineer
must verify that the defect has been corrected before any additional work is perfonned
by the Constructor in the area of the deficiency.
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The following addresses the activities associated with the manufacture of the
geomembrane; the shipment, handling, and delivery of geomembrane to the site;
confonnance testing of deliv4::red geomembrane; and the storage of the geomembrane
prior to installation.

8.1.1 Manufacture of Polydhylene Geomembrane

The Geomembrane Manufacturer shall provide documentation that the material
meets the requirements of this section and that adequate quality control measures have
been implemented during the manufacturing process.

8.1.1.1 Resin Quality

The raw material shall be :first quality polyethylene resin containing no more than 2
percent clean recycled polymer by weight, and meeting the specification outlined in
Table 5.

Prior to the shipment of polyethylene geomembrane material, the Geomembrane
Manufacturer shall provide the Construction Manager and the Certification Engineer
with the following information:

• the origin (Resin Supplier's name and resin production plant), identification
(brand name number), and production date ofthe resin;

• a copy ofthe quality control certificates issued by the Resin Supplier;

• reports on the tests conducted by the Manufacturer to verify the quality of the
resin used to manufacture the geomembrane rolls and extrudate rods meet the
requirements in Table 5; and

• a statement that no reclaimed polymer is added to the resin (however, the use of
polymer recycled during the manufacturing process may be pennitted if
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perfonned with appropriate cleanliness and ifrecycled polymer does not exceed
2 percent by weight).

At the Owner's discretion and cost, testing may be carried out on the resin by the
Geosynthetics QA Laboratory for purposes of verifYing confonnance. If the results of
the Geomembrane Manufacturer and the Geosynthetics QA Laboratory testing differ,
the testing will be repeated by Geosynthetics QA Laboratory, and the Geomembrane
Manufacturer will be pennitt<::d to monitor this testing. The results of this latter series
of tests will prevail, provided 1hat the applicable test methods have been followed.

8.1.1.2 Certification ofProperty Values

In addition to information regarding the raw material, the Geomembrane
Manufacturer shall provide the Construction Manager and the Certification Engineer
with the following prior to shipment of the geomembrane:

• a properties sheet certification including, at a minimum, guaranteed values for
all specified properties presentoo in Table 5; and

• a list of quantities and descriptions for materials other than the base polymer
which comprise the geomembrane.

The Certification Enginec::r shall verify that the property values certified by the
Geomembrane Manufacturer meet the test methods and values shown on Table 5.

8.1.1.3 Quality Control Certificates

Prior to shipment, the Geomembrane Manufacturer shall provide the Construction
Manager and the Certification Engineer with quality control certificates for the
geomembrane provided. The quality control certificate will be signed by a responsible
party employed by the Geomembrane Manufacturer. The quality control certificate will
include:

• roll numbers and identification; and

• sampling procedures and results ofquality control testing.
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The Manufacturer shall be required to perfonn, at a minimum, the tests presented in
Table 5. The Certification Engineer shall:

• verify that the quali~y control certificates have been provided at the specified
frequency or all rolls; and

• review the quality control certificates and verify that the test methods and
values meet the requirements presented in Table 5.

8.1.2 Shipment and Handling

Shipment of the geomembrane to the site is the responsibility of the Geomembrane
Manufacturer. Handling on-site is the responsibility ofthe Geosynthetics Installer.

The Certification Engineer shall confirm that:

• handling equipment used on-site poses minimal risk of damage to the
geomembrane; and

• the Geosynthetics Installer's personnel handle the geomembrane with care.

Upon delivery at the site, the Geosynthetics Installer and the Certification Engineer
shall confirm that roll identification corresponds to quality control certificates issued by
the manufacturer.

Rolls without proper identification shall be rejected by the Construction Manager
and Certification Engineer.

8.1.3 Conformance Testing of Geomembrane

Upon, or prior to, delivery of the rolls of geomembrane, the Certification Engineer
shall verify that samples ar(~ removed and forwarded to the Geosynthetics CQA
Laboratory for testing to verify conformance with the test methods and values presented
in Table 6.
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Using the packing list provided by the manufacturer or a sequential inventory list
made by the Certification Engineer, rolls shall be selected for sampling. If the material
is shipped in identifiable lots or manufacturing runs, sample selection should be
adjusted to assure that the minimum frequency is met and that each different lot or
manufacturing run is represented by at least one sample.

Samples will be taken across the entire width of the roll and will not include the
first 3 linear ft of the roll. Unless otherwise specified, samples will be 3 ft long by the
roll width. The Certification Engineer will mark the machine direction on the samples
with an arrow.

8.1.3.2 Test Results

The results of the confonnance testing shall be evaluated in accordance to the
following procedme:

• If the average test values for the sample meet the requirement presented in
Tables 5 and 6, the sample passes.

• If the average test value for the sample does not meet one or more of the
required values, additional evaluation procedures will be implemented by the
Certification Engineer.

• For the failing parameter(s), perform one additional test on the sample. This
test may be performed by another Geosynthetics CQA Laboratory at the
discretion of the Certification Engineer and the Construction Manager.

• If the test values for the additional tests meet the required values, the roll and
adjacent rolls pass and are acceptable.

• If the test value does not meet requirements, reject the roll, collect samples
from the closest numerical roll on both sides of the failed roll and test for the
failed parameter(s). If one or both of these tests do not meet requirements,
those roll(s) will be n~jected and the Certification Engineer and Construction
Manager shall determine further testing protocol and criteria for identifying the
limits ofrejected rolls.
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The Geosynthetics Installer and/or Constructor shall be responsible for the storage
ofthe geomembrane on site. Storage space should protect the geomembrane from theft,
vandalism, water, weather, or damage.

8.2 Geomembrane Installation

The installation of the geomembrane and anchoring in place is crucial to the
performance of the geomembrane. Geomembrane installation activities shall be
monitored by the Certification Engineer.

The Certification Engineer shall document that:

• the Surveyor has verified lines and grades ofthe compacted soil layer, and

• the requirements of Section 7 ofthis QA/QC Plan are satisfied.

The Geosynthetics Installer shall certify in writing that the surface on which the
geomembrane will be install€:d is acceptable. This subgrade. acceptance certificates
shall be given by the Geosynthetics Installer to the Certification Engineer prior to
commencement of geomembrane installation in the area under consideration. The
Certification Engineer will document the acceptance certification for the CQA Final
Report.

It is the Geosynthetics Installer's responsibility to protect the compacted soil layer
after it has been accepted. After the supporting soil has been accepted by the
Geosynthetics Installer, it shall be the responsibility of the Geosynthetics Installer and
the Certification Engineer to indicate to the Construction Manager any change in the
clay condition that may require: repair work.

8.2.1 Geomembrane Placement

The placement of field panels of geomembrane is the responsibility of the
Geosynthetics Installer and shall be performed in accordance with the previously
submitted panel layout and the following subsections.
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At the geosynthetics Pre-Construction Meeting. the Geosynthetics Installer shall
provide the Construction Manager and the Certification Engineer with a drawing of the
facility to be covered showing expected seam location and layout (panel Layout
Drawing). The Certification Engineer shall review the panel layout drawing and verify
it is consistent with the acceptance state ofpractice and the QA/QC Plan.

The panel layout should be oriented to maximize panel lengths and minimize seams
and material waste. In comers and odd-shaped geometric locations, the number of
seams should be minimized. Horizontal seams should be greater than 10ft from the toe
ofslopes, or areas ofpotential stress concentration, unless otherwise authorized.

8.2.1.2 Field Panel Identification

The Certification Engine<er shall document that the Insta:Iler labels each field panel
with an "identification code" (nmnber and/or letter) consistent with the panel layout
plan. Ibis identification code shall be agreed upon by the Construction Manager,
Geosynthetics Installer. and Certification Engineer. It is the responsibility of the
Geosynthetics Insta:Iler and the Certification Engineer to verifY that each field panel
placed can be traced to the original manufacturers roll number.

The Certification Engine(~ shall establish a table or chart showing correspondence
between roll numbers and field panel identification codes. The field panel identification
code will be used for an quality assurance records.

8.2.1.3 Installation Schedule

Field panels shall be placed one at a time unless otherwise approved by the
Certification Engineer and the Construction Manager. Each field panel shall be seamed
after its placement to minimiz(~ the number ofunsealed field panels exposed to weather.

It is usually beneficial to '<'shingle" overlaps in the downward direction to facilitate
drainage in the event of precipitation. It is also beneficial to proceed in the direction of
prevailing winds. Scheduling decisions must be made during installation, in accordance
with varying conditions. In any event, the Geosynthetics Installer shall be fully
responsible for the decision made regarding placement procedures.
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The Certification Engineer shall record the identification code, location, date of
installation, time of installation, weather conditions and ambient temperature.

8.2.1.4 Weather Conditions

Geomembrane placement shall not proceed when sheet temperature, measured by
placing a thermometer on the:: surface of the sheet, is below 32°F (O°C) for fusion or
extrusion welding. Deviations from this temperature criterion shall only occur when
authorized by the Construction Manager and with the concurrence of the Certification
Engineer. Geomembrane placement shall not be perfonned during precipitation, fog,
snow, in an area of ponded water, or in the presence of excessive winds. Limited
exceptions may be granted if the Geosynthetics Installer has established satisfactory
installation methods under marginal weather conditions and has submitted an Inclement
Weather Placement Plan.

The Certification Engineer shall verify that the above conditions are fulfilled and
shall inform the Construction Manager ifthe conditions are not fulfilled.

8.2.1.5 Anchorage System

Anchor trenches shall be excavated by the Constructor (unless otherwise specified)
to the lines and widths shown on the Design Drawings prior to geomembrane
placement. The Certification Engineer shall verify that anchor trenches have been
constructed according to the plans.

Slightly rounded corners will be provided in trenches where the geomembrane
adjoins the trench to avoid sharp bends in the geomembrane. Loose soil shall not
underlie the geomembrane in the trenches. Seaming shall continue through the anchor
trench.

8.2.1.6 Method ofPlacement

The following is the responsibility of the Geosynthetics Installer; the Certification
Engineer shall document that these conditions are satisfied:

• equipment used does not damage the geomembrane by handling, traffic,
excessive heat, leakage ofliquids, or other means;
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• the prepared surface underlying the geomembrane has not deteriorated since
previous acceptance, and is still acceptable immediately prior to geomembrane
placement;

• personnel working on the geomembrane do not smoke, wear damaging shoes,
or engage in other activities that could damage the geomembrane;

• the method and equipment used to unroll the panels does not cause scratches or
crimps in the geomembrane and does not damage the underlying layer;

• the method used to place the panels minimizes wrinkles (especially differential
wrinkles between adjacent panels);

• placed geomembrane panels shall extend a minimum of five feet (5 ft) beyond
the toe of slope.

• adequate temporary loading and/or anchoring (e.g., sand bags, tires), not likely
to damage the geomembrane, has been placed to prevent uplift by wind (in case
ofhigh winds, continuous loading, e.g., by adjacent sand bags, is recommended
along the edges of panels to minimize the risk of wind flow under the panels).;
and

• direct contact with the geomembrane is minimized; i.e., the geomembrane is
protected by geotextik, extra geomembrane, or other suitable materials, in areas
where excessive traffic~ may be expected.

The Certification Engineer shall inform the Construction Manager if the above
conditions are not fulfilled.

8.2.1.7 Damage

The Certification Engineer shall visually observe each panel, after placement and
prior to seaming, for damage. The Certification Engineer shall advise the Construction
Manager which panels, or portions of panels, should be rejected, repaired, or accepted.
Damaged panels or portions of damaged panels which have been rejected shall be
marked and their removal from the work area recorded by the Certification Engineer.

As a minimum, the Certification Engineer shall document that:
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• the panel is placed in such a manner that it is unlikely to be further damaged;
and

• any tears, punctures, holes, thin spots, etc. are either marked for repair or the
panel is rejected.

8.2.2 Field Seaming

Field seaming is the responsibility of the Geosynthetics Installer and shall be
performed in accordance with approved methods.

Approved processes for jrreld seaming are extrusion seaming and fusion seaming.
Proposed alternate processes shall be documented and submitted to the Certification
Engineer for approval. Only seaming equipment which has been specifically approved
by make and model by the Certification Engineer shall be used. The Geosynthetics
Installer shall submit seaming equipment docwnentation to the Construction Manager
and the Certification Engineer for inclusion into the CQA Final report.

The following is the responsibility of the Geosynthetics Installer; the Certification
Engineer shall verify that these conditions are met:

• the Geosynthetics Installer maintains on-site the number of spare operable
seaming apparati decided at the Pre-Construction Meeting;

• equipment used for se.uning is not likely to damage the geomembrane;

• the extruder is purged prior to beginning a seam and until heat-degraded
extrudate has been removed from the barrel;

• for cross seams, the edge of the cross seam is ground to a smooth incline (top
and bottom) prior to se:aming;

• the electric generator used during geosynthetics installation is placed on a flat
smooth base and a rub sheet such that no damage occurs to the geomembrane;
and

• a smooth insulating plate or fabric is placed beneath the hot seaming apparatus
after usage..
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The extrusion seaming apparatus shall be equipped with gauges giving the relevant
temperatures of the apparatus such as the temperatures of the extrudate, nozzle, and
preheat.

The Geosynthetics Installer shall provide docwnentation on the extrudate to the
Construction Manager and the Certification Engineer, and shall certifY that the
extrudate is compatible with the design specifications, and is comprised of the same
resin as the geomembrane shec~ting.

The Certification Engineer shall log apparatus temperatures, ambient temperatures,
extrudate temperatures, and sheet temperatures a minimwn of every five hours.
Apparatus temperatures should be checked randomly during seaming operations to
ensure the settings used to complete trial seams are maintained.

8.2.2.2 Fusion Seaming

The fusion seaming apparatus must be automated self-propelled devices, equipped
with gauges giving the applicable temperatures. The pressure setting shall be verified
by the Geosynthetics Installer prior to each seaming period.

The Certification Engineer shall log ambient temperatures, sheet temperatures, and
seaming apparatus temperatures, speeds, and pressures.

8.2.2.3 Seam Preparation

The following is the responsibility of the Geosynthetics Installer; the Certification
Engineer shall verify that these conditions are met:

• prior to seaming, the seam area is clean and free of moisture, dust, dirt, oils,
greases, debris of any ~:ind, and foreign material; the material to be jointed must
be wiped with a clean doth just prior to seaming;

• a rub sheet must be used to protect the underlying layer while cutting any
materials;

GR3731-07/GA060224.CQA Plan 28 06.05.24

TVA-00021495



Tennessee Valley Authority
Kingston Fossil Plant -Peninsula Site
Quality Assurance/Quality Control Plan

Revision 0

• if seam overlap grinding is requi:red~ the process is completed according to the
Geomembrane Manufacturer's instructions within 1 hour of the seaming
operation, and in a way that does not damage the geomembrane;

• as a general guidance, the panels ofgeomembrane shall have a finished overlap;
ofa minimum of3 in. for extrusion seaming and 4 in. for fusion seaming, but in
any event sufficient overlap will be provided to allow peel tests to be performed
on the seam;

• no solvent or adhesivt~ is used unless the product is approved in writing by the
Construction Manager (samples will be submitted to the Construction Manager
for testing and evaluation);

• the procedure used to temporarily bond adjacent panels together does not
damage the geomembrane (in particular, the temperature ofhot air at the nozzle
of any seaming apparatus is controlled such that the geomembrane is not
damaged).

• no abrading is visible when welding is complete; and

• seams are aligned with the fewest possible number of wrinkle and
"fishmouths".

The Certification Enginl~er shall observe all appropriate temperatures and
conditions, and shall log and report to the Construction Manager any deviation.

8.2.2.4 Trial Seams

Trial seams shall be made on fragment pieces of geomembrane to verify that
seaming conditions are adequate and in accordance with Table 7. Such trial seams shall
be made at least once every .5 hours. A passing trial seam shall be made for each
seaming device and technician for each material being welded (i.e., smooth to textured,
textured to textured) for each technician. A change in technician or machine on a
previously passed trial seam warrants the welding of a new passing trial seam. A trial
seam shall also be made in the event that the sheet temperature varies more than 18°F
(lODe) since the last passing trial seam. Trial seams shall be made under the same
conditions as actual seams. If seaming apparatus is turned off for any reason, a new
passing trial seam must be completed for that specific seaming apparatus.
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The Geosynthetics Installer shall provide the tensiometer required for shear and
peel testing of trial seams in the field. The tensiometer shall be automatic and shall
have a direct digital readout. The tensiometer shall be calibrated prior to use at the site.
The Geosynthetics Installer shall provide the Certification Engineer with the calibration
certification.

The trial seam sample shall be at least 5 ft long by 1 ft wide (after seaming) with
the seam centered lengthwise.

Six specimens, each I in. wide shall be cut from the trial seam sample by the
Geosynthetics Installer. Thre(~ specimens shall be tested in shear and three in peel using
a field tensiometer. For each fusion specimen, both tracks shall be tested. A passing
welded seam is achieved in peel and shear when the specimen meets the criteria of
Table 7.

If a specimen fails, the entire operation shall be repeated. If the additional
specimen fails, the seaming aJllparatus and seamer shall not be accepted and shall not be
used for seaming until the deficiencies are corrected and two consecutive successful full

~.... trial seams are achieved.

The Certification Engineer shall observe trial seam procedures. The remainder of
the successful trial seam sampile shall be assigned a number and marked accordingly by
the Certification Engineer, who will also log the data, hour, ambient temperature,
number of seaming unit, name: of seamer, and pass or fail description. This portion of
the sample shall be retained for the Construction Manager's archives.

8.22.5 General Seaming Procedure

Unless otherwise specified, .the general seaming procedure used by the
Geosynthetics Installer shall be as follows.

• For fusion seaming, a movable protective layer ofplastic may be required to be
placed directly below c;:ach overlap ofgeomembrane that is to be seamed. This
is to help prevent any moisture build-up between the sheets to be seamed. 1ms
layer is temporary and shall be removed upon completion of the seam.
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• If field conditions necessitate, a finn substrate will be provided by using a flat
board or similar hard surface directly under the seam overlap to achieve proper
support.

• Wrinkles at the seam overlaps will be cut along the ridge ofthe wrinkle in order
to achieve a flat overlap. The cut wrinkles will be seamed and any portion
where the overlap is inadequate will then be patched with an oval or round
patch of the same geomembrane extending a minimum of 6 in. beyond the cut
in all directions.

• Seaming will extend to the outside edge of panels to be placed in the anchor
trench.

• No field seaming shall take place without the Geosynthetics Field
Superintendent and representatives of the Certification Engineer being present.

The Certification Engineer shall verify that the above seaming procedures are
followed, and shall inform the Construction Manager if they are not.

8.2.2.6 Non-Destructive Seam Continuity Testing

The Geosynthetics Installer shall non-destructively test field seams over their full
length using a vacuum test unit (for extrusion or single wedge fusion seams only), air
pressure test, or other approved method. The testing shall be carried out to the accepted
standards of the industry. The purpose of non-destructive tests is to check the
continuity ofseams. It does not provide any information on seam strength. Continuity
testing shall be carried out as the seaming work progresses (maximum of3,000 lineal ft
of seam to be welded prior to beginning nondestructive testing), not at the completion
of all field seaming, unless otherwise approved by the Construction Manager. The
Geosynthetics InstaIler shall eomplete any required repairs in accordance with this
QA/QC Plan. Non-destructive testing shall not be permitted before sunrise or after
sunset unless the Geosynthetics Installer demonstrates capabilities to do so.
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Air Pressure Testing:
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Unless otherwise specified, the general air pressure testing procedure used by the
Geosynthetics Installer shall be as follows:

• Inflate the test channel to 30 to 35 psi, close valve, and observe initial pressure
after approximately 2 minutes.

• Initial pressure settings are read after a 2 minute "relaxing period". Initial
pressure setting shall be between 30 and 35 psi. The purpose of the "relaxing
period" is to pennit the air temperature and pressure to stabilize.

• Observe and record the air pressure 5 minutes after "relaxing period" ends and
initial pressure setting is used. If loss of pressure exceeds 3 psi,' or if the
pressure does not stabilize, locate the faulty area and repair.

• At the conclusion of the pressure test, the end ofthe seam opposite the pressure
gauge is cut. A decrease in a gauge pressure must be observed or the air
channel will be considered ''blocked'' and the test will have to be repeated after
the blockage is located and corrected.

• Remove needle or oUler approved pressure feed device and seal the resulting
hole by extrusion welding.

• Test results will be recorded by the Certification Engineer.

Non-complying Air Pressure Test:

In the event ofa non-complying air pressure test, the following procedure shall be
followed:

• Check the seam and seals and retest the seam.

• If deviation with specified maximum pressure differential reoccurs cut 1 in.
samples from each end of the suspect area.

• Perform destructive ped tests on the samples using the field tensiometer.
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• If all samples pass destructive testing, the installer may:

• Cap-strip the suspe:ct area;
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• When sufficient overlap exists (1.5 in.), heat tack the overlap and extrusion
weld the entire seam; or

• Further isolate the air pressure failure as agreed upon by the Certification
Engineer and Construction Manager.

• If one or more samples fail the peel tests, additional samples will be taken.
When two passing samples are located, the suspect areas will be considered
non-complying. In this section the seam shall be cap stripped, or the overlap
left by the wedge welder will be heat tacked in place along the entire length of
the seam and will be c::xtrusion welded. Test the entire length of the repaired
seam by vacuum testing.

• If the seam is in non-compliance due to air channel blockage, the blockage shall
be isolated, as agreed upon by the Certification Engineer and the Construction
Manager.

• All sections shall be retested and repaired in accordance with this section.

Vacuum Testing:

Unless otherwise specified, the general vacuum testing procedure used by the
Geosynthetics Installer shall be as follows.

• Twn on the vacuum pump to reduce the vacuum box to approximately 5 psi.

• Apply a generous amount of a solution of liquid soap and water to the area to
be tested.

• Place the vacuum box over the area to be tested and apply sufficient downward
pressure to "seat" the seal strip against the liner.

• Close the bleed valve and open the vacuum valve.
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• Ensure that a leak tight: seal is created.
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• For a period ofnot less than 15 seconds, examine the geomembrane through the
viewing window for the presence ofsoap bubbles.

• If no bubbles appear after 15 seconds, close the vacuum valve and open the
bleed valve, move the box over the next adjoining area with a minimum 3 in.
overlap, and repeat the process.

Non-Complying Jlacuum Teyt;'

In the event of a non-complying vacuum test, the following procedure shall be
followed.

• Mark all areas where soap bubbles appear and repair the marked areas, as
specified in this section.

CQA Responsihilities:

The Certification Engineer shall:

• document all continuity testing;

• record location, date, unit number, name of tester, and outcome of all testing;
and

• inform the Geosynthetics Installer and Construction Manager of any required
repairs.

When defects are located, tlle Certification Engineer shall:

• observe the repair and n~testing ofthe repair;

• mark on the geomembrane that the repair has been made; and

• document the results.
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Non-Testable Areas:
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The Geosynthetics Installer shall use the following procedures at locations where
seams cannot be non-destructive:Iy tested:

• Seams shall be cap-stripped with the same geomembrane material.

• If the seam is accessible to testing equipment prior to final installation, the
seam shall be non-destmctively tested prior to final installation.

• If the seam cannot be tested prior to final installation, the seaming and cap
stripping operations shall be observed by the Certification Engineer and
Geosynthetics Installer £ofunifonnity and completeness.

8.2.2.7 Destructive Seam Testing

The Geosynthetics Installer will not be informed in advance of the locations where
"lIIIIiIlf the seam samples will be taken.

Sampling Procedure:

Samples shall be cut by the Installer as the seaming progresses to have passing
laboratory test results before the: geomembrane is covered by another material. The
Certification Engineer shall:

• observe sample cutting;

• assign a number to each sample, and mark it accordingly;

• record the sample location on the layout drawing; and

• record the reason for taking the sample at this location (e.g., statistical routine,
suspicious feature ofthe geomembrane).

All holes in the geomembrane resulting from destructive seam sampling shall be
immediately repaired in accordance with repair procedures described in Subsection
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8.2.3 of this QNQC Plan. The continuity of the new seams in the repaired area will be
tested.

Size ofSamples:

At a given sampling location, two types of samples shall be taken by the
Geosynthetics Installer.

First, two specimens for field testing shall be taken. Each of these specimens will
be 1 in. wide by 12 in. long, with the seam center parallel to the width. The distance
between these two specimens: will be 42 in. (or 30 in. see below). Ifboth specimens
pass the field tests described under the heading entitled "Field Testing," a sample for
laboratory testing shall be taken.

The sample for laboratory testing shall be located between the two specimens for
field testing. The destructive sample will be 12 in. wide by 42 in. long if the
Geomembrane Installer requests a sample; otherwise the destructive samples will be 30

''''''- in. with the seam centered lengthwise. The sample shall be cut into three parts and
distributed as follows:

• One portion to the Geosynthetics Installer for laboratory testing, 12 in. x 12 in.;

• One portion to the Construction Manager for archive storage, 12 in. x 12 in.;

• One portion for Geosynthetics CQA Laboratory testing, 12 in. x 18 in.

Final determination of the sample sizes shall be made at the Pre-Construction
meeting.

Field Testing:

Two 1 in. wide specimens shall be tested in the field with the tensiometer, for peel
and shear respectively, and shall meet the minimum requirements presented in Table 7.
If any field test sample fails to pass, then the procedures outlined in this section will be
followed. .
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The Certification Engineer shall review field tests and mark all samples and
portions with their number. Th,e Certification Engineer shall also log the date and time,
ambient temperature, number of seaming unit, name of technician, seaming apparatus
temperatures and speeds, and pass or fail description.

Geosynthetics QA Laboratory Testing:

Destructive test samples shall be packaged and shipped, if necessary, by the
Certification Engineer in a manner that will not damage the test sample. The
Construction Manager shall b(~ responsible for storing the archive samples. Test

. samples shall be tested by the G~synthetics CQA Laboratory.

Testing will include shear and peel as shown in Tables 7. At least five specimens
will be tested fOT each test method. A maximum of one non-film tear bond (pTB)
failure is acceptable, for each method, provided that strength requirements are met on
that sample.

,~ The Geosynthetics CQA Laboratory shall provide test results, in writing, no more
than 24 hours after they receive the samples. The Geosynthetic CQA Laboratory shall
document the results of seam testing. The Certification Engineer shall review
laboratory test results as soon as they become available, and make appropriate
recommendations to the Construction Manager.

Destructive Test Failure:

The following procedures shall apply whenever a sample fails a destructive test,
whether that test is conducted by the Geosynthetics CQA Laboratory, the Geosynthetics
Installer's Laboratory, or by the field tensiometer.

• The Geosynthetics Installer can reconstruct the seam between any two passed
destructive seam test lOCCl!tions; or

• The Geosynthetics Installer can trace the seaming path to an intermediate
location (at least lOft from the point of the failed test in each direction) and
take a small sample for an additional field test at each location. If these
additional samples pass field tensiometer testing, then full destructive
laboratory samples are taken. If these destructive laboratory samples pass the
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tests, then the seam shall be reconstructed between these locations by capping
for extrusion or fusion welds, by extrusion welding the flap for fusion welds, or
by removing and replacing the seam. If either the field tensiomet~ or the
laboratory test sample fails, then the process is repeated to establish the zone in
which the seam should be reconstructed.

If a fusion type seam finIs destructive testing and the Geosynthetics Installer
chooses to cap the seam, only acceptable capping methods will be allowed.

All acceptable seams must be bounded by two locations from which destructive
samples passing laboratory tlests have been taken. In cases exceeding 1~O ft of
reconstructed seam, a sample shall be taken from the zone in which the seam has been
reconstructed. This sample must pass destructive testing or the procedure outlined here
must be repeated.

The Certification EngineC::T shall document all ac~ions taken in conjunction with
destructive test faIlures.

8.2.3 Defects and Repairs

Seams and non-seam arleas of the geomembrane shall be examined by the
Certification Engineer for identification of defects, holes, blisters, undispersed raw
materials and any sign of contamination by foreign matter. Because light reflected by
the geomembrane helps to detect defects, the surface ofthe geomembrane will be clean
at the time of examination. The surface shall be swept or washed by the Geosynthetics
Installer ifthe amount ofdust or mud inhibits examination.

8.2.3.1 Repair Procedures

Any portion of the geomembrane exhibiting a flaw, failing a destructive, or failing
a non-destructive test, shall be repaired. Several procedures exist for the repair ofthese
areas. The final decision as to the appropriate repair procedure shall be approved by the
Construction Manager and the Certification Engineer. The procedures available
include:

• Patching - Apply a new piece of geomembrane sheet over, and at least 6 in.
beyond the limits of a defect. The patch shall be extrusion seamed to the
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underlying geomembrane. This method should be used to repair large holes,
tears, destructive test locations, undispersed raw materials, and contamination
by foreign matter.

• Spot Seaming - Apply a "bead" of extrudate, maximmn length of 6 in., over a
defect. Spot seaming should be used only to repair dents, pinholes, pressure
test air holes, or other minor, localized flaws.

• Capping - Apply a fl(~W strip of geomembrane along the length of a delineated
faulty seam. The cap strip shall extend at least 6 in., beyond the limit of the
seam and the edges will be extrusion seamed to the underlying geomembrane.
This method should be used to repair lengths of extrusion or fusion seamed to
the underlying geomembrane.

• Welding Flap - Wher,e an adequate flap exists (i.e., 1.5 in. or more), extrusion
weld the flap ofa fusion seam. At the ends of this repair, the flap shall be cut to
allow the extrusion wdd to enclose the failed area.

• Replacement - The faulty seam is removed and replaced.

In addition, the following provisions shall be satisfied:

• Surfaces of the geomembrane which are to be repaired will be abraded no more
than one hour prior to the repair;

• All surfaces must be clean and dry at the time of the repair;

• All seaming equipment used in repairing procedures must be approved;

• The repair procedures, materials, and techniques will be approved in advance of
the specific repair by tbe Certification Engineer and Geosynthetics Installer;

• Patches or caps will extend at least 6 in. beyond the edge of the defect, and all
comers ofpatches will be rounded;

• Seam repairs over 150 :ft long will require a destructive test to be taken from the
. reparr.
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8.2.3.2 Verification ofRepairs
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Each repair shall be numbered and logged by the Certification Engineer and the
Geosynthetics Installer. Each repair shall be non-destructively tested using the methods
described in this section as appropriate. Repairs which pass the non-destructive test will
be taken as an indication of an adequate repair. However, if the Certification Engineer
suspects a repair to be questionable, although it passes non-destructive testing, a
destructive test can be requested. Failed tests will require the repair to be redone and
retested until a passing test results. The Certification Engineer shall observe non
destructive testing of repairs and shall record the date of the repair and test outcome.

8.2.3.3 Large Wrinkles

When seaming of the geomembrane is completed (or when seaming ofa large area
of the geomembrane is completed) and prior to placing overlying materials, the
Certification Engineer shall observe the geomembrane wrinkles. Wrinkles exceeding
six inches in height shall not be permitted. The Certification Engineer will indicate to
the Construction Manager which wrinkle should be cut and resealed by the
Geosynthetics Installer. The se:am thus produced will be tested like any other repair.

8.2.4 BackIilling of Anchor Trench

Anchor trenches will be adequately drained, to prevent ponding or otherwise
softening of the adjacent soils while the trench is open. Anchor trenches shall be
backfilled and compacted as soon as possible after completion of geosynthetics
installation. Care shall be taken when backfilling the trenches to prevent any damage to
the geosynthetics.

The Certification Engineer shall observe the backfilling operation and advise the
Construction Manager ofany problems.

8.2.5 Geomembrane CertifkationlAcceptance

The Geosynthetics Installer and the Geomembrane Manufacturer shall retain
ownership and responSibility for the geosynthetics in the facility until acceptance by the
Owner.
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The geomembrane shall be accepted by TVA when:

• the installation is completed;
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• verification of the adequacy of seams and repairs, including associated testing,
is complete;

• Geosynthetics Installer"s representative furnishes the Construction Manager
with certification that the geomembrane was installed in accordance with the
Geomembrane Manufilcturer's recommendations as well as the Design
Drawings and specifications;

• an documentation of installation IS completed including the Certification
Engineer final report; and

• certification, including record drawings, sealed by a Professional Engineer has
been received by the Construction Manager.

'''''' The Certification Engineer shall provide certification that installation has
proceeded in accordance with this Plan for the project, except as noted to the
Construction Manager.

8.2.6 Materials in Contact with the Geomembrane

The quality assurance procedures indicated in this Subsection are only intended to
verifY that the installation of these mateIials does not damage the geomembrane.
Additional quality assurance procedures provided in other sections of this QNQC Plan
are necessary to verifY that the systems built with these materials are constructed to
perform as-designed. -

8.2.6.1 Geocomposite

Extreme care shall be exercised so as not to damage the geomembrane during
placement of the geocomposite and the materials overlying the geocomposite. The
Certification Engineer shall verify tha~ the geocomposite is installed in accordance with
the procedures described in Section 9 "Geocomposite" of this QA/QC Plan.
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8.2.6.2 Appurtenances

Revision 0

The Design Engineer shall provide design specifications for appurtenances to the
Construction Manager and th(~ Certification Engineer.

The Certification Engine(~ shall verify that:

• installation of the gleomembrane in appurtenance areas, and connection of
geomembrane to appurtenances have been made according to the design
specifications;

• extreme care is taken. while seaming around appurtenances since neither non
destructive nor destru1ctive testing may be feasible in these areas; and

• the geomembrane has not been visibly damaged while making connections to
appurtenances.

The Certification Engim:er will inform the Construction Manager if the above
conditions are not fulfilled. •
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9 GEOCOMPOSITE

9.1. Manufacturers Documentation
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Prior to delivery, the Geocomposite Manufacturer shall provide docmnentation
which demonstrates that the property values of the material meet the requirements as
specified in Table 8. Delivenxl rolls of geocomposite shall be appropriately labeled.

9.1.1 Certification of Property Values

Prior to shipment the Gf:Dcomposite Manufacturer shall provide the Construction
Manager and Certification Engineer with a list of guaranteed minimum properties
(Table 8) for the type of geocomposite to be supplied. The Geocomposite Manufacturer
shall also provide the Construction Manager and Certification Engineer with a written
certification signed by a responsible party that the geocomposite actually delivered has
properties which meet or exceed the guaranteed properties. Geotextile will be thermally
bonded to geonet components ofgeocomposite.

The Certification Engineer shall examine the Manufacturer's certifications to verify
that the property values listed on the certifications meet or exceed the project
requirements. Deviations from the project requirements shall be reported to the
Construction Manager.

9.1.2 Labeling

The Geocomposite Manufacturer shall identify all rolls of geocomposite. Each
geocomposite roll shall have a weatherproof label which contains the following:

• manufacturer's name;

• product identification;

• lot number;

• roll number, and

• roll dimensions.

~...,
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The Certification Engineer shall examine rolls upon delivery and any deviation
from the above requirements shall be reported to the Construction Manager.

9.2 Shipment And Stora~

Geocomposite cleanliness is essential to perfonnance; therefore, measures must be
taken during shipment and storage to protect the geocomposite from dust and dirt.
Geocomposite rolls shall be wrapped in plastic sheets or otherwise protected.
Wrappings protecting the geocomposite rolls should be removed less than I hour prior
to unrolling the geocomposit~~.

The Certification Engineer shall verify that the geocomposite is free ofdirt and dust
prior to being installed. If the geocomposite is judged dirty or dusty, it shall be washed
by the Geosynthetics Installer prior to installation. Washing operations shall be
approved by the Certification Engineer.

The Certification Engine:er shall examine rolls prior to installation; any deviation
from the above requirements shall be reported to the Construction Manager. Damaged
rolls shall be rejected and replaced at no cost to TVA.

9.3 Conformance Testin!~Of Geocomposite

Upon or prior to delivery of the rolls of geocomposite, the Certification Engineer
may remove and forward samples to the Geosynthetics CQA Laboratory for testing to
verify conformance with the design specifications listed in Table 9.

9.3.1 Sample Collection

Using the packing list provided by the manufacturer or a sequential inventory list
made by the Certification Engineer, rolls may be selected for sampling at a minimum
frequency of one sample per 100,000 ff of material. If the material is shipped in
identifiable lots or manufacturing runs, sample selection should be adjusted to assure
that the minimum frequency is met and that each different lot or manufacturing run is
represented by at least one sample. If a roll is not identifiable by roll number, the
Certification Engineer shall notify the Construction Manager immediately. If the roll
cannot be tracked, the Construction Manager shall reject the roll.
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Samples will be taken across the entire width of the roll and will not include the
first 3 lineal ft. Unless otbenvise specified, samples will be 3 ft long by the roll width.
The Certification Engineer will mark the machine direction on the samples with an
arrow.

9.3.2 Test Results

The results of the confonnance testing shall be evaluated in accordance to the
following procedure:

• If the test values for tbe sample meet all of the values given in Table 8 and the
Manufacturer's guaranteed minimum values, the sample passes.

• If the test value for 1he sample does not meet one or more of the required
values, additional evaluation procedures will be implemented by the
Certification Engineer..

• For the failing parameter(s), perform one additional test on the sample. This
test may be performed by another Geosynthetics CQA Laboratory at the
discretion of the Certification Engineer and the Construction Manager.

• If the test values for the additional test meet the required values, the roll and
adjacent rolls pass and are acceptable.

• If the test value does not met requirements, reject the roll, collect samples from
the closest numerical roll on both sides of the failed roll, and test for the failed
parameter(s). If one or both of these tests do not meet requirements, those
roU{s) will be reject1ed and the Certification Engineer and Construction
Manager shall determine further testing protocol and criteria for identifying the
limits ofrejected rolls.

9.4. Handling And Placement

The Geosynthetics Installer shall handle the geocomposite in such a manner as to
"minimize damage and comply with the following:
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• After the wrapping has been removed; the geocomposite shall not be exposed to
sunlight for more than the duration specified by the Geotextile Manufacturer.

• On slopes, the geocomposite shall be secured in the anchor trench and then
rolled down the slope in such manner as to continually keep the geocomposite
sheet in tension. If necessary, the geocomposite shall be positioned by hand
after being unrolled to minimize ·wrinkles. Geocomposite can be placed in the
horizontal direction (i.e., across the slope) in some special loc.ations (e.g., at
the toe of the slope, or, if an extra layer of geocomposite is required, this extra
layer can be placed in the horizontal direction). Such locations shall be
identified by the Design Engineer in the Design Drawings.

• The geocomposite shall extend a minimum of 10 feet beyond the toe ofslope.

• In the presence of wind, the geocomposite shall be weighted with sandbags or
the equivalent. Such scmdbags shall be installed during placement and remain
until replaced with overlying material.

• Unless otherwise spel~fied, the geocomposite shall not be welded to
geomembrane.

• The Geosynthetics Installer shall take necessary precautions to prevent damage
to underlying layers during placement of the geocomposite. Care should be
taken not to leave tools on or in the geocomposite.

• During placement of thf~ geocomposite, care shall be taken not to entrap dirt or
excessive dust that could cause clogging of the drainage system, and/or stones
that could damage the adjacent geomembrane. If any dirt, excessive dust,
and/or any stones arl~ entrapped in or below the geocomposite, the'
geocomposite and underlying liner shall be washed or swept prior to placement
ofmaterial on it.

The Certification Engineer shall note any deviation and report it to the Construction
Manager.
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9.5 Stacking And Joining
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Stacked geocomposite shall be placed in the same direction to prevent the stands of
'one layer from penetrating the channels of the lower layer, thereby significantly
reducing the transmissivity. Geocomposite shall not be laid in direction perpendicular
to the underlying geocomposite unless otherwise specified by the Design Engineer.

Adjacent geocomposite panels shall be joined according to the plans and CQA
Panel. As a minimum, the folllowing requirements ~hall be met:

Geonet components:

• Adjacent rolls shall be overlapped by at least 4 in.

• These overlaps shall be secured by tying.

• Tying shall be achieved by nylon cable ties. Tying devices will be white or
yellow for easy observation. Metallic devices are not allowed.

• Tying devices shall b(~ placed every 5 ft down the slope, every 2 ft across the
slope, and every 6 ft Oll horizontal surfaces.

Geotextile Components:

• The bottom layers of geotextile shall be overlapped. The top layer of geotextile
shall be continuously sewn (i.e., spot sewing is not allowed). Geotextile panels
shall be overlapped a minimum of4 in. prior to sewing.

• No horizontal seams shall be allowed on slopes steeper than 10 horizontal to 1
vertical.

• Polymeric thread, with chemical resistance properties equal to or exceeding
those of the geotextile component, shall be used for all sewing. The seams
shall be sewn using sti1tch Type 401. The seam type shall be Federal Standard
Type SSN-l.
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Geocomposite:
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• In the comers of the: side slopes of rectangular areas of the disposal areas.
where overlaps between perpendicular geocomposite strips are required, and
extra layer of geocornposite shall be unrolled along the slope, on top of the
previously installed geocomposite, from top to bottom of the slope.

• When more than one layer of geocomposite is installed, joints shall be
staggered.

The Certification Engineer shall note any deviation and report it to the Construction
Manager.

9.6 Repair

Any holes or tears in the geocomposite shall be repaired by placing a patch
extending 2 ft beyond the edges of the hole or tear. The patch shall be secured to the

,___ original geocomposite by tying every 6 in. If the hole or tear width across the roll is
more than one-half the width of the roll, the damaged area shall be cut out and the two
portions of the geocomposite shall be joined.

The Certification Enginee~ shall observe any repair, note any deviation with the
above requirements and report them to the Construction Manager.

9.7 Placement of Materialls on Geocomposites

The placement of materials on the geocomposite shall be as soon as possible, such
that:

• the geocomposite and lmderlying geomembrane are not damaged;

• minimal slippage of the geocomposite on the underlying geomembrane occurs;
and

• no excess tensile stress,es occur in the geocomposite.
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If portions of the geocomposite are exposed, the Certification Engineer shall
periodically place marks on the geocomposite and the underlying geomembrane and
measure the elongation of the geocomposite during the subsequent construction
activities. Before a subsequent layer of geosynthetic is placed on the geocomposite the
Certification Engineer shoulld observe the geocomposite and underlying liner to
determine if any dirt, excessive dust, or any stones are entrapped in, or below, the liner.
If so, the geocomposite and geomembrane must be washed or the geocomposite
removed so that the liner can be cleaned.

Any deviation shall be noted by the Certification Engineer and reported to the
Construction Manager.
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10 GEOTEXTILE

10.1 Manufacturers Documentation
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Prior to delivery, the Geotextile Manufacturer shall provide documentation to
demonstrate that the property values of the material meet requirements as specified in
Table 10. Delivered rolls ofgeotextile shall be appropriately labeled.

10.1.1 Certification of Prop4~rtyValues

The Geotextile Manufacturer shall provide the Construction Manager and
Certification Engineer with a list of guaranteed "minimum average roll value"
properties (as defined by the Design Engineer) for the type of geotextile to be supplied,
as defined in Table 10. The Geotextile Manufacturer shall provide the Construction
Manager and Certification Engineer with a written certification signed by a responsible
party that the geotextile actually delivered have properties which meet or exceed the
guaranteed "minimum average: roll values" properties.

The Certification Engineer shall examine the Geotextile Manufacturer's
certifications to verify that the property values listed on the certifications meet or
exceed requirements listed in this QA/QC Plan. Deviations shall be reported to the
Construction Manager.

10.1.2 Labeling

The Geotextile Manufacturer shall identifY all rolls of geotextile. Each geotextile
roll shall have a weatherprooflabel which contains the following:

• manufacturer's name;

• product identification;

• lot number;

• roll number;

• roll weight; and
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• roll dimensions.
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In addition, if any special handling of the geotextile is required,. it shall be so
marked on the top surface of the geotextile, e.g., "This Side Up". Rolls without proper
identification shall be rejected by the Construction Manager.

The Certification Engifl(~ shall examine rolls upon delivery and any deviation
fonn the above requirements shall be reported to the Construction Manager.

10.2 Shipment and Storag~

During shipment and storage, the geotextile shall be protected from ultraviolet light
exposure, precipitation, snow or other inundation, mud, dirt, dust, puncture, cutting or
any other damaging or delet,eOous conditions. Geotextile rolls shall be wrapped in
plastic sheets or otherwise protected. Wrappings protecting the geotextile rolls should
be removed less than one hour prior to w:rrolling the geotextile.

Geotextile shall not be ,exposed to precipitation prior to being installed. Wet
geotextile is heavy which makes it difficult to deploy. During cold weather, the
geotextile must be protected from freezing.

The Certification Engineer shall observe rolls upon delivery and prior to
installation, any deviation ii-om the above requirements shall be reported to the
Construction Manager. Any damaged rolls shall be rejected and replaced at no cost to
TVA.

10.3 Conformance Testing of Geotextile

Prior to the deployment of the rolls of geotextile, the Certification Engineer may
remove and forward samples to the Geosynthetics CQA Laboratory for testing to veritY
conformance with the design specifications. Testing shall be accomplished using the
parameters listed in Table 11.

10.3.1 Sample Collection

Using the packing list provided by manufacturer or a sequential inventory list made
by the Certification Engineer, rolls may be selected for sampling at a minimum
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frequency of one sample per 100,000 fl? of material. If the material is shipped in
identifiable lots or manufacturing runs, sample selection should be adjusted to assure
that the minimum frequency is met and that each different lot or manufactwing run is .
represented by at least one sample. If a roll is not identifiable by roll number, the
Certification Engineer shall inform the Construction Manager immediately. If the roll
cannot be tracked, the Construction Manager shall reject the roll.

Samples will be taken across the entire width of the roll and will not include the
first 3 lineal ft. Unless othervnse specified, samples will be 3 ft long by the roll width.
The Certification Engineer will mark the machine direction on the samples with an
arrow.

10.3.2 Test Results

The results of the conformance testing shall be evaluated in accordance to the
following procedure:

• If the test values for the sample meet all of the required values, the sample
passes.

• If the test value for the sample does not meet one or more of the required
values, additional evaluation procedures will be implemented by the
Certification Engineer..

• For the failing paranu~ter(s), perform one additional test on the sample. This
test may be performed by another Geosynthetics CQA Laboratory at the
discretion of the Certification Engineer and the Construction Manager.

• If the test values of the additional test meet the required values, the roll and
adjacent rolls pass and are acceptable.

• If the test values do not meet requirements listed in Tables 10 and II, reject the
roll, collect samples from the closest numerical roll on both sides of the failed
roll and test for the failed parameter(s). Ifone OT both of these tests do not meet
requirements, those roU(s) will be rejected and the Certification Engineer and
Construction Manager shall determine further testing protocol and criteria fOT
identifYing the limits ofTf!jected rolls.
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The Geosynthetics Installer shall handle the geotextile in such a manner as to
minimize damage and shall comply with the following:

• After the wrapping has been removed; the geotextile shall not be exposed to
sunlight for more than the duration specified by the Geotextile Manufacturer.

• In the presence of wind, the geotextile shall be weighted with sandbags or the
equivalent. Sandbags shall be installed during the placement and shall remain until
replaced with the appropriate overlying material.

• Geotextile shall be kept continually under tension to minimize the presence of
wrinkles in the geotextile.

• The geotextile shall be cut using an approved geotextile cutter only. If in-place,
special care must be taken to protect other materials from damage which could
be caused by the cutting ofthe geotex1l1e.

• The Geosynthetics Installer shall take necessary precautions to prevent damage
to the underlying layers during placement ofthe geotextile.

• During placement of geotextile, care shall be taken not to entrap stones,
excessive dust, or moisture that could damage the geomembrane, generate
clogging ofdrains or filters, or hamper subsequent seaming.

• After installation, the entire surface of the geotextile shall be examined, and
harmful foreign objects, such as needles, shall be removed.

• If white geotextile is used, precautions will be taken against "snow blindness"
ofpersonnel.

The Certification Engineer shall note any deviation and report it to the Construction
Manager.
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The Geotextile seams shall be continuously sewn using thread, which is at least as
chemically resistant and UV resistant as the geotextile. The thread shall be approved by
the Certification Engineer and Construction Manager. Spot sewing is not pennitted,
except for repairs, and thennal bonding shall not be permitted without the written
approval of the Construction Manager. The geotextile shall be overlapped a minimum
of 4 in. prior to seaming. The;: Geosynthetics Installer shall pay particular attention that
no material is inadvertently inserted beneath the geotextile. Within the Central
Drainage Corridor the geotextile panels may be overlapped a minimum of2 ft. between
adjacent panels and the overlap sand bagged, in place ofsewing ofadjacent panels.

The Certification Engineer shall note any deviation and report it to the Construction
Manager.

10.6 Repair

Any holes or tears in the geotextile shall be repaired by the Geosynthetics Installer
as follows:

• A patch made from the same geotextileshall be sewn in place with a minimum
of24 in. overlap in all directions.

Care shall be taken to remove any soil or other material which may have penetrated
the tom geotextile.

The Certification Engineer shall observe any repair, note any deviation from the
above requirements and report them to the Construction Manager.

10.7 Placement of Materials on Geotextiles

The Geosynthetics Installier shall place materials on the geotextile taking the
following precautions:

• cause no damage to geotextile;

• allow minimal slippage: of the geotextile on underlying layers;
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• equipment used for packing the overlying material shall not be driven directly
on the geotextile;

• a minimum thickness of 1 ft of soil must be maintained between light, low
ground-pressure equipment (such as a wide pad Caterpillar D-6 or lighter) and
the geotextile;

• a minimum thickness of 1.5 ft of soil must be maintained between rubber-tired
vehicles and the geotextile unless approved by the Design Engineer and
Construction Manager; arid

• in heavily trafficked areas such as access ramps, soil thickness shall be at least
3 ft.

Any deviation shall be noted by the Certification Engineer and reported to the
Construction Manager.
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11. SURVEYING AND CONSTRUCTION TOLERANCES
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The minimum thickness of the intermediate cover, compacted clay layer, and
vegetative layer in the final cover shall be surveyed to verify that the minimum soil
thicknesses specified in the Design Drawings are met. Other construction tolerances
are as noted on the drawings.

Surveying will be perfonned under this section to document as-built conditions,
and will be the responsibility of the Constructor. The as-built survey will be performed
by a Surveyor registered in the state of Tennessee. Intermediate surveying for
construction layout, slope staking, etc., may be performed by the Constructor's
personnel.

The completed surfaces of subgrade, top of geologic buffer, top of soil dikes and
gypsum dikes, completed outm· gypsum dikes, top of intermediate cover, and top of

. vegetative cover will be surveyed. Geomembrane panels shall be surveyed and this
survey shall include as-built information of: seam intersections, cross seams, repair
locations, destructive sample locations, well or pipe penetration locations, and location
of anchor trenches. In applicable cases, surveys will be performed before placement of
the overlying drainage layer, to verify that grades and elevations are in accordance with
the approved plans. At a minimum, survey points shall be established on a 50 ft. x 50
ft. grid. Survey grid points shall be located such that the same grid can be reused for
subsequent as-built surveys as the completion of each layer progresses. Soil layer
thickness shall be obtained to the nearest 0.001 ft. and reported to the nearest .01 ft.

The Certification Engineer may request additional survey information as required
for certification.
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12 REPORTING AND DOCUMENTATION

12.1 Deficiencies
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When deficiencies are discovered, the Certification Engineer shall immediately
detennine the nature and ext4~t of the problem, notify the Constructor, and complete
required documentation. In all cases, the Certification Engineer will notify the
Constructor within one-half hour of discovering the deficiency. If the deficiency will
cause construction delays of more than four hours or will necessitate substantial rework,
the Certification Engineer shaJlI also noti:fjr the Construction Manager.

The Constructor shall COITect the deficiency to the satisfaction of the Certification
Engineer. If the Constructor is Wlable to correct the problem, the Certification Engineer
will prepare a nonconformance report and will develop and present suggested solutions
to the Construction Manager fi:>r approval.

The corrected deficiency shall be re-tested before additional work is perfonned.
All retests, and the steps taken to correct the problem, will be documented by the
Certification Engineer.

12.2 Documentation

The QA/QC Plan dep(~nds on through monitoring and documentation of
construction activities. Therefore. the Certification Engineer shall document that
Quality Assurance requirements have been addressed and satisfied. Documentation
shall consist of daily record keeping. construction problem resolutions, photographic
records, design revisions, weekly progress reports. and a certification and summary
report.

12.2.1 Daily Record Keeping

At a minimum. daily records shall consist of field notes, summaries of the daily
meetings with the Constructor. observations and data sheets, and construction problems
and resolution reports. This infonnation shall be submitted to the Construction
Manager for review and approvaL
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A Daily Meeting Report will be prepared each day, summarizing discussions held
with a Constructor. This report will include the following items:

a. date, project name, and location;

b. names ofparties involved in discussions;

c. data on weather conditions;

d. listing and location of construction activities underway during the time frame of
the Daily Summary Report;

e. equipment present on-site;

f. descriptions ofareas and/or activities being inspected and/or tested, and related
docmnentation;

g. description ofoff-site materials received;

h. scheduled activities;

t. items discussed;

J. signature of the Certification Engineer.

12.2.2 Observation and Test Sheets

Observation and test data sheets shall include the following infonnation:

a. date, project name, and location;

b. weather data;

c. reduced-scale site plan showing work areas, including sample and test
locations;

-d. description ofongoing construction;
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e. summary of test results identified as passing, failing, or in the event of a failed
test, retest;

f. calibration of test equipment;

g. summary ofdecisions: regarding acceptance ofthe work and/or corrective
actions taken; .

h. signature of the Certijication Engineer.

12.2.3 Construction Problem Reports

This report identifies and documents construction problems and resolutions. It is
intended to document problems involving significant rework and is not intended to
document items easily corrected unless the problems are recurring. At a minimum, this
report shall include the following items:

~...,.
a. detailed description of the problem;

b. location and cause onhe problem;

c. how the problem was identified;

d. resolution ofthe problem;

e. personnel involved;

f signature ofthe Certifilcation Engineer and Construction Manager.

12.2.4 Survey Control

The following procedures will be followed with respect to the as-built survey of the
components of the CCB disposal facility.

• The subgrade, geologic buffer, soil dikes, perimeter gypsum dikes, outer
gypsum dikes, compa<;ted clay and soil layers, and vegetative soil layer will be
surveyed to verify that grades and elevations are in accordance with the
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approved Design Drawings. A comparison of the pre- and post-component
construction surveys will be conducted to verify construction thickness.

• The Surveyor shall promptly submit results of each survey to the Construction
Manager. Survey results shall include: copy of any field notes, electronic and
hard copy of the survey point file, and electronic and hard copy of survey
drawing.

• The Certification Engineer will certify that the components meet the
requirements in the Design Drawings and will submit approval to the
Construction Manager.

12.2.5 Design Changes

Design changes may be required during construction. In such cases, the
Certification Engineer shall notify the Construction Manager, who will then notify the
responsible State Agencies. Design changes shall only be made with written agreement

~........ ofthe Construction Manager.

12.2.6 Weekly Progress Reports

The Certification Engineer will prepare weekly progress reports summanzmg
construction and quality control activities. At a minimum this report, submitted to the
Construction Manager, shall contain the following infonnation:

a. date, project name, and location;

b.summary ofwork activities;

c. summary ofdeficiencies and/or defects and resolutions;

d. signature of Certification Engineer.

12.2.7 Certification Reports

The Certification Engineer will be required to submit the following certification
reports. The first certification report will cover the construction of the base grade
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components for the disposal area including: subgrade/structural fill, geologic buffer, soil
dikes, gravel drainage layer and will be required prior to disposal of gypsum. A
certification report will also be.required for final cover system construction.

The final certification report will be required after the gypsum has reached final
pennitted grades. This report will cover the capping phase of construction and will be
required after closure of the facility. This report will address final gypsum-fill slopes,
compacted clay layer, geosynthetics, and vegetative layer.

At completion of each phase of construction, the Certification Engineer shall
submit a certification report to the Construction Manager. This report shall certify that
the work has been performed in substantial compliance with the approved Design Plans.
At a minimum, this repot shall contain the following infOImation:

a. summary of all construction activities;

b. testing laboratory test results;

c. observation and test data sheets;

d. sampling and testing location plan;

e. description ofsignificant construction problems and their resolution;

f. list ofchanges from the approved plans and the justification for these changes;

g. record drawings; and

h. a certification statement signed and sealed by the Certification Engineer.
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COMMON TEST NAME

Soil Classification

Sieve and Hydrometer Analysis

Sieve Analysis for Aggregates

Atterberg Limits

Standard Proctor Density

Moisture Content

Permeability: Flex Wall Permeameter

Permeability: Constant Head

Carbonate Content

(
TABLE 1

LABORATORY TEST METHODS
FOR THE EVALUATION OF SOIL AND AGGREGATE

PAMMETER DEFINED

Unified Soil Classification System

Particle Size Distribution of Coarse and Fine Grained Soils

Particle Size Distribution for Aggregates

Liquid and Plastic LiIrtits, Plasticity L,dex

MoisturelDensity Relationship Using 5.5 lb (2.46 kg) Rammer
and 12 in. (305 mm) Drop

Water to Dry Weight Ratio

Permeability (Hydraulic Conductivity) on Undisturbed or
Remolded Samples of Soil

Permeability (Hydraulic Conductivity) of Aggregates

Carbonate Content of Aggregate

(

STANDARP METHOD

ASTMD2487

ASTM D 422

ASTM C 136

ASTM D 4318

ASTMD 698

ASTMD2216

ASTMD 5084

ASTM D 2434

ASTMD 3042

....,
-<
~
o
o
o
tv.......
VI
W
o

Notes: I) Not all tests are required for this site; refer to Tables 3 and 4 in the CQA Plan,

2) Latest version of the applicable ASTM International or USDA testing standards shall be used when conducting tests.
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COMMON TEST NAME

Visual Classification

USDA Classification

Nuclear Densometer

Moisture Content

Sand Cone Density

Drive Tube Sample

Lift Depth Check

(
TABLE 2

FIELD TEST METHODS
FOR THE EVALUATION OF SOIL AND AGGREGATE

PARAMETER DEFINgD

Maximum Particle Size, General Material Characteristics

Classification of Ability to Support Vegetation

In-Place Density and Moisture Content

In-Place Moisture as Check on Nuclear Densometer
M:easurements

In-Place Density as Check on Nuclear Densometer Measurements

In-Place Density as Check on Nuclear Densometer Measurements

Thickness ofPlaced Soils or Aggregates

(

STANDARD METHOD

ASTM D 2488

USDA Method

ASTM D 2922 and ASTM D 3017

ASTM D 2216

ASTM D 1556

ASTM D 2937

Visual Continnation

....,
-<
~
o
o
o
tv.......
VI
W.......

Notes: (l) Not all tests are required for this site; refer to Tables 3 and 4 in the CQA Plan.

(2) Latest version of applicable ASTM International or USDA testing standards shall be used when conducting tests.
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TABLE 3

MINIMUM TEST FREQUENCIES FOR SOIL AND AGGREGATE MATERIALS
IN BASE GRADE SYSTEM CONSTRUCTION

(

LINER COMPONEm

Subgrade/Structural Fill
Confonnance TestipgC

SubgradeiStructurai Fiii
Perfonnance Testingd

REOUIRED TEST

Visual Observation

Sieve Analysis

Standard Proctor
Density

Visual Observation

Lift Depth Check

Nuclear Densometer
In-place Density and
Moisture Content

MINIMUM fREQUENCY

As required

I per source &
I per 5,000 ydJ

I per source &
I per 10,000 ydJ

As required

As required

I per 100 ft grid per lift

SAMPLE SIZER

N/A

5-10Ib

50-100 lb

N/A

N/A

ACCEPTANCE CRITERIA

Substantially free ofdebris, large rocks, plant
materials, or other deleterious material.

Max. 4 in. particle size

Determination of window of acceptable
moisture content given required dry density.
Maximum dry unit weight greater than 90 Ib/ftJ

•

Final surface: finn, smooth, and uniform

6 to 8 in. compacted lift

:::: 95% Standard Proctor maximum dry density,
Moisture content -4% +4% of optimum.
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Soil Dike
Confonnance Testint

Moisture Content

Sand Cone Density or
Drive Tube Sample

Visual Observation

Sieve Analysis

Atterberg Limits

Standard Proctor
Density

Moisture Content

Soil Classification

I per 10 nuclear densometer Varies
tests

1per 25 nuclear densometer Varies
tests

As required N/A

I per source & 5·101b
I per 5,000 ydJ

I per source & 5-101b
1 per 5,000 ydJ

I per source & 50·100Ib
I per 5,000 ydJ

1per 5,000 ydJ Varies

I per source & 5·10 lb
1per 5,000 ydJ

Check nuclear densometer measurements to
verify moisture correction.

Check nuclear densometer measurements to
verify moisture correction and density.

Substantially free of debris, large rocks, plant
materials or other deleterious material. Must
not pump or rut excessively.
1 inch max. particle size

Plasticity index: 10 or moreh

Determination of window of acceptable
moisture content given required dry density.
Maximum dry unit weight greater than 90 Ib/ftJ

•

Determine if adequate moisture is present prior
to compaction
SC, CL, CH, MH, ML, or SM
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TABLE 3 (continued)

MINIMUM TEST FREQUENCIES FOR SOIL AND AGGREGATE MATERIALS
IN BASE GRADE SYSTEM CONSTRUCTION

(
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LINER COMPONENT

Soil Dike
Performance Testingd

Geologic Buffer
Conformance TestingC

Geologic Buffer
Performance Testingd

REQUIRED TEST

Observation

Nuclear Densometer
In-Place Density and
Moisture Content

Moisture Content

Sand Cone Density or
Drive Tube Sample

Lift Depth Check

Visual Qbllervation

Sieve Analysis

Atterberg Limits

Standard Proctor
Density
Moisture Content

Flexible Wall
Permeability
(remolded)

Soil Classification

Visual Observation

Nuclear Densometer
In-place Density and

MINIMUM FREQUENCY

1 per 100 ft grid per lift

I per 5 nuclear densometer
tests

1 per 25 nuclear densometer
tests

As required

As required

1per source &
1 per 5,000 yd3

I per source &
I per 5,000 yd3

1 per source &
1 per 5,000 yd3

I per 5,000 yd3

1 per 10,000 yd3

1 per source &
1 per 5,000 yd3

As required

I per 100 ft grid per lift

SAMPLE SIZE'

N/A

Varies

Varies

N/A

N/A

S-101b

5-101b

50-1001b

Varies

SO lb

5-101b

N/A

N/A

ACCEPTANCE CRITERIA

~ 95% Standard Proctor maximum dry density.
Moisture content -4 to +4% of optimum

Check nuclear densometer measurements to
verify moisture correction.

Check nuclear densometer measurernents to
verify moisture correction and density.

6 to 8 in. compacted lift

Substantially free ofdebris, large rocks, plant
materials, or other deleterious material.

I inch max. particle size

Plasticity Index: 10 or moreb

Determination of window of acceptable
moisture content given required dry density.
Determine if adequate moisture is present
prior to compaction

::::;1 )( 10.7 em/sec; Certification Engineer to use
approved borrow area 'specification APZ, but
shall verify APZ throughout construction.

SC, CL, CH, MH, or ML

Final surface: firm, smooth, and uniform.
Perform lift depth check.
~ 95% Standard Proctor maximum dry density
and within the approved APZ
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TABL.( .mtinued)

MINIMUM TEST FREQUENCIES FOR SOIL AND AGGREGATE MATERIALS
IN BASE GRADE SYSTEM CONSTRUCTION

(

LINER COMPONENT

Geologic Buffer
Performance Testing
(continued)d

Gravel Drainage Layer
Conformance Testing'

REOUIRED TEST

Moisture Content

Moisture Content

Sand Cone Density or
Drive Tube Sample

Lift Depth Check

Visual Observation

MINIMUM FREQUENCY

I per 5 nuclear densometer
tests

1 per 25 nuclear densometer
tests

As required

As required

SAMPLE SIZE-

Varies

Varies

N/A

N/A

ACCEPTANCE CRITERIA

Check nuclear densometer measurements to
verify moisture correction.

Check nuclear densometer measurements to
verify moisture correction and density.

6 to 8 in. compacted lift

Angular and substantially free of debris, large
rocks, plant materials, or other deleterious
material.

Sieve Analysis

Constant Head
Permeability

Carbonate Content

I per source & 5·101b
1 per 5,000 ydJ

1 per source & 50lb
1per 5,000 ydJ

1 per source 50lb

Max. 5% passing #200 sieve.

~ I X IDol em/sec

<10% by weight

a In general, where the symbol "N/A" (not applicable) is used, the test is performed on in·place materials.

b Minor variations shall be allowed in acceptance criteria for the geologic buffer in order to maintain permeability less than I x 1007 em/sec. Under no
circumstances shall acceptance criteria be enforced which result in permeability greater than I x 10.7 em/sec

, Conformance testing is performed on borrow sources and placed material to ensure the minimum required values are met and the material remains consistent.

d Performance testing is performed on materials after placement is complete to ensure that the lift or layer meets design requirements.

....,
-<
~
o
o
o
tv.......
VI
W
-+::-.
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TABLE 4

MINIMUM REQUIREMENTS AND TEST FREQUENCIES FOR SOIL COMPONENTS OF THE FINAL COVER SYSTEM

(

LINER COMPONENT

Compacted Clay Layer
Confonnance TestingC

Compacted Clay Layer
Perfonnance Testingd

REOUIRED TEST

Visual Observation

Sieve Analysis

Moisture Content

Atterberg Limits

Standard Proctor
Density

Soil Classification

Flexible Wall
Penneability
(remolded)

Visual Observation

Moisture Content

Nuclear Densometer
In-place Density and
Moisture

Sand Cone Density or
Drive Tube Sample

Lift Depth Check

Flex Wall Permeability

MINIMUM FREOUENCY

As required

1per source &
1 per 5,000 ydJ

1 per 5,000 ydJ

1 per source &
1per 5,000 ydJ

1 per source &
1 per 5,000 ydl

I per source &
1per 5,000 ydJ

As required to determine
acceptable results

As required

1per 5 nuclear densometer
tests

1per 100 ft grid per lift

1per 25 nuclear densometer
is used

As required

1per acre per lift

SAMPLE SIZE"

N/A

5-101b

Varies

5-101b

50-1001b

5-101b

50lb

N/A

Varies

N/A

Varies

N/A

Thin walled tube

ACCEPTANCE <;RlTERIA

Substantially free ofdebris, large rocks, plant
materials, or other deleterious material.

1 inch max. panicle size

Detennine if adequate moisture is present prior
to compaction

Plasticity Index: 10 or moreb

Determination of window of acceptable
moisture content given required dry density.

SC, CL, CH, ML, or MH

:::;1 )( 10-7 em/sec

Final surface: firm, smooth and unifonn.

Check nuclear densometer measurements to
verify moisture correction.

~ 95% Standard Proctor maximum dry densityb

Check nuclear densometer measurements to
verify moisture correction and density.

6 to 8 in. compacted lift

:::;1 )( 10"7 em/sec

....,
-<
~
o
o
o
tv.......
VI
W
VI
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TABLE 4 (continued)

MINIMUM TEST FREQUENCIES FOR SOIL COMPONENTS OF THE FINAL COVER SYSTEM CONSTRUCTION

(

LINER COMPONENT

Compacted Soil Layer
Conformance TestingC

Compacted Soil Layer
Perfonnance Testingd

REQUIRED TEST

Visual Observation

Sieve Analysis

Standard Proctor
Density

Visual Observation

Lift Depth Check

Nuclear Densometer
In-place Density and
Moisture Content

Moisture Content

Sand Cone Density or
Drive Tube Sample

MINIMUM FREQUENCY

As required

1 per source &
1 per 5,000 yd]

I per source &
1 per 10,000 ydJ

As required

As required

1per 100 ft grid per lift

1 per 10 nuclear densometer
tests

I per 25 nuclear densometer
tests

SAMPLE SIZE"

N/A

5-101b

50-1001b

N/A

N/A

Varies

Varies

ACCEPTANCE CRITERIA

Substantially free of debris, large rocks, plant
materials, or other deleterious material. Must
not pump or rut excessively.

Max. I in. particle size

Determination of window of acceptable
moisture content given required dry density.
Maximum dry unit weight greater than 90 Ib/ft3•

Final surface: firm, smooth, and unifonn

6 to 8 in. compacted lift

~ 95% Standard Proctor maximum dry density,
Moisture content -4% +4% of optimum.

Check nuclear .densometer measurements to
verify moisture correction.

Check nuclear densometer measurements to
verify moisture correction and density.

• In general, where the symbol "N/A" (not applicable) is used, the test is performed on in-place materials.
b Minor variations shall be allowed in acceptance criteria for compacted clay layer in order to maintain permeability less than I )( 10.7 em/sec. Under no

circumstances shall acceptance criteria be enforced which result in permeability greater than I x 10.7 em/sec

C Confonnance testing is performed on borrow sources and placed material to ensure the minimum required values are met and the material remains consistent.

d Performance testing is performed on materials after placement is complete to ensure that the lift or layer meets design requirements.
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Table 5

.,..., REQUIRED 40 MIL TE)§:TURED PE GEOMEMBRANE PROPERTIES

Material Property Value Units Test Method

Resin - Melt Flow fudex ~1.0 gllO min. ASTMDl238

Thickness(l) 40 mil ASTMD5994

Asperity Height (2) (min. avg.) 10 mil GRlGM12

Specific Gravity (max.) 0.939 glml ASTMD792 or
ASTMD1505

Tensile Properties (each direction) ASTM D6693 Type
IV

1. Tensile Strength at Break (min. avg.) 60 lb/in.

2. Elongation at Break (min. avg.) 250 percent

Tear Resistance (min. avg.) 22 Ib ASTM DI004, Die C

Puncture Resistance (min. avg.) 44 lb ASTM D4833

Carbon Black Content 2-3 percent ASTM D1603

Carbon Black Dispersion Category 1 or 2 Rating ASTMD5596

'-'Notes:

(I)

(2)

(3)

(4)

Minimum often readings must average specified thickness or greater. No single reading may fall more than
15% below the specified value. The lowest individual reading for 8 ofthe 10 readings shall not fall more than
10% below the specified value.

Minimum of ten readings must average splecified height. Eight of the readings must be ~ 7 mils, and the lowest
reading must be ~ 5 mils.

Manufacturer's Quality Control testing smill be perfonned at a frequency ofone test per every 100,000 rr or
one test per resin lot, whichever is more &equent. Thickness testing shall be performed on each roll.

Asperity Height measurements shall be peJrformed on every roll, alternating between measurements for top of
sheet and bottom ofsheet.
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Table 6

REQUIRED 40 Mll. TEXTURED PE GEOMEMBRANE PROPERTIES 
CONFORMANCE TESTING

Material Property Value Units Test Method Frequency

Thickness(l) 40 mil ASTMOS994 100,000 SF

Specific Gravity (max) 0.939 glml ASTM 0792 or 100,000 SF
ASTM0150S

Asperity Height (2) (min. avg.) 10 mil GRIGM12 100,000 SF Top
and Bottom

Tensile Properties (each direction) ASTM 06693 Type 100,000 SF
IV

1. Tensile Strength at Break 60 Ib/in.
(min. avg.)

2. Elongation at Break (min. 250 percent
avg.)

3. Tear Resistance (min. avg.) 22 lb ASTM D 1004, Die 100,000 SF
C

....." 4. Puncture Resistance (min. 44 lb. ASTMD4833 100,000 SF
avg.)

Carbon Black Content 2-3 percent ASTMD1603 100,000 SF

Carbon Black Dispersion Category None ASTMD5596 100,000 SF
1 or 2

(I)

(2)

(3)

Minimum often readings DiUst average specified thiclrness or greater. No single reading may fall more than
] 5% below the specified value. The lowest individual fi:>r 8 of the 10 readings shall not fall more than 10%
below the specified value.

Minimum often readings must average specified height. Eight of the readings must be 2: 7 mils, and the lowest
reading must be 2: 5 mils.

Conformance testing shall be performed by the Certification Engineer or TVA at a minimum frequency ofone
test per ]00,000 ffl or one test per resin lot, whichever is more frequent.
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Table 7

REQUIRED 40 MIL TEXTURED PE SEAM PROPERTIES

Material Property Value:

Shear Strength - Fusion and Extrusion(l) 60

Peel Adhesion
Fusion(2) 50
Extrusion(3) 50

lb/in.

lb/in.
Ib/in.

Test Method

ASTM6392
Strain rate: 2 inJrnin. 1 in.
strip.

ASTMD6392
Strain rate: 2 inJmin. 1 in.
strip.

(I)

(2)

(3)

For Shear Testing ofboth fusion and extnlSion welds, the strength of4 out ofS specimens should meet or
exceed the given value. The Sib must meet or exceed 48 Ib/in.

For Peel Testing offusion welds the strength of4 out of5 specimens should meet or exceed the given value.
The fifth must meet or exceed 40 Ib/in. All specimens shall fail due to fIlm tear bond or with greater than 25%
incursion of the weld (peel).

For Peel Testing ofextrusion welds, lout of 5 specimens may either achieve <50 Ib/in. but be ~40 Ib/in. or
exlnbit greater than 25% incursion ofthe weld (peel). The remaining four specimens must meet the specifIed
strength and have a maximum of25% incursion of the weld (peel).

Required laboratory seam testing shall be performed by a geosyntbetics testing laboratory at a frequency ofone
test per 1,000 linear feet of seam constructed for both ell:trusion and fusion welding equipment.
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Table 8

'w REQUm.E:n GEOCOMPOSITE PROPERTIES

Material Property Value Units Test Method Manufacturers
Frequency

Geonet Component:

Thickness (min.) 200 mil ASTMD5199 1150,000 SF

Specific Gravity (min. avg.) 0.94 gm/cm3 ASTMD 792 or 1/50,000 SF
ASTM D 505

Carbon Black Content 2-3 percent ASTMD1603 1150,000 SF

Tensile Strength, MD (Machine 45 lblft ASTMD5035 1150,000 SF
Direction)

Geotextile Component:

Polymer Composition (min.) 95 % polypropylene or
polyester by weight

Mass per Unit Area (min.) 7.5 ozlyd2 ASTMD5261 1/90,000 SF

Grab Tensile Strength ~~170 lbs ASTMD4632 1150,000 SF

Grab Elongation (min. avg.) 50 percent ASTMD4632 1150,000 SF

'W Puncture Strength (min.) 90 lbs ASTM D4833 1190,000 SF

Apparent Opening Size 70- 120 sieve size ASTM D4751 11540,000 SF

Water Flow Rate (min.) 110 gpm/£r ASTMD4491 11540,000 SF

Ultraviolet Resistance (min. avg.) 70 percent ASTM D4355 l/per lot
(after 500 hours)

Geocomposite:

Transmissivity at J0,000 pS(I) (min.) 5 x 10-4 m 2/sec ASTM D47J6 1/540,000 SF

Peel Strength (min.) 1 Ib/in GRI GC-7 11500,000 SF

Notes:

(I) Transmissivity measured using water at 20°C with a gradient of0.10 and normal stress oflO,OOO psf
between two steel plates, after one hour.
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Table 9

REQUIRED GEOCOMPOSITE PROPERTIES- CONFORMANCE TESTING

Material Property Value Units Test Method

Thickness (min.) 0.20 inch ASlMD5l99

Resin Density (min. avg.) 0.935 gm/cm3 ASlMD1505

Geocomposite:

Peel Strength (min.) lbfin. GRI GC-7

Tensile Strength (min.) 45 lb/in. ASTMD5035

Conformance testing shall be perfofioed by the Certification Engineer or TVA at a minimum frequency of
one test per 100,000~ or one test pc::r resin lot, whichever is more frequent.
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Table 10

REQUIRED PROPERTIES FOR 10 OZ/YD2 GEOTEXTILES (FILTER)

Material Property Value Units Test Method

Polymer Composition 95 (min.) % polypropylene or
polyester by weight

Mass per Unit Area (min. avg.) 10 oz/yd2 ASTMD5261

Grab Tensile Strength(min. avg.) 230 lbs ASTMD4632

Grab Elongation (min. avg.) 50 percent ASTMD4632

Puncture Strength (min. avg.) 120 lbs ASTMD4833

Trapezoidal Tear Strength (min. avg.) 95 lbs ASTMD4533

Apparent Opening Size(1) (max. avg.) 70 sieve size ASTMD4751

Water Penneability 2:5.0 x 10-3 cmJsec ASTMD4491

Ultraviolet Resistance 70 (typical) percent ASTMD4355

Notes:

(I)

(2)

Required only on material which is to be used in filter applications.

Manufacturer's testing for the above properties shall be perfonned the Certification Engineer or TVA at a
frequency ofone test per 100,000 ft2 and each resin lot must be tested.
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Table 11

REQUIRED PROPERTIES FOR 10 OZJYD2 GEOTEXTILES (FILTER) 
CONFORMANCE TESTING

Material Property Value Units Test Method

Mass per Unit Area (min. avg.) 10 ozlyd2 ASTMD5261

Grab Tensile Strength (min. avg.) 230 Ibs ASTM04632

Puncture Strength (min. avg.) 120 lbs ASTM 04833

Trapezoidal Tear Strength (min. 95 Ibs ASTM 04533
avg.)

Apparent Opening Size (max. avg.) 70 sieve size ASTM 04751

Notes:

(I) Conformance testing shall be perfonned by the Certification Engineer or TVA at a frequency ofone test
per 100,000 az and each resin lot must be tested.
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Attachment 1 - TVA Vegetation Specification
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VEGETATION SPECIFICATIONS

NATIVE GRASSESS - SEEDING AND MULCIllNG

(SPECIAL FOR WASTE AREAS)

SECTION 582 - Mulching

Refer to FP-96 Section 625. FP-96 Standard Specification for Construction ofRoads and Bridges on Federal
Highway Projects (US DOT - FHWA)

SECTION 583 - Native Grasses Seed~

583.1 -Description

This specification consists offurnishing and placing native warm season grass seed on waste disposal areas when
specified by the plans or the Engineer. The use of these grasses for landfill cover crops is being encouraged by
the Tennessee Department ofEnvironment and Conservation Division ofSolid Waste Management.

583.2 - Materials

1. Seeds

Seeds shall meet the requirements of aplPlicable seed laws and shall be tested in accordance with the most current
edition ofthe US. Department ofAgriculture Handbook No. 30, Testing Agricultural and Vegetable Seed.
Seeds shall be from the last preceding crop and comply with the requirements outlined below for purity and
gennination. Each variety of seed shall be furnished in separate, strong bags with each bag being fully tagged or
labeled to show the variety, weight, purity, germination, and test data prescribed by law. All test
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results shall be fully certified by the vendor or by a recognized seed testing agency. TVA reserves
the right to require that samples be furnished, and to inspect and test the seeds after delivery.
Seeds found not to comply vllith specification requirements shall be subject to rejection.

When mixing or forming seed mixtures, the seeds shall be carefully and uniformly mixed.
Seeds shall not be mixed until each variety of seed to be used in the mix has been inspected
and/or tested separately and approved.

583.2 - Materials (Continued)

Seed Varieties Purity, Gennination
Minimum % Minimum %

Sideoasts Gramma
(Bouteloua curtipendula) 95 85

Little Bluestem
~1IIIIIll" (Schizachyrium scoparium) 95 85

Sand Lovegrass
(Eragrostis trichodes) 95 85

Annual Rye
(Jolium multiflorum) 90 90

Seeding materials shaH be free from seeds or bulbets ofWild Onion (Allium vineaJe), Canada
Thistle (Cirsium arvense), and Johnson Grass (Sorghum halepense).

Continued next page .
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Seed species shall not contain more than six seeds per ounce of the seed of any ofthe following
noxious weeds or the seeds of any oth(~rweed specifically listed as noxious:

Bindweed (Convolvulus arvensis)
Buckthorn (plantago lancc~olata)

Comcockle (Agrostemmo githago)
Dodder (Cuscuta species)

Oxeyedaisy (Chrysanthemum leucantheumum)
Quackgrass (Agropyron repens)
Sorrel (Rumex acetosella)

(1) Sideoats Grama
(2) Little Bluestem
(3) Sand Lovegrass
(4) Annual Rye

2.

Seed species shall not contain an excess of2 percent by weight ofweed seeds, noxious or
otherwise.

Seed or seed mixtures, rates, and seasons

Seeding mixtures, rates, and seasons shall be those specified herein. The types to be used for
each area or project will be specified by the drawing or by memorandum. Mixtures or rates of
application other than those specified shall be used only when specified by the plans or the
Engineer. Seeding shall bc~ planted during the season and between the dates specified. Note that
the pound rates are PLS (pure live seed).

Type I: Winter seeding «Plant between November I and December 31)

4 pounds per acre
5 pounds per acre
1 pounds per acre

60 pounds per acre
70 pounds per acre

Type 2: Spring seeding (Plant between April 15 and July 1).

Mixture:

(l) Sideoats Grama
(2) Little Bluestem
(3) Sand Lovegrass

4 pounds per acre
5 pounds per acre
1 pounds per acre
10 pounds per acres

Note: All slopes 3:1 or greater shall be seeded with the winter mixture
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Type 3: Tempora:Jy winter seeding (Plant between October 15 and March 15).

Annual Ryegmss

583.3- Soil Chemistry Reguirements

Soil pH range: 5.0 - 7.8 S.U.

Soil Fertility: Low-Medium for phosphorous and potassium.

583.4 -- Soil Preparation

80 pounds per acre

Areas to be seeded shall have approved cross sections and grades. Objects such as large roots, stones,
~W' stumps, coarse vegetation, debris, or any other items that might impede mechanical mowing shall be

removed and disposed of satisfactorily.

Seedbeds shall be plowed, disked, harrowed, scarified, or cultivated to the approved depth. In areas
where it is practical, this work shall be done with fann-type equipment. On steep slopes, preparation of
seedbeds shall be done with the tools and methods specified by the Engineer. It is strongly
recommended that scarifying and preparation on cut and fill slopes be accomplished with tools or
equipment specially designed for this purpose. Small furrows or grooves formed in the slopes shall be
horizontal or as nearly horizontal as practical. The work shall be performed only when the ground is in
a workable and tillable condition as detennined by good farming pra.ctices.

583.5 - Special Hydroseeding Equipment

Equipment to be used for the hydraulic application ofplanting materials shall be a Finn Hydro-Seeder,
Bowie Hydro Mulcher, Toro Environmental Control Unit, or an approved equal. The equipment shall
have mixing tanks with built-in agitators having opemting capacities sufficient to agitate, suspend, and
homogeneously mix slurries ofwatc~ and planting materials. The slurry distribution lines shall be large
enough to prevent clogging or stopJl1age. Discharge lines shall be equipped with sets of different sized
hydraulic spray nozzles capable ofproviding for even distnbution ofvarying slurry mixtures on areas to
be seeded.
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Seeds shall be sown with approved hydroseeding equipment. Rates specified in Section 583.2 shall be
maintained in a manner that will guarantee uniform coverage. Seeding operations shall not be
performed when drought, high winds, and excessive moisture or other factors may defer satisfactory
results. The carrier mix shall be 0··13-13. The area shall be cultipacked immediately after seeding.

583.7 - Maintenance

Seeded areas shall be maintained until a satisfactory cover ofplant material is secured, unless stipulated
otherwise. AIl areas shall be preserved, repaired, and protected as specified for this purpose. Areas
having poor stands ofplant material shall be seeded again and fertilized at the proper rates.

Watering shall be accomplished during the maintenance period to the extent necessary.

'~ 583.8 - Method ofMeasurement

Seeded areas will he measured in square yard units and include the seeded areas along slopes.
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TENNESSEE DEPARTJMENT OF EVIRONMENT AND CONSERVATION

Division of Solid Waste Management

FOSSIL FUEL FLY ASH AND BOTTOM ASH DISPOSAL
WITHIN A CLASS n FACILITY

POLICY

The purpose of1his policy is to establish the criteria by which fossil fuel fly and bottom ash may
be disposed orin a Qass II facility:

1. The geologic buffer required will be 3 feet in total thickness with a maximum
hydraulic condu~::tivity of1 x 10-6 cmIsec. The 1hickness will be measured from
the base ofthe fill to the seasonal high water table ofthe uppennost unconfined
aquifer, or the top ofthe fonnation aquifer,

2. No leachate migration control system will be required;

3. No gas migration control system will be required;

4. The :final cover shall be 24 inches ofcompacted soil with a minimum of6 inches
which shall support vegetative cover, and

5. No random inspection program will be required.

Any variance to the Qass II facility pennit criteria will require the Commissioner's approval.

(Signature on File)
Mike Apple, Director
Division ofSolid Waste ManagEment

policy/notebooklpn093
Revision 1: September 2001

9-7-01. _
Date
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