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Executive Summary

ARCADIS has prepared this report to document the findings of the groundwater
investigation at the Tennessee Valley Authority (TVA) Watts Bar Nuclear Plant
(WBN) (Site) located near Spring City, Tennessee (Figure ES-1). TVA personnel
initiated the investigation in March 2003 following the detection of tritium in
newly-installed groundwater monitor wells associated with the Department of Energy
tritium production program site preparation activity. A number of corrective measures
were completed by TVA (described below) during 2003, prior to retaining ARCADIS
to support their efforts. The primary objectives of the investigation were to:

= Identify the potential source(s) of tritium releases;
= Characterize groundwater movement; and

= Determine the nature and extent of tritium in the subsurface environment.
Two tritium sources have been identified:

» Liquid Radioactive Effluent Line (Rad Waste Line) which appears to have resulted
in a dual branch tritium plume that extends from the Rad Waste Line toward the
river and to the Turbine Building; and

»  Fuel transfer canal leak into the Unit 2 fuel transfer tube (FTT), which appears to
have resulted in a tritium plume that is localized in the vicinity of the Unit 2 Shield
Building.

Overview/Background

As part of planned plant modifications to produce tritium for the U.S. Department of
Energy (USDOE), TV A expanded the Radiological Environmental Monitoring
Program by installing four additional monitor wells adjacent to the Rad Waste and
Cooling Tower Blowdown Lines in December 2002. Initial samples in January 2003
indicated the presence of tritium in three of the four new monitor wells.

The Nuclear Regulatory Commission Site Resident at WBN and the Tennessee
Department of Environment and Conservation - Department of Radiological Health
were notified and are being kept informed as investigations continue. No tritium or other
radionuclides have been detected at levels exceeding background in water samples from
off-site wells, public drinking water supplies, or the Tennessee River. In March 2003, a
team consisting of both site and corporate TV A personnel was established to locate the

RO4078.doc ~ TVA - TN000607.0001 ES-1
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source(s) of the tritium and eliminate the path(s) to groundwater. Potential sources were
identified based on tritium concentrations in the component or system, location within
the plant, and relative tritium concentrations and distribution in groundwater. The
following components were considered as possible sources of tritium in groundwater:

= Rad Waste and Cooling Tower Blowdown Lines;

»  Fuel Transfer Canal (FTC), Fuel Transfer Tube (FTT), Spent Fuel Pool (SFP), and
Cask Loading Pit (CLP), '

= Refueling Water Storage Tank (RWST);
= Auxiliary Building Passive Sump;

= Various Auxiliary Building tanks; and

s Reactor Refueling Cavity.

Work began immediately on source identification. This work included leak testing of
lines and storage components, evaporation calculations of the SFP and RWST,
installation and sampling of groundwater wells, inspection of drain lines, and boroscopic
investigation of SFP, CLP, and FTC leak collection system channels and drains.

After the most recent refueling outage during the fall of last year, ARCADIS was
retained in January 2004 to aid TV A in identifying the source(s) of tritium, define
groundwater movement and tritium extent, and support remedial planning.

Summary of Groundwater Investigation Data

The primary types of new environmental data collection included hydraulic and
groundwater quality information from strategically placed monitor wells. Groundwater
‘levels were measured over the course of the investigation to determine the direction of
groundwater flow and potential preferential pathways of movement. In general,
regional groundwater movement is southerly across the Site toward the river, with the
exception of groundwater captured by a French drain system surrounding the Unit 1
and Unit 2 Shield Building, Auxiliary Building, Control Building, and Turbine
Building. Groundwater dewatering provided by the French drain, described below, has
resulted in a groundwater capture zone surrounding the Power Block.

The French drain surrounding the Power Block consists of an 8-inch porous concrete
pipe bedded in a horizontal blanket of gravel, A sump collects groundwater from the
French drain on the east side of the Auxiliary Building. This sump continuously
receives flow from both the north and south French drain lines and periodically is
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pumped based on the level in the sump. The north leg of the French drain routinely
exhibits a higher flow rate than the south leg.

As part of a systematic program to determine the tritium source(s), 34 additional monitor
wells were installed during 2003 and early 2004 to further delineate the extent of tritium.
These wells have been periodically sampled since their installation, with a maximum
tritium concentration [353,700 picocuries per liter (pCi/L) in October 20031 occurring at
groundwater Monitor Well K near the Rad Waste Line, east of the Power Block. Tritium
extends from this general area near the Unit 1 Cooling Tower, south toward the
Tennessee River, and westward toward the Power Block. Based on the monitoring
network and collected data, detectable concentrations of trittum have not yet reached the
river. Relatively low concentrations of tritium were also detected around the Unit 2
Shield Building. '

Recently, concentrations of tritium in the groundwater sump have been declining, which
seems to have resulted from tritium abatement activities described below. The south leg
of the sump continues to exhibit approximately twice the tritium concentration of the
north leg. However, the total activity of tritium entering the sump is greater in the north
leg (although a lower concentration) due to its higher flow rate. The presence of tritium
in these two legs entering the sump suggests that two sources are likely.

Based on solute migration transport parameters and limited available information, it is
_estimated that the tritium plume movement is approximately 300 feet/year. Tritium is a
radioactive form of hydrogen and decays with a half-life of 12.33 years, but is not
susceptible to either biological or chemical degradation enhancement. Other natural
attenuation parameters do not have a substantial impact on tritium retardation. That is,
groundwater velocity and tritium migration are similar.

Source Assessment

Based on the distribution of tritium in groundwater and refined understanding of .
groundwater flow conditions, the tritium plumes observed at the Site are likely associated
with two separate sources; the Rad Waste Line and the Unit 2 FTT seismic gap.

Source #1 — Rad Waste Line
Documented leaks from the Rad Waste Line appear to have resulted in tritium extending

in a dual branch fashion west from the Well K vicinity to the southeast edge of the
Turbine Building, and south from the Well K vicinity toward the Tennessee River
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(Figure ES-2). The Rad Waste Line, extending past Well K, was pressure tested,
acoustically monitored, and excavated at several locations to identify potential leak
locations. A leak was identified east of the Power Block (Figure ES-2) after overburden
was excavated on May 1, 2003. The leak appeared to be caused by accelerated corrosion
from the pipeline exterior due to a tear in the protective pipe wrap. The line was cut,
inspected, and repaired. Through the fall of 2003, possible additional leaks in the line
were investigated, but no additional leaks have been found.

The Rad Waste Line leak, identified and repaired in May 2003, is suspected of being the
primary source of tritium. A portion of the tritium originating from the leak location has
migrated toward the south leg of the French drain system along preferential pathways
associated with the assumed relatively permeable bedding material surrounding the
subsurface infrastructure piping. Another portion of the tritium plume originating from
the leak appears to follow major subsurface lines toward the Tennessee River. Again,
this directional behavior is likely associated with preferential groundwater movement
associated with the higher permeability bedding material surrounding subsurface piping.

When WBN was constructed, engincered fill was placed over a majority of the Site. The
tighter hydraulic properties make the fill more difficult for groundwater to flow through
than the gravel packs surrounding the numerous pipe systems associated with facility
infrastructure. Tritium migration toward the Turbine Building appears to be influenced
by the south Condenser Cooling Water (CCW) discharge line running from the Turbine
Building to the Unit 1 Cooling Tower. Tritium migration toward the river is strongly
influenced by the Cooling Tower Blowdown Line, Waste Heat Park Lines, and other
piping infrastructure, as their position within the subsurface is coincident with the
groundwater table along portions of their length. Based on calculations of tritium in the
south leg of the French drain, it is likely that a majority of the activity resides within the
more permeable gravel packs of the discharge CCW Line and Raw Cooling Water
Lines, because it cannot be fully accounted for with tritium observed in groundwater
monitor wells. A majority of the groundwater monitor wells have shown decreasing
concentrations of tritium, indicating that the primary source has been eliminated.

Source #2 - Unit 2 Fuel Transfer Tube Seismic Gap

In February 2003, it was identified that water was leaking into the Unit 2 Shield
Building annulus, through the Unit 2 FTT sleeve connection between the Auxiliary
Building and Unit 2 Shield Building. All of these units (SFP, CLP, and FTC) have the
potential to be inter-connected behind the stainless-steel liner since the liner is not
continuously bound in the concrete. A 1-inch seismic gap exists between the Auxiliary
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Building and Unit 2 Shield Building where the FTT passes through these buildings
(Figures ES-3 and ES-4). Tritiated water, between the steel tube (20-inch diameter) and
the concrete building, was observed flowing into the Unit 2 Shield Building annulus in
February 2003. This water must flow across the seismic gap to get from the Auxiliary
Building to the Unit 2 Shield Building, which provides a pathway to groundwater. This
gap is filled with fiberglass and is glued on one side to the Unit 2 Shield Building.
Potentially, water from the SFP, CLP, or FTC that has leaked behind the stainless-steel
liner could migrate to the Unit 2 FTT sleeve. '

Occasional FTC leakage has been identified over the past 5 to 6 years and attempted
repairs were made. The individual “tell-tale” drain systems of the SFP and adjacent
CLP, along with the FTC, are designed to detect leakage through the liner welds.
Inspection of the “tell-tale” drain system is complicated due to its piping configuration.
Neither of these drain systems have exhibited recent leakage, although investigations
indicate that the drain system for the SFP and FTC is clogged, making leak detection
by this method problematic. Subsequent efforts to clear these drain systems have
resulted in a functioning drain system for the FTC. The SFP system still does not drain
efficiently, and additional efforts are being developed. The Cask Loading Area drain
system appears to be functioning as designed. '

Leaks through the FTT sleeve and seismic gap have resulted in groundwater impact
surrounding the Unit 2 Shield Building (Figure ES-3). The difference in potential head
between the bottom of the FTT sleeve and the French drain directly north of the
seismic gap is approximately 1.25 feet, indicating that water would flow toward the
French drain from this point (either to the north or to the east). Calculations using the
tritium concentrations in these areas of nearly 100 million pCi/L indicate it would take
only a small volume of tritiated water to result in the concentrations being observed in
the north leg of the French drain, and in groundwater monitoring points around the

. Unit 2 Shield Building.

Risk analysis is the process of organizing and systematically evaluating information
pertaining to the likelihood and magnitude of adverse effects. In the context of
environmental contamination, this typically includes separate analyses of the risks to
human health and risks to ecological receptors. Actual risks to human and ecological
receptors posed by tritium that has entered the environment at WBN are likely to be
acceptable based on available environmental data and existing radiological screening
criteria. However, risks may be perceived by the public to be higher than actual
because the constituent of concern is a radionuclide. Therefore, it is important to
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demonstrate that measures are being taken to ensure protection of human health and the
environment.

Based on the groundwater investigation findings and risk screening, remedial planning
can be conducted to evaluate the need for and corrective action options. This process
initially must identify remedial action objectives (RAOs) to establish and guide
remedial planning. RAOs for the Site include:

= Protect ecological receptors in the Tennessee River from impacted groundwater;
= Prevent groundwater plume growth to ensure it does not migrate off site;

*  Protect human health of plant workers from exposure to impacted groundwater;
and :

= Remove tritium mass in plume core to assist in natural attenuation of remaining
plume. o

The primarily remedial technology for tritium corrective action is hydraulic-control
{(pumping). A hydraulic control system positioned at the leading edge of the tritiam
plume, could be used to intercept tritiated groundwater before it reaches the Tennessee
River. Prior to designing a hydraulic control system, refinement of the plume extent,
and a better understanding of the engineered fill along the utility corridor would be
required. Once this is completed, hydraulic testing could be conducted to develop the
necessary data to design the recovery wells and size the system.

Recommendations

Based on these initial findings, the following observations/recommendations are made
to correct the tritium releases.

»  Unit 2 FTT Sleeve Repair: Tritiated water must be prevented from crossing the
seismic gap in the Unit 2 FTT sleeve, or prevent water from entering the FTT
sleeve. WBN is currently investigating the application of a coating/sealing system
for the transfer canal liner to preclude leakage into this area. This is documented in
the site Problem Evaluation Report (PER) number 12430.

*  Replacement of Rad Waste Line Sections: Because the existing Steam Generator
Blowdown/Rad Waste Lines likely have minor existing leaks, continuing releases
could be occurring from this line system. In order to prevent these possible current
or future leaks, WBN is replacing this line under Design Change Notice (DCN)
number 51690.
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Monitoring Program Development: Groundwater sampling procedures have been
refined over time to make improvements when necessary. These should be further
revised to examine the sequence of well sampling and use of dedicated sampling
equipment. A monitoring program should be designed to continue to collect those
data that will provide information on current site conditions, and what is necessary
to evaluate a remedial solution/progress. Once the monitoring program has met
these needs, it should be reduced or eliminated.

Refinement of Plume Extent. Additional groundwater monitor wells are needed to
better define the tritium plume and to monitor its movement at the distal end near
the Tennessee River.

Source #1 Remedial Measures: Source #1 is somewhat controlled by inducing
groundwater flow to the plant buildings by the French drain and actively pumping
the groundwater sump. A hydraulic control system may be used to capture the
entire plume by installing recovery wells in the downgradient leading edge of the
plume, south of the plant. Aquifer testing and a fate and transport model may be
used to design the hydraulic control system.

Source #2 Remedial Measures: Source #2 is completely contained by the French
drain and actively pumping the groundwater sump. The extent of tritium in
groundwater at Source #2 has likely been influenced by moderate to large storm
events and underground infrastructure (i.e., RWST tunnel). Nevertheless, the
plume around the Unit 2 Shield Building remains focused and contained, and no
additional remedial actions are needed.
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. ARCAD'S Digrrrigution of Tritium Concentrations

in Groundwater, March 2004
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Source #1 - Rad Waste Line Leak
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Source #2 - Unit 2 Fuel Transfer Tube Sleeve
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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Exhibit ES-4

Source #2 - Schematic Cross-Section
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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1.0 Introduction

ARCADIS, on behalf of Tennessee Valley Authority (TVA), has prepared this
Groundwater Investigation Report to document the findings of a site investigation
conducted at the TVA Watts Bar Nuclear (WBN) Plant (Site) located near Spring City,
Tennessee (Figure 1-1 and Attachment A). The plant is located just downstream of the
Watts Bar dam, near the Tennessee River (Figure 1-2). The WBN Plant was
constructed during the mid-1970s and contains substantial infrastructure for the
generation of electricity (Figure 1-3 and Attachment B). The Unit 1 Reactor began
operation in 1996 and the Unit 2 Reactor has never been brought online.

This report includes Background to the investigation, data collected, findings, risk
evaluation summary, remediation planning, and recommendations for the path forward.

The primary objectives of the investigation were to:

» Identify the potential source(s) of tritium releases;
»  Characterize groundwater movement;
= Determine the nature and extent of tritium in the subsurface environment; and

= Determine preliminary remedial options to address tritium in groundwater.

This project was a collaborative effort between TVA and ARCADIS. TVA began
researching the potential sources of tritium in early 2003. TV A retained ARCADIS
after the fall 2003 refueling outage to aid in the investigation. During the early months
of 2004, multiple project meetings and a sharing of resources resulted in identifying the
sources of tritium release and accomplishment of project objectives. These findings
were then presented to TVA management in April 2004. This report is meant to.
document the groundwater investigation, present the findings, and provide a path
forward for the project.
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2.0 Background

As part of planned plant modifications to produce tritium for the U.S. Department of
Energy, TVA expanded the Radiological Environmental Monitoring Program (REMP)
by installing four additional monitor wells (Wells A, B, C, and D) adjacent to the Liquid
Radioactive Effluent Line (Rad Waste Line) and Cooling Tower Blowdown Lines in
December 2002. Initial sampling in January 2003 indicated the presence of tritium in
three of the four new monitor wells (Wells B, C, and D) (Tables 2-1, 2-2 and

Appendix B).

Based on the tritium levels found in these newly-installed REMP wells, a team
consisting of both site and corporate TVA personnel was established to locate the
source of the tritium and eliminate the path to groundwater. The team’s first task was
to identify possible sources of tritium. The possible sources listed below were
identified based on tritium concentration in the component or system, location within
the plant, and relative tritium concentrations in the groundwater samples. These
possible sources underwent evaluations utilizing visual inspections, testing, and
sampling (Table 2-1).

The following components were considered as possible sources of tritium in the
groundwater: '

* Rad Waste and Cooling Tower Blowdown Lines;

*  Fuel Transfer Canal (FTC), Fuel Transfer Tube (FTT), Spent Fuel Pool (SFP), and
Cask Loading Pit (CLP);

* Refueling Water Storage Tank (RWST);
=  Auxiliary Building Passive Sump;

»  Various Auxiliary Building Tanks; and
*  Reactor Refueling Cavity.

Work began immediately on source identification. This work included the following;:
leak testing of lines and storage components; evaporation calculations of the SFP and
RWST; installation and sampling of groundwater wells; inspection of drain lines; and
boroscopic investigation of SFP, CLP, and FTC leak collection system channels and -
drains (Tennessee Valley Authority 2003). After the most recent refueling outage
(fall 2003), ARCADIS was retained in January 2004 to aid TVA in identifying the
source(s) of tritium, define groundwater movement and tritium extent, and support
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remedial planning. Details of the tritium investigation completed by TV A throughout
2003 and early 2004 are provided in the following sections.

2.1 Rad Waste Line

The Rad Waste Line contains liquids from the radioactive waste system and steam
generator blowdown, as well as the condensate demineralizers drain. This line leaves
various buildings in the plant and is routed to the Cooling Tower Blowdown Line,
where it is diluted prior to discharging into the Tennessee River through two diffusers. -

Because of the proximity of Well C to the Rad Waste Line, this line was suspected as
the source of the tritium release. During March and April 2003, the line was pressure
tested and acoustically monitored to determine the location of possible leaks. While
pressurized to 75 pounds per square inch gauge (psig), testing indicated a leak rate of
2 to 2.5 gallons per minute (gpm). Excavation on May 1, 2003, confirmed a leak
located in the eastern portion of the Power Block near the cooling towers (Figure 1-3).
The leak appeared to be caused by accelerated corrosion from the pipeline exterior due
to a tear in the protective pipe wrap. The line was cut, inspected, and repaired on

May S, 2003. Internally, the pipe appeared to be in very good condition. The line was
then pressurized to 80 psig with no further indications of leakage noted indicating a
successful repair. '

Additional acoustic and pressure testing occurred during the summer of 2003 to
determine if additional leaks in the line were present. The testing indicated the
possibility of small leaks in the line. Several areas were excavated in an attempt to
locate additional leaks, however, no more leaks were observed along the Rad Waste
Line during this investigation.

2.2 Fuel Transfer Canal

The FTC is part of the plant system used to move reactor fuel during a refueling outage.
Because the FTC is normally only filled with water during refueling outages, any
leakage from the FTC will be intermittent. Occasional FTC leakage has been identified
over the past S to 6 years (WBN Plant began operation in 1996). Repairs to these leaks
were attempted as they were discovered. Because monitoring of potential leakage during
the time the FTC is filled is difficult, the team spent some time in May 2003
“brainstorming” possible methods to detect leaks in this area of the plant. All current
methods of testing (pressurizing the back of the welds with air or nitrogen, etc.) have
been ruled out due to concens over stressing the liner welds to the point of failure.
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Based on this, other physical inspections of the FTC were performed in lieu of a
pressure test.

In early October 2003, during the most recent refueling outage, a mobile camera
(submersible) was used to record the condition of the FTC walls and floor. This video
was reviewed to determine possible inspection locations. The FTC has since been
decontaminated in preparation for additional inspections and repair by coating or
sealing methods.

2.3 Fuel Transfer Tube

As part of the equipment to refuel the reactor, a FTT is utilized along with other
associated equipment to move fuel to and from the reactor. A bellows arrangement is
utilized to separate the FTC and FIT from the Reactor Building. In January 2003, it
was identified that the Unit 2 FTT bellows was leaking water into the Unit 2 Reactor
Building annulus (Appendix A).

A catch basin was erected to catch the leakage and was routed to the appropriate tank.
A boroscopic inspection of this bellows was performed on April 29, 2003. The
inspection confirmed that the bellows to transfer tube weld was leaking. A repair
method was developed which included removing the bellows and transfer tube and
welding a plate over the remaining hole. This repair was completed in August 2003,

2.4 Unit 1 Refueling Water Storage Tank

The Unit 1 RWST is a large source of water used during refueling outages and is also a
source of water to the reactor should there be a loss of coolant accident. The Unit 1
RWST is located just west of the Unit 1 reactor and is an above ground storage tank
connected to the Unit 1 Auxiliary Building through an underground tunnel. The Unit 2
RWST is currently empty and has never been filled during the operation of the plant.
The water from the Unit 1 RWST is used to fill the fuel transfer canal and the reactor
cavity during refueling outages, and is returned to the RWST at the conclusion of the
outage. As the water is mixed with reactor coolant during the time it is in the fuel
transfer canal, it becomes a source of tritium.

Because the Unit 1 RWST is a large volume of water with elevated tritium
concentrations [approximately 28 million picocuries per liter (pCi/L)], the integrity of
the Unit 1 RWST was reviewed. The Unit | RWST was found to be losing water at a
rate of approximately 150 to 200 gallons per day (gpd). Several valves associated with
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the piping to/from the Unit 1 RWST were examined and found to be leaking through the
valve seat into interfacing systems. The valves were repaired, reducing the water loss to
approximately 45 to 50 gpd in January 2004. Additional checks and repairs have been
made since that time reducing the Unit 1 RWST leakage to approximately 15 gpd in
early May 2004. This rate of loss is believed to be well within the range of loss that
would be expected due to evaporation.

2.5 Spent Fuel Pool and Cask Loading Pit

The SFP is a large concrete pool with a stainless-steel liner, and is the in-plant storage
location for fuel after it has been removed from the reactor core. The SFP is
approximately 30 feet (ft) wide and 40 ft long and is located within the Auxiliary
Building between the two reactors. The SFP depth is approximately 40 ft, with a bottom
elevation of 709.23 ft msl and a maximum water elevation of 749.79 ft above mean sea
level (msl) (the ground elevation around the Power Block is approximately 728 ft msl).
The CLP is located immediately west of, and is connected to, the SFP. The CLP is an
approximate 10 ft square with a bottom elevation of 706 ft msl. The remaining portion
of the Cask Loading Area is immediately south of, and connected to, the CLP. It is
approximately 20 ft long and 10 ft wide with a bottom elevation of 731 ft msl.

During refueling outages, the entire core is offloaded and stored in the SFP. Spent fuel
which has reached the end of useful life remains stored in the SFP, while the remainder
of the core, along with new fuel, is returned to the reactor vessel prior to restart. The
tritium concentration in the SFP is approximately 95 million pCi/L. The SFP and the
adjacent CLP have individual tell-tale drain systems to detect any leakage through the
liner welds. Neither of these drains has exhibited any recent evidence of water leakage.

On June 16, 2003, and other occasions, boroscopic inspections were made of the drain
lines and leak collection channels for the SFP and CLP to determine if there is any
borated water leakage. Although the inspection area was limited due to piping
configuration, the piping was not blocked and appeared to be free of any boron
deposits. The CLP showed no signs of leakage, while the SFP showed minor signs of
past leakage near the isolation valve. No recent leakage indications were identified.
Most leak channels for SFP, FTC, and the Cask Loading Area were drilled, inspected,
and no leakage was found. Water was poured down all leak channels indicating the
FTC now drains while the SFP is still blocked.

Over a period of several months beginning in December 2003, water levels/makeup to
the SFP was compared to measured level loss and estimates from an evaporation
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calculation. The water levels were measured using a pressure transducer. Also,

data loggers were used to record spent fuel pool temperature and refueling area
supply/exhaust air temperature and relative humidity. Results of this effort revealed
that the makeup rate was approximately the same as the evaporation rate, indicating
that there is either no leak in the SFP, or the leak is too small to be measured by
this method.

2.6 Reactor Cavity

During the fall 2003 refueling outage, it was noted that when water was added to the
Unit 1 Reactor Cavity, water was observed to be leaking into adjacent areas. A visual
inspection revealed what appeared to be a tear in the liner. This tear was inspected at
the end of the outage and found to be a non-penetrating welding arc-strike. Additional
inspections will be required prior to adding water to the Unit 1 Reactor Cavity for the
next refueling outage in the spring of 2005. However, it is noted that a cavity liner leak
would be contained within the reactor containment by design, which would rule this
out as a potential tritium pathway.
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3.0 Summary of Groundwater Investigation Data

The following sections detail the various sources of data used for the tritium
investigation.

3.1 Site Infrastructure

Because of the nature of building and operating nuclear plants, a large amount of
information was available and was reviewed related to the construction and operation

. of site infrastracture. This information was not only used in identifying and eliminating
possible sources, but was used to develop an understanding of the lithologic character
of disturbed areas, and construct the various figures and plates used in this report, The
following information was reviewed relating to site infrastructure:

= Site plans;

* " Final Safety Analysis Report - Sections 2.4 and 2.5 related to hydrology and
geology (Tennessee Valley Authority 1980);

*  Construction photos (Appendix A);

*  Groundwater Tritium Monitoring Status Report (Tennessee Valley Authority 2003);
and

= Information obtained from TVA site personnel.

Native soil and bedrock have been extensively excavated and reworked in the Power
Block area. In general, native soil was removed to expose the bedrock surface beneath
category I features, Category I features were installed several feet to tens of feet into
bedrock. Both category I and non-category I features were backfilled with engineered
fill (Class A and Class B, respectively). Many subsurface infrastructure lines were
backfilled with material such as crushed stone. Because materials used to backfill these
lines is more transmissive than the engineered backfill, they provide a preferential
groundwater flow pathway.

3.2 GeolégylHydrogeology

The Site is located within the Valley and Ridge Physiographic Province of the
Appalachian Highlands. The Valley and Ridge province is characterized by linearly
continuous valleys and corresponding ridges formed in part due to horizontally
extensive and typically parallel low-angle thrust faults. The local drainage patterns are
typically trellis in nature, being influenced regionally by underlying bedrock structural
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features. The Site is located within a floodplain of the northeast-southwest trending
portion of the Tennessee River.

The Site is underlain by unconsolidated soil and fill overlying the Middle
Cambrian-aged Conasauga Shale Formation, present at an average depth of 706 ft msl
(Attachment C) (Tennessee Valley Authority 1980). The unconsolidated zone is
composed of alluvial deposits (Tennessee River flood plain) and underlying terrace
deposits. The alluvium is characterized by fine-grained, well-sorted silts and clays,
and minor quartz sand. The thickness of the unit is variable, averaging approximately
25 ft (Figure 3-1 and Attachments D through G). '

The older terrace deposits can be subdivided into upper and lower units. Terrace
sediments were deposited when the ancestral river was flowing at higher velocities in
the past. The upper unit is characterized by sandy and silty clays, while the lower unit
is composed of coarse grained pebbles, cobbles, and boulders within a sandy matrix
(Tennessee Valley Authority 1980). The terrace deposits exhibit bench topography
(approximately 30 ft in elevation change), which is evident 200 to 1,000 ft northwest
of the river. The terrace deposits are variable in thickness, ranging from 30 to 46 ft.
Trends within the basal gravel terrace deposits suggest that the main course of the river
historically was near the northwest margin of the Site, based on the presence of courser
grained deposits in that area (Tennessee Valley Authority 1980).

There is little in-situ saptrolite (weathered bedrock) overlying the competent
Conasauga Shale Formation (Tennessee Valley Authority 1980). The Conasauga Shale
is characterized by folded red, grey, or blue-grey fissile and calcareous shale with
interbedded glauconitic and/or argillaceous limestone seams. At the Site, the estimated
ratio of shale to limestone is 5.25:1 (Tennessee Valley Authority 1980). The regional
strike of the Conasauga Formation is N35°E, and the beds generally dip at 16° toward
the southeast (Tennessee Valley Authority 1980). Complex folding at the Site yields
localized variations in bedding strike and dip from this average.

Category I structures are constructed into the Conasauga Shale after the removal of all
unconsolidated material in the vicinity of these structures. The elevation of bedrock
ranges from approximately 690 to 702 ft msl (Attachment C) in the Power Block area
indicating that bedrock surface variations are minor (Tennessee Valley Authority
1980). The Conasauga Formation is approximately 2,000 ft in thickness in the vicinity
of the Site.
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The alluvium and upper terrace deposits (finer grained) have been removed in the main
plant area (excavated to an elevation of approximately 728 ft msl) (Tennessee Valley
Authority 1980). Therefore, non-category I features are underlain by engineered backfill.

The Site is situated within the Tennessee River watershed (Figure 3-2), with the
Tennessee River located to the south and east of the main plant. Local groundwater
flow within the unconsolidated zone is toward the south, discharging to the Tennessee
River (Figure 3-2 and Attachment H). An on-site groundwater drainage systern,
connected to a sump, surrounds the perimeter of the Power Block. This system
influences shallow groundwater near the Power Block Building by creating an artificial
groundwater divide (Figure 3-3 and Attachment I). Shallow groundwater to the north of
this divide flows in a radial pattern toward the Power Block, due to the drawdown
influence of the continuously-operating sump and drainage system (Figure 3-3 and
Attachment I). South of the groundwater divide, flow is generally toward the
Tennessee River (south) (Figure 3-2 and Attachment H).

The characteristics of various site infrastructure components have a significant impact on
groundwater flow. The Yard Holding Pond (YHP), as an example, influences shallow
groundwater flow by generating a groundwater mounding effect in the surrounding area.
Underground piping and excessive cut and backfill during infrastructure construction
also influences groundwater flow by providing preferential flow regimes within the
transmissive backfill surrounding these pipes. Groundwater occurrence and movement
within the Conasauga Formation bedrock is confined to small openings along fractures
and bedding planes, but generally flows southward toward the Tennessee River also
(Tennessee Valley Authority 1980).

3.3 Well Installation

As part of planned plant modifications to produce tritium for the U.S. Department of
Energy (USDOE), TVA committed to modify the REMP by installing additional
monitor wells around the WBN Plant. Four additional monitor wells (Wells A through
D) were installed at Watts Bar along the existing Rad Waste and Cooling Tower
Blowdown Lines. These wells were installed in December 2002.

Additional monitor wells and Geoprobe wells were installed throughout 2003 and early
2004 to delineate the extent of tritium impact to shallow groundwater. In March 2003,
three additional monitor wells (Wells E, F, and G) were installed to further assess
potential sources of tritium in the site groundwater. Wells H through S were installed
during September and October 2003 and wells T through X were installed during
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December 2003. These wells were typically drilled to bedrock and screened over the
bottom 10-ft interval.

Wells Y, Z, and AA through LL were installed using a direct-push Geoprobe rig.
Geoprobe wells are %-inch inner diameter and 1-inch outer diameter polyvinyl chloride
casings. Wells Y, Z, and AA through DD were installed during the final week of
January 2004 and first week of February 2004. Geoprobe Wells EE through LL were
installed at the end of February 2004. All Geoprobes were installed to refusal and
screened over the bottom 10-ft interval.

3.4 Hydrology

WBN Plant is located within the Tennessee River watershed (Figure 3-2). The
Tennessee River, particularly above Chattanooga, Tennessee, is one of the most highly
regulated rivers in the United States. The TV A reservoir system is operated for flood
control, navigation, and power generation, with flood control a prime purpose with
particular emphasis on protection for Chattanooga, 64 miles downstream from the WBN
Plant. The WBN Plant sits on the west bank of the Tennessee River, 57 miles upstream
of Chickamauga Dam. Watts Bar Dam is 1.9 miles upstream of the plant. At the WBN
Plant, The river is approximately 1,100 ft wide with depths ranging between 18 ft and
26 ft at the normal pool elevation of 682.5 ft msl (Tennessee Valley Authority 1980).

Based upon Watts Bar Dam discharge records since 1942, average daily stream flow at
the plant is 27,800 cubic feet per second (cfs). Flow data for water years 1960 through
1987 indicate average summer flow rates (May to October) of 23,700 cfs and average
winter flow rates (November to April) of 31,900 cfs. Channel velocities at WBN Plant
average about 2.3 feet per second (fps) under normal winter conditions. Because of
lower flows and higher reservoir elevations in the summer months, channe] velocities
average about 1.0 fps (Tennessee Valley Authority 1980).

The climate of the watershed is humid temperate. The area receives approximately

50 inches of precipitation per year. Based on a 30-year average (1971 through 2000),
the wettest month of the year is March (5.71 inches) and the driest month of the year is
October (2.65 inches). The wettest 3-month average is 4.58 inches/month for January
through March and the driest 3-month average is 2.86 inches/month for August
through October (National Weather Service 2004). '

The local watershed surrounding the plant is relatively small because the plant is
approximately 2,000 fi from the Tennessee River. The watershed divide is located north
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and northeast of the plant along a ridge (Figure 3-2). Precipitation that falls south of the
ridge in the local watershed collects in numerous small streams that drain towards the
Tennessee River. Precipitation collected by the Site’s storm sewer system drains to the
YHP before eventually being discharged to the river.

3.5 Tritium Distribution

Tritium was detected in the initial baseline groundwater samples taken from three of
the four new groundwater monitor wells (Wells B, C, and D) installed as part of the
REMP in January 2003. The maximum tritium detection during this initial sampling
was 12,453 pCV/L at Well B (Appendix B). As described in Section 3.3, additional
monitor wells and Geoprobe wells were installed throughout 2003 and the beginning of
2004 to delineate tritium in groundwater,

The most comprehensive and current tritium data set was collected on March 1, 2004,
as a snapshot in time of plurne distribution (Table 3-1). Based on this data, tritium is
not present along the northern (Wells T, U, V, W, and X) and western (Wells Q, P, O,
and N) sides of the Power Block and switchyard. Geoprobe Wells Y and Z (west and
north, respectively, of the Unit 1 Reactor Building) were not sampled during this event,
but previous sampling events indicate no detectable tritium concentrations at these
locations. Based on the March 2004 and previous data sets, two distinct areas of tritium
exist (Figures 3-5 through 3-7 and Attachment J and K).

The largest area of tritium concentrations in groundwater extend from the east side of the
Turbine Building at Well R east to approximately Well K and then south to the YHP,
with the southernmost extent of tritium being approximately Well B. The maximum
tritium concentration during the March 2004 sampling event was located at Well K at
109,000 pCi/L. The maximum historical tritium concentration was also located at Well K
on October 1, 2003 at 353,700 pCi/L. Monitor wells and Geoprobe wells with tritium
concentrations greater than 10,000 pCi/L during the March 2004 sampling event include
Wells K, L, R, GG, and KK (Figures 3-5 and 3-6). Maximum tritium concentrations in
this area appear to follow preferential groundwater pathways created by underground
piping infrastructure and their associated backfill. The Condenser Cooling Water (CCW)
Discharge Pipes, particularly for Unit 1, Waste Heat Park Lines, Rad Waste Line, Storm
Sewer Lines, and the Cooling Tower Blowdown Lines have the greatest affect on plume
distribution. Tritium concentrations at Well L indicate a portion of tritium is moving
toward the YHP, likely due to a set of abandoned waste heat lines that are positioned
east/west along the northem portion of the YHP. Additional wells near the Intake Pump
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Station and Tennessee River (Wells F, J, D, H, B, E, and A) indicate tritium is migrating
toward the river and has extended as far south as Well B.

The second area of tritium concentrations in groundwater is located surrounding the
Unit 2 Reactor Building. Well BB is the only location with detectable concentrations of
tritium (2,120 pCi/L) during the March 2004 sampling event. Wells CC and DD have
also recently had detectable tritium concentrations, but these wells were dry during the
March 2004 sampling event.

3.6 French Drain/Groundwater Sump

A perimeter drain encompasses the entire Power Block area (i.e., Reactor, Auxiliary,
Control, Turbine, and Service Buildings) and was installed at foundation depths to
prevent groundwater from entering the lower levels of the plant. The French drainpipe
is a porous §-inch concrete pipe set in crushed stone, which is approximately 2 ft in
thickness. The highest elevation for the perimeter drain (French drain) is located at the
southwest corner of the Service Building at 710 ft msl (ground elevation surrounding
the plant is approximately 728 ft msl). Hence, groundwater entering the drain moves
by gravity in two directions at a slope of 0.1% from this southwest corner. Each leg of
the French drain is 1,250 ft in length and ends at an elevation of 708.75 ft msl along the
cast side of the Auxiliary Building. The two legs of the drain empty into a groundwater
sump with a bottom elevation of approximately 700 ft msl. Groundwater collected in
the sump is then normally pumped to Catch Basin (CB) 50 of the stormwater sewer
system where it drains to the YHP.

Beginning in March 2003, tritium samples have been collected from the groundwater
sump where the two legs of the French drain discharge. Tritium samples were
periodically collected from this location through the remainder of 2003 and beginning of
2004 (Figure 3-8). During April and May 2003, groundwater sump concentrations were
consistently between 10,000 and 15,000 pCi/L. Since that time, concentrations have
steadily decreased from approximately 10,000 pCi/L to 4,000 pCi/L in February 2004
(Figure 3-7). :

With elevated tritium concentrations discovered during 2003, groundwater from the
sump was rerouted to the station sump, which is a monitored release point, instead of
CB 50 on April 25, 2003. Groundwater pumped from the sump was retumned to the
normal discharge operation to the YHP via CB 50 on February 27, 2004, following
installation of runtime meters on the sump pumps to allow characterization of the
discharge from this release point.
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To further define the source of tritium, the two inputs were sampled (north and south
leg of the French drain at the discharge point) periodically in December 2003 and
January 2004. Both legs of the Frenchdrain system are collecting water with tritium.
The northern French drain input to the groundwater sump consistently discharges more
water (53.1 gpm) and a lower concentration (4,700 pCi/L) than the southern leg of the
French drain (19.4 gpm and 8,200 pCi/L) (Figure 3-8).

3.7 Fate and Transport

Quantification of solute migration requires specification of various transport
parameters and processes that control the rate, movement, mixing, sorption, and
degradation of a contaminant in the subsurface. Advection defines the process of
contaminant migration due to the movement of groundwater. Dispersion accounts for
the spreading and mixing of the constituent due to heterogeneities and non-ideal flow
paths in the soil that cause variations in the groundwater velocity, as well as Fickian
diffusion driven by concentration gradients. Sorption refers to the partitioning of a
contaminant between the liquid and solid phases of the aquifer. Degradation is the
mass decay of a contaminant as a result of physical, chemical, and biological activity
within the aquifer. Each of these processes and their effect on the movement of
site-related constituents along flow pathways are summarized in the following sections.

3.7.1 Advective Water Movement

Water-level measurements taken in monitor wells and Geoprobes distributed spatially
across the Site provide the necessary information to describe the direction of
groundwater movement. These water-level measurements are combined with effective
porosity and hydraulic conductivity information to determine the rate or speed of
groundwater movement. In general, water-level measurements are used to define the
slope of the water table (gradient) and direction of movement; groundwater moves
down the slope or gradient from high water-table elevations to lower water-table
elevations. Based upon both water levels and constituent concentrations, the primary
flow pathways are toward the French drain near the power block and toward the
Tennessee River once out of the influence of the French drain (Figures 3-2 and 3-3).

The movement of a solute with the groundwater, or advective transport, can be
computed using Darcy’s Law. Darcy’s Law is written as follows:
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g=Ki | (1)

where, g is the Darcian flux (ft*/day/ft? or f/day), X is the hydraulic conductivity
(f/day), and i is the hydraulic gradient (ft/ft). Since water can only move through the
pore spaces, the Darcian flux is not the velocity at which groundwater is moving. The-
average linear velocity of groundwater is higher as water moves only through the voids
or pore spaces of the soil:

=% @

where v is the velocity (f/day) and 8, is the effective porosity (ft*/’). The effective
porosity for the unconsolidated sediments and engineered backfill at the Site was
assumed to be 0.20. The average gradient from the groundwater divide to the river is
0.018 and the average gradient to the French drain is 0.02 based on the March 2004
water-level information. Aquifer testing was not conducted as part of this investigation.
Therefore, hydraulic conductivity was determined using two different methods using
the flow from the French drain and by assuming a known velocity of the existing
tritium plume.

The known flow in the French drain can be used to calculate the hydraulic conductivity
by computing the flux of groundwater into the drain assuming all water flowing in is
from groundwater. The average linear velocity of the groundwater into the French
drain multiplied by the area through which the groundwater flows will yield the flow in
the French drain. The average flow in the French drain (both legs combined) for the six
sampling events is 72.5 gpm or 13,956 ft*/day (Figure 3-8). The area through which
groundwater flows into the French drain is the length of the French drain (both legs,
2,500 ft) multiplied by the height of the saturated interval emptying into the drain
(approximately 10 ft). Also, groundwater is assumed not to flow to the French drain
from inside the loop because the plant was built on bedrock (i.e., not unconsolidated
deposits). The hydraulic conductivity calculated using an effective porosity of 0.20 and
an average gradient of 0.02 is 5.6 ft/day.

The hydraulic conductivity can also be calculated by assuming tritium is moving at the
same velocity of groundwater and the tritium leak began in 1996 when the plant first
went to criticality. The length of the plume (from Geoprobe JJ to just south of Well B)
is 2,000 ft, and this plume was assuned to be created over a timeframe of 7 years
(Figure 3-4). This results in a groundwater/plume velocity of 285.7 ft/year or
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0.78 ft/day. The hydraulic conductivity using this method is 8.7-ft/day by assuming an
effective porosity of (.20 and an average gradient during that timeframe of 0.018.

These two methods resulted in relatively similar hydraulic conductivities and provide
confidence in the average hydraulic conductivity of the unconsolidated sediments and
engineered backfill, the age of the plume, and the velocity of the plume. Based on these
results, the edge of the plume (defined as 1,000 pCi/L) will reach the Tennessee River
(a distance of approximately 600 ft) in slightly more than 2 years.

3.7.2 Sorptive Processes and Degradation

The term sorption refers to the removal of a solute from solution through association
with a solid surface. This attraction between a soil surface and a solute can result from
a number of forces. The effects of these forces or processes are commonly described
by sorption isotherms. These isotherms assume that when a solution contacts a solid,
the solute will tend to transfer from liquid to solid until the concentration of solute in
solution is in equilibrium with the soil concentration. These processes, especially for
inorganic compounds, tend to be pH dependent, not always completely irreversible,
and site specific. With respect to the constituents found in groundwater at the WBN
site, this process has no effect on the movement of tritiated water and only a minor
effect on the movement of boron; therefore, this process is not important to
understanding the fate and transport of tritium. Tritium is a radioactive form of
hydrogen and has a half-life of 12.33 years, Tritium is not susceptzble to either
biological or chemical degradation enhancement.

3.7.3 Dispersion

Dispersion is the process whereby contaminants spread over a greater region than
would be predicted solely from the average linear groundwater velocity. Dispersion
occurs at muitiple scales. The primary cause of dispersion is variations in
groundwater velocity, on a microscale by variations in pore size and on a macroscale
by variations in hydraulic conductivity. The hydrodynamic dispersion tensor is
complex. For isotropic media, the dispersion coefficient written to incorporate
molecular diffusion (described by Fick’s Law), is calculated as follows:

D.=a,v+D ' 3)
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where D, is the dispersion coefficient [L?/T}, o is the dispersivity [L], v is the
groundwater velocity [L/T], and D the molecular diffusion coefficient [L*T).

While the general process of dispersion is understood, the dispersivity of a formation
is not easily measured or quantified at the field scale. Therefore, as dispersion is
related to porewater velocities, plume travel distance is the single most important
factor that can be correlated to dispersivity. For the WBN site, the advective transport
of tritium will far exceed the effects of dispersivity and its effects can therefore be
considered negligible.

If tritiated groundwater were to discharge into the Tennessee River, the tritium would
significantly be diluted. Assuming a 400-ft wide tritium plume discharging into the
Tennessee River at a rate of 5.8 gpm, a tritium concentration of 1,000 pCV/L results in a
surface-water concentration of 0.0024 pCi/L. A 10,000 pCi/L tritium concentration
would result in a surface-water concentration of 0.024 pCi/L and a 100,000 pCi/L
tritium concentration would result in a surface-water concentration of 0.24 pCi/L.
Background tritium concentrations are approximately 150 pCi/L. Although these
concentrations would not pose an unacceptable risk or even be detectable, TVA is
going forward with plans to ensure tritium does not reach the Tennessee River

(Section 6.0).
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4.0 Source Assessment

Based on the distribution of tritium in groundwater and refined understanding of
groundwater flow conditions, the tritium plumes observed at WBN are likely
associated with two separate sources. This conclusion is bolstered by the differing, yet
consistent, tritium concentrations discharging from the north and south legs of the
French drain. The investigation and data collected indicate that Source #1 is the result
of a leak in the Rad Waste Line near Geoprobe Well JJ, and Source #2 is a result of a
leak in the FTT Sleeve through the Unit 2 Shield Building seismic gap. Source #1 is
partially controlled by groundwater discharge from the French drain and Source #2 is
completely controlled by the French drain. The following sections detail each of the
two sources,

4.1 Source #1- Rad Waste Line

Documented leaks from the Rad Waste Line appear to have resulted in tritium
extending in dual branch fashion west from the Well K vicinity to the southeast edge of
the Turbine Building, and south from the Well K vicinity towards the Tennessee River
(Figure 4-1). The Rad Waste Line was pressure tested, acoustically monitored, and
excavated at several locations to identify potential leak locations. A leak was identified
east of the Power Block (Figure 4-1) after overburden was excavated on May 1, 2003,
The leak appeared to be caused by accelerated corrosion from the pipeline exterior due
to a tear in the protective pipe wrap. The line was cut, inspected, and repaired. Through
' the fall of 2003, possible additional leaks in the line were investigated, but no
additional leaks have been found.

The Rad Waste Line leak, identified and repaired in May 2003, is suspected of being
the primary source of tritium. A portion of the tritium originating from the leak
location has migrated toward the south leg of the French drain system along
preferential pathways associated with the CCW Lines and relatively permeable
bedding material. Another portion of the tritium originating from the leak appears to
follow major subsurface lines (i.c., Cooling Tower Blowdown Line, Waste Heat Park
Lines, and storm drains) towards the Tennessee River. Again, this directional behavior
is likely associated with preferential groundwater moverment associated with the higher
permeability bedding material surrounding subsurface piping.

When the WBN Plant was constructed, engineered fill was placed over a majority of

the Site. The tighter hydraulic properties make the fill more difficult for groundwater to
flow through than the gravel packs surrounding the numerous pipe systems associated
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with facility infrastructure. Tritium migration towards the Turbine Building appears to
be influenced by the south CCW Discharge Line running from the Turbine Building to
the Unit 1 Cooling Tower, Trititum migration toward the river is strongly influenced
by the Cooling Tower Blowdown Line, Waste Heat Park Lines, and other piping
infrastructures, as their position within the subsurface is coincident with the
groundwater table along portions of their length. Based on calculations of tritium in the
south leg of the French drain, it is likely that a majority of the activity is not being
observed in groundwater monitor wells and is within the more permeable gravel packs
of the discharge CCW Line and Raw Cooling Water Lines. A majority of the
groundwater monitor wells has shown decreasing concentrations of tritium, indicating
that the primary source has been eliminated.

4.2 Source #2 - Unit 2 Fuel Transfer Tube Seismic Gap

In February 2003, it was identified that water was leaking into the Unit 2 Shield
Building annulus through the Unit 2 FTT sleeve connection between the Auxiliary and
Unit 2 Shield Buildings. All of these units (SFP, CLP, and FTC) have the potential to
be inter-connected behind the stainless-steel liner since the liner is not continuously
bound in the concrete. A 1-inch seismic gap exists between the Auxiliary Building and
Unit 2 Shield Building where the FTT passes through these buildings (Figures 4-2 and
4-3). Tritiated water, between the steel tube (20-inch diameter) and the Concrete
Building, was observed flowing into the Unit 2 Shield Building annulus in February
2003. This water must flow across the seismic gap to get from the Auxiliary Building
to the Unit 2 Shield Building, which provides a pathway to groundwater. This gap is
filled with fiberglass and is glued on one side to the Unit 2 Shield Building. Potentially,
water from the SEP, CLP, or FTC that has leaked behind the stainless-steel liner could
migrate to the Unit 2 FTT sleeve.

Leaks through the FTT sleeve and seismic gap have resulted in groundwater impact
surrounding the Unit 2 Shield Building (Figures 4-2 and 4-3). Occasional FTC leakage
has been identified over the past S to 6 years. The SFP and adjacent CLP, along with
the FTC, have individual “tell-tale” drain systems to detect leakage through the liner
welds. Neither of these drain systems has exhibited recent leakage, although recent
investigations indicate that the drain system for the SFP and FTC is clogged, so
evidence of leakage by this method is problematic. Subsequent efforts to clear these
drain systems have resulted in a functioning drain system for the FTC. The SFP system
continues to not drain and additional efforts are under way. The Cask Loading Area
drain system appears to be functioning as designed. Inspection of the “tell-tale” drain
system is further complicated due to its piping configuration.
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The difference in potential head between the bottom of the FTT sleeve and the French
drain directly north of the seismic gap is approximately 1.25 fi, indicating that water
would flow towards the French drain from this point (either to the north or to the east).
Calculations using the tritium concentrations in these areas of nearly 100 million pCV/L
indicate it would take a small volume of tritiated water to result in the concentrations
being observed in the north leg of the French drain, and in groundwater monitoring
points around the Unit 2 Shield Building.
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5.0 Risk Summary

Risk analysis is the process of organizing and systematically evaluating information
pertaining to the likelihood and magnitude of adverse effects. In the context of
environmental contamination, this typically includes separate analyses of the risks to
human health and the risks to ecological receptors. However, both human health and
ecological risk assessment consist of fundamentally similar elements. These elements
include a problem formulation (description), exposure analysis, effects analysis (i.e.,
toxicity), and risk characterization. These elements are implicitly included in this risk
sumrmaty, but only the most essential factors are discussed.

5.1 Site Conceptual Exposure Model

Exposure, in the context of human health and ecological risk, is defined as the contact
of a receptor with a chemical or physical agent. For exposure to occur, a source of
contamination or contaminated media must exist which serves as cither 1) a point of
exposure or 2) transports contaminants away from the exposure unit to a point where
exposure could occur. In addition, a receptor must come into either direct contact
(i.e., ingestion, inhalation, dermal contact, or external exposure) or indirect contact
(ingestion of foodstuffs that have bioaccumulated contaminants within their systems)
with the contaminant. This concept, exposure pathway, includes the elements of a
contaminant source, contaminated environmental media, exposure point, exposure
route, and receptor,

Based on the activity patterns of a population, any given individual may be exposed

to more than one exposure pathway. Therefore, the exposure assessment must also
evaluate the activity patterns of the potential receptors and determine what combination,
if any, of exposure pathways an individual might be exposed to. This evaluation results
in the generation of exposure scenarios. Exposure scenarios represent the combination
(if applicable) of exposure pathways that an individual could be exposed to based on
their activity patterns. The result of an exposure pathways analysis is the development of
a site conceptual exposure model (Figure 5-1).

5.2 Human Health
The site conceptual exposure model (Figure 5-1) indicates that currently no completed
exposure pathways are known or suspected. Surface soil was not affected by the

release and does not serve as a contaminant source. Releases of tritium initially
affected subsurface soil and subsequently groundwater. The contaminated
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environmental media, groundwater, is not used as a source of potable water nor for
process applications. No residential drinking water wells are located within the area of
impact nor are anticipated to be installed.

Anticipated future maintenance or construction activities at the facility (on site) related
to operation/upgrades of plant infrastructure could result in potential exposure of
construction/excavation workers to impacted groundwater. This is considered a viable
exposure pathway based on the known extent of the groundwater plume, the existence
of preferential flow pathways (i.e., underground piping/conduits), and the relatively
shallow depth to groundwater, Human exposure to tritium in groundwater could occur
via incidental ingestion, inhalation, or dermal contact.

Potential future off-site exposure to receptors could occur as a result of the migtation
of affected groundwater to surface water. The Tennessee River is immediately
downgradient of the facility and is used for recreational and navigational purposes.
Human exposure to tritium in surface water during recreational activities could occur
via incidental ingestion, inhalation, and dermal contact.

An analysis of potential adverse effects is the counterpart to a review of potential
exposure pathways. Two important effects-based values for the protection of human
health are drinking water standards and preliminary remediation goals. The drinking
water Maximum Contaminant Level (MCL) for gross beta emissions is 4 miilirems per
year which equates to 20,000 pCi/L of tritium. The preliminary remediation goal based
on exposure via incidental ingestion of water as part of a recreational scenario is
290,000 pCi/L (U.S. Department of Energy 2002). Based on these screening values, it
is unlikely that the existing tritium contaminated groundwater will pose an
unacceptable risk to future human receptors. This is especially true given the
substantial dilution that would occur if the tritiated groundwater were to discharge to
the river. As noted above, there currently are no known or suspected completed
exposure pathways.

5.3 Ecological
The site conceptual exposure model (Figure 5-1) indicates that currently there are no
known or suspected completed exposure pathways for ecological receptors. Future

completed exposure pathways may exist for off-site receptors. However, any potential
exposures for ecological receptors are likely to be well below typical levels of concern.
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Aquatic biota are the ecological receptors of primary concem at this site, based on the
constituent of concern, affected media, and environmental setting. Terrestrial animals
are not expected to be exposed to tritium in groundwater and the terrestrial vegetation
in the area is part of the maintained facility, rather than a natural environment. Natural
populations of aquatic biota do not occur on-site (i.e., the YHP is a treatment facility
and is not maintained as an ecological habitat). Therefore, there are no known current
or future on-site exposure pathways for aquatic biota.

Off-site ecological exposures could occur in surface water at the downgradient
boundary of the Site. This exposure pathway is not believed to be a completed
exposure pathway under current conditions. However, the groundwater tritium plume
has the potential to reach the site boundary in the future. This could lead to a completed
exposure pathway for aquatic biota in the river (Figure 5-1). R

Although an ecological risk assessment is not warranted at this time, a brief review of
the available screening values for tritium can provide a valuable perspective on the
potential for future ecological impacts. The USDOE recently developed “A Graded
Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota” (U.S.
Department of Energy 2002). This peer-reviewed USDOE technical standard is the
first and only comprehensive guidance document on this topic and is the basis for the
discussion of potential ecological impacts that follows.

The USDOE graded approach (U.S. Department of Energy 2002} provides screening
values for water, sediment, and soil called Biota Concentration Guides (BCGs). A
BCG is the concentration of a radioactive isotope (e.g., pCi/L) that is estimated to
result in a dose rate (e.g., Rad/d) equivalent to the consensus safe exposure level for the
receptor being evaluated (i.e., 1.0 Rad/d for aquatic animals and terrestrial plants and
0.1 Rad/d for terrestrial animals). BCGs are available for four classes of ecological
receptors: aquatic animals, riparian animals, terrestrial animals, and terrestrial plants.
The BCGs for tritium in water are presented on Table 5-1.

Based on these conservative screening values, potential ecological impacts due to
exposure to the existing tritium contaminated groundwater are highly unlikely. It is
also noteworthy that tritium does not bioaccumulate, For example, the USDOE Graded
Approach used canservative uptake factors (concentration ratios) for tritium that
ranged from 0.2 to 1.0 (U.S. Department of Energy 2002). A value less than or equal to
1.0 indicates that receptor organism will have the same or lower concentration of the
contaminant than does the media to which it is exposed. Therefore, there is no
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indication of potential ecological impacts via food chain exposure pathways for
tritiated groundwater.,

5.4 Risk Conclusions

Actual risks to human and ecological receptors are acceptable based on available
environmental data and existing radiological screening criteria. However, risks may be
perceived by the public to be higher than actual because the constituent of concern is a
radionuclide. Therefore, risk managers must rigorously demonstrate that remedial
measures are adequate to ensure protection of human health and the environment.
Additionally, risk management activities should include a risk communication
component.
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6.0 Remediation Planning Summary

Recent assessment activities indicate that site groundwater has been impacted by
tritiated process water. Two potential tritium sources have been identified;

1) Rad Waste Line, which appears to have resulted in a dual branch tritium plume that
extends from the Rad Waste Line toward the river and toward the Turbine Building;
and 2) Unit 2 FTT sleeve, which appears to have resulted in a tritium plume that is
localized in the vicinity of the Unit 2 Shield Building. Repairs of the component
infrastructure responsible for the release are already underway. All of Source #2 and a
portion of Source #1 are captured by ongoing recovery at the French drain groundwater
sump. The portion of the plume not captured has resulted in migration of tritiated
groundwater southward toward the YHP and to the Tennessee River. This portion of
the plume, and associated groundwater movement, appears to be preferentially '
following the bedding material surrounding the utilities, which run downgradient from
the plant to the river. Since tritium does not sorb to soil, the plume is migrating at the
same rate as groundwater velocity.

Remedial action objectives (RAOs) must be established to guide remedial planning and
any resulting actions. RAOs are typically selected based on removing unacceptable risk
to receptors, both current and potential future. The RAOs for the Site are designed to
remove unacceptable risk to human receptors, protect ecological resources in the
Tennessee River, and control/prevent plume growth. RAOs for the Site include:

= Protect ecological receptors in the Tennessee River from impacted groundwater;
= Prevent groundwater plume growth to ensure it does not migrate off site;
*  Protect human health of plant workers from exposure to impacted groundwater; and

»  Remove tritium mass in plume core to assist in natural attenuation of remaining
plume.

Since the discharge from the YHP is monitored and tritium levels are very low

(<1,000 pCi/L), no mitigation measures are likely necessary. However, additional
migration of the plume toward the river should be monitored or controlled. Minimizing
continued downgradient migration of the plume toward the river can only be achieved
through some type of hydraulic control. An example of this commonly used technique
would involve constructing a series of extraction wells (or trench) along the
downgradient edge of the plume. Alternatively, hydraulic control can be accomplished
by using phreatophytic vegetation to transpire tritiated water to the atmosphere,
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however, this approach would take ldnger to be effective and may not be appropriate
for the WBN site (i.e., deep water table and preferential flow).

Tritium has a half life of 12.33 years. Aside from this natural decay, tritiated water has
the same physical characteristics as normal water. As a result, treatment technologies
(e.g., ion exchange, adsorption, precipitation, etc.) normally used to remove chemicals
or compounds from water will not separate or remove tritiated water from normal
water. Therefore, options for integrating extracted groundwater into the plant process
stream need to be evaluated. Although the water is not “treated”, downgradient
receptors are protected as concentrations are sufficiently reduced such that the
associated risk is neglible.

Control and/or management of plume migration can be accomplished through a
complete understanding of site conditions. This would allow quantification of tritium
flux into the Tennessee River and permit design of a hydraulic containment system to
prevent a release of tritium to surface water. Prior to designing a hydraulic control
system, refinement of the plume extent, a fate and transport model, and a better
understanding of the engineered fill along the utility corridor would be required. Once
this is completed, hydraulic testing would be conducted to develop the necessary data
to design the recovery wells and size the system.
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7.0 Recommendations

Based on these initial findings, the following observations/recommendations are made
to correct the tritium releases.

*  Unit 2 FTT Sleeve Repair: Tritiated water must be prevented from crossing the
seismic gap in the Unit 2 FTT sleeve, or prevent water from entering the FITT
sleeve. WBN is currently investigating the application of a coating/sealing system
for the transfer canal liner to preclude leakage into this area. This is documented in
the Site Problem Evaluation Report (PER) number 12430.

s Replacement of Rad Waste Line Sections: Because the existing Steam Generator
Blowdown/Rad Waste Lines likely have minor existing leaks, continuing releases
could be occurring from this line system. In order to prevent these possible current
or future leaks, WBN is replacing this line under the Design Change Notice (DCN)
number 51690.

*  Monitoring Program Development: Groundwater sampling procedures have been
refined over time to make improvements when necessary. These should be further
revised to examine the sequence of well sampling and use of dedicated sampling
equipment. A monitoring program should be designed to continue to collect those
data that will provide information on current site conditions, and what is necessary
to evaluate a remedial solution/progress. Once the monitoring program has met
these needs, it should be reduced or eliminated.

»  Refinement of Plume Extent: Additional groundwater monitor wells are needed to
better define the tritium plume and to monitor its movement at the distal end near
the Tennessee River.

*  Source #1 Remedial Measures: Source #1 is somewhat controlled by inducing
groundwater flow to the plant buildings by the French drain and actively pumping
the groundwater sump. A hydraulic control system may be used to capture the
entire plume by installing recovery wells in the downgradient leading edge of the
plume, south of the plant. Aquifer testing and a fate and transport model may be
used to design the hydraulic control system.

v Source #2 Remedial Measures:. Source #2 is completely contained by the French
drain and actively pumping the groundwater sump. The extent of tritium in
groundwater at Source #2 has likely been influenced by moderate to large storm
events and underground infrastructure (i.e., RWST tunnel). Nevertheless, the
plume around the Unit 2 Shield Building remains focused and contained, and no
additional remedial actions are needed.
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Table 2-1. Chronology of Events
Tennessee Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee

Date Activity

August 2002 - Low levels of tritium were detected in a scheduled sample drawn from an on-site radiological monitor well (Monitor Well 1)
December 2002 - Additional REMP wells (Wells A, B, C, and D) were installed as part of the plant modifications to produce tritium
January 2003 - Groundwater samples collected from new monitor welis (A through D} indicated tritium in 3 of the 4 wells (Wells B, C, and 0
January 2003 - It was identified that the Unit 2 FTT bellows was leaking water into the Unit 2 Reactor Building
March 2003 - TVA team formed to determine and eliminate the source(s) of tritium in groundwater
March/April 2003 - Pressure testing and soil sampling around the Rad Waste Line
May 2003 - Leak identified in Rad Waste Line and line was cut, inspected, and repaired
June 2003 - Boroscopic inspections were made of the drain lines for the SFP and the CLP
August 2003 - Repair method was developed for FTT by removing the bellows and transfer tube and placing a plate over the remaining hole
October 2003 - Refueling outage/initiation of {ritium program
Cctober 2003 - Mobile camera (submersible) was used to record the condition of the FTC walls and floor
December 9, 2003 - initial Site Meeting (TVA and ARCADIS)
January 8, 2004 - Project Kick-Off Meeting (TVA and ARCADIS)
january 23, 2004 - Team Progress Meeting (TVA and ARCADIS)
February 13, 2004 - Team Progress Meeting (TVA and ARCADIS)
March 1, 2004 - Comprehensive "snapshot” sampling of ali welis for tritium and measurement of all well water levels
March 11, 2004 - Team Progress Meeting to present findings (TVA and ARCADIS}

April 16, 2004 - Presentation to TVA plant management of tritium investigation findings

CLP - Cask Loading Pit
FTC - Fuel Transfer Canal
FTT - Fuel Transfer Tube
REMP - Radiological Environmental Monitoring Program
SFP - Spent Fuel Pool
TVA - Tennessee Valley Authority
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Table 2.2. Well Summary and Water Levels

Tennessee Vailey Authority

Watts Bar Nuclear Plant

Spring City, Tennessee

Coordinates 10/8/03 12712103 1/14/04 3/1/04 3/11/04
TN Lambert {fg) TOC tevel Water Level Level Water Level Level Water Level Level Water Level Level Water tevel

Woell East North {ft msi) (f1) {msl) (ft) (msl} - 133] {msl) . {ft) {mst) (ft) {msh)
A 2360776 440131 704.52 20.33 684.18 20.61 683.91 379 867.52 28.4 676.12 NM NM
3 2360789 440887 708.64 25.25 684.39 26.10 683.54 8.4 683.24 27.9 681.74 NM NM
< 2360754 442317 726.17 12.75 713.42 11.60 714,57 12.2 713.97 12.2 713.87 NM NM
D 2360717 441161 714.71 28.33 686.38 Dy Dry 29.8 684.91 DRY DRY NM NM
£ 2360204 440566 738.71 83.25 685.46 55.80 682.91 55.6 883.11 54.5 684.21 NM NA
3 2366870 441509 723.88 2217 701.71 20.60 703.28 227 701.18 S 216 702.28 NM NM
G 23561666 441832 72303 36.75 686.28 37.00 686.03 36.7 686.33 10.4 703.63 NM NM
& 2360682 441013 712.18 26.50 685.68 30.50 681.68 28.4 683.78 28.8 683.38 NM NM
2360558 442289 72553 12.08 713.45 11.10 714,43 11.4 71413 11.3 714,23 NM NM
2360834 441341 71177 20.28 691.52 22,10 689.67 205 © 891,27 204 681.37 NM NM

S 2360525 442600 72601 14.17 713.84 13.00 715.01 13.4 714,61 131 713,91 128 715.41
2360510 441772 725.48 27.25 668.23 16.60 708.88 17.6 707.88 7.3 708.18 NM NM
2353974 441652 728.20 24.33 704.37 16.00 713.20 25.9 703.30 259 703.30 NM NM
N 23539448 441557 726.65 27.67 658.98 24.50 762.15 24.2 702.45 26.5 700.15 NM NM
8] 2358379 442244 727.95 14.33 713.62 2200 705.95 12.9 718.05 131 77485 NM NM
3 2353440 542658 727.27 14:58 71269 18.10 708.17 14.6 712.67 14.3 712.87 NM NA
G 2353353 443147 725.35 4.33 721.02 3.90 721.45 44 720.95 4, 721.45 N NM
R 2360060 342616 726.58 16.33 710.26 16.60 ‘740.58 18.0 710.59 5.1 711.48 NM N

$ 2360330 442585 724.49 11.58 71291 9.90 714.59 10.2 714.29 NM NM 9.5 714.99
T 2358511 443167 726.70 NI Ni Nt NI 12.8 713.90 13.1 713.60 NM NAS
U 235984 443190 727.22 NI Ni Nt Ni 15.9 711.32 15.8 711.42 NMm NM
v 2359847 443234 727.8% Ni Ni Ni Ni 151 712.7% 15.9 711.9% NM N
W 2355850 443252 727.60 Ni Nt NI Ni 13.6 714,00 14 713.60 NM N
% 2360046 443261 728.09 Ni Ni N Ni 14.4 713.69 13.9 71319 NM NM
: NA NA NA Ni Ni Ni Ni Ni NI NM NM NM NAM
NA NA NA Ni Ni Nt NI Ni Nt NM NM NM NM
2353992 442654 729.49 Ni Ni Ni Ni Ni Ni 20.8 708.68 NA NM
2353995 443017 732.07 Ni NI Nt NI Ni NI 23.8 708.27 NM NM
2358973 443118 730.83 Ni Ni H NI NI Ni DRY DRY NM NM
2360043 442970 732.28 NI Ni i Ni Ni Ni DRY DRY NM NM
2360112 442827 731.78 Ni Ni Ni Ni Ni Ni 2.5 791.28 NM N
2360035 442738 729.32 NI NI Ni Ni Ni N 20 708.32 NAd NM
23600386 442638 731.62 NI NI Ni Ni Ni Ni 21.2 71042 NM NM

2360294 442683 727.14 NI NI NI Ni Ni Ni 4 713.44 13.3 713.84
2360550 - 442932 728.03 NI Ni NI Ni Ni Ni 13.4 71563 NM NM
2360567 442734 728.90 Ni Ni Ni NI NI Nt 12.7 716.20 NM NM
2360561 442884 728.74 NI Ni NI Ni Ni Ni 14.8 714,04 NM NM
2360279 442994 731.07 NI Ni Ni NI Ni Ni 174 713.87 NM NM
2360289 443209 726.99 8.11 718.88 7.90 719.08 7.9 710.09 76 718.39 NM NM
2360108 443072 727 .86 15.84 711.82 15.70 7121 159 711.96 5.8 711.96 NM N
2360285 442873 727.34 13.86 . 713.38 13.70 713.84 137 713.64 13.4 713.94 NM NM
2360163 443149 727.86 17.74 710.12 12.70 715.16 12.7 715.16 12.5 7t5.36 NM NM
GW Sump 2359891 442920 728.50 26.09 702.4% NM NM NM NM NM NM NM NM

i f, »
HEI 5H
_OW - groundwaler”

TACT09.xis - 1SIUNGA Bl

msl - mean sega level
NA - not availabie

Ni - notirstalied
MM - not measured

TOC - Top of Casing
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Table 3-1. Groundwater Tritium Concentrations (September 2003 - March 2004)
Tennessee Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee

Date WellA WellB WellC WellD Wellt WellF WellG WellH Welll Well) wellK Welit

9/2/03 - 11,200 19,300 - - - . Ni NI Ni NI N
9/4/03 - - - - - 1,140 . Nt N N N Al
9/15/03 - - - . - - .- 5.620 A N N NI
9/17/03 - - - - - - - . 32,100 N N 48,700
9/18/03 - - 21,300 - - 1.230 - 6370 36,060 NI NI 49,240
9/24/03 - 10.900 18,500 - - - - - 30,200 NI NI 40,800
9/26/03 - - - - - - .- - - NI N -
9/27/03 - - - - .- - <531 - - N N -
9/30/03 - - 21,180 - - - - - - 1,830 92,500 -
9/30/03 - - - - - 3,055 - - - - 324,700 -
10/4/03 - - - - - - 2.1 - 23,240 - 353,700 -
10/2/03 - - - - - - - - - . 297,900 -
1073003 - - 26,090 - - - - 6.438 19,630 - 791,200 -
10/5/03 - - - - - - - - - - 718,300 -
10/7/03 - - 20,700 - - 1.210 1.140 - 20,300 - 204,800 43,300
10/8/03 2.930 - - - - - 3,270 - - - - -
10/9/03 <513 - - - <520 - - - - - - -
10/10/03 1,370 - 28.280 - <568 - - - - - 194,500 -
10/12/03 <547 - - - <555 - <554 - - - 189.000 -
10/13/03 370 - 23.590 - 723 - <561 - - . 247.000 -
10/15/03 - - - - <573 - <575 - - - - -
1017/03 885 - - - - - - - - - - -
10/19/03 - . 22,320 . . - - - - - 256,800 39,730
10720103 - - - - - - - - - 2,812 . -
10/23/03 - - 21.980 - - - - - - - 229,300 -
10/24/03 2990 - - - - - - - - - -

‘ 11/1/03 - - - - - - - - - - 226,600 -
11/7/03 <544 - - - <Sa4 <544 - - - 319,400 -
11/10/03 - - - - . - - - - s - .
11/11/03 - - - - - - - - - - - -
11/12/03 - - - - - - - - - - - -
11/13/03 - - 23,260 - - - - - - - - -
11723403 <501 - 22,200 . 903 - <544 - - - 272.000 -
12/1103 - - - - - - . - 16,000 - 72,100 32,100
12/3/03 . - - - - - - - - - 91,900 -
12/4/03 - . 17.000 - . - - - - - 118,000 .
12/5/03 - - . - - 1,360 - - - 2.710 - -
12/8/03 - - - . - - - - - - - -
12110703 - - - . - - - - - - - -
1211103 - - - - - - - - - . . -
12/12/03 - - - - - - - - - - - -
1217/03 - - 10,400 - - - - - 12,910 T 53.340 -
12/19/03 - - - - - - - - - - - -
12/22/03 - - 7,040 - .- - - - - - 63.500 -
12/29/03 - - 8,250 - - - - - - - 85,600 -
12/30/03 - - - - - - <498 - - - - -
1213103 - - - - - - - - .- - - -
1/5/04 - - 9,563 - - . - - - - 128,100 -
112104 - - 8.500 - - - - - - - . 123,500 -
1720704 - - 8,500 - - - - - - - 144,000 .
1/26/04 - - - - - - - - 4302 - 116,500  47.830°
1/30/04 - - - - - - - - 6,090 - 121,000 50,700
212704 . - . - . . . - .- - A .-
2/9/04 - - - - - - - - 1,250 - 114,000 58,100
2116/04 - - - - - - - - 2,061 - 102,200 53,240
2123104 - - - .- .- - - .- 5,890 - 95,500 50,400
2124104 - - - - . - - - - . - -
2/26/04 - S - . . - - . . . -

311/04 <490 6920 7,520 Dry <484 1,170 <486 3,200 9480 1,710 109,000 52,900
3/5/04 - - - - - - - -~ - - - -

. Note: all values in picocuries per liter

Nt - not instatied
-+ - noet measured

T40110 - 16JUNDE b



ARCADIS

Table 3-1. Groundwater Tritium Concertrations* (September 2003 - March 2004)
Tennessee Valley Authority

Watts Bar Nuclear Plant

Spring City, Tennessee

Date WellM WellN WellO WellP WellQ WellR WellS WellT WellU wellV Well W
8/2/03 Nt Nt Ni Ni i N Nt NI Ni Ni NI
9/4/03 NI N NI N Nt Ni NI NI N1 NI Ni
9/15/03 N NI Ni N} Ni NI NI NI Nt Nt Nt
917/03 NI Ni NI Ni Ni NI NI NI NI Ni Nt
9/18/03 <558 NI Ni N NI NS NI NI NI Ni NI
8/24/03 -~ <559 - NI N1 Ni N1 Ni NI NE NI
9/26/03 <549 - <549 NI NI NI NI NI NI NI NI
9/27/03 - - - 519 <519 Ni NI Nt Ni NI NI
6/30/03 -~ -- - .- Nt Ni ] Ni Ni NI
9/30/03 - - - Ni NI NI NI Ni NI
10/1/03 - - -- - -- NI NI Ni NI Ni NI
10/2/03 - - - - - NI Ni Nt NI NI Ni
10/3/03 - - . - 18,450 11,200 NI N NI NI
10/5/03 - - - - 18,490 10,520 Ni NI ] NI
10/7/03 - - - -~ - 23,060 9,440 NI Ni Ni Ni
10/8/03 - - - - - - - NI NI Nl NI
10/9/03 - . - - - - NI Ni Nt NI
10/10/03 .- - - - - - - NI NI ] Ni
10/12/03 . - - - - - - NI NI NI NI
10/13/03 - -- - -~ .- - - Ni NI NI N
10/15/03 - - - - - - - NI Ni Ni Ni
10/17/03 - - -- - - - N Ni NI N} NI
10719/03 - - - - 18,120 16.360 N NI Nj NI
10/20/03 - - - - - - - NI NI NI Ny
10/23/03 - -- - - - - - N N} Ni NI
10/24/03 .- - .- - - - ~ NI Nt Nt NE
111/03 o0 - -- - - - NI N Nj NI
11/7/03 .- - - -- - -~ Nl NI Ni NI
11/10/03 - - .- - - -~ N1 NI NI NI
11/11/03 - - - - - - - Ni NI NI NI
11/12/03 . - - - .- - - NI Ni Ni Ni
11/13/03 - . - - - -~ - NI NI Ni N}
11/23/03 - - - - . - - NI Nt NI NI
12/1/03 - - - - - 19,800 1,000 N N NI NI
12/3/03 - - - - - - - Nl NI Ni Nt
12/4/03 - - - - - - Ni Nt NI NI
12/5/03 . - .- - - - . Ni Nt Ni Nt
12/8/03 - - . - - -- - NI NI NI NI
12/10/03 - - - - - - - NI NI NI N
12/11/03 - - - . - - - <588 <588 N NI
1212103 - - - - . - - . - <587 <587
12/17/03 - -- - ~ - 22,030 9,166 - -- - -
12/19/03 - - - - - - - - - . -

t 12/22/03 - - - - . 20,000 7,720 - - - -
12/29/03 - - - - - 22.800  7.500 - - - -
12/30/03 - - - - .- - - - .- - -
12/31/03 - - - - - -- -- - - - -
1/5/06 . - - - 22.560 8,579 - - - -
1/12/04 -~ - - - 22,400 9,900 - - -
120/04 - - - - . 18,900  7.360 - - - -
1/26/04 - . - . - 18,750 8,267 - - - -
1/30/04 .- - - - - 21,700 8,670 - - -
202104 - - - . - - - - -
219/04 - - - - - 18.000  7.510 - - . .-
2/16/04 - - . - - 19,420 5,172 - - -
223704 - - - - - 18,800 6,280 - - . -
2/24104 - - - - - . - - - -
2126104 .- - - - - - - . - - .-
3/1/04 <494 <533 <533 <537 <529 19,600 6.070 <526 <524 <496 <496
3/5/04 - - - - - - . - - . -

Nate: all values in picocurias per lites

NI - not installed

-- - nol measured

T40110 - 16JUNGA bf
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. Page 3 of 4
o ARCADIS | .

Table 3-1. Groundwater Tritium Concentrations* {September 2003 - March 2604)
Tennessee Valley Authority Watts Bar Nucjear Plant Spring City, Tennessee

Date Well X WellY WellZ Well #1 Well #2 Well 3 Well #5 Well#6 MW1 MW2 MW3 MW4

9/2/03 Nt NI N - - - .-

9/4/03 Ni NI Ni - - - - . - .. .

9/15/03 N N Ni - - - - . - - . -
9/17/03 Nt N NI - - .- . . - - .- ..
9/18/03 Ni NI NI - - - - - - . -

9/24/03 NI NI NI -

9/26/03 NI N N - - - . = - . . ..
9/27/03 Ni NI Nt - - .- - - - - - .
9/30/03 N Ni NI - - . - - . - . -
9/30/03 ] NI N - - . - - - :

10/1/03 Nt Ni NI - - - - - :

10/2/03 NI N} Nt . - - - .- - . ..
10/3/03 NI NI Nt .- - <578 - <578 - - - -
10/5/03 Nt Nt Nt - - - - .
10/7/03 NI Nt NI - - - - - <580 <S80 <580 <580
10/8/03 NI Nt NI - <538 - - - - . . .
10/9/03 N NI Ni - - . .
10/10/03 . Ni Nt Nt - . - .- - - - - .
10112/03 Ni NI Ni - - - . - - . - .
10/13/03 NI ] NI - . - - . - - . -
10/15/03 Nt NI Ni . - .- - - - . . -
10/17/03 NI Ni NE - - - - - - . - -
10/19/03 Nt NI NI - - - . - - - - .
10/20/03 NI N N . . .- - - - . - -
10/23/03 NI N NI - - - - - - - - -

10/24/03 NI Ni Ni -- - - - - - - .. -
11/1/03 N} Ni NI - - - - - - - - -
11/7/03 N1 Ni NI - - . - - . . - .-

11/10/03 NI NI NI - - .o - - - . . —~
11/11/03 NI Nt NI - - . . - - - - -
1112103 NI ] NI .- - - - - - - . -
11/13/03 M NI N - - .- - .

11/21/03 N3 NI N - - - - - - - -

12/1/03 NI NI NI - - - - -- - - -

12/3/03 NI NI NI . - . - . - . .

12/4/03 NI NI Nt - - - - - - - - -
12/5/03 NI N N - - - - - - - . -
12/8/03 NI TN Nt - - - - - - - -

12/10/03 Ni NE NI - . - - - . - -

1211/03 NI NI NI - - . - - - . -

12/12/03 <523 N NI .- .- - - - - -

12/17/03 - N Nt - .- . - - -

12/19/03 - <551 NI - - - - . - - -

12/22/03 - - NI - - - - . - . - -
12/29/03 - - NI - - - - - - - . -
12/30/03 - - NI - - - - - - - i -
12/31/03 - - <593 - - - - - - . - .
/5/04 - - - - - - . - - .
/1204 - - - - - - - - - - - -
1/20/04 - - - - - - - - -

1/26/04 - - - - - - - - - - - ..
1/30/04 - - - - R - . - - - .
212104 - - - - - - - - . . .

2//04 . - . - - . . - - -

2/16/04 - - - - . . - . .-

2/123/04 - - . - - - - - - -

2/24/04 - . - - - . - .- - - .
2/26/04 - - - - - - - - - - - -
371/04 <496 - - - . - . - - - - -
3/5/04 - - - - - - - —- - 835 <478 627 <493

‘ Note: all values in picocuries per liter

NI - not ins1alled
-~ - not measured

TAQG110 - 16)UNOS b
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@ ARCADIS

Table 3-1. Groundwater Tritium Concentrations* {September 2003 - March 2004}
Tennessee Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee

Date Well AA  WellBB  Well CC Well DD Well EE Well FF Well GG Well HH  well il Well J§  WellKK  Well LL

9/2/03 NI NI N Ni NI NI N NI NI NI N NI
9/4/03 NI NI Nt NI NI NI M NI Nt N NI N
9/15/03 NI ] NI NI NI NI NI NI NI NI Y NI
9/17/03 NI N NI NI N1 NI NI NI Ny NI NI NI
9/18/03 NI i Ni i N Ni N NI Nt Ni NI NI
9/24/03 NI NI Nt Nt NI NI NI NI NI Nt NI NI
9/26/03 NI NI Ni NI Nt Nt NI NI Ni N Nt Ni
9/27/03 N} N NI Nt N1 Ni I NI W NI NI Ni
9/30/03 NI NI NI N Nt Ni NI Nt N NI N NI
9/30/03 NI Nt NI NI NI NI NI Ni N NI NI N
10/1/03 N NI N N N Ni NI NI NI N Nt NI
10/2/03 NI NI Ny NI NI Nt Nt NI Ni Ni NI NI
10/3/03 NI N Nt N NI NI N N N NS NI N
10/5/03 NI Nt NI NI N NI N N Nt NI NI NI
10/7/03 NI CONE NI Nt NI NI Nt NI N NI NI NI
10/8/03 NI NI Nt Nt NI NI NI M NI Nt Nt Nt
10/9/03 NI NI NI NI N NI NI N N} N N N
10/10/03 NI NI NI NI N N Nt NI NI Nt Nt NI
10712/03 NI N NI Nt Nt Nt NI NI N NI Ni NI
10/13/03 NI Nt NI NI NI N NI NI M NI NI NI
10/15/03 ] NI NI NI NI NS Ni NI Nl NI N N
10/17/03 N Nt N N NI NI Ni NI NI NI Nt NI
10/19/03 NI NI N NI NI Ni Nt NI NI NI NI NI
10/20/03 NI Nt NI NI NI NI NI N NI NI NI NI
10/23/03 NI N NI NI NI NS NI NI N NI NI NI
10/24/03 NI Nt NI Nt Ni NI NI NI NI NI NI NI

’ 11/1/03 N NI N N Ni NI NI NI N NI NI Nt
11/7/03 NI NI Ni NI NI Nt NI NI N NI NI Ny
1110/03 N NI NI NI Ni NI N N} N N NI N
1111103 Nt NI NI Nt NI N NI NI NI N NI NI
1112/03 NI NI NI NI NI NI NI NI N NI NI NI
11/13/03 NI NI Ni NI NI NI NI NI N1 NI N NI
11/21/03 NI NI NI NI NI N NI NI N NI N NI
12/1/03 N NI NI NI NI NI NI NI NI NI NI M
12/3/03 NI NI Nt NI NI N Ni NI NI Ni N NI
12/4/03 Nt NI Ni NI N1 N NI NI NI NI NI NI
125/03 N Nt NI NI NI NI NI NI NI NI NI NI
12/8/03 N NI NI N NI NI NI NI NI NI NI NI
12/10/03 NI NI NI NI Ni NI NI NI NI NI N NI
12/11/03 NI NI NI NI NI Nt NI Ni NI Nt N NI
12/12/03 N NI Ni NI NI Ni NI N NI NI Ni NS
12/17/03 Nt NI Nt Nt NE NI NI NI NI Nt i Nt
12/19/03 NI N NI NI NI NI NI NI NI N NI Ni
12/22/03 ] NI N NI NI N NI NI NI NI NI NI
12/29/03 N Ny NI M NI Nt Nt NI N NI NI Nt
12/30/03 NI NI NI NI NI NI NI NI NI N N NI
12/31/03 NI NI NI NI Nt NI NI N N NI NI NE
1/5/04 N} NI N N Ny N NI M NI N Nt NI
1/12/04 NI NI Nt ] N} N NI NI NI NI NI NI
1/20/04 Ni NI Ni NI NI N Nt NI NI NI NI NI
1/26/04 Ni N NI NI N} N Ni NI N N N NI
1/30/04 <522 1434 NI Nt NI NI ] NI NI NI N NI
2/2/04 <550 <520 4,300 Ni Nt NI Ni NI Ni NI Nl N
2/9/04 317 1,624 6,064 NI NI Ni NI Ni NI Nt NI
2116/04 - - - - NI NI NI NI NI NI TN Ni
2/23/04 - - - - NI NI NI Nt N N Nt NI
2024104 - - - - 669 <528 10,320 5,980 Mt NI NI NI
226/04 - - - - - - - - <533 901 26,800 661
3/1/04 <531 2,120 Dry Dry <530 <530 11,400 4,260 <534 <537 20,000 <536

. Note: all values in picocuries per liter
Nt - not mstalled

-- - agt measured

140110 - 16/UNDA b
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Table 5-1. Water-Only Biota Concentration Guide for Tritium
Tennessee Valley Authority Watts Bar Nuclear Plant ° Spring City, Tennessee

‘ Example BCG
Receptor Category “Receptors {pCiL)
Terrestrial Animals Mouse ' 270,000,000 .
Riparian Animals _ Raccoon 300,000,000
Aquatic Animals _ Fish 6,000,000,000
Terrestrial Plants Trees 9,000,000,000

Source: U S. Department of Energy 2002
8CG - Biota Concentration Guides
pCift - picocunes per liter

T40108.xls - 15JUN0O4 bf
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ARCADIS Power Block Site Map

] ™ — o 1 TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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ARCADIS

Figure 3-1

East/West Geologic Cross-Section - North Power Block
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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. ARCADIS Figure 3-2

Water Table, March 2004

O s 500 1 TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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ARCADIS

O s 250 T

Figure 3-3
Water Table in Power Block, March 2004
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee

== : T ’
| ¢/ : 3
"3 ry i 4
B t L % +
‘ ; . s ”“em‘%:? 13' . zqy %
E “\ 71360 SRR *
EMPLOYEE PARKING 9 ] L a Y, f =
| | { - = = i
\ I A
f e/ / RBUNIT1 e {RBUNIT2 ‘ \ £
\ | (e 20 Tige\ O :
8 ) A évr ) %
! , et ’ . ™
\/ AUXILIARY BLDG ey
| & $
4 E ’ SSE]
| E 1
i CONTROL BLDG D
s TH: SERVICE
| : it BLDG
R A
\
1 [
\
\
N
) ~ 710
af !
( N il n ]
\ Og 712
\
N 713
! r‘—-ll | 714
\
S 715
—— SROVG e = s ELOWOOWN
. - GROUNDWA TER FLOW Drvipe
e PERCE DEBCUACE LE 1 -
e sowLe | 3 i V3
. SRFACEWATER RS . -
5l — —— ooves e RADWASTE 1 1 3 l 1 3
= M TMEeRE e = e WASTE MEATLOE ; " 2 i & o
71485 WATERLEVEL BLEVATION (FT, MSL) m—— o 3 s
MEASURED WD 1, 04 — - ORI i ! + ] = 43
e WIBVRECNTRUIEITIS) . poworechon 1 SWITCHYARD i £ ¥
. MEASURED ON WARCH 11, 2004 SMW1  NOMTORWELL ¥ 3 & I::
| ser  ceoome 1 1 : * ’ &
B aecons v | | TN ! s ] /<) 5

TNOQO607.0001 / GW INV

E40029.0WG / 17JUN2004 BA



. ARCADlS S:g;‘rzguio‘r‘\ of Tritium Concentrations

in Groundwater, March 2004
O e 400 FT TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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ARCADIS
Distribution of Tritium Concentrations in
Groundwater at Power Block, March 2004
O e 200 FT TVA, Watts Bar Nuclear Plant, Spring City, Tennessee

{

UNIT 2
COOLING TOWER

g
TURBINE BLDG
oy
N . /
S
/ """"""m’_ R ! UNIT 1
i i g ! COOLING TOWER
-
! i I :

TNO00607.0001 / GW INV E40033.DWG / 17JUN2004 Ba



ARCADIS Figure 3-6

Three-Dimensional Representation of Tritium Plume
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee

NOTE: Estimate total activity in plume is 1.6 curies.

NOT TO SCALE
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ARCAD' S Figure 3-7

Tritium Concentrations in Sump Groundwater
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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Figure 3-8

Tritium Loading in Sump Groundwater
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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O o 200 FT

Figure 4-1
Source #1 - Rad Waste Line Leak
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee

el

Y, (8
Q

RB UNIT 2

TURBINE BLDG

L//\

n
EXPLANATION H
e BULONG o FRENCH DRAN f
- RAROADSAR 0 BLOWDOWN LINE :
o FEKE e BLOWDOWN LIE H
—— w0 (STEAM GENERATOR)
L oeveseN COW DISCHARGE L
RowLE T
% SOURCE | RADWASTE LIELEAK oMM 0\"0
SOURCE 2. FUEL TRANSFER TUBE LEAK .. OSTE MEATLIE
TRITIUM ISOPLETH 4,000 5GIL) S e G“
| . MOMTORWELL ... STORM SEWERLIE / ’
L GEOPROSE < RLOWDRECTON ! . '
e _,' : :
i i 3 1 3 1 )

IR

AN
3 § \i\

TNOOOB07. 0001 / GW INV

\\ &
N

N
\
N

5
E40035.0WG / 17JUUN2004 Ba




ARCADIS

Figure 4-2

Source #2 - Unit 2 Fuel Transfer Tube Sleeve
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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ARCADIS Exhibit 43
Source #2 - Schematic Cross-Section

TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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Figure 5-1

Site Conceptual Exposure Model
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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Appendix A

¢ Site Photographs
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ARCAD'S Appendix A - Site Photographs
TVA, Watts Bar Nuclear Plant,
Spring City, Tennessee

Photograph A-1. Fuel Transfer Tube Sleeve Leak in Unit 2 Reactor Building
Photographed May 30, 2003.
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ARCADIS Appendix A - Site Photographs
TVA, Watts Bar Nuclear Plant,
Spring City, Tennessee

Photograph A-2. View west from Unit 1 Cooling Tower of site construction.

Photographed April 1975. Note condenser cooling water effluent lines,
oriented east/west, emanating from south end of turbine building.
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ARCADIS Appendix A - Site Photographs
TVA, Watts Bar Nuclear Plant,
Spring City, Tennessee

Photograph A-3. View east from Auxiliary Building toward Unit 1 Cooling Tower
of the Condenser Cooling Water Intake and Discharge Pipe construction.

Photographed May 1975
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ARCADIS Appendix A - Site Photographs
TVA, Watts Bar Nuclear Plant,
Spring City, Tennessee

Photograph A-4. View east from Auxiliary Building toward Unit 1 Cooling Tower
of the Condenser Cooling Water Intake and Discharge Pipe construction.
Photographed June 1975
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Appendix B

Historical Tritium Data
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Table B-1. Groundwater Tritium Concentrations (August 2002 - August 2003)
Tennessee Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee

Date WellA  WellB Weli C WellD  Well #6 MW 1 MW 2 MW 3 MW 4

8/20/02 NI NI NI NI - -- -- - -
11/12/02 Ni Ni Ni NI - - - -- -
12/10/02 Ni Ni NI Ni -- = - -- -
1/7/03 - 12,453 4,339 4,409 - - - -- -
1/27/03 oo 13,356 7,356 NA - - - - -
2/25/03 -- 14,730 8,465 - 13,992 - -- - - -
3/1/03 -- - - - - <584 <570 <575 <581
3/4/03 14,100 3,245 16,010 - -- - -- --
3/5/03 - 15,100 2,760 17,700 - - - L --
3/6/03 - 15,400 3,239 17,880 - - - - -
3/7/03 -- 13,500 2,405 19,230 - <577 <585 <587 <585
3/8/03 - 12,390 3,894 19,070 -- - - - --
3/9/03 - 12,300 3,617 20,760 - - - -- --
3/10/03 - 12,170 4,337 20,210 - - - - -
3/11/03 -- 12,800 4,130 21,500 -- -- - -- -
3/12/03 -- 8,336 5,662 18,760 - - -~ - -
3/13/03 <556 8,540 3,980 17.300 <562 - - - -
3/14/03 -- 8,910 4,600 15,900 - - - - -
3/15/03 -- 9,075 4,826 15,810 - - - -~ --
. 3/16/03 - 9,374 3,931 14,240 - - - -- -
3/17/03 - 12,740 5,375 18,220 - <585 <585 <585 <584
3/18/03 -- 13,100 5,256 20,500 -- - - - -
3/19/03 - 14,290 ‘NA 20,090 - - - - -
3/20/03 - 14,700 6,650 21,100 - - - - -
3/21/03 Lo 13,300 6,048 19,270 = - - -- -
3/22/03 - 15,350 6,323 18,600 - - - - -
3/23/03 - 13,770 7,043 15,970 - - - -- -
3/25/03 - 14,230 7,280 - -- - - -- -
3/26/03 - 14,750 - -- - - - - -
3/28/03 - 14,160 - -- - - - - -
3/31/03 - 14,760 - - -- ' - - -~ -
4/2/03 - 17,390 -- -- - o - - -
4/3/03 - 15,480 - - - - - -- -
4/4/03 -- 14,260 - - - - - - -
4/7/03 - 14,050 - - -- -- = -- -
4/7/03 - - 13,330 - - - - -- -
4/8/03 -- - 13,730 - - - - - -
4/9/03 -~ 13960 13,060 - - -~ - - -
4/11/03 - - 11,900 - - -- - - -
4/14/03 - 17,420 - - - -- -- -- -~
4/16/03 - 16,600 6,560 - - .- - - -
4/18/03 - 18,500 7,402 - - -- - --
4/21/03 - 19,100 6.920 - - - - - -
4/23/03 - 18,500 7,940 3,950 - -- - -- -
4/25/03 - 18,700 9,230 - . -- -- - - -
4/28/03 - <580 18,050 9,124 4,990 - - - -- --
4/30/03 - 19,770 9,251 5,119 - - - - -
‘ Note: All values in picocuries per liter.

Nt - not installed
-- - not measured

T40111 - 15JUNO4 bf
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Table B-1. Groundwater Tritium Concentrations (August 2002 - August 2003)
Tennessee Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee

Date Well A WellB Well C WellD  Well 46 MW MW 2 MW 3 MW 4

5/2/03 - 17,500 10,800 4,740 - - - . -
5/5/03 - 18,550 9,998 '3,493 - - - - -
5/6/03 - 20,170 12,020 3,514 - - - - -
5/7/03 - 18,240 8,981 3,540 . - - - -
5/8/03 - 19,310 7,557 3,316 - - . . -
5/9/03 - 18,370 6,965 2,268 - - . . .
5/12/03 - 18,350 4,478 2,405 - . - - -
5/13/03 <580 18,380 4,183 2.758 - - - . .
5/14/03 - NA 5,190 - - . - - -
5/15/03 - 16,970 NA 2,371 .- - - - .
5/16/03 -- 17,320 4,461 2,083 - - - - -
5/19/03 - 16,700 6,170 3,180 - - - - -
5/21/03 - 14,400 6,120 3,130 - . - - .
5/23/03 - 13,800 5,550 3,060 - . - - -
5/27/03 - 13,700 5,475 2,159 . - - - .
5/28/03 - 13,100 - 2.430 - - - - .
5/28/03 - 13,100 - 2.250 - - - - -
5/28/03 - 13,550 - 2,132 - - . - -
5/29/03 - 12,180 5,747 2,039 - - . . -
‘ 5/29/03 - 11,900 - 1,790 - - - - -
5/29/03 - 12,000 - 3,140 - - - - .
5/29/03 - 13,690 - 2,526 - - " - -
5/29/03 - 15,150 - 2,450 - - - -
5/30/03 o 13,500 - 2,420 - - - . -
6/2/03 - 12,200 7.840 3,440 - - - - -
6/3/03 - 8,160 " - - - - -
6/4/03 - 12,200 9,150 3,030 - - . - -
6/5/03 - 10,700 10,250 3,289 - - . - -
6/5/03 - 10,700 9,710 3,400 - - - - -
6/6/03 - 10,330 9,720 3,291 . - - - -
6/6/03 - 9,720 10,600 2,540 - - - - -
6/9/03 - 11,980 10,110 2,207 - - i - -
6/11/03 - 13,980 12,800 3,575 - - - - .
6/13/03 . 14,150 12,980 3,799 - - - - -
6/16/03 - 13,170 12,820 3,092 - - - - -
6/17/03 - 14,440 15,820 - - - - . -
6/18/03 - 14,900 14,600 - - - - - -
6/18/03 - 15,400 15,100 - . - - - -
6/19/03 - 18,530 14,080 3,230 - - . - -
6/20/03 <515 17,420 13,200 2,768 . - - - .
6/23/03 - 15,400 7,360 3,360 . - - - -
" 6/25/03 - 18,130 7,464 3,578 - - - - -
6/26/03 - 14,800 7.710 - - - - - -
6/27/03 - 12,780 7,927 4,050 - . - - .
6/30/03 - . 8,417 5,560 - - - - .

Note: Allvalues in picocuries per liter.
NI - not installed
‘ -- - not measured

T40111 - 15JUNO4 bl
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Table B-1. Groundwater Tritium Concentrations (August 2002 - August 2003)
Tennessee Valley Authority =~ Watts Bar Nuclear Plant Spring City, Tennessee

Date  WellA WellB  WellC WellD Well# MW1 MW2 MW3 MW4

712/03 - - 8,251 5,512 - - - -
717/03 - 15620 5,010 5,799 - - . - .
7/9/03 - 15,600 5,800 4,920 - - . - -
7/10/03 - 16,200 7,200 5,830 - - .- - -
7/10/03 - 16,600 5,350 5,230 - - - - -
7411703 - 16,100 6,128 4,892 - . .. - -
711103 - 16,100 6,220 5,210 - - - - -
7/12/03 - 17,300 6,180 6,060 - - - ~ -
7113103 -- 15,140 5,475 5,846 - - - - -
7114/03 - 17,200 6,760 5,630 - - - - .
7121103 - 11,500 7,710 5,590 - - - - -
7124103 - - - - - - - - -
7/25/03 - 14,000 10,100 5,200 - - - -

7/29/03 - 15510 12,530 7,310 - - - - -
7/31/03 - 15200 12,800 3,280 - - - - -
8/2/03 - - - - - - . - -
8/3/03 - - - - - - - -
8/5/03 - 15200 15,900 4,060 - - - - -
8/7/03 - 12,900 16,600 4,330 - - - . .

. 8/12/03 - 10,400 18,100 4,810 - - - . -
8/14/03 - 11,200 17,400 3,460 - - - . -
8/21/03 - 12,020 20,480 - - - - .
8/22/03 - - - - - - . . .
8/25/03 - - - - .. - N . .
8/26/03 - - - . - . - .

8/28/03 - 10,200 20,300 - - - -

Note: All values in picocuries per liter.
Ni - not installed
-- - not measured

T40111 - 15]UNO4 bf
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Table B-2. Groundwater Sump Tritium Concentrations

Tennessee Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee
Date . Concentration
3/31/03 8,943
4/2/03 8,002
4/4/03 8,135
4/7/03 7,808
4/9/03 7,606
4/11/03 ' 7,255
4/14/03 8,978
4/16/03 9,012
4/18/03 9,673
4/21/03 10,700
4/23/03 10,500
4/30/03 15,070
4/30/03 12,200
5/1/03 11,600
5/2/03 11,850
5/5/03 ' 14,540
5/6/03 9,213
5/7/03 10,140
5/8/03 10,880

. 5/9/03 11,910
5/12/03 12,600
5/13/03 10,360
5/14/03 12,750
5/16/03 12,630
5/19/03 . 10,800
5/21/03 ‘ 12,500
5/23/03 11,700
5/27/03 9,864
5/29/03 10,100
6/2/03 10,100
6/4/03 9,825
6/5/03 21,510
6/6/03 7,990

© 6/9/03 7,284
6/11/03 ' . 8,351
6/13/03 7,666
6/16/03 8,473
6/18/03 7,140
6/20/03 6,399
6/23/03 7,010
6/25/03 7,040
6/27/03 6,909
6/30/03 6,965

Note: All values in picocuries per liter.

T40112 - 16JUNO4 bf
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Table B-2. Groundwater Sump Tritium Concentrations :
Tennessee Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee

Date Concentration
7/2/03 5,552
7/3/03 4,496
7/7/03 6,757
7/9/03 6,200
7/11/03 6,866
7/14/03 7,240
7/21/03 6.360
7/29/03 8,370
7/31/03 5,630
8/2/03 6,700
8/4/03 5,930
8/7/03 6.010
8/12/03 7,530
8/14/03 6,190
8/21/03 6,589
8/28/03 8.200
9/2/03 8,820
9/4/03 10,500
9/9/03 6,950

. 9/16/03 5,870
9/24/03 6,430
10/2/03 8,453
10/8/03 7,619
10/19/03 » 5,803
10/30/03 9,734
11/13/03 4,256
11/21/03 4,640
12/1/03 5,040
12/17/03 5,881
12/22/03 5,560
12/30/03 4,680
1/21/04 4,390
1/26/04 4,020
2/2/04 5,120
2/9/04 --
2/16/04 4,378
2/23/04 4,140

~ Note: Allvalues in picocuries per liter,

T40112 - 16JUNO4 bf
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Table B-3, Manhole Tritium Concentrations

Tennessee Valley Authority

Watts Bar Nuclear Plant

Spring City, Tennessee

Date MH #1 MH #68 MH #78 MH #18 MH #20 MH #21 MH #24 MH #25 MH #26 MH #27
6/25/03 - -~ - - - - . -- . <562
872703 - - - - <575 <575 <575 - - -
8/3/03 <527 <527 <527 <527 - - - <527 <527
11/10/03 1,430 882 882 882 - - - - - -
11/11/03 e 1,580 22,300 - - - - - - -
11/12/03 - . - - - - . . <560 -

Note: All values in picocuries per liter.
-- - not measured

T40113 - 155UNQs bt



C ] ARCADIS

Table B-4. Catch Basin Tritium Concentrations

Tennessee Vailey Authority Watts Bar Nuciear Plant Spring City, Tennessee

Date (B #2 CB #30 CB #50 CB #52

7/24/03 - - - 1,404

8/21/03 - <590 26,100

8/22/03 - ' . 9,910 | -

8/22/03 ' - - » 16,710

8/25/03 -- - 14,600 -

8/26/03 - - 13,000 -

9/2/03 <590 - 16,400

9/4/03 -~ - 8,070 --

9/18/03 - - Dry

9/24/03 - - Dry -
' 9/25/03 - 3,973 } - -

11/7/03 - 562.8 686 --

12/10/03 -- 820 765 -

Note: All values in picocuries per liter.
-- - not measured

T40114 - 1SJUNO4 bt
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TABLE G-5

FEDERAL, STATE, AND LOCAL AUTHORIZATIONS

Agency Authority Phase/Requirement/Status Activity Covered
U.S. Nuclear Preconstruction. _
Regulatory 10 CFR Part 50 Construction Permit CPPR-92 Permit for construction of a utilization facility.
Commission (NRC) EXP: 31DEC2013
NRC 10 CER Part 50 . oL S.ubn.1ittal. Operation of a utilization facility for commercial
' Updated license application filed 04MAR2009 purposes
FSEIS.
U.S. Fish and 16US.C Concurrenee. Consultation concerning potential
Wildlife Service §§ 1531' e-t S'e 1995 consultation with FWS, cited in FSEIS impacts to Federal threatened & endangered
FWS) q- - . T&E .
( Appendix D, applied to WBN1 and WBN2. 2007 (T&E) species.

FSEIS also found no impacts.

U.S. Department of
the Interior (DOI)

42 U.S.C. § 1996;

25 U.S.C. § 3001 et
seq.

FSEIS. Consultation. Consultation not required
as FSEIS did not identify any items of cultural
significance to Native American tribes.

Identification, protection, and repatriation of
items of cultural significance to Native
American tribes.

Federal Aviation
Administration

14 CFR Part 77

Preconstruction.
Notification not required as no activities affect

Preconstruction letter of notification to FAA
results in a written response certifying that no
hazards exist or recommending project

(FAA)
structures over 200ft. modification.
14 U.S.C. §§ 81, Preconstruction. Navigation markers authorization to protect
U.S Coast Guard 83, 85, 633; Authorization not required as no activities affect river navigation from hazards connected with
49 U.S.C. § 1655(b). navigation. temporary construction activities in a river.
Aquatic resource alteration permit (ARAP) for

Tennessee
Department of
Environment and
Conservation
(TDEC)

Water Quality Control
Act, TCA §§ 69-3-101
et seq.

Precperation. Certification.

TVA will seek any required certification from
TDEC prior to issuance of the OL.

any alteration of the properties of state waters.
This permit also serves as a section 401 water
quality certification, which is required prior to
seeking a Federal permit or license, including
an operating license from the NRC.
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TABLE G-5

FEDERAL, STATE, AND LOCAL AUTHORIZATIONS

Agency

Authority

Phase/Requirement/Status

Activity Covered

U.S. Army Corps of Preconstruction. Section 404 permit required for discharge of
Engi